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Abstract

The Deutsches Krebsforschungszentrum Heidelberg (DKFZ, German Cancer Research Center)  publishes alternating
every year the ”Research Report” and the ”Wissenschaftlicher Ergebnisbericht” (in German). Both volumes  are reports
on the present state of research activities of  the DKFZ as a National Research Center to the funding federal and state
authorities (Federal Republic of Germany, Land (state) Baden-Württemberg). Furthermore they shall  inform colleagues
and the scientifically interested public.  Both reports are structured according to the center’s eight research programs.

Kurzfassung

Der englischsprachige ”Research Report” des Deutschen Krebsforschungszentrum Heidelberg (DKFZ) wird alle zwei
Jahre alternierend zum ”Wissenschaftlichen Ergebnisbericht” herausgeben. Beide Berichte sind so konzipiert, daß diese
neben der Erfüllung Berichtsverpflichtung über die Aktivitäten des DKFZ für die finanzierenden Ministerien auch zur In-
formation von Fachkollegen und wissenschaftlich Interessierten dienen. Beide Bücher werden nach den acht
Forschungsschwerpunkten des DKFZ gegliedert. Der nächste ”Wissenschaftliche Ergebnisbericht” wird 2000
herausgegeben werden.
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Preface

This Research Report 1999 -2000 of the Deutsches Krebsforschungszentrum
(DKFZ) Heidelberg presents brief overviews of the progress in various fields -
mainly in experimental but also in clinical cancer research  - accomplished by
the results of the scientific staff and guests working at the Center.

Additional information for those readers interested in specific details is given in
the citations. A complete list of publications is published annually and is avail-
able upon request.

The the Center started a new structure in 1991. Since that time a number of
new groups and divisions have been established. Groups which joined the
Center in the year 2000 also present their results - though in part obtained
within their former laboratories.

The scientific work of the Center is at present conducted in more than 60 divi-
sions and working groups. Since 1991 a number of division heads retired and
twenty-one have been newly appointed. During the same period six heads of
divisions left the Center and accepted offers from universities or research insti-
tutes.

The eight Research Programs promoting internal exchange and collaboration
were further reorganized to enhance the Center’s contributions to cancer re-
search. Beside the continuing support of the Research Program Genome Re-
search and Bioinformatics, the Clinical Cooperation Units and the reorganiza-
tion of the groups in the proteomic field should be mentioned.

Dr. med. Dr. h.c. mult. Harald zur Hausen

Professor, Chairman and Scientific Member of the
Management Board (Stiftungsvorstand)
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Tasks and Mission

The Deutsches Krebsforschungszentrum (DKFZ) Heidel-
berg, was founded as a non-profit organization and supra-
regional research center by the Land (state) Baden-Würt-
temberg in 1964. It was constituted as a foundation of
public law. Since 1975, it has been a Großforschungsein-
richtung (National Research Center). It is mainly funded by
the Bundesministerium für Bildung und Wissenschaft
(Federal Ministry of Education and Research, 90 %) and
by the Ministeriums für  Wissenschaft, Forschung und
Kunst  of the land Baden-Württemberg (Ministry of Sci-
ence, Research and Arts, 10 %). Additional funding is ob-
tained by other public and private sources e.g. the
Deutsche Forschungsgemeinschaft (German Science As-
sociation), special projects of the European Union (EU), of
Federal and State ministries as well as cooperations with
the industry and also private donations to the foundation.

The DKFZ is supervised by the Kuratorium (Board of
Trustees) and the Scientific Committee formed by the ex-
ternal scientific members of the Board of Trustees.

The Scientific Committee is responsible for the interna-
tional review committees evaluating the progress and fu-
ture plans of the Research Programs of the Center.

The Stiftungsvorstand (Management Board) is leading
the Center.

The internal Wissenschaftlicher Rat (Scientific Council)
advises the Kuratorium and the Stiftungsvorstand in all im-
portant scientific matters.

In accordance with its Statutes and Articles, it is the task of
the Center to engage in cancer research.
‘Cancer research’, a term which every discipline defines
quite differently. In a center with a multi-disciplinary struc-
ture, the discussion about the research program is a con-
tinuous balancing process.

Cancer is a world wide problem of enormous impact.
Since the 1990s a slight decline in cancer mortality indi-
cates a new trend in Germany. Nevertheless, it can be pre-
dicted that - taking into account the continuing increase in
life expectancy - one in four people alive today will fall ill
with, and one in five will die of cancer. In contrast to, for
example, the study of infectious diseases, the difficulties
encountered by cancer researchers are caused by the fact
that cancer cells often differ from normal cells only by
some selective changes in the genotype. The identification
of these changes has so far probably not been completely
successful for any kind of cancer, although this area of
cancer research is currently making particular progress.
Applying molecular biological, cell biological and immuno-
logical methods and combing these, results in new me-
thodical approaches, which have made possible rapid
progress in the understanding of carcinogenesis, in the
registration of cancer risk factors, in cancer prevention, in
cancer diagnostics, and which are already contributing to
the development of treatments for cancer. While acknowl-
edging the importance of so-called traditional approaches
to cancer research, the work of the DKFZ is focused on
these new methods. The conceptual and methodical com-

bination of the two approaches in particular promises good
prospects for successful research.

The knowledge of the causes is a basic precondition of
early diagnostics, but also especially for the development
of new concepts and strategies in cancer therapy. Next to
the registration of cancer risk factors this knowledge is de-
cisive for the developments in the field of cancer preven-
tion. The complexity of cancer research poses requires a
combination of the many subject areas which are relevant
to cancer research; the common research aim of the Cen-
ter is furthered by the respective contribution of each
separate scientific disciplin.

Against this background the research program of the
DKFZ was developed and is carried on in a consistent
way. The scientific work is performed by 50 divisions and
temporary divisions as well as project and working groups
within the framework of defined research programs. The
majority of heads of divisions were appointed jointly with
the University of Heidelberg. The projects and the work of
the divisions are supported by central services such as the
Animal Laboratory, the Central Library, Radiation Protec-
tion and Dosimetry, Histodiagnostics, Cytometry, Tumor-
bank, Spectroscopy, Proteinanalytics, Biostatistics, Central
Data Processing and various Information Systems as well
as the Adminstration. The multidisciplinary use of the re-
search potential which is concentrated in the research fo-
cuses is expected to open promising possibilities for
achieving significant progress in the analysis of carcino-
genesis and tumor development as well as in cancer diag-
nostics and cancer therapy in the future.

The DKFZ adopted in 1991 a new organizational structure
- association of the scientific divisions and working groups
in eight Research Programs instead of the former eight In-
stitutes (see also  the plan of organization p. 6). This re-
sulted in a greater flexibility and enhanced interdisciplinary
cooperation and consultation and speeded up the uptake
of new research approaches e.g. by integration of younger
scientists in non-tenured divisions. In 1992 the new build-
ing for the Applied Tumor Virology was finished and the
laboratories in the containers became available for further
working groups. As it was intended they are used as a
nucleus for the started enforcement of the human genome
research of the Center. The Research Program ”Bioinfor-
matics” was restructured in 1996 to the new ”Genome Re-
search and Bioinformatics” to enhance the work in this
field. Together with divisions and working groups of the
Center collaborative efforts are made together with other
groups in Heidelberg and in Berlin.

In 1995 the first two clinical cooperation units began to
work to further the clinical orientation of the cancer re-
search done in the Center.

The scientific work is performed in about 60 divisions and
working groups. Most of the division heads are appointed
together with the University of Heidelberg. The scientists
are supported by central services and the divisions of the
administration.
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It is the aim of the Center’s research program to make tan-
gible contributions to the understanding of carcinogenesis,
to the identification of cancer risk factors and their elimina-
tion for better prevention as well as to diagnostics and
therapy of cancer. As a reaction to growing commitment on
the part of the Center’s employees to draw attention to
possible long-term applications for their research results,
in 1997 the personnel of the Technology Transfer Office
was increased. The founding of three Steinbeiss-Transfer
Centers by the DKFZ underlines the potential for applica-
tion of DKFZ activities. Currently, the DKFZ holds a num-
ber of domestic and foreign patents (s.”Technology Trans-
fer Office”,  p. 9).
Special attention is also given to expanding the knowledge
about cancer prevention as well as to endeavors to reduce
the known risk factors for cancer.

Taking into consideration the diversity of methods and ap-
proaches in cancer research, the Center’s Research Pro-
grams focus on eight fields:

A  Cell Differentiation and Carcinogenesis
Reports: Page 14 ff.

B  Tumor Cell Regulation
Reports: Page 52 ff.

C  Cancer Risk Factors and Prevention
Reports: Page 104 ff.

D  Diagnostics and Experimental Therapy
Reports: Page 166 ff.

E  Radiological Diagnostics and Therapy
Reports: Page 207 ff.

F  Applied Tumor Virology
Reports: Page 274 ff.

G  Tumor Immunology
Reports: Page 317 ff.

H  Genome Research and Bioinformatics
Reports: Page 347 ff.

Budget

For 2001 the DKFZ plans a total budget (institutional fund-
ing, grants and own income, without depreciation including
investments) of 212,9 MioDM (108,8 MioEuro) and a per-
sonel of about 1305 persons.

National and International Collaborations

DKFZ is engaged in a multitude of national and interna-
tional cooperations. About 60 % of the Center’s scientific
publications present results with external coauthors.

In national cooperations the contributions to special
branches of research of the DFG (German Science
Association) and to the Tumor Center Heidelberg/
Mannheim and be0tween national research centers en-
gaged in the biomedical field should be especially men-
tioned.

Scientists of the Center collaborate with colleagues in
more than 30  universities and about 60 other research in-
stitutes and clinics in Germany.

DKFZ scientists contribute also to the biomedical research
programs of the EU (AIDS, Biomed, German Thorotrast
Study, Human Genome etc.). This cooperative research
will increase.

International cooperations based on bilateral agreements
exist with the Ministry of Science (MoS) of Israel and with
the National Cancer Institute (NCI) of the USA. Based on
the German-Japanese research cooperation the exchange
of scientists is encouraged. A continuous collaboration ex-
ists with the International Agency for Research on Cancer
(IARC) of the World Health Organization (WHO) in Lyon,
France.

Cooperations were contracted with scientists in the
People’s Republic of China, in India, in Hungary, in Tanza-
nia and several other countries. One groupe of the Center
belongs also to a french Institut National de la Santé et de
la Recherche Médicale (INSERM) enhancing the tradition-
ally good contacts to french colleagues in universities and
Centre Nationale de la Recherche Scientifique (CNRS).

DKFZ is a member of the UICC (International Union
against Cancer) and of the OECI (Organization of Euro-
pean Cancer Institutes). Scientists of DKFZ are engaged
in the EORTC (European Organization for Research and
Treatment of Cancer) and the EACR (European Associa-
tion for Cancer Research) and in the WHO.

The international cooperations are significantly promoted
by guest scientists working in the DKFZ for a certain time.
141 (1999) and 122 (2000)  guest scientists from 40 resp.
38 countries contributed to the achievements of the Cen-
ter.

Cooperations with scientists in about 30 countries are
mentioned in this Research Report.

Publications of the Center

The research results of the scientists of the DKFZ are pub-
lished in scientific journals, books, proceedings of sympo-
sia etc. as well as by oral and poster presentations.
The annual record of publications ”Veröffentlichungen /
Publications 1999” listed  752 (1998: 663) articles in jour-
nals, 152 (1998: 190) articles in books, 27 (1998: 21)
monographs or reports and 126 (1998: 122) university the-
ses. The book  ”Veröffentlichungen” (last edition 2000 for
1999) is available on request. Short descriptions in Ger-
man and English of the Research Programs and the Divi-
sions of the Center supplement this record.

The DKFZ informs about the work furthermore by the bien-
nial “Research Report” (the edition in 1997 covered as an
exception a period of three years 1994-1996) in English. In
German the “Wissenschaftlicher Ergebnisbericht” (last edi-
tion 2000 for 1998-1999) is published alternating to the
Research Report. These reports fulfill primarily the obliga-
tion to report on the progress of the DKFZ as a national re-
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search center to the funds giving federal and state authori-
ties (Federal Ministry of Education and Research, Repub-
lic of Germany and Ministry of Science, Research and
Arts, Land (state) Baden-Württemberg). The Research Re-
port should furthermore inform colleagues and the scien-
tifically interested public all around the world about the
achievements reached in the Center. Both reports are
structured according to the Center’s eight Research Pro-
grams.

The book series “Current Cancer Research” (German ver-
sion “Krebsforschung heute”) with reports on selected top-
ics of current work (published every two to three years in
cooperation with the Steinkopff Verlag, Darmstadt)  and
the quarterly journal (in German) “einblick” are designed
for the scientifically interested public.

Up to date informations about the DKFZ can also be ob-
tained via internet: http://www.dkfz-heidelberg.de

Technology Transfer Office

Since 1997 the Technology Transfer Office of the DKFZ
was reorganised and continuously expanded. The mission
of technology transfer of the Center is to accelerate ad-
vances in cancer research for the benefit of the cancer pa-
tient. To improve the exploitation of fundamental cancer re-
search the necessary infrastructure is established to sup-
port and manage the downstream issues of intellectual
property. The aim is to bridge the gap between research
scientists and commercial development partners.

The Technology Transfer Office facilitates contacts be-
tween science and industry through collaboration agree-
ments, workshops and other networking activities. The
DKFZ plays an active role in the BioRegio Rhein-Neckar-
Dreieck. In Germany and world-wide the technology li-
cense agreements are concluded with small, medium and
large companies. Furthermore, prototypes of a new equip-
ment are exchanged with industrial partners for evaluation
and testing. The Center encourages researchers to spin-
off or start-up their own companies.

One focus of the Technology Transfer Office is to make
scientists more sensitive for the potential of commercial
exploitation of scientific results by patent applications in
addition to scientific publication. The office encourages
and supports researchers during this procedure. It is im-
portant to discuss the commercialisation of the ideas at an
early stage and to offer consulting during the whole pro-
cess.

The Technology Transfer Office identifies the best com-
mercial partners to license the DKFZ’s inventions for a
rapid development of products and to negotiate agree-
ments for collaborations. Bringing inventions from the
Center to the market will result in royalties from product
sales which will be to the benefit the researcher, the
Center and above all the cancer patient.

In 2000 DKFZ held 395 granted patents and a total of
1112 patent applications world-wide, about 55 patent ap-

plications were filed during 2000 alone. The technology
transfer office maintains Internet pages with updated port-
folio of all published patents. The pages are accessible via
the homepage of the DKFZ: http://www.dkfz-heidelberg.de.

Rules for Animal Experiments, Animal Care
and Protection

Prior to the radical changes in the “German Animal Protec-
tion Law” (GAPL 93/94;97/98) the Management Board
founded the “Internal Animal Protection Commission”
(IAPC) in 1986. It consists of a number of scientists from
different Research Programs. The task is to check every
individual application (authorization and notification) ac-
cording to its plausibility, scientific and statistical rele-
vance. Recommendations, revisions or rejections led to
the amelioration of applications in general and helped to
set priorities for carrying out experiments.

As a consequence of the work of the IAPC – including the
effect of establishing standardized housing facilities (SPF-
barriers, isolators or individually ventilated cages (IVC))
and microbiological routine monitoring- the mean animal
population size (number of kept animals) and number of
used animals decreased in the course of the years. Never-
theless our Central Animal Laboratory (CAL) remains one
of the largest in the public domain.

Between 1990 to 1998 the total number of applications or
licensed animal experiments oscillated between 160 to
190 (66% authorizations; 33% notifications). Thereafter,
due to the increasing use of transgenic mice, the number
started to increase again (1999/2000: 108 authorized and
75 indicated experiments).
The main important experimental animals (mice: 95%;
rats: 4%) are used for the following purposes:
‘Basic research’ (36 %), ‘Prevention and improvement of
diagnosis or treatment of diseases’ (27 %) and indicated
experiments (37%).

The group of 5 to 6 Animal Protection Officers (ANPO) was
founded in 1986 according to §8b GAPL. It comprises
medical surgeons, veterinarians and biologists. According
to their education, different skills and their participation in
own animal experiments, they are competent to act as
third party between the state authorities and experimental
colleagues. The ANPO’s are independent and only
responsable to their own conscience. They are involved in
all phases of the projects (principle: reduction, replace-
ment, refinement). They pay particular attention towards
the reduction of pain, distress and avoidable injuries, as
well as considering alternative in-vivo methods. Every
ANPO works on a maximum of 30 projects, which gives
him enough time to deal with experimental details and the
personell.

The DKFZ ANPO’s are members of the ”Society of Animal
Protection Officers in Baden-Württemberg”. Together with
officials of the state authorities they work out guidelines
and publish articles on bloodsampling, application of sub-
strates, generating of transgenic animals, transplantation
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of tumors and lege artis euthanasia. Finally ANPO’S are
actively involved in the ethically motivated ”Introductory
course in animal experimentations” and a 2-day course
unit which exclusively deals with practical issues and their
translation into action.

Both courses are designed for PhD-students, postgradu-
ates or senior technicans.

Members of the IAPC and ANPO’s have frequently sepa-
rate and biannual joint meetings to propagate and uphold
the standards and to discuss the rule on cases of prece-
dence.
The work of both parties and their cooperation has led to
more transparency, strengthening of ethical considerations
and a reduction of expenses (total annual budget CAL
~8 Mill. DM; DKFZ ~220-260 Mill. DM). The existence of
these two competitive committees is very essential, since
nearly every third publication from the DKFZ includes the
use of animals (or animal organs).

Biosafety at the DKFZ

At the DKFZ, being a multi-disciplinary and complex re-
search institution, biosafety has many facets. These range
from the handling of genetically modified viruses, bacteria
and rodents to known agents pathogenic to humans or
animals as well as biological samples of unknown infectiv-
ity. Protection against this wide scope of potential biohaz-
ards is covered by numerous laws, ordinances and guide-
lines. Most important among these are the Genetic Engi-
neering Act and the corresponding Genetic Engineering
Safety Ordinance, the Ordinance on Biological Substances
(all based on directives of the European Community) and
the Protection against Infection Act.

According to the Genetic Engineering Act, the main re-
sponsibility for all aspects of biosafety is assigned to the
Operator of genetic engineering installations, i. e. the Man-
agement Board of the DKFZ which appoints the Project
Managers directly in charge of biosafety of their projects
and Biosafety Officers. The Genetic Engineering Safety
Ordinance describes the tasks and the required qualifica-
tions of Biosafety Officers who at the DKFZ advise the
Management Board and supervise all work involving po-
tential biohazards, not only the handling of genetically
modified organisms. Since the DKFZ is too large an insti-
tution to be supervised by just one Biosafety Officer, the
Management Board has appointed a Biosafety Committee
which today consists of 14 scientists. They advise and
control almost 50 project managers working in about 80
genetic engineering installations as well as laboratories
handling pathogenic microorganisms. The Committee co-
operates closely with the DKFZ Safety Division and the
Central Service of Radiation Protection. This cooperation
is supported by regular meetings of the committee in
which representatives of the individual safety services, of
the Staff Council and of the Operator take part.

The supervised genetic engineering operations comprise
the safety levels S1 (no risk to human health or the envi-
ronment), S2 (minor risk) and S3 (moderate risk). Many of

the experiments in the transfer of genes involved in the de-
velopment of cancer are among the 100 projects assigned
to safety level S2. The corresponding safety measures al-
low access of authorized personnel only, staff members
being under medical surveillance. The individual labora-
tory areas are marked by the warning labels “biohazard”
and ”safety level S2". Although the DKFZ has installed 4
laboratories where moderately dangerous experiments
can be performed at safety level S3, there are only 5 pro-
jects at this level. These concern hepatitis C viruses (HCV)
and human immunodeficiency viruses (HIV). The S3-facili-
ties can therefore also be used for certain projects officially
assigned to safety level S2 which the Biosafety Committee
considers to be connected with some not completely de-
fined risks, an example being projects involving ampho-
tropic retroviruses carrying oncogenes. S3-Laboratories
are shielded from their surroundings and equipped with an
airlock. They are operated at reduced pressure and ac-
cess is only permitted to personnel participating in the ex-
periments.

In addition to internal supervision by the Biosafety Com-
mittee, all genetic engineering installations are regularly
inspected by the competent authority of the State of
Baden-Württemberg, which is also in charge of authorizing
the installations and controlling safety classifications. The
assignment of genetic engineering operations to defined
safety levels is greatly aided by the recommendations of
the federal Central Commission for Biosafety. This com-
mission regularly publishes newly recognized biological
safety measures in the Federal Health Gazette.

Since the coming into force of the Genetic Engineering Act
in 1990, scientists have learned to routinely solve many
bureaucratic and organizational problems. Meanwhile,
some of the legal prescriptions have been amended. How-
ever, this did not lead to a significant improvement of the
working conditions for scientists in basic research. The
Biosafety Committee therefore pleads for a critical inspec-
tion especially of the regulations concerning safety level
S1, i.e. operations without a risk for humans or the envi-
ronment. They constitute the vast majority of genetic engi-
neering operations at the DKFZ and their supervision con-
sumes an undue amount of time, which might better be
used for the supervision of work definitely connected with
minor or moderate risks.
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It is obvious and most likely does not need any further ex-
planation that Cancer Centers have been established in
order to contribute to and to improve current modalities in
cancer prevention, risk assessment, diagnosis and
therapy. In my personal opinion this has led to significant
achievements during the past decades, although there is
still a long way to go. Moreover aid in psychosocial as-
pects of cancer patients and in cancer rehabilitation may
as well be included. I am not going to discuss the latter
two aspects here.

Presently the terms ,,translational research“ or research
„from the bench to the bedside“ and vice versa became
partially political and increasingly influence orientation and
research directions in Research Centers. What are the
major reasons for these developments?

With the advent of molecular biology, cloning and amplify-
ing procedures for specific nucleic acids, almost unex-
pectedly, previously basic research without visible practical
application, suddenly became available initially for dia-
gnostic and subsequently for preventive and in the future
hopefully increasingly also for therapeutic purposes.

At our Center, for instance, the work of Werner Franke and
his group, in the early phase entirely devoted to the char-
acterization of cytokeratins, led to the identification and
characterization of a family of related proteins, specifically
expressed in specific locations. It very quickly turned out
that many of these proteins prove to be useful tools in the
histodiagnosis of cancer. Some of them emerge as useful
markers in metastatic tissue in patients with unknown pri-
maries.

We experience in these days an explosion of diagnostic
markers, to a large degree based on molecular cytogene-
tics, identifying specific fusion genes in human leukemias
and lymphomas, as well as in several solid cancers, the
modification of oncogenes and tumor suppressor genes,
also as indicators of germline genetic changes and of an
inherited risk for specific cancer types. Molecular diagnos-
tics dramatically increased in power and resolution with
the advent of the PCR technology.

Interestingly, novel diagnostic approaches comparatively
rapidly find their way into practical application. They do not
require the same lengthy procedural steps before being
brought directly to the patient. Of course, the risk of their
failure should not have the same consequences as a
harmful therapy. With the availability of the human genome
sequences it is very likely that molecular diagnostics will
play an even more important role in the future. I am sure
that none of the existing Cancer Centers wishes to be ex-
cluded from these developments.

____________________________________

Lecture presented at the UICC-Meeting, Seattle, September 2000

The identification of a cancer risk factors frequently has
immediate impact on cancer prevention. Finding of such
factors, be them chemical, physical or microbial, may
quickly result in their removal from the respective environ-
ment. This accounts in particular for occupational risk fac-
tors, e.g. nitrosamines in rubber factories, asbestos used
for insulation, pharmaceuticals, and many others. Usually
companies react very fast, since the removal of the culprit
avoids ostracism by the consumers.

The inefficiency of translating some of these results into
practice in assessing cancer risk factors is best exempli-
fied by the relative ineffectiveness of antitobacco cam-
paigns in many of our countries, particularly there where a
significant part of the state income is derived from the
taxation of tobacco products.

The identification of microbial agents as risk factors for
specific types of cancers did lead to fast consequences in
the case of the role of Helicobacter pylori in gastric cancer
and gastric lymphoma. Effective modes of treatment had
been available already at that period of time and in can be
anticipated that at least in those countries where this treat-
ment  is affordable gastric cancer probably will show an
accelerated decline. Hepatitis B virus (HBV) vaccines had
been available even before this virus was identified as a
major risk factor for hepatocellular carcinomas. The en-
forced application of this vaccine to all newborn children in
Taiwan since 1986 resulted already by now in a recogniz-
able trend of liver cancer reduction occurring there already
in children of 10 years and older. Since hepatocellular car-
cinomas linked to HBV infections play a major role in the
cancer incidence, particularly in South East Asia and Af-
rica, the preventive potential of the HBV vaccine is sub-
stantial.

In the case of papillomavirus infections and cancer of the
cervix the transfer of laboratory results to practical appli-
cations, besides a very limited diagnostic application,
takes approximately 20 years. The development of vac-
cines is well on its way and, as judged from animal experi-
mentation and first phase clinical trials, bears the promise
of success. A global application of this vaccine, if as suc-
cessful as anticipated, could theoretically prevent about
12% of the present cancer incidence in women. This cal-
culation also includes other cancers linked to anogenital
papillomavirus infections. Theoretically it would mean that
more than 500 000 cancer cases in women could be pre-
vented annually by successful vaccination programs. Why
does it take probably slightly more than 20 years from the
discovery of the causative agents to the application of a
preventive vaccine? The answer is not too difficult to pro-
vide: first of all it took several years before the clinicians
were convinced that HPV types really cause cervical and
other cancers. In fact, the German gynecologists for in-
stance had their first keynote lecture on HPV and ano-
genital cancer in a national meeting in 1996, 13 years after
the discovery of the viruses involved. This may not be too

The Importance of Translational Research for Cancer Centers
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surprising, since the most common prototypes were dis-
covered in Germany, and like the prophets in biblical
times, you do not believe what is invented in your neigh-
borhood. In some other countries, particularly here in the
United States the situation was different. This resulted
here in earlier acceptance of laboratory data.

A second reason, closely related to the first one, also con-
tributed to the delay. I remember when we in 1984 pre-
sented our data to a pharmaceutical company, at that time
heavily engaged in vaccine production, and proposed a
collaboration for the development of a vaccine, the re-
sponse came about 4 weeks later: no, there was no inter-
est since there would exist many other urgent problems
and a quick market analysis did not look promising. For-
tunately the situation changed today as did the market
analyses. But an early movement and active engagement
of industry in this development probably would have led to
an earlier application of the vaccine by a couple of years
and may have prevented cancer in possibly more than a
million of women. Maybe this is a good example for a gap
between laboratory research and industrial production,
certainly in part due to the lack of experience on both
sides. In fact, such experiences should emphasize the
need for a dose collaboration.

In cancer therapy the interest of pharmaceutical compa-
nies is visible everywhere. The development of targeted
chemotherapy appears to enter first exciting phases with
new treatment regimens in acute promyelocytic leukemias
and chronic myelogenous leukemias. The increasing
understanding of signaling pathways and the detailed
analysis of modified proteins in cancer cells clearly offer
new avenues for cancer treatment and for interactions be-
tween Research Centers and Industry.

The use of therapeutic vaccines against specific cancers,
mainly melanomas and kidney cancers, established in a
way a kind of renaissance of older concepts of immuno-
therapy. Present approaches are mainly based on the use
of activated dendritic cells and from the beginning charac-
terized as translational research, even initiated in dose
collaboration with the respective patients. In contrast, how-
ever, to other therapeutic concepts, these attempts aim at
an individualized cancer therapy, they may thus be less at-
tractive for some of the large pharmaceutical companies.

It is interesting to note how long it took to develop thera-
peutically active monoclonal antibodies. The discovery of
monoclonal antibodies with selective binding specificity
was published by Köhler and Milstein in 1975. The initial
hopes for therapeutic use soon turned into frustrations,
since numerous obstacles seemed to block the way to use
these constructs for cancer therapy. It is almost a surprise
that approximately 25 years after their discovery reports
on successful clinical applications are emerging: this re-
lates to specific B cell lymphomas and a subset of breast
cancers and to a limited degree also to the prevention of
metastatic spreading of some colorectal cancers. Here the
persistence of some researchers was the key to success.

It seems that we encounter presently a somewhat ana-
logous situation in the clinical application of gene therapy.

Numerous clinical trials had been initiated and are at
present  running - without significant success, at least as
far cancer treatment is concerned. The willingness to
transfer clinical results into practical applications is quite
pronounced, yet, the absence of convincing clinical data
on the one hand and required procedures for licensing a
new drug on the other render it likely that much more time
will elapse prior to entry of gene therapy as an established
treatment protocol.

I did cover thus far exclusively examples derived from de-
velopments in translational research in molecular medi-
cine, immunology and virology and omitted a large area of
other directions. But whereas the previously discussed
topics developed more or less only during the past 25
years, novel techniques in cancer treatment, in surgery
and radiation therapy, in screening procedures, in search
for serological cancer markers and others have a much
longer history and in part date back to the turn of the past
century. Time does not permit me to discuss these in more
detail. Obviously these topics continue to play the domi-
nant role, particularly in cancer treatment regimens and
will almost certainly do so in the forthcoming decade.

Particularly the developments in biotechnology and mole-
cular medicine created a sudden enthusiasm among poli-
ticians for translational research. It emerged like a magic
formula solving economic problems in countries with a
morbid economy. The pressure is growing visibly in Eu-
rope and deflects in part from requirements in basic re-
search. In addition, the willingness of most scientist to go
where the money is, may create in turn a problem. Is it jus-
tified to put the emphasis in Cancer Centers mainly to the
translational perspective ? To which extent should we per-
mit ,,playgrounds“ for creative minds and innovative
ideas?

The obvious question resulting from this discussion is the
following: are our Cancer Centers sufficiently equipped
and ready for an active role in translational research ?
Many of them are either devoted entirely to clinical studies
or more oriented towards basic research. Is there a role for
basic research in the future development of Cancer Cen-
ters? To which extent and how should it be linked to Hospi-
tals or to the pharmaceutical industry?

My personal view is readily expressed: indeed we need
basic research in our Cancer Centers as an element of
creativity and originality. The major discoveries related to
our understanding of cancer, the molecular techniques in
risk assessment, in cancer prevention, diagnosis and ther-
apy all rooted in discoveries that were not necessarily
linked to cancer research. On the other hand, most of the
basic research activities in Cancer Centers are application
oriented and frequently determined by clinical interests.

As pointed out in the beginning, translational research to a
substantial degree originated from the applicability of mo-
lecular data to the various fields of cancer intervention. For
many of the experimentalists it has been a learning pro-
cess to follow an active patenting policy, to create tech-
nology transfer offices and to establish their own compa-
nies, developing business plans, consider the marketing of
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their projected product, and actually sell them effectively.
In my experience the mentality of the biologists and of
other researches active in this field is in a stage of gradual
transformation and transition, fermented by the rapid de-
velopments in molecular medicine that seems to be desir-
able - to a large degree. I am personally a bit reluctant to
accept an overwhelming commercial orientation of thinking
among our young researchers and clearly wish to find
some among them who are mainly triggered by their curi-
osity and by questioning even well established facts. For-
tunately, some of them still exist and hopefully this will
continue in the future.

For the sake of our cancer patients we desperately need a
fast translation of research results into clinical practice as
soon as their beneficial effect becomes apparent. Every
cancer center is obliged to contribute to these aspects. We
should however not forget that a kind of blind activism in
this direction may reduce attempts to fully understand the
nature of cancer and of individual cancer types and to
identify their respective risk factors. This still remains a do-
main of basic research where most of the potential for an
effective cancer prevention lies. It must be our primary aim
to prevent cancer occurrence, even be it solely for the
sake of our children and grandchildren, effective preven-
tion is clearly better than the most effective treatment. And
here we need both a dose interaction between the basic
researcher and those who are capable to translate those
results into practical application.
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The work of the divisions and groups integrated into this
research program centers on different aspects of special-
ization of cells and tissues (differentiation) employing
mainly cell and molecular biological methods. As one of
the major tools transfected cell lines as well as transgenic
animals are generated. With these, the mechanisms of
regulation in the synthesis of cell-type specific proteins as
well as their function are studied. Furthermore, alterations
in the genome as well as in the state of chromatin in the
nucleus are extensively studied.

The central topic of investigations in the Division of Cell
Biology is the analysis of the molecular basis of the cell
type-specific architecture of normal as compared to trans-
formed cells. Currently, filament systems of the cytoskel-
eton as well as their anchorage sites at cellular junctions
are the main subjects, with special emphasis on the trans-
membrane proteins of desmosomes (‘cadherins’) which
fulfill a dual function in organizing cell and tissue structure.
We systematically investigate the potential to use these
proteins, being cell type-specifically expressed, as mark-
ers for histological tumor diagnosis. Correspondingly,
karyoskeletal proteins, in particular those from the nucleo-
lus and from the nuclear envelope, are studied in order to
elucidate the molecular principles and the functional im-
portance of intranuclear topogenesis. This should lead to a
better understanding of the nucleocytoplasmic compart-
imentalization and its functional importance.

The Division Molecular Biology of the Cell I studies the
role of hormone dependent signalling in cell and develop-
mental specific gene activation. To understand the role of
these pathways, mutations in important components of
glucocorticoid and cAMP signalling pathways have been
generated and the resulting phenotypic alterations ana-
lyzed. Since these mutations lead to early lethality cell-
specific and inducible mutations have been generated.

Regulation of gene transcription is a key factor in control-
ling cell growth and balancing the effects of growth induc-
ers to prevent uncontrolled cell proliferation. To elucidate
the chain of events by which extracellular signals are
transferred into the cell nucleus and modulate gene ex-
pression, the research activities of the Division Molecular
Biology of the Cell II focus on the molecular mechanisms
of transcriptional regulation. This involves the structural
and functional analysis of protein factors that govern indi-
vidual steps of transcription, the unravelling of macromo-
lecular interactions at regulatory gene sequences, the ef-
fect of oncogenes and tumor suppressors on gene expres-
sion as well as the identification of posttranslational modifi-
cations of transcription factors which modulate transcrip-
tion and adapt gene expression to cell proliferation.

Cell Biology (A0100)
Prof. Dr. rer. nat. Werner W. Franke
� 06221 42-3212, FAX 06221 42-3404
e-mail: W.Franke@DKFZ.de

Molecular Biology of the Cell I (A0200)
Prof. Dr. med. Günther Schütz
� 06221 42-3411, FAX 06221 42-3470
e-mail: G.Schuetz@DKFZ.de

Molecular Biology of the Cell II (A0300)
Prof. Dr. rer. nat. Ingrid Grummt
� 06221 42-3423, FAX 06221 42-3404
e-mail: I.Grummt@DKFZ.de

Developmental Genetics (A0400)
Prof. Dr. rer. nat. Bernard Mechler
� 06221 42-4502, FAX 06221 42-4552
e-mail: dev.genetics@DKFZ.de

Molecular Embryology (A0500)
Dr. rer. nat. Christof Niehrs
� 06221 42-4690, FAX 06221 42-4692
e-mail: Niehrs@DKFZ.de

Biomedical Structure Research (A0600)
Prof. Dr. Michael Trendelenburg
� 06221 42-3241, FAX 06221 42-3459
e-mail: M.Trendelenburg@DKFZ.de
Prof. Dr. Eberhard Spiess
� 06221 42-3426, FAX 06221 42-3459
e-mail: E.Spiess@DKFZ.de

Epigenetics (A0700)
Dr. rer. nat. Frank Lyko
� 06221 42-3800, FAX 06221 42-3802
e-mail: F.Lyko@DKFZ.de

Protein Analysis Facility (R0800)
Dr. rer. nat. Martina Schnölzer
� 06221 42-4560, FAX 06221 42-4562
e-mail: M.Schnoelzer@DKFZ.de

Research Program Differentiation and Carcinogenesis

Coordinator: Prof. Dr. Werner W. Franke
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The aim of the Division of Developmental Genetics is the
identification and functional analysis of tumour suppressor
genes in Drosophila melanogaster and their counterparts
in humans. The choice of the fruitfly as a model system for
studying genes in control of cancer is dictated by the avail-
ability of powerful genetic and molecular techniques for
analysing these genes and their function in Drosophila. In
turn, evolutionarily conserved genes are isolated from the
human genome and are investigated to determine whether
they may play a similar role in human cancer or other hu-
man diseases involving abnormal cell proliferation.
Through the analysis of the first isolated tumour suppres-
sor gene of any species, we have shown that the
lethal(2)giant larvae gene encodes a cytoskeletal protein
which forms complexes of high molecular mass and inter-
acts with numerous proteins. Among these proteins, two
proteins, nonmuscle myosin II heavy chain and NAP-1,
were found to be directly involved in the regulation of cell
shape and the cell cycle, respectively, providing insights
into the mechanisms which, in absence of the l(2)gl pro-
tein, result in the alteration of the cell shape and the
disregulation of the cell cycle. Another aim of the division
deals with the analysis of a series of Drosophila tumour
suppressor genes which have been shown to contribute to
mechanisms such as transport of karyophilic proteins into
the nucleus, regulation of translation initiation, or process-
ing of specific gene transcripts. Functional investigations
of these genes may provide ways to understand how their
inactivation may induce neoplastic growth of specific cells.

Understanding the molecular anatomy of developmental
and differentiation processes provides the basis for ana-
lyzing the mechanisms of cellular pathology, including can-
cer. The Division of Molecular Embryology investigates
the molecular mechanisms underlying the development of
the mesoderm in the amphibian embryo. Specific projects
include identification of developmental control genes, ana-
lysis of growth-factor signalling during mesodermal differ-
entiation and studying the molecular anatomy of meso-
derm with molecular markers.  Gene regulation by homeo-
box genes is studied in gain-and loss-of function ap-
proaches.  Furthermore, large scale gene expression
screening is carried out with the aim to identify novel de-
velopmental pathways and to elucidate the function of em-
bryonically expressed genes.

Progress in instrumentation and in software development
of digital microscopes has led to a rapidly increasing use
of fluorescence laser scan microscopy and video-en-
hanced microscopy in biomedical research. In particular,
the analysis of the fine structural three-dimensional ar-
rangement of cellular skeletal constituents as well as the
structure/function relationship of transcription and cell dif-
ferentiation processes requires high resolution multi-
parameter fluorescence combined with expert digital imag-
ing. To explore the available digital imaging techniques at
an optimal level, the Biomedical Structure Analysis
Group was installed by 1993 into the research program,
also in order to provide expert support in this area. In addi-
tion to this service activity, the group’s research is cen-
tered around the development and application of novel im-

aging methods for (i) the structural analysis of transcription
control, and (ii) model experiments in the study of invasion
and metastasis. Starting in 1995, the group extended its
activity into the field of electron microscopic spectroscopy
with special emphasis toward application in biomedical re-
search. In close cooperation with other divisions, experi-
mental and analytical parameters of this novel technique
shall be optimized for molecular analysis of DNA/protein
interactions, in particular those of transcription complexes.
A further aim of this project is the development of novel
molecular labeling techniques for molecular cell biology
and medicine.

The group Epigenetics has started working in the Center
in the end of 2000. The main topic of interest is the DNA
methylation system in the fruit fly Drosophila.  This system
and the molecular characterization of  involved genes will
provide important insights into the biological function of
DNA methylation essential for mammalian development
and  involved in tumorigenesis, hereditary diseases, and
aging.
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Scientists:
Dr. Leonid Eshkind (- 3/00)
Dr. Hans Heid
PD Dr. Harald Herrmann-Lerdon
Dr. Ilse Hofmann
Prof. Dr. Jürgen Kartenbeck
Dr. Lutz Langbein
Dr. Hans-Richard Rackwitz (- 6/00)
Dr. Thorsten Ralle (5/99 - 4/00)
Dr. Ansgar Schmidt (- 9/00)
PD Dr. Marion Schmidt-Zachmann
PD Dr. Reimer Stick (10/98 - 8/00)

Graduate students:
Kemal Akat (2/2000 -) Carola Borrmann
Christine Dreger (5/2000 -) Jens Eilbracht
Sandra Kneissel Alexandra König (5/00 -)
Jochen Köser (- 11/99) Claudia Mertens (- 8/00)
Michaela Reichenzeller Rainer Paffenholz (-6/99)
Wiebke Peitsch (-8/2000) Beate Straub
Qi Tian

Visiting scientists / guests:
Dr. Barbara Deumling (Germany; - 8/00)
Dr. Natalia Kazakova (Russia; - 12/99)
Dr. Birgit Kräling (Germany/USA; - 4/00)

Technical assistants:
Jutta Arlt (85%) Peter Eichhorn
Katrin Götzke (65%; - 9/00) Christine Grund (80%)
Michaela Hergt Astrid Hofmann
Andreas Hunziker Cäcilia Kuhn
Monika Mauermann (- 2/00) Edeltraut Noffz (50%)
Jutta Osterholt Silke Prätzel
Michaela Rode ( - 9/99) Heiderose Schumacher (50%)
Tatjana Wedig (1/00 -) Stefanie Winter-Simanowski
(50%)
Ralf Zimbelmann

The Division of Cell Biology investigates intracellular archi-
tectonic elements, both in the nucleus (karyoskeleton) and
the cytoplasm (cytoskeleton), and their interactions with
the nuclear envelope and cell junctions, respectively. The
constituting proteins, their interactions and functions are
characterized by use of biochemical methods, recombi-
nant DNA technology and morphological analyses, includ-
ing electron microscopy and immunolocalization tech-
niques, and their patterns of synthesis in normal and ma-
lignant cells and tissues are determined. To elucidate pos-
sible functions of these proteins and structures gene trans-
fer and expression techniques are applied, including stably
transfected cell lines as well as transgenic and gene-tar-
geted mice, to solve principal problems of cell biology that
are central to the understanding of cell and tissue differen-
tiation, carcinogenesis and metastasis. The reagents gen-
erated, in particular monoclonal antibodies developed in
the course of these studies, are also examined for their di-
agnostic value in the detection and classification of tu-
mors.

The Cytoskeleton in Normal and in Trans-
formed Cells: Molecular Characterization of
the Main Components, Functional Domain
Analysis and Tumor Diagnosis

W.W. Franke, H. Herrmann-Lerdon, L. Langbein

In cooperation with: U. Aebi, A. Engel, A. Lustig, Biozentrum,
Basel, Switzerland; M. Amagai, T. Hashimoto, Keio University
School of Medicine, Tokyo, Japan; H. Baribault, La Jolla Cancer
Research Foundation, USA; A. Ben Ze’ev, B. Geiger, Weizmann
Institute of Science, Rehovot, Israel; W. Birchmeier, P. Ruiz, MDC
für Molekulare Medizin, Berlin; B. Cribier, Dept. Dermatology,
Université de Strasbourg, France; H. Denk, K. Zatloukal, Dept.
Pathology, University of Graz, Austria; V.E. Gould, Department of
Pathology, Rush-Presbyterian-St. Luke’s Medical Center, Chi-
cago, USA; L. Jahn, W. Kübler, Medizinische Universitätsklinik
Heidelberg; P. Krammer, M.E. Peter, DKFZ; M. Krawczak, Inst.
Medical Genetics, University of Wales, Cardiff, U.K.; H. Kurzen;
Dept. Dermatology, Heidelberg University Medical School; I.M.
Leigh, Skin Tumor Lab., Royal School of Medicine, London, U.K.;
P. Lichter, D. & A. Olins, DKFZ; T. Magin, Institut für Genetik,
Universität Bonn; J. Markl, J.R. Harris, Zoologisches Institut,
Universität Mainz; I. Moll, W. Peitsch, Hautklinik und Poliklinik,
UKE Hamburg; R. Moll, A. Schmidt, Medizinisches Zentrum für
Pathologie, Universität Marburg; V. Romano, Laboratorio di
Genetica Moleculare, Troina, Italy; A. Starzinski-Powitz, Human-
genetik, Universität Frankfurt; J. Schweizer, M.A. Rogers, H. Win-
ter, DKFZ; D. Roop, Dept. Molecular and Cellular Biology and
Dermatology, Baylor College, Houston, USA; H. Spring,
DKFZ; O. Swensson, Hautklinik, Universität Kiel; J.-P. Thiery,
CNRS, Laboratoire de Physiopathologie du Développement,
Paris, France; E. Yaoita, Institute of Nephrology, Niigata Univer-
sity, Japan.

Cellular architecture and the interaction of individual cells
with neighbouring cells or extracellular matrix components
is mediated by cell type-specific protein complexes termed
the “cytoskeleton”. The mechanisms of the cell type-spe-
cific synthesis of sets of cytoskeletal proteins, their assem-
bly and coordinated integration into various structures dif-
fer considerably in different kinds of cells and tissues, both
in the normal and the transformed situation. In order to un-
derstand a specific developmental process and the main-
tenance of the differentiated state it is of fundamental im-
portance to elucidate the contribution and localization of
individual architectonic molecules, their modifications, and
the nature of their functional domains that contribute to the
specific cell structure and the functions. Moreover, we
have recently identified several proteins, originally identi-
fied as constitutive elements of the cytoskeleton, as inte-
gral components of karyoplasmic complexes, indicating
that they may be engaged in gene regulatory activities.

I. Assembly, structure and function of
intermediate filaments

Intermediate filament (IF) proteins represent - like the
other filament-forming proteins - a multigene family. Its
more than 50 members, which are expressed in cell type-
specific patterns, constitute scaffolds with essential struc-
tural functions both in the cytoplasm (e.g., cytokeratins,
vimentin, desmin, glial and neurofilament proteins) and the
karyoplasm (e.g., lamins) [24]. Specific functions of the

Division Cell Biology (A0100)
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various cytokeratins have recently been identified using
gene elimination and replacement strategies (e.g. [43,
78]).

The (“soft”) cytokeratins (CK) and the (“hard”) hair keratins
(HK) are subgroups of the keratin IF-protein multigene
family. Extending previous work, a major aim was the
completion of the human catalog of CKs and HKs. The
cytokeratins include ~23 polypeptides expressed in epithe-
lial cells in a cell type-specific and differentiation-depen-
dent manner [15, 16]. All of the type II keratins, CKs and
HKs, are located in a single gene cluster on chromosome
17 [58]. Recently we have found a new CK, CK6hf, that is
specifically expressed in the companion layer (“innermost
layer of outer root sheath”) of the hair. As the synthesis of
CK6hf starts at the base of the hair follicle and continues
in an apical direction, this has also allowed us to clearly
demonstrate that the companion layer is a single-layered
differentiation sui generis and not part of the outer root
sheath, as formerly assumed. Interestingly, the newly de-
tected CK6hf seems to be involved in a hair disease
named “loose anagen” [6].

Using polypeptide analysis, previously only eight members
of the human HK subfamily had been distinguished, four
type I (hHa) and four type II (hHb) polypeptides. After sys-
tematic sequencing of the relevant genomic clusters and
cloning of cDNAs the gene family now was shown to con-
sist of 9 hHa (hHa1-8; including the two rather related pro-
teins hHa3-I, hHa3-II) and 6 hHb (hHb1-6) polypeptides
[58]. By examining the expression of these HK genes we
have clearly shown that there are - comparable to the CKs
- patterns of sequentially and differentiation-dependent ex-
pression within the hair forming compartment (hair follicle):
The expression of some members (hHa5, hHb5) begins in
the upper matrix cells, a region formerly assumed to be
free of HKs. The synthesis of other HKs follows in the
lower/mid cortex (hHa1, hHa3-I, hHa3-II; hHb1, hHb3,
hHb6) and ends in the upper cortex hHa4. Moreover, two
of the HKs, hHa2 and Hhb2, are exclusively synthesized in
the hair cuticle. Another HK, hHa7, not detectable in the
anagen hair follicle, is expressed in vellus hair only and
hHa8 is detectable only in single cortex cells. In contrast,
hHb4, although a true HK, is not expressed in the hair fol-
licle but in the filiform papillae of tongue. Based on these
results a catalog of human type-I HKs [40] and type-II HKs
(manuscript submitted) has been established.

One of these type I HKs, the pseudogene, ΨhHaA, is tran-
scribed in humans but not stable at the protein level be-
cause of a premature stop codon; it is, however, clearly
detectable as a functional gene in chimpanzee hairs. This
indicates that during evolution only about 240,000 years
ago, this HK was homozygoteously mutated and lost in the
hominide lineage. Moreover, our studies on chimpanzee
hair follicles have revealed a much more complex pattern
when compared to humans [76]. Based on our gene ex-
pression studies in humans, we have recently character-
ized the mutated hHb6 (and hHb1) as being causative for
the heritable hair disease, monilethrix. The involvement of
HKs in tumorgenesis of follicle based neoplasias or BCCs
has been investigated (manuscripts submitted).

As a model protein to study general principles of IF as-
sembly we have chosen the type III IF protein vimentin
and shown it to polymerize in three distinct phases [19].
However, also cytokeratins, desmin and neurofilament pro-
teins were shown to follow the same assembly schedule
starting from so-called “unit-length filaments” [20, 23].
Most notably, we obtained the first atomic structure infor-
mation of IF proteins crystallizing the IF consensus se-
quence of vimentin [25]. The assembly of certain IF pro-
teins is temperature-dependent as has been shown for
vimentin from various species [21].

This extraordinary degree of temperature-sensitivity of
vimentin has been utilized in a novel context. The exist-
ence of a hitherto more or less hypothetical space be-
tween the chromosomes of the interphase nucleus (the in-
terchromosomal domain compartment) was visualized and
explored by directly employing a “nuclear space shuttle”,
namely Xenopus vimentin carrying a nuclear localization
signal introduced by recombinant DNA techniques [22, 46,
57]. In stably transfected cultured human cells, the trans-
gene product is deposited in nuclear aggregates at 37°C.
However, upon lowering the growth temperature to 28°C,
filaments start to grow out of these aggregates connecting
them within a few hours. The “network” of filaments formed
this way is found exclusively outside of chromosomal terri-
tories colocalizing with various nuclear entities such as
coiled bodies, PML bodies or newly transcribed RNA.

The cytoskeleton is also intimately engaged in drastic
changes and transitions of nuclear architecture, as ob-
served during the differentiation of certain blood stem
cells. Thus, during the generation of granulocytic cells
from undifferentiated precursors, in the course of which
nuclear shape and probably function changes by complex
lobulations and evaginations, the vimentin in the cyto-
plasm and the lamin system in the nucleus as well as the
lamin receptors are fundamentally affected [49]. Similarly,
also intranuclear lamin filaments are intimately engaged in
the architectural organization of the nucleus being re-
flected by the evolutionarily conserved molecular structure
of these IF proteins and their central importance during
oogenesis and embryogenesis [13, 26, 46, 56].

The integration of IFs into the cellular structure, i.e. the cy-
toskeleton, involves a number of associated proteins one
of which is plectin [7, 64, 65]. Its central role in cellular
structure and physiology has been shown in the context of
the apoptotic reorganization process. Here, plectin is one
of the first substrates to be attacked, and cleaved once in
the middle of the molecules, by the regulator caspase 8
[67].

II. Desmosomes - intercellular connecting
structures and anchoring sites of the
cytoskeleton

Our studies on the molecular composition and functions of
intercellular junctions, particularly those of the “adhaerens”
group, have focussed on the clarification of the complexity,
localization and functions of proteins of the so-called “arm-
repeat” family, known to be important cytoplasmic compo-
nents of junctional plaques. Here we have discovered and
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investigated in considerable detail the subfamily of the
plakophilins of which three human genes (PKP1-3) and a
total of five isoformic splice variants have been identified,
cDNA-cloned, sequenced and localized by cell fraction-
ation and immunolocalization methods [44, 45, 61]. Most
remarkably, plakophilins 1 and 2 have been shown to oc-
cur systemically in two places, i.e. in the nucleoplasm in
form of distinct small particles readily extractable in physi-
ological buffer solutions, and in a largely insoluble form in
desmosomal plaques. The nucleoplasmic occurrence is
also seen in diverse cell types devoid of desmosomes
whereas the recruitment to the plaque is highly differentia-
tion- and isoform-specific. A series of sequence-defined
mono- and polyclonal antibodies have been prepared and
specific immunocytochemical protocols have been devel-
oped that allow the specific localization of these proteins,
even the splice variants, in both compartments, the
nucleoplasm and the desmosomes or related junctions
[28, 44, 45, 61]. These antibodies have also been suc-
cessfully used for cell typing in histology and pathology,
especially in dermatological questions [45, 61]. Further,
the formation process of desmosomes was investigated
and the “minimal” components were estimated [37] and in-
teractions of desmosomal proteins with other components
of the cytoskeleton as intermediate filaments were investi-
gated [28, 29].

In the course of our studies on “arm-repeat” proteins we
have also discovered, cDNA-cloned and sequenced a
novel member of this multi-gene family which, however, by
amino acid sequence comparison is more closely related
to protein p120 than to the plakophilins and has been
identified only in neural cells [51, 52]. This protein with the
acronym NPRAP, then termed neurojungin, has also been
identified in specific junctional plaques, most prominently
in those of the “zona limitans externa” of the neural retina,
connecting photoreceptor cells with the cells of the so-
called “Müller glia” [52].

We have developed several types of antibodies specific for
individual desmosomal cadherins, i.e. desmogleins 1-3
and desmocollins 1-3, and other junctional proteins, which
are valuable in the immunohistochemical differentiation
and identification of various cell types in normal develop-
ment and in tumor diagnoses (e.g. [34, 39, 45] and several
ms. submitted). This panel of antibodies to junction type-
specific components of both the plaque and the extracellu-
lar segments has also allowed to detect and define novel
kinds of adhering junctions which cannot be subsumed un-
der the hitherto existing categories of “adherens” and
desmosomal junctions [3, 4].

Karyoskeletal Elements, Intranuclear
Architecture and Topogenesis of Nuclear/
Nucleolar Proteins

M.S. Schmidt-Zachmann

In cooperation with Michael Stöhr, Dr. Martina Schnölzer, PD Dr.
Hanswalter Zentgraf, DKFZ; Prof. Dr. Joseph Gall, Carnegie Insti-
tution, Baltimore, USA; Prof. Dr. Angela Krämer, University of
Geneva, Switzerland; Prof. Dr. Thoru Pederson, University of
Massuchusetts Medical School, USA; Dr. Volker Cordes,
Karolinska Institute, Stockholm, Sweden.

The compartmentalization of the eukaryotic cell and its
functions are based on the specific topogenesis of cellular
proteins. While in the past decade important molecular
principles concerning the nucleocytoplasmic distribution of
proteins have been elucidated, such as the presence of a
short, basic signal sequence, termed nuclear localization
signal (NLS) in many proteins, it remains to be determined
to what extent and how distinct amino acid sequence mo-
tifs govern the targeting of proteins to precise subnuclear
structures.

The nucleolus, which represents an accumulation of rDNA
and its transcription products together with a characteristic
set of proteins, is a complex nuclear substructure in which
key steps of ribosome biogenesis as well as assembly of
other kind of ribonucleoprotein particles take place. To
study the role of primary sequences in nucleolar targeting
of a constitutive nucleolar protein, we have analyzed the
major non-ribosomal nucleolar protein NO38. By detailed
mutational analyses of cDNAs coding for Xenopus NO38,
individual domains essential for nuclear/nucleolar localiza-
tion have been identified [80]. Our studies lead us to con-
clude that nucleolar accumulation of proteins is a two step
process: (i) active transport into the cell nucleus via a func-
tional nuclear localization signal (NLS), and (ii) accumula-
tion in the nucleolus due to specific binding interactions
between these proteins and other nucleolar components,
particularly rDNA, rRNA and possibly other protein con-
stituents.

One major aim of our studies is the identification of so far
unknown components of the nucleolus. While we had de-
scribed the sequence elements required for the specific
nucleolar accumulation of protein NO38/B23, its direct and
constitutive binding partners within the nucleolus remained
to be identified. In immunoprecipitation experiments and
affinity chromatography using cellular and nuclear extracts
of Xenopus laevis cultured cells and antibodies to protein
NO38, we were able to isolate and cDNA-clone a novel
nucleolar, very acidic protein with a SDS-PAGE mobility
corresponding to M

r 29,000. The protein, which was
termed NO29, is sequence-related to NO38 and to the his-
tone-binding protein nucleoplasmin, i.e. it represents a
new member of the nucleoplasmin-family. Protein NO29
was immunolocalized to nucleoli in Xenopus oocytes and
diverse somatic cells. Moreover, biochemical studies re-
vealed that NO29, which is partly complexed with protein
NO38, occurs in preribosomes but not in mature ribo-
somes. The location and the enormously high content of
negatively charged amino acids (pI of 3.75) lead to the hy-
pothesis that NO29 might be involved in nuclear and
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nucleolar accumulation of ribosomal proteins and the coor-
dinated assembly of pre-ribosomal particles [81].

Recently, we reported the identification, cDNA cloning and
molecular characterization of another novel, constitutive
nucleolar protein. The cDNA-deduced amino acid se-
quence of the human protein defines a polypeptide of a
calculated mass of 61.5 kDa. Inspection of the primary se-
quence disclosed that the protein is a member of the fam-
ily of “DEAD-box” proteins, representing a subgroup of pu-
tative ATP-dependent RNA helicases. ATPase activity of
the recombinant protein is evident and stimulated by a va-
riety of polynucleotides tested. Immunolocalization studies
revealed that protein NOH61 (“nucleolar helicase of 61
kDa”) is highly conserved during evolution and shows a
strong accumulation in nucleoli. Interestingly, protein
NOH61 has been identified as a specific constituent of free
nucleoplasmic 65S pre-ribosomal particles, but is absent
from cytoplasmic ribosomes. Treatment of cultured cells
with (i) the transcription inhibitor actinomycin D and (ii)
RNase A results in a complete dissociation of NOH61 from
nucleolar structures. The specific intracellular localization
and its striking sequence homology to other known RNA
helicases lead to the hypothesis that protein NOH61 is in-
volved in ribosome synthesis, most likely during the as-
sembly process of the large (60S) ribosomal subunit [82].

Another central part of our ongoing studies is the charac-
terization of the nucleolar skeleton of amplified nucleoli
from Xenopus oocytes. Since it has been shown that the
basic nuclear activities - replication and transcription - are
connected with the nuclear skeleton (reviewed by Cook,
Bioessays 16 (1994) 425-430), it is likely that the same
holds true for the nucleolar activities. Notably, the only
candidate known so far, which probably contributes to the
nucleolar framework visualized in the electron microscope
upon certain treatments of interphase cells, is a polypep-
tide of 145 kDa described almost 20 years ago (e.g.
Franke et al., J. Cell Biol. 90 (1981) 289-299). We have
successfully isolated the corresponding cDNA clone, de-
termined the encoded polypeptide as a novel type and
have immunolocalized the protein in the cortices of ampli-
fied nucleoli. We then started with a detailed molecular
characterization of this protein and its function(s).

Recently, we have described the identification, cDNA clon-
ing and immunodetection of a novel type of constitutive
nuclear protein which occurs in diverse vertebrate species,
from Xenopus to man. This 146-kDa protein shows a spe-
cific intranuclear distribution, i.e. it accumulates in nuclear
speckles. This latter subnuclear component is known to be
enriched in splicing factors. The protein has been identi-
fied as a subunit of the U2snRNP-associated splicing com-
plex SF3b and is therefore designated as SF3b155 [63].
Subsequently, we addressed the question of the topogenic
properties of different protein domains of SF3b155 and have
identified molecular segments of SF3b155 that mediate its
nuclear import and govern its accumulation in nuclear
speckles. Moreover, our data indicate that this novel
“speckles-targeting sequence”, a protein domain highly
enriched in the dipeptide threonine/proline (TP-domain) is

also essential for the association of the protein with the
U2snRNP [12].

Nuclear pore complexes (NPCs) are constitutive structures
of the nuclear envelope in all eukaryotic cells and repre-
sent gateways between the cytoplasm and the nucleus
through which the exchange and bidirectional transport of
molecules and particles take place. Attached to the
nucleoplasmic side of the NPC are long bundles of fila-
ments of approximately 5 nm diameter that can project into
the nuclear interior for more than 350 nm in some cells.
We have identified a polypeptide of 270 kDa, termed Tpr,
as a major component of these intranuclear filaments [8].
Structural properties of this protein, notably the molecular
regions involved in nuclear targeting and NPC association,
have been determined [9], and its possible function in
nucleocytoplasmic transport processes is currently under
investigation.

Our studies on the intranuclear topogenesis of proteins,
i.e. the specific accumulation in the nucleolus, speckles
and NPCs, respectively, allow us to conclude that protein-
specific sequence elements determine the specific intra-
nuclear distribution of a given protein.

Functions and Dynamics of Defined
Membrane Domains

J. Kartenbeck

In cooperation with: Prof. Dr. Angel Alonso, PD Dr. Ursula Bantel-
Schaal, DKFZ; Dr. Franz Bosch, Dept. Otolaryngology, University
of Heidelberg Medical School; Dr. Nikolaus Gassler, Inst. Pathol-
ogy, University of Heidelberg; PD Dr. Chris Haller, University of
Heidelberg Medical School; Prof. Dr. Ari Helenius, ETH-Zürich,
Switzerland; Prof. Dr. Dietrich Keppler, DKFZ; Prof. Dr. Rudolf
Leube, Inst. Anatomy, University of Mainz.

Hemidesmosomal structures at basal layers of keratino-
cytes in normal squamous epithelia can colocalize Bullous
pemphigoid antigen 1 (BPA1) and α6β4-integrins. In 25
cases the expression of these genes was analyzed during
the process of tumor cell invasion and metastasis. With
the onset of invasive growth, upregulation of BPA1 and
α4β6 integrins extended to the active proliferative zone,
also in tumors which no longer displayed hemidesmo-
somes. The loss of polarized expression and the redi-
rected expression to the entire surface of many tumor cell
layers was found to be a property of the metastastic phe-
notype of squamous cell carcinomas.

The evaluation of reduced expressions of proteins en-
gaged in the formation of intercellular contacts, including
desmosomes, is generally taken as an indicator for malig-
nancy and as a prognostic factor. Therefore, in a long-term
project we analyzed head and neck squamous cell carci-
nomas (HNSCC) from 190 patients for the expression of
the desmosmal proteins, desmoplakin and desmoglein,
and for the adhaerens junction protein, E-cadherin. The
expression patterns of these proteins from primary tumors
were compared with metastases therefrom. We saw a
great spectrum of tumor differentiation and variability of
expression patterns. In most cases metastases revealed
expression patterns as their primary tumors, and changed
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expression of the various proteins and structures behaved
in a parallel manner. By statistical evaluation we found no
correlation between expression pattern and metastatic tu-
mor events. In the great majority of cases junctional pro-
teins of both intercellular contact types (desmosome,
adhaerens junctions) were still present, although often
with a decreased expression pattern.

To elucidate whether rapid degradation and instability of
the mutated canalicular isoform (MRP2) mRNA or a defec-
tive protein processing could cause this lack of apical
MRP2 protein (Dubin-Johnson syndrome), the expression
and localization of mutant MRP2 proteins was studied in
transfected cell lines (in cooperation with Prof. Dr. D.
Keppler). It was found that an apparently immature form of
MRP2 protein accumulated in the cisternae of the rough
endoplasmic reticulum. Degradation of the misfolded or in-
correctly assembled proteins might take place in protea-
somes, as inhibition of the proteolytic activities with
MG132 resulted in paranuclear accumulation of the mutant
protein in aggresome-like structures [31].

Bile flow and Mrp2 distribution was also analyzed after in-
travenous injection of phalloidin, which is preferentially
transported into hepatocytes. The resulting cholastasis is
in part due to a loss of ATP-dependent export pumps, in-
cluding MRP2 from the canalicular membrane [59].

MRP2 was further identified in rat kidney brush-border
membrane domains of proximal tubules. Clear-cell renal
carcinoma, the most common malignancy of human adult
kidney showed MRP-2 expression in more than 90% of the
cases [60].

Detection and Characterization of Novel
Proteins, Protein Modifications and Genes

H. Heid, H.-R. Rackwitz, A. Hunziker, W.W. Franke

In cooperation with: R. Benavente, Biozentrum, Würzburg; R.M.
Flügel, Tumorvirologie, DKFZ; W.W. Just, Biochemie-Zentrum,
Universität Heidelberg; T.W. Keenan, Virginia Polytechnic Insti-
tute, Blacksburg, USA; M. Schnölzer, Zentrale Proteinanalytik,
DKFZ; M. Volkmann, Medizinische Klinik und Poliklinik,
Universität Heidelberg

The experts in protein chemistry and synthesis of the Divi-
sion of Cell Biology have cooperated with several other
groups, using mass spectrometric characterization, PCR
techniques, DNA sequencing, protein and peptide micro-
sequencing, and peptide synthesis combined with anti-
body production, in a series of studies that have led to dis-
coveries of several novel proteins, novel loalizations, and
novel specific modifications and functions of proteins (e.g.
[1, 2, 14, 17, 30, 33, 41, 48, 50, 53, 55, 68-71, 73, 74, 79]).
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Flow Cytometry Resource Group (A0102)

Group leader:  Michael Stöhr
Tel:+49 - 6221 - 42 3208; FAX: +49 - 6221 - 42 2652
E-mail: m.stoehr@dkfz.de

Members:       Dr. Karl-Josef Hutter
                       Monika Frank-Stöhr

Flow and image cytometry are two major approaches to
analytical cytology, which has been defined as the mea-
surement and characterization of cells and cellular consti-
tuents for biological and medical purposes.

The flow cytometry lab is multidisciplinary and provides su-
perb ressources, both personnel and equipment, in quanti-
tative cytochemistry, cytophysics, cell biology, fluorescence
miscroscopy, electronical and mechanical engineering,
computation and statistics, and cell culture work.

Major activities of the group have been devoted to:
*  service measurements, instruction,  education, and ad-

vice on a routine basis;

*   collaborations with scientific merit;

*   instrumentation development with special  emphasis on
personal computer data processing and analysis;

*  organization of the annual Heidelberg Cytometry Sym-
posium.

In detail, analytical duties referred to:
*  analysis of cell cycle phases and degree of culture syn-

chrony

*  analysis of apoptosis combined with cell cycle phase
distribution

*  analysis of DNA index and degree of polyploidization

*   analysis and electronic sorting of cells

*  live-dead cell discrimination combined with estimation of
cell cycle phases

*  laser beam irradiation of cells incubated  with photosen-
sitive agents

* quantitation of  immunofluorescence (cell phenotyping)

We made progressiv developing and expanding an 80386
and higher processor environment based on MS-DOS, the
C programming language and some FORTRAN routines.

So, the flow cytometric data processing system is ex-
tremely  versatile, user friendly,  and user
programmable.The current achievement   comprises  a
complete  4 – parameter system for acquisition, real time
display, storage, retrieval, analysis, and documentation of
cytometric data.

Additionally, a  foreign file handler has been developed
and established to read cytometric data files from instru-
ments of various manufacturers and convert the data to be
read from text and graphic processing programs under
windows 3.xx  and higher.

Thus, flow cytometric data can be integrated into text pro-
cessing routines as doc, bmp, pcx, tif or other file formats.

These facilities provide access to cytometry instrumenta-
tion, are operative on a service basis, supply instructions

for independent and easy use of cytometry equipment and
to all conflicts and questions of cytometry in general, and
are intended to develop new techniques and expand the
area of cytometry applications in biomedical research at
DKFZ.

Cooperations:
Short term collaborations are the mayor demand to be
fullfilled for various research groups in the DKFZ in order
to standardize the setup and follow-up of their experiments
by  cytometric parameters  (cell cycle phase situation and/
or apoptosis, expression of  immunological markers).
Long term collaborations:
1. Principal investigator:  Ingrid Grummt, DKFZ
Application of electronic cell sorting to enrich mammalian
nucleoli for the detection and isolation of  nucleolar pro-
teins.
2  Principal investigator:  Jörg Langowski, DKFZ.
Cell cycle and apoptosis analyses to study the chromatin
distribution and dynamics resulting from cell cycle position,
treatment by chemicals or radiation in vivo.
3. SFB 405:
Utilization of the expertise and personnel of the cytometry
group at the DKFZ to build up, manage, and operate a cell
sorting unit  in the priority program 405 (Immune Tolerance
and its Disorders)  of the DFG  (German Research Foun-
dation).

Publications (bold = group members, * = external co-author)

[1] Müller S, Hutter KJ, Bley Th:

In: Food microbiology and food safety into the next millenium.
Eds.: Tuijtelaars  ACJ, et al. Ponsen & Looyen, Wageningen, The
Netherlands, pp 191-195 (1999)

[2] Rennecke J, Rehberger PA, Fürstenberger G, *Johannes FJ,
Stöhr M, Marks F, Richter KH: Protein-kinase-Cµ expression cor-
relates with enhanced keratinocyte proliferartion in normal and
neoplastic mouse epidermis and cell culture. Int. J. Cancer 80,
98-103 (1999)

[3] Mustonen R, Bouvier G, Wolber G, Stöhr M, Peschke P,
Bartsch H: A comparison of gamma and neutron irradiation on
Raji cells: effects on DNA damage, repair, cell cycle distribution
and lethality. Mutation Res. 429, 169-179, (1999)

[4] Rennecke J, Richter KH, Häussermann S, Stemka L, Strand
S, Stöhr M, Marks F: Biphasic effect of protein kinase C
activators on spontaneous and glucocorticoid-induced apoptosis
in primary mouse thymocytes. Bioch. Biophys. Acta 1497, 289-
296 (2000)

[5] Soto U, Denk C, Finzer P, Hutter KJ, zur Hausen H, Rösl F:
Genetic complementation to non-tumorigenicity in cervical carci-
noma cells correlates with alterations in AP-1 composition. Int. J.
Cancer 86,  811-817 (2000)

Patents:

[1] Weitz J, Royer HD, Stöhr M, Kopun M, Napierski I: Nuclear
inhibitor I-92 and its use for the production of a medicament.
Australian Patent Application: 2627892 (30.May1996)
United States Patent Application:  6,045,831  (04.April 2000)
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The main interest of the division of Molecular Biology of
the Cell I is the study, by genetic means, of the role of hor-
mone-dependent signalling in cell- and tissue-specific
gene activation. Using targeted gene inactivation, essen-
tial components of the signalling pathways for gluco- and
mineralocorticoids as well as for cAMP have been mutated
and the effects of these mutations on differentiation and
physiology studied in detail. These studies have given im-
portant insights in the role of these signalling pathways in
normal and diseased organisms.

Role of Signal-Dependent Gene Expression
in Development and Physiology

G. Schütz

The division Molecular Biology of the Cell I asks, by
genetic means, the question how extra-cellular signals
lead to gene activation via nuclear and cell surface recep-
tors. Steroid hormones, for example, control gene activity
by binding to nuclear receptors. Polypeptide hormones,
growth factors and neurotransmitters interact with recep-
tors at the cell surface, from which the signal is transduced
via various signalling cascades. Distinct signalling path-
ways converge in the phosphorylation and activation of the
transcription factors CREB, CREM and ATF1, the signal-
dependent transcription factors of interest to us. To define
the role of these signal-dependent transcription factors
during development and in physiological and pathological
states we employ gene targeting approaches in mice.
Since germ line mutations in these genes often lead to le-
thality, we have used site-specific recombination systems
for the generation of conditional and function-selective mu-
tations. Cell-specific inactivation of the CREB and the glu-
cocorticoid receptor gene now allows to study the function
of these signalling molecules during development and in
the adult organism and to define target genes. We hope
that the identification of primary target genes will lead to a
comprehensive understanding of the signalling cascades
and that this understanding will lead to new therapeutic
approaches.

Analysis of the Function of cAMP-Dependent
Transcription Factors by Targeted Gene
Inactivation
CREB / CREM / ATF1

S. Bleckmann, I. Borissevitch, E. Casanova, D. Gau,
P. Gass, C. Kellendonk, O. Kretz, T. Lemberger,
T. Mantamatiodis, C. Otto, W. Schmid

Extracellular signals like hormones, growth factors and
neurotransmitters control gene activity by intracellular sig-
nal transduction pathways. Whereas steroid hormones
control gene activity by binding to intracellular receptors,
other extracellular signals like peptide hormones interact
with receptors at the cell surface. From such membrane
receptors, the signal is transduced via various intracellular
signalling cascades eventually leading, among others, to
the phosphorylation of the proteins CREB, CREM and
ATF1 [1]. These proteins constitute a sub-family of related
members of the bZIP family of proteins, which contain a
DNA binding domain and act as homo- or heterodimers.
For a better understanding of the function of these tran-
scription factors in development and in physiological pro-
cesses we have generated germline as well as somatic
mutations with the help of the Cre/loxP system.

Homozygous mutant mice with a null allele of CREB die
shortly after birth due to atelectasis of the lung. These

Division Molecular Biology of the Cell I (A0200)

Head: Prof. Dr. med. Günther Schütz
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mice are smaller and show a severe reduction in T-cell
maturation. Mice with a hypomorphic CREB allele survive,
and this has allowed the study of important functions of
CREB during adult life. Reduced CREB activity in these
mice leads to impaired memory and synaptic plasticity [2,
3]. Furthermore, analysis of the role of this protein in drug
addiction showed that CREB is an essential component in
the development of physical drug dependence [4]. By in-
jection of RNA encoding a dominant-negative form of
CREB, we could show that CREB is essential during sev-
eral developmental stages of Xenopus embryogenesis [5].
Double mutants for CREB and ATF1 have a very dramatic
phenotype in so far as development is arrested at the level
of the blastocysts (Bleckmann et al. unpublished).

Mice without CREM show disruption of spermatogenesis
at the level of round spermatids. We have used this muta-
tion to search for target genes in testes and have charac-
terized by differential hybridization procedures several
hundred differentially expressed sequences (Borissevitch
et al. unpublished).

Since mice without CREB die shortly after birth we have
developed cell-specific mutations by exploiting the Cre/
loxP system. The CREB gene was modified in mice by ho-
mologous recombination inserting loxP recognition se-
quences around the exon coding for the DNA-binding do-
main in embryonic stem cells. For the generation of mutant
mice, the Cre expressing mice were crossed with mice ex-
pressing the Cre recombinase only in the nervous system
or in parts of it. The analysis of responses in mice lacking
CREB in the brain to naloxone-precipitated withdrawal af-
ter morphine administration revealed suppression of the
withdrawal response, which is also reflected in abrogation
of the increase in firing rates in the locus coeruleus [4].

To inactivate the CREB gene in dopaminoceptive cells a
yeast artificial chromosome containing the gene of the
dopamine-1 receptor has been modified by insertion of the
Cre recombinase. Mice with such more site-specific dele-
tion of CREB function in neurons involved in development
of addiction will be used to define its role in psychic and
physical dependence. Mice lacking CREB on the
CREMnull background in brain will be used to study the
role of CREB in programmed cell death and in the control
of cellular survival.

PACAP-Type-I-Receptor

C. Otto

The strongly conserved neuropeptide PACAP (pituitary
adenylate cyclase activating polypeptide) belongs to the
VIP (vasoactive intestinal peptide)/secretin/glucagon fam-
ily of regulatory peptides. The biological functions of
PACAP are mediated by two main types of G-protein-
coupled seven transmembrane receptors. PACAP-type-II-
receptors bind PACAP and VIP with equal high affinity and
lead to an activation of adenylyl cyclase. The PACAP-type-
I-receptor (PAC1) exhibits thousandfold higher affinity for
PACAP than for VIP and couples to different signal trans-
duction pathways, such as the PKA, the PKC, and the

MAPK pathway. Analysis during Xenopus development al-
lowed to define GHRH- and PACAP-mediated signalling
[6]. PAC1 is predominantly expressed in the central ner-
vous system. PAC1-mediated signalling has been impli-
cated in a broad variety of physiological processes includ-
ing neurotransmitter/neurotrophin actions, neuronal differ-
entiation, and synaptic plasticity [7]. Mice who carry either
a complete or a forebrain-specific mutation have a specific
deficit in hippocampus-dependent associative learning [8].
Since hippocampal expression of PAC1 is almost exclu-
sively restricted to the mossy fiber terminals, it is tempting
to speculate that presynaptic PAC1-mediated signalling is
involved in synaptic plasticity at the mossy fiber synapse.
We could demonstrate that PAC1 plays a crucial role in
hippocampus-dependent associative, but not declarative
learning. The PAC1 mouse mutants represent a promising
tool for further analysis of the molecular mechanisms un-
derlying hippocampus-dependent associative learning and
memory formation. So far, it is striking that Drosophila har-
boring a mutation in the PACAP-related gene amnesiac
displays also associative learning deficits. This raises the
hypothesis that the strong evolutionary conservation of
PACAP and its type-I-receptor PAC1 parallels their impli-
cation in a phylogenetically old learning paradigm, i.e. as-
sociative learning.

Analysis of the Function of the Gluco- and
Mineralocorticoid Receptor

R. Arribas, A. Bauer, T. Beißbarth, S. Berger,
P. Gass, C. Kellendonk, M. Kenzelmann, O. Kretz,
H. Reichardt, W. Schmid, B. Stride, F. Tronche,
J. Tuckermann, T. Umland, M. Vujic

The effects of steroid hormones are mediated by specific
receptors, which activate or repress the transcription of
target genes. Gluco- and mineralocorticoids control the ex-
pression of overlapping sets of genes by two closely re-
lated receptors which both can bind glucocorticoids  [9]. In
the kidney, the mineralocorticoid receptor (MR) binds min-
eralocorticoids exclusively due to an inactivation of gluco-
corticoids by a specific enzymatic mechanism. In brain and
other target tissues, both receptors act as glucocorticoid
receptors (type I and type II glucocorticoid receptors). Mice
without glucocorticoid receptor (GR) die shortly after birth
due to severe atelectasis of the lung. Regulation of gluco-
corticoid-dependent functions via the hypothalamic-pitu-
itary-adrenal (HPA) axis is disturbed [10]. Activation of
gluconeogenic enzymes is deficient and epinephrine syn-
thesis is impaired [11]. Proliferation of erythroid progeni-
tors is altered, which might be relevant in situations of oxy-
gen deprivation, which limits adaptation to life in higher al-
titudes [12].

Mice with a mutation in the MR die due to excessive so-
dium loss in the urine. The renin-angiotensin-aldosterone
system is strongly activated and the fractional sodium ex-
cretion is dramatically elevated [13,14]. We suspect that
mineralocorticoids affect the stability or activity of the so-
dium channel in an unknown way. Therefore, we want to
identify the target genes, which are responsible for this le-
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thal defect [15]. MR-deficient mice can be rescued by com-
pensation of the renal NaCl and water loss [13]. In adult
mice without MR, neurogenesis of granule cells in the hip-
pocampus is impaired [16],

The GR can affect gene expression by direct DNA binding
as well as by a DNA binding-independent mechanism via
protein/protein interaction. For DNA binding, a dimer is re-
quired which recognizes the so-called glucocorticoid re-
sponse element (GRE). Repression of genes by the GR
does not require binding to a GRE. To distinguish pro-
cesses that require GRE binding from those that are de-
pendent on protein/protein interaction, we have generated
a point mutation in the GR gene of the mouse. This func-
tion-selective mutation is located in the interface of recep-
tor dimers and interferes with dimer formation. Inhibition of
transcription of AP1- and NFκB-dependent genes remains
largely intact, but transcriptional activation of gene expres-
sion via a GRE is impaired [17]. Surprisingly, mice carrying
this mutation are vital and fertile. These mice allowed to
define the mode of action of the GR in a variety of gluco-
corticoid-dependent functions [18, 19].

The HPA-axis is altered in this mutant. POMC mRNA is
upregulated, proving that binding to the postulated nega-
tive GRE requires dimerization of the GR. The level of
CRF is not affected, indicating that regulation of CRF ex-
pression is mediated by protein-protein interaction [5, 17].
GRE binding-dependent activity is required for functions in
the hippocampus [20]. GRE binding of the receptor is not
required for repression of AP-1-dependent genes in skin.
Thymocyte apoptosis by glucocorticoids is blocked arguing
that induction of apoptosis in double-positive T-cells re-
quires transcriptional control of unknown genes by binding
of a GR dimer. Repression of cytokines, which are upregu-
lated during inflammation, is maintained. The dimerization-
incompetent GR is able to block activation of cytokines
[17] following LPS treatment in T-cells as well as in mac-
rophages. Therefore, these mice represent an important
model for the analysis of immunosuppressive and antiin-
flammatory processes as they promise to be of great use
in the search for new pharmacological compounds, which
can interfere with inflammatory processes, but do not af-
fect DNA-binding-dependent processes of the receptor.

Since mice with loss of the GR die shortly after birth we
made use of the Cre/loxP recombination system for the
generation of cell-specific mutations [21-23]. The loxP rec-
ognition sequence for the Cre recombinase was inserted
by homologous recombination around exon 3 encoding
the first Zn+ finger of GR in embryonic stem cells, which
were fused for the generation of mice. Mice with loss of
GR function in brain, T-cells, monocytes/macrophages,
liver and skin have been generated after crossing with
mice expressing the Cre recombinase in these cells and
tissues. Mice without GR in brain have abnormalities in the
control of the HPA axis [10]. They are runted, less anxious
and display deficits in learning and memory. Lack of the
GR in brain also sensitizes these animals to drugs such as
cocaine. Liver-specific inactivation of the GR leads to a
dramatic reduction of body size. It also reduces hypergly-
cemia in experimentally induced diabetes underscoring

the importance of glucocorticoid signalling in liver in the
development of Type II diabetes (Tronche et al., unpub-
lished). YAC transgenic mice carrying two additional cop-
ies of the GR gene are more resistant to endotoxic shock
[24]. In collaboration with the group of U. Schibler,
Université de Geneva, it was shown that glucocorticoids
induce circadian gene expression and are able to change
the phase of circadian gene expression in peripheral
tissues [25]. Thymocytes without GR are resistant against
glucocorticoid-induced apoptosis, show a normal develop-
ment, but TCR-triggered apoptosis is impaired (Bauer et
al. unpublished). Mice with a selective inactivation of the
GR in macrophages and granulocytes are less resistant in
sepsis experiments (Reichardt et al. unpublished).

Orphan Nuclear Receptors

E. Greiner, J. Tuckermann, T. Wintermantel

Tailless, a member of the nuclear receptor supergene fam-
ily, is required in Drosophila for gut and brain develop-
ment. To define the function of this protein in mice we have
isolated the mouse homologue and studied its function by
targeted gene inactivation. Mice without tailless have de-
velopmental abnormalities in the limbic system which
probably are the basis for the behavioural alterations lead-
ing to severe aggression. These mice also show abnor-
malities in the function of the hippocampus as revealed by
alterations in memory performance. To separate the role
this protein may have during development from effects in
the adult, a floxed allele has been generated which will al-
low to induce the mutation only once development has
been completed.

A new member of the HNF4 family was isolated from the
mouse, HNF4γ, which is homologous to HNF4γ of Xeno-
pus [26, 27]. This gene is expressed in the endocrine pan-
creas, kidney, gut, and testes, but not in liver. To define the
function of this gene, tissue-specific mutations are gener-
ated.

Publications (* = external co-author)
[1] Wagner*, B.L., Bauer, A., Schütz, G., and Montminy*, M.
(2000). Stimulus-specific interaction between activator-coactivator
cognates revealed with a novel complex-specific anteriserum. J
Biol Chem 275, 8263-8266.

[2] Gass, P., Wolfer*, D.P., Balschun*, D., Rudolph, D., Frey*, U.,
Lipp*, H.-P., and Schütz, G. (1998). Deficits in memory tasks of
mice with CREB mutations depend on gene dosage. Learning &
Memory 5, 274-288.

[3] Rammes*, G., Steckler*, T., Kresse*, A., Holsboer*, F., Schütz,
G., Zieglgänsberger*, W., and Lutz, B. (2000). Synaptic plasticity
in the basolateral amygdala and fear conditioning in transgenic
mice expressing dominant-negative cAMP response element
binding protein (CREB) in forebrain. Eur. J. Neuroscience 12,
2534-2546.

[4] Mantamadiotis, T., Torrecilla*, M., Ugedo*, L., Pineda*, J.,
Bleckmann, S., Gass, P., Kretz, O., Valverde*, O., Maldonado*,
R., and Schütz, G. (2001). Dissociation between morphine physi-
cal dependence and motivational responses in CREB deficient
mice.

[5] Lutz, B., Schmid, W., Niehrs, C., and Schütz, G. (1999). Es-
sential role of CREB protein during Xenopus embryogenesis.
Mech. Dev. 88, 55-66.



27

Research Program
Cell Differentiation and Carcinogenesis

Division
Molecular Biology of the Cell I

DKFZ 2001: Research Report 1999/2000

[6] Otto, C., Schütz, G., Niehrs, C., and Glinka, A. (2000). Dissect-
ing GHRH- and PACAP-mediated signalling in Xenopus. Mech
Dev 94, 111-116.

[7] Otto, C., Zuschratter*, W., Gass, P., and Schütz, G. (1999).
Presynaptic localization of the PACAP-TypeI-receptor in hippoc-
ampal and cerebellar mossy fibres. Mol. Brain Res. 66, 163-174.

[8] Otto, C., Kovalchuk*, Y., Wolfer*, D.P., Gass, P., Martin*, M.,
Zuschratter*, W., Gröne, H.-J., Kellendonk, C., Tronche, F.,
Maldonado*, R., Lipp*, H.-P., Konnerth*, A., and Schütz, G.
(2001). Impairment of mossy fiber LTP and associative learning in
PACAP-type-I-receptor-deficient mice. J. Neurosci. (2001)  in
press

[9] Reichardt, H.M., Tronche, F., Berger, S., Kellendonk, C., and
Schütz, G. (2000). New insights into glucocorticoid and mineralo-
corticoid signalling - lessons from gene targeting. Hormones &
Signalling, Advances in Pharmacology  47 (ed. B. O´Malley) 1-21.

[10] Tronche, F., Kellendonk, C., Kretz, O., Gass, P., Anlag, K.,
Orban*, P.C., Bock*, R., Klein*, R., and Schütz, G. (1999). Disrup-
tion of the glucocorticoid receptor gene in the nervous system re-
sults in reduced anxiety. Nat Genet. 23, 99-103.

[11] Finotto*, S., Krieglstein*, K., Deimling*, F., Lindner*, K.,
Brühl*, B., Beier*, K., Metz*, J., Garcia-Arraras*, J.E., Roig-
Lopez*, J.L., Monaghan, P., Schmid, W., Cole, T., Kellendonk, C.,
Tronche, F., Schütz, G., and Unsicker*, K. (1999). Analysis of
mice carrying targeted mutations of the glucocorticoid receptor
gene argues against an essential role of glucocorticoid signalling
for generating adrenal chromaffin cells. Development 126, 2935-
2944.

[12] Bauer, A., Tronche, F., Wessely*, O., Kellendonk, C.,
Reichardt, H.M., Steinlein*, P., Schütz, G., and Beug*, H. (1999).
The glucocorticoid receptor is required for stress erythropoiesis.
Genes Dev 13, 2996-3002.

[13] Bleich*, M., Warth*, R., Schmidt-Hieber*, M., Schulz-Baldes*,
A., Hasselblatt*, P., Fisch*, D., Berger, S., Kunzelmann*, K., Kriz*,
W., Schütz, G., and Greger*, R. (1999). Rescue of the mineralo-
corticoid receptor knock-out mouse. Pflügers Arch Eur J Physiol
438, 245-254.

[14] Hubert*, C., Gasc*, J.-M., S., B., Schütz, G., and Corvol*, P.
(1999). Effects of mineralocorticoid receptor gene disruption on
the components of the renin-angiotensin system in 8-day old
mice. Mol. Endocrinol. 13, 297-306.

[15] Berger, S., Bleich*, M., Schmid, W., Greger*, R., and Schütz,
G. (2000). Mineralocorticoid receptor knockout mice: lessons on
Na+ metabolism. Kidney International 57, 1295-1298.

[16] Gass, P., Kretz, O., Wolfer*, D.P., Berger, S., Tronche, F.,
Reichardt, H.M., Kellendonk, C., Lipp*, H.-P., Schmid, W., and
Schütz, G. (2000). Genetic disruption of mineralocorticoid recep-
tor leads to impaired neurogenesis and granule cell degeneration
in the hippocampus of adult mice. EMBO Reports 1, 447-451.

[17] Reichardt, H.M., Kaestner*, K.H., Wessely*, O., Tuckermann,
J., Angel, P., Kretz, O., Bock*, R., Schmid, W., Herrlich*, P., and
Schütz, G. (1998). DNA binding of the glucocorticoid receptor is
not essential for survival. Cell 93, 1-20.

[18] Reichardt, H.M., Kellendonk, C., Tronche, F., and Schütz, G.
(1999). The Cre/loxP-system - a versatile tool to study glucocorti-
coid signalling in mice. Biochem. Society Transactions 27, 78-83.

[19] Tuckermann, J.P., Reichardt, H.M., Arribas, R., Richter*,
K.H., Schütz, G., and Angel, P. (1999). The DNA-binding-indepen-
dent function of the glucocorticoid receptor mediates repression of
AP-1-dependent genes in skin. J Cell Biol 147, 1-6.

[20] Karst*, H., Karten*, Y.J.G., Reichardt, H.M., de Kloet*, E.R.,
Schütz, G., and Joels*, M. (2000). Corticosteroid actions in hip-
pocampus require DNA-binding of glucocorticoid receptors. Nat
Neurosci 3, 977-978.

[21] Kellendonk, C., Tronche, F., Casanova, E., Anlag, K., Opherk,
C., and Schütz, G. (1999). Inducible site-specific recombination in
the brain. J. Mol. Biol. 285, 175-182.

[22] Kellendonk, C., Opherk, C., Anlag, K., Schütz, G., and
Tronche, F. (2000). Hepatocyte-specific expression of Cre
recombinase. Genesis 26, 151-153.

[23] Berton*, T.R., Wang*, X.-J., Zhou*, Z., Kellendonk, C.,
Schütz, G., Tsai*, S., and Roop*, D.R. (2000). Characterization of
an inducible, epidermal-specific knockout system: differential ex-
pression of lacZ in different Cre reporter mouse strains. Genesis
26, 160-161.

[24] Reichardt, H.M., Umland, T., and Schütz, G. (2000). Mice
with an increased glucocorticoid receptor gene dosage show en-
hanced resistance to stress and endotoxic shock. Mol Cell Biol
20, 9009-9017.

[25] Balsalobre*, A., Brown*, S.A., Marcacc*i, L., Tronche, F.,
Kellendonk, C., Reichardt, H.M., Schütz, G., and Schibler*, U.
(2000). Glucocorticoid hormones can reset circadian time in pe-
ripheral tissues but not in the suprachiasmatic nucleus. Science
289, 2344-2347.

[26] Taraviras*, S., Mantamadiotis, T., Dong-Si, T., Mincheva, A.,
Lichter, P., Drewes*, T., Ryffel*, G.U., Monaghan, A.P., and
Schütz, G. (2000). Primary structure, chromosomal mapping, ex-
pression and transcriptional activity of the murine Hepatocyte
Nuclear Factor 4gamma (mHNF4gamma) gene. Biochim. et
Biophys. Acta: Gene Structure and Expression 1490, 21-32.

[27] Kaestner, K.H., Katz*, J., Liu*, Y., Drucker*, D., and Schütz,
G. (1999). Inactivation of the winged helix transcription factor
HNF3a affects glucose homeostasis and islet glucagon gene ex-
pression in vivo. Genes Dev 13, 495-504.



28

Research Program
Cell Differentiation and Carcinogenesis

Division
Molecular Biology of the Cell II

DKFZ 2001: Research Report 1999/2000

Scientists:
Dr. Renate Voit
Dr. Sebastian Iben
Dr. Raffaela Santoro
Dr. Theologos Michaelides (-08/99)
Dr. Viola Muth (-09/99)
Dr. Jochen Bodem

Visiting scientist:
Dr. Wendy Ross (Scotland, UK, -05/00)

Graduate students:
Andreja Budde (-12/99)
Gergana Dobreva (01-07/00)
Sonia Ciarmatori (-10/00)
Attila Nemeth (08/99-)
Tamas Fischer (02/00-)
Xuejun Yuan

Technical  assistants:
Urs Hofmann-Rohrer
Nadine Wagner
Petra Elbert
Bettina Dörr

The activity of genes influences many cellular processes
like growth, proliferation, and differentiation. Deregulated
gene expression, in turn, can cause cell transformation
and is almost invariably responsible for cancer. The divi-
sion “Molecular Biology of the Cell II” investigates the
mechanism and regulation of mammalian gene expres-
sion. The main focus is the elucidation of the regulatory
networks that link gene expression with cell growth. This
requires the biochemical purification and functional char-
acterization of specific transcription factors as well as stud-
ies on the pathways by which extracellular signals are
transferred into the nucleus to modulate transcription of
specific genes. Since many proteins involved in transcrip-
tional regulation are final targets of such signal transduc-
tion pathways, we analyze the response of regulatory pro-
teins to external signals and study the functional conse-
quences on transcriptional activity. The goal of this work is
to understand the molecular events that perturb gene
regulation in cancer cells.

Division Molecular Biology of the Cell II (A0300)

Head: Prof. Dr. rer. nat. Ingrid Grummt

Introduction

I. Grummt

Regulation of ribosomal gene transcription is a key factor
in controlling cell growth and normally balances the effects
of growth inducers to prevent uncontrolled cell prolifera-
tion. The research activities of our group are focussed on
the elucidation of the molecular mechanisms that coordi-
nate ribosomal gene transcription with changes in cell
growth. Since transcription of ribosomal RNA genes by
RNA polymerase I  (Pol I) is a highly regulated process, it
serves a relatively simple model system for (i) studies of
the individual steps of eukaryotic gene transcription, and
(ii) for the elucidation of the pathways by which extracellu-
lar signals modulate transcriptional activity of cellular
genes.

In the past, a major part of our activities has been involved
in the purification, biochemical analysis and functional
characterization of the protein factors that are required for
specific initiation, elongation and termination of transcrip-
tion by Pol I. We now posses an arsenal of tools, i.e. puri-
fied Pol I, recombinant transcription factors and specific
antibodies, which  - together with our expertise in a variety
of modern techniques and assay systems - will allow us to
investigate the metabolic pathways that couple rDNA tran-
scription with cell proliferation and to study diseases which
result from disregulation of nucleolar functions.
Our research has been focussed on the following topics:
1.  Biochemical characterization, cloning and functional

analysis of protein factors involved in rDNA transcrip-
tion.

2.  Mechanism of rDNA transcriptional regulation during
distinct phases of the cell cycle.

3.  Effect of growth factors and tumor suppressor proteins
(p53, pRb) on rDNA transcription.

4.  Influence of the chromatin structure on rDNA transcrip-
tion.

Gene Regulation by Growth Factors (A04001)

R. Voit, S. Iben, P. Jansa

In collaboration with R. White, Glasgow, Scotland, UK;.J.-.M. Egly,
Illkirch, France; P. Becker, EMBL, Heidelberg; H. Zentgraf, DKFZ,
M. Vingron, DKFZ

We have made considerable progress in setting up a cell-
free system capable of specific transcription of rDNA by
RNA polymerase I. We have shown that in addition to Pol I
four other transcription initiation factors - designated TIF-
IA, TIF-IB/SL1, TIF-IC and UBF (upstream binding factor) -
are needed for specific transcription initiation. Moreover,
two factors govern transcription termination, e.g. TTF-I
(transcription termination factor) and PTRF (polymerase
and transcript release factor). The individual factors have
been purified, functionally characterized and cDNAs en-
coding the respective proteins have been cloned and
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therefore, we now can reconstitute transcription by highly
purified proteins [2]. The availability of purified and recom-
binant transcription factors as well as the respective anti-
bodies is a prerequisite for studies concerning the mecha-
nism of transcriptional regulation and their role in nucleolar
functions in detail.

Growth-Dependent Regulation of Cellular
rRNA Synthesis by the Transcription
Initiation Factor TIF-IA

J. Bodem, G. Dobreva, U. Hoffmann-Rohrer

The key factor that directs growth-dependent regulation of
rDNA transcription is TIF-IA, a 75 kDa protein whose
amount or activity fluctuates in response to the physiolo-
gical state of the cells. TIF-IA was initially identified as an
activity that complements transcriptionally inactive extracts
obtained from quiescent mouse cells. Pol I and TIF-IA as-
sociate to form the transcriptionally active enzyme, defined
as the Pol I entity which is capable of initiating transcrip-
tion from the rDNA promoter. The vast majority - the ‘bulk’
enzyme - lacks TIF-IA and, therefore is incapable of tran-
scription initiation. We have cloned the cDNA encoding
TIF-IA and used the recombinant protein to elucidate the
mechanisms of proliferation-dependent control of cellular
rRNA synthesis [8]. We found that TIF-IA interacts with
both Pol I and the promoter selectivity factor TIF-IB, which
suggests that by interacting with DNA-bound TIF-IB, the
Pol I/TIF-IA complex is recruited to the rDNA promoter.
Moreover, both the amount and the phosphorylation pat-
tern of TIF-IA are altered in response to nutrient starvation
and inhibitors of protein synthesis, suggesting that the
turnover of this essential factor is regulated by phosphory-
lation. The availability of recombinant TIF-IA will not only
open the path to analyzing the detailed molecular
mechanism(s) of how this central component of the Pol I
transcription apparatus links rRNA synthesis to growth

control in mammalian cells, but may  turn out to be a pow-
erful tool for tumor diagnosis and therapy.

Mechanism of rDNA Transcriptional
Regulation during Distinct Phases of the Cell
Cycle

R. Voit, J. Klein, T. Michaelidis, A. Budde

The numerous biological events that are associated with
the periodicity of the cell cycle make it an attractive model
for studying the regulatory mechanisms that link gene ac-
tivity and cell cycle control. Transcription of ribosomal RNA
genes oscillates during the cell cycle. Transcription is
maximal in S and G2 phase, shuts down in mitosis and
slowly recovers in G1. We have shown by several experi-
mental strategies that repression of rDNA transcription at
the onset of mitosis is caused by phosphorylation of TIF-
IB/SL1 by cdc2/cyclin B. Inactivation of TIF-IB/SL1 during
mitosis is brought about by phosphorylation of TAFI110 at
threonine 852. As a consequence of this specific phospho-
rylation, the capability of TIF-IB/SL1 to interact with UBF is
strongly impaired [1]. The results suggest that phosphory-
lation of TIF-IB/SL1 is used as a molecular switch to shut
down rDNA transcription at mitosis.

At the exit from mitosis, dephosphorylation by an okadaic
acid-sensitive phosphatase (presumably PP2A) recovers
TIF-IB/SL1 activity. Transcriptional activity, however, re-
mains low and gradually increases during G1 progression
[5]. Transcriptional activation correlates with phosphoryla-
tion of UBF is at two serine residues (S484 and S388) by
G1-specific cdks [4, 11]. Experiments with UBF mutants
lacking either serine residue indicate that phosphorylation
at Ser388 alters the ability of UBF to associate with RNA
polymerase I. Therefore, reversible phosphorylation of
UBF represents a powerful means of regulating initiation
complex assembly in a cell cycle-dependent fashion. The

Figure 1.
Structure of the rDNA
transcription unit and
polypeptides involved
in transcription initia-
tion and termination.
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data demonstrate that both the activity of TIF-IB/SL1 and
UBF is regulated in a cell cycle-dependent manner and
suggest a link between G1 cdks/cyclins, UBF phosphoryla-
tion and rDNA transcription activation.

Repression of rDNA Transcription by the
Tumor Suppressor p53 and the “Pocket”
Proteins pRb and p130

R. Voit, A. Budde, S. Ciarmatori

In collaboration with R. White, Glasgow, Scotland, UK

The “pocket” proteins pRb, p107 and p130 are a family of
negative growth regulators. The retinoblastoma suscepti-
bility gene product pRb restricts cellular proliferation and
has been shown to regulate cell cycle progression at a
specific G1 checkpoint. To elucidate the molecular mecha-
nisms underlying pRb-mediated repression of Pol I tran-
scription, we have studied the effect of pRb on mouse
rDNA transcription. We have shown that Pol I transcription
is specifically inhibited by pRb, but not by its relative,
p107. UBF is the main target for pRb-induced transcrip-
tional repression. UBF and pRb form complexes in vitro in-
volving the C-terminal part of pRb and HMG boxes 1&2 of
UBF. Binding to pRb prevents UBF from binding to its tar-
get sites on the rDNA promoter. The data indicate that
complex formation between UBF and pRb may mediate
cell cycle-dependent fluctuations of rDNA transcription. To
assess whether pRb performs this role under physiological
conditions, we have examined pre-rRNA levels in cells
from mice lacking either pRb alone or all three of the
pocket proteins. Pol I transcription was unaffected in pRb-
knockout fibroblasts, but specific disruption of the entire
pRb family deregulated rRNA synthesis. p130 shares with
pRb the ability to repress Pol I transcription both in vitro
and in vivo. by binding to and inactivation of UBF. The data
imply that rRNA synthesis in living cells is subject to redun-
dant control by pRb and p130 [13].

Since tumor cells exhibit elevated levels of rRNA synthetic
activities, we studied whether p53 would down-regulate ri-
bosomal gene transcription, too. We have measured rDNA
transcriptional activity in different cell lines which either
lack or overexpress p53 and found that wild-type but not
mutant p53 inhibits cellular pre-rRNA synthesis. Con-
versely, pre-rRNA levels are elevated both in cells which
express mutant p53 and in fibroblasts from p53 knock-out
mice. We have investigated the mechanism of p53-medi-
ated transcriptional repression and could show by tran-
sient transfection assays, in vitro transcriptions and pro-
tein-protein interaction experiments that – like pRb – p53
interferes with initiation complex formation at the core
rDNA promoter [3]. These results reveal a novel mecha-
nism by which the tumor suppressors pRb and p53 inhibit
cell proliferation, namely by direct inhibition of cellular
rRNA synthesis.

The Role of rDNA Chromatin Structure on
Transcriptional Regulation

R. Santoro, A. Nemeth, V. Muth, R. Voit

Recent studies have revealed that the chromatin structure
is critically involved in the regulation of gene expression.
As practically nothing is known about the mechanisms of
transcriptional activation of class I genes in chromatin, we
studied the chromatin structure of the rDNA promoter and
assayed transcription on nucleosomal templates. We
found that the chromatin structure at the rDNA promoter is
perturbed by binding of the transcription termination factor
TTF-I to the ‘promoter-proximal terminator T0 located up-
stream of the transcription start site. Binding of TTF-I me-
diates ATP-dependent nucleosome remodeling which cor-
relates with efficient transcription initiation on otherwise re-
pressed nucleosomal rDNA templates. The results suggest
that TTF-I counteracts repressive chromatin structures by
recruiting remodeling factors that place the promoter in an
accessible conformation for transcription initiation by Pol I
[Längst et al. EMBO J. 16 (1997) 760-768, EMBO J. 17
(1998) 3135-3145]. Thus, TTF-I is a multifunctional protein
that, in addition to its established role as a Pol I-specific
termination factor, is also able to trigger nucleosome re-
modeling and antagonize repression of ribosomal gene
transcription on chromatin templates.

In an attempt to identify and isolate protein(s) that by spe-
cific interaction with TTF-I recruit chromatin-specific
coactivators to the rDNA promoter, we performed a yeast
two-hybrid screen using TTF-I as a bait. We isolated a
novel protein, designated TIP5 (TTF interacting protein
#5), a >200 kDa polypeptide which shares a number of im-
portant protein domains with ISWI-containing chromatin
remodeling complexes, e.g. Acf1, the largest subunit of
Drosophila and human ACF (ATP-utilizing chromatin as-
sembly and remodeling factor), and human CHRAC. Purifi-
cation of cellular TIP5 revealed that TIP5 is contained in a
complex with the mammalian homolog of ISWI (SNF2H)
and two other (yet to be identified) proteins. We are cur-
rently trying to establish assays (chromatin remodeling,
nucleosome-dependent ATPase, HAT and HDAC assays)
which will reveal the function of this novel protein complex.

On search for proteins that interact with TTF-I, we ob-
served that TTF-I associates with the histone acetylase
(HAT) complex PCAF both in vivo and in vitro. In exploring
the functional significance of this interaction, we found that
PCAF acetylates TAF

I68, the second largest subunit of the
promoter selectivity factor TIF-IB/SL1. Moreover, Sir2p, a
nucleolar NAD-dependent histone deacetylase which is
known to play a role in silencing of the rDNA locus,
deacetylates TAFI68 and inhibits transcription in vivo and
in vitro. The results suggest that reversible acetylation of
TIF-IB/SL1 may be an effective means to activate and si-
lence rDNA repeats in response to external signals [10].

We have also investigated the effect of DNA methylation
on the transcriptional activity of Pol I in vivo and in vitro.
rDNA templates methylated with HpaII-methylase were ef-
ficiently transcribed in a cell-free transcription system.
However, when assembled into chromatin or transfected
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into mouse cells, methylated rDNA templates were not
transcribed. Analysis of a series of rDNA promoter mutants
demonstrates that methylation of conserved CpG dinucle-
otides in the upstream control element (UCE) are sufficient
for transcriptional repression. DNA methylation impairs
binding of the transcription factor UBF to the rDNA promo-
ter assembled into chromatin, indicating that silencing of
ribosomal gene transcription is mediated through an effect
of methyl groups on essential DNA-protein interactions.
Thus, DNA methylation may be a potential molecular
mechanism to inactivate rDNA genes and propagate tran-
scriptional silencing through cell division [14].

Analysis of PTRF, a Novel Protein that
Induces Dissociation of Paused Ternary
Transcription Complexes

P. Jansa, U. Hoffmann-Rohrer

Transcription termination by Pol I involves pausing of the
ternary complex by DNA-bound termination factor TTF-I
followed by release of the nascent transcript and Pol I from
the template. Using recombinant murine TTF-I in an immo-
bilized tailed template assay, we have found that, besides
DNA-bound TTF-I which stops elongating Pol I, an addi-
tional activity is required to release both the nascent tran-
script and Pol I from the template. Pol I and transcript re-
lease is mediated by a cellular factor, termed PTRF (Poly-
merase and Transcript Release Factor). Using the yeast
two-hybrid screening system we have cloned a cDNA
which encodes PTRF. The recombinant protein interacts
with both TTF-I, Pol I and RNA and dissociates ternary
transcription complexes. Significantly PTRF enhances
overall transcription by facilitating reinitiation. The results
suggest that regulation of PTRF activity may be a yet un-
recognized means to control the efficiency of ribosomal
RNA synthesis [9].
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A large proportion of the human genes (~80%) have ge-
netic counterparts in Drosophila melanogaster. Although
the fruitfly contains only 16.000 genes in its genome, com-
pared with ~100.000 genes in higher vertebrates, most hu-
man genes are found to be duplications or multigene fami-
lies of their insect equivalents. Since conservation in core
cellular processes and multistep pathways appears to be
maintained during evolution, the knowledge gained from
studying Drosophila will undoubtedly contribute to the un-
derstanding of the mechanisms of action of homologous
human genes. The importance of mutations in cancer for-
mation has been genetically well documented in Droso-
phila. Mutations in a series of genes lead invariably to the
formation of malignant tumours in specific tissues during
development and these tumours were shown to display
the full range of characteristics of human cancers. The Di-
vision of Developmental Genetics has for many years
been investigating genes involved in tumourgenesis and
tumour suppression in Drosophila. The major aim is to
characterise the function of these genes and to identify ge-
netic interactors. In addition, functions of other Drosophila
genes of particular interest are also intensively investi-
gated, as well as the mechanism of DNA double-strand
break repair and homologous recombination in the germ
line cells of Drosophila.

1. Exploring Tumour Suppressor Genes in
the Fruitfly Drosophila melanogaster

B.M. Mechler, M. Li, H. Schenkel, I. Török

In cooperation with: I. Kiss, M. Gorjanacz and G. Adam. Biological
Research Center, Hungarian Academy of Sciences, Szeged, Hun-
gary; I. Raska, Czech Academy of Sciences, Prague, Czech Re-
public; R. Farkas, Slovak Academy of Sciences, Bratislava,
Slovakia; P. Sinha and A. Mishra-Sinha, School of Life Sciences,
Indore, India; J. Roy, University of Varanasi, Banaras, India.

Drosophila tumours can be classified into two broad cate
egories: neoplasia and hyperplasia. The difference be-
tween both types of overgrowth is particularly visible in the
case of the imaginal discs. Neoplastic growth is character-
ised by a massive proliferation of the cells with disruption
of the disc mono-layered epithelium. By contrast, hyper-
plastic imaginal discs, albeit reaching several times their
normal size, maintain a mono-layered epithelium with cells
displaying a columnar shape and a normal apical-basal
polarity. Mutations in the lethal(2)giant larvae [l(2)gl], discs
large [dlg], and scribble [scrib] genes produce neoplastic
growth and all three genes were found to encode proteins
involved in the organisation of the cytoskeleon and/or
membrane junctions [1, 2].

Neoplastic growth also occurs in mutations affecting the
hematopoietic organs, as indicated by autonomous growth
of transplanted mutant cells. However, the elucidation of
the function of genes controlling hematopoietic cell
proliferation indicates a totally different mechanism than
that occurring in epithelial cells. We found that the massive
overgrowth of the hematopoietic organs was caused by
the down-regulation of ribosomal or ribosomal associated
proteins, including the RpS6, RpS21, and P40 [3].

1.1. Cytoskeletal proteins with functions in
scaffolding and signal transduction

Among the genes controlling tumour formation in Droso-
phila, studies of the lethal(2)giant larva, discs large, and
scribble genes showed that their products participate in
the structure and function of the cell surface by recruiting,
localising and organising other proteins at the cell mem-
brane [1, 2]. Through stabilisation of the cytoskeletal ma-
trix and the cellular junctions, these proteins contribute to
the structure and maintenance of the cell shape, as well as
to the organisation of proteins involved in signalling path-
ways. Although the functions in signal transduction are
more difficult to demonstrate we were able to show that
the p127 protein encoded by the l(2)gl gene contributes to
the mechanism that controls the disintegration of salivary
glands during metamorphosis [4]. Similarly, our recent mo-
saic analysis of scribble revealed that this protein plays a
critical role in signals exchanged between cells. In particu-
lar inactivation of scribble in specific domains of the imagi-
nal discs resulted in the formation of new organisation
centres in the neighbouring tissues adjacent to the
scribble- clone and in duplications of appendages.
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1.1.1. The lethal (2) giant larvae gene
Among the identified tumour suppressor genes of Droso-
phila, the lethal(2)giant larvae [l(2)gl] gene was shown to
participate in the structure and function of the cytoskeletal
matrix by recruiting, localising and organising other pro-
teins. Through stabilisation of the cytoskeletal matrix, l(2)gl
contributes to the structure and maintenance of cell shape,
as well as to the organisation of proteins involved in sig-
nalling pathways [1, 2]. The l(2)gl gene was the first identi-
fied and isolated tumour suppressor gene of any species.
Mutations in l(2)gl lead to formation of brain and imaginal
disc tumours. This gene encodes a widely expressed
cytoskeletal protein designated as p127 that is present in
all eukaryotic species from yeast to human. p127 contains
three homomerisation domains leading to formation of
complex structures that are either diffused in the cyto-
plasm or associated with the cytoskeletal matrix. Among
the proteins interacting with p127, we identified myosin II
heavy chain, a kinase specifically phosphorylating p127
and regulating its association with myosin II, and the nu-
cleosome assembly protein-1 (NAP1). Studies of the rela-
tionship of p127 with these proteins provide clues on how
p127 contributes to the organisation of cell shape and to
the regulation of the cell cycle. Cytoskeleton organisation
is controlled through the binding of p127 with the rod do-
main of myosin II and we can show that p127 is a negative
regulator of the contractile activity of myosin II [1, 2]. In-
volvement of p127 in the cell cycle may be mediated by its
interaction with NAP1 that is associated with the cyclin B-
p34cdc2 kinase complex controlling the entry into mitosis [5].
NAP1 displays a dynamic distribution during the cell cycle,
bound to the cytoskeleton during interphase and associ-
ated with the nuclear spindle during mitosis. We found that
casein kinase 2 (or CK2) can bind and phosphorylate
NAP1. It is thus conceivable that the interaction between
p127, NAP1 and CK2 may affect critical mitotic events.

1.1.1.1. l(2)gl function is required for survival of
the germline cells and epithelium
formation of the follicle cells during
Drosophila oogenesis

We identified the nucleotide change that has occurred in
the l(2)glts3 sequence [6]. By site-directed mutagenesis we
produced an identical change leading to the substitution of
a serine by a phenylalanine at position 311 of p127l(2)gl.
The modified l(2)glF311 gene was introduced into l(2)gl- flies.
We found that the transgene can fully rescue the develop-
ment of l(2)gl flies raised at 22°C but causes drastic effects
on their development at 29°C confirming the temperature
sensitivity of the phenylalanine substitution at position 311.
Fertility of females, albeit not of males, was strongly af-
fected. Temperature-shift experiments and microscopic ex-
amination of ovaries showed that the mutation blocked
egg chamber development at the onset of vitellogenesis
(stages 8 - 9). At this stage the growth of the oocyte was
arrested, the migration of follicle cells was incomplete over
the oocyte, and the germ line cells were apoptotic, as
measured by TUNEL assays. By comparison with wild
type, we found that p127F311 is already reduced in amount
at 22°C and mis-localised from the cytoskeletal matrix, al-
beit without affecting the apical localisation of myosin II, a

major partner of p127. At 29°C, the level of p127F311 was
even more reduced and the distribution of myosin-II be-
came markedly altered at the apices of the follicle cells.
These data indicate that during oogenesis p127 plays a
critical role at the onset of vitellogenesis and regulates
growth of the oocyte, follicle cell migration over the oocyte
and their organisation in a palisadic epithelium, as well as
viability of the germ line cells [6].

1.1.1.2. p127 and nmMHC regulate the nuclear
entry and chromatine association of the
transcription factor BR-C Z1 in
Drosophila salivary glands and thus
control salivary gland histolysis

During Drosophila metamorphosis larval tissues, such as
the salivary glands, disintegrate whereas imaginal tissues
differentiate into adult structures forming at hatching a fly-
shaped adult. Inactivation of the lethal(2)giant larvae
(l(2)gl) gene leads to a developmental arrest at the larval-
pupal transition phase. At this stage, p127 is expressed in
wild-type salivary glands that become fully destroyed
12-13h after pupariation. By contrast to wild-type, adminis-
tration of 20-hydroxyecdysone to l(2)gl-deficient salivary
glands is unable to induce histolysis although it releases
stored glue granules and gives rise to a nearly normal
pupariation chromosome puffing, indicating that p127 is
required for salivary gland apoptosis.

To unravel the l(2)gl function in this tissue we used trans-
genic lines expressing reduced (~0.1) or increased levels
of p127 (3.0) and were able to show that the timing of sali-
vary gland histolysis displays an l(2)gl-dose response. Re-
duced p127 expression delays histolysis whereas over-ex-
pression accelerates this process without affecting the du-
ration of third larval instar, prepupal and pupal develop-
ment. Similar l(2)gl-dependence is noticed in the timing of
expression of the cell death genes reaper, head involution
defective and grim supporting the idea that p127 plays a
critical role in the implementation of ecdysone-triggered
apoptosis. These experiments show also that the timing of
salivary gland apoptosis can be manipulated without af-
fecting normal development and provide ways to investi-
gate the nature of the components specifically involved in
the apoptotic pathway of the salivary glands [4].

Since salivary gland histolysis fails also to occur in the rbp
allele of BR-C, we analysed the distribution of BRC-Z1
transcription factor in l(2)gl salivary glands and found that
following ecdysone stimulation it accumulates in the
nuclear lamina instead of being associated with the
chromatine. Similar accumulation in the nuclear lamina
was noticed when zipper, encoding nonmuscle myosin II
heavy chain, a partner of p127, is expressed prior to
pupariation. These results indicate that cytoskeletal
proteins can regulate early events occurring during
salivary gland histolysis by presumably modifiying specific
transcription factors in order to allow them to interact with
the chromatine [Farkas R., and Mechler B. M. The
chromatine accessibility of the BR-C Z1 transcription factor
in Drosophila salivary gland cells is regulated by myosin II
and p127l(2)gl (submitted)].
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Analysis of the sequential changes occurring in the struc-
ture of the salivary glands revealed that components of the
cytoplasm, such as p127 and nonmuscle myosin II, are
specifically discharged in the lumen of the glands at ~6-8
after pupariation. This discharge takes place 3 to 4 h be-
fore expression of the cell death genes at a time when the
apical domain of the plasma membrane displays partial
disruption, as revealed by electron microscopy examina-
tion [7]. As indicated by the transcription of specific mes-
sages expressed during the late phase of salivary gland
disintegration and the synthesis of the subunit D of vesicu-
lar ATPase, the transcription and translation machinery re-
mains however active.

1.1.2. The scribble gene
We have independently isolated the scribble gene and
found that, like the p127 and Dlg tumour suppressors en-
coded by the Drosophila lethal(2)giant larvae and discs-
large genes, respectively, the Scribble protein co-localised
with these proteins at specific membrane domains. Muta-
tions in scribble induce tumours in the brain hemispheres
and a subset of the imaginal discs with aberrant localisa-
tion of p127 and Dlg. Mosaic studies show that loss of
scribble activity induces growth abnormalities in imaginal
disc and ovarian follicular epithelia, resembling those pro-
duced in dlg clones. We finally showed that scribble–in-
duced lethality can be suppressed by over-expression of
Dlg that, like Scribble, contains multiple PDZ domains.
These data indicate that Scribble and Dlg participate in a
common mechanism regulating epithelial formation and
maintenance.

Mutations in the scribble gene cause tumours in the brain
and a subset of the imaginal discs, including the thoracic,
wing, haltere, humeral and genital discs. The other discs
remain atrophic. We found that the scribble gene extends
over 53kb of genomic DNA and encodes two classes of
transcripts, made of three different size transcripts. The
two largest transcripts are made of 23 exons whereas the
smallest transcript contains only 14 exons of which the first
13 exons are identical to those of the largest transcripts.
The scribble gene produces two proteins of 1756 and
1247 amino acids in length with multiple leucine rich re-
peats (LRR) and PDZ domains that promote protein-pro-
tein interaction and are essentially present in proteins
localised at cellular junctions. Proteins containing jointly
LRR and PDZ domains have been designated as LAP pro-
teins [8]. This suggests that the Scribble proteins may act
as scaffolding components or mediators in signalling path-
ways.

To determine the requirement of scribble during develop-
ment we generated mitotic recombination and analysed
clones of cells that were mutant for scribble. This analysis
showed that scribble- clones generated during larval devel-
opment form fully differentiated cuticle structures, that de-
pending upon the position of the clone lead to duplication
of appendages. In particular, scribble- clones generated in
the equator of the eye form mirror image duplication of the
eye and antenna duplication. Our data show that (a)
scribble plays essentially a role in signalling pathways, (b)

is required in specific tissues, and (c) that zygotic scribble
inactivation leads to tissue specific tumours.

Finally, since Scribble and Dlg share PDZ motifs and are
localised at membrane junctions, we over-expressed Dlg
in mutated scribble animals and found that Dlg could sup-
press the defects resulting from the missing scribble activ-
ity.

1.2. Components of the translation machinery

I. Török, B.M. Mechler

In cooperation with: I Kiss. Biological research Center, Hungarian
Academy of Sciences, Szeged, Hungary.

In addition to the ribosomal protein S6, that is a preferen-
tial target of phosphorylation when cells proliferate, we
found that down-regulation of two Drosophila ribosomal
associated proteins produces massive hyperplasia of the
hematopoietic organs. The ribosomal protein RpS21,
whose expression is down-regulated in a P-element  in-
duced mutation, was found to be only present in native
40S ribosomal subunit in a salt-labile association, suggest-
ing that RpS21 acts as a translation initiation factor. Fur-
thermore, genetic and biochemical studies revealed that
RpS21 interacts with the ribosomal associated protein
P40, encoded by the gene stubarista (sta). Further charac-
terisation of available sta mutations showed that sta mu-
tant larvae develop also tumours whose growth was en-
hanced when mutations in RpS21 were combined with sta
[3].

Our studies showed that down-regulation of the Droso-
phila ribosomal protein S21 (rpS21) gene causes a domi-
nant weak Minute phenotype and recessively produces
massive hyperplasia of the hematopoietic organs and
moderate overgrowth of the imaginal discs during larval
development. By investigating the l(2)K168-14 mutation,
we showed that the S21 protein (RpS21) is bound to na-
tive 40S ribosomal subunits in a salt-labile association,
and is absent from polysomes indicating that it functions
as a translation initiation factor rather than as a core ribo-
somal protein. We were able to demonstrate that RpS21
can interact strongly with P40, a ribosomal peripheral pro-
tein encoded by the sta gene. Further genetic studies re-
vealed that P40 under-expression drastically enhances
imaginal disc overgrowth in rpS21-deficient larvae,
whereas viable combinations between rpS21 and sta af-
fect the morphology of bristles, antennae and aristae. Fur-
thermore, re-examination of a set of previously identified
sta mutations showed that when homozygous larvae were
rescued from the melting food in which they were drown-
ing, their development can proceed further and the imagi-
nal tissues become overgrown. Our analysis showed that
down-regulation of the expression of two components of
the translation machinery can result in the formation of
tumours in the hematopoietic organs and the imaginal
discs. Furthermore, genetic and biochemical data demon-
strated a strong and direct interaction between the RpS21
and P40 proteins, sustaining the idea that components of
the translation machinery can be involved in the regulation
of cell proliferation [3].
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2. Other Genes of Interest

B.M. Mechler, H. Schenkel, I. Török

In cooperation with: L. Tora, Institut de Génétique et de Biologie
Moléculaire et Cellulaire, Strasbourg, France. I. Kiss, M.
Gojanacz, G. Tick and G. Adam. Biological Research Center,
Hungarian Academy of Sciences, Szeged, Hungary.

In the course of the characterisation of P-element induced
mutations we have cloned and characterised five addi-
tional Drosophila genes including the glycogen phosphory-
lase [9], TAFII16 and TAFII24 genes [10].

2.1. The TAFII16 and TAFII24 genes
The cloning of the TAFII16 and TAFII24 genes was a by-
product of the characterisation of the colt gene. We no-
ticed that the genomic sequence located downstream from
colt contained transcribed sequences whose products cor-
responded to proteins displaying similarity to human
TAFII30. We established then a co-operation with Laszlo
Tora to characterise the two putative TAFII factors associ-
ated with TATA-binding proteins (TBP). In this way, we
demonstrated that Drosophila contains two functional ho-
mologues of the human TAFII30, TAFII16 and TAFII24,
which are encoded by two adjacent genes. These genes
are localised in a head-to-head orientation and their 5’ ex-
tremities overlap. Both TAFII proteins are expressed during
Drosophila development, and we were able to show that
they bind to TBP and to other TAFII in the TFIID transcrip-
tion initiation complex. TAFII24, but not TAFII16, was also
associated with the histone acetyl-transferase (HAT)
dCGN5. Thus, TAFII16 and TAFII24 are functional homo-
logues of the human TAFII30. This analysis was the first
demonstration that a TAFII-GCN5-HAT complex exists in
Drosophila. We showed also that each TAFII is differen-
tially expressed during embryogenesis and can be de-
tected in both nuclei and cytoplasm of the cells. These re-
sults together indicate that TAFII16 and TAFII24 may have
similar but not identical functions.

2.2. The glycogen phosphorylase gene
The Drosophila glycogen phosphorylase (DGPH) gene
was identified in the vicinity of the P-lacW insert in
l(2)k079/18. We were able to show that homozygous mu-
tations reduced the viability of the adult escapers and that
the concentration of the DGPH protein was decreased
while the glycogen content was increased. The DGPH
gene encodes a protein of 844 amino acids in length and
sequence comparison with GPH from other organisms
shows a high degree of homology to mammalian en-
zymes.  All the residues of the allosteric effector binding
sites, the active domain, and the sites of phosphorylation
were highly conserved, but residues of the glycogen stor-
age domain were only poorly conserved.

3. Homologous Recombination

D.-H. Lankenau

The mastering of gene targeting in Drosophila will consid-
erably improve the analysis of genetic interaction, particu-
larly when poorly characterised mutations or no mutations

in genes of interest are available. Analysis of the Droso-
phila genome by chemical mutagenesis and tagging with
P-elements revealed that ~ one third of the predicted pro-
tein-coding genes can be mutated and less than one quar-
ter with P-elements. Thus, it would be of utmost impor-
tance that genes of particular interest for which we have
no available mutations could be mutated by homologous
recombination. Investigation on homologous recombina-
tion are currently carried out by analysing in the germ line
the mechanism of DNA double-strand break repair and ho-
mology search. In addition, we are currently testing
whether the new procedure defined by Rong and Golic
(2000, Science 288:2013-2018) could be applied to the
NAP1 gene, that is located inside the chromosome and
not at its extremity, as was the case of the yellow gene
studied by these authors.

3.1. Mechanism of DNA double-strand break
repair in germ line cells of Drosophila

In all metozoan organisms DNA repair is supposed to be
more reliable in germ line cells than in somatic cells be-
cause the genome has to be safely transmitted from one
generation to the other [11, 12]. Drosophila displays sev-
eral advantages for analysing this mechanism: 1. No mei-
otic recombination takes place in male germ line cells that
would interfere with the analysis of Double-Strand Break
Repair (DSBR). 2. More than 90% of the DNA double-
strand breaks are repaired by a synthesis dependent
strand annealing (SDSA) mechanism. No other type of ho-
mologous recombination appears to be involved in germ
line cells. 3. The two ends of a break can independently
scan the entire genome and use different templates for re-
pair (bitemplate repair). This last finding opens the possi-
bilities to investigate how the organisation of the genome
and its structure influence the homology search reaction.

Studies were conducted on the effects of the Su(Hw) chro-
matin insulator protein on DSBR in the Drosophila germ
line. Bi-target gene conversion of the forked and white
genes served to explore the repair frequency when the in-
sulator sequence was present or absent within allelic tem-
plate DNA. In wild-type conditions a reduced level of con-
version was detected at the forked locus relative to the
white locus. This difference could not be eliminated when
an ectopic DNA template was flanked by gypsy insulator
binding sites. This result indicated that local effects of a
chromatin insulator did not affect DSBR. Further analyses
revealed that in a su(Hw) mutant background the fre-
quency of gene conversion was increased at the forked lo-
cus but decreased at the white locus when allelic target
combinations were tested. By contrast, when ectopic tem-
plates were analysed, the frequency of gene conversion at
both loci increased by a three fold factor in su(Hw)v/
su(Hw)f mutant flies. These results suggest that the repair
process involves a genome-wide homology search which
precedes DNA repair and is strongly affected by global re-
moval of insulator proteins from all chromosomes. Based
on a model for insulator function and subnuclear chroma-
tin architecture we proposed a model in which the homol-
ogy search is facilitated when the overall chromatin struc-
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ture is more relaxed. Through chromatin relaxation the
3’DNA ends will gain a higher degree of freedom for per-
forming the scanning process [12, 14].

In a further work, DNA repair was investigated in somatic
cells. In these cells the DNA extremities at a double-strand
break are thought to be bound to poly(ADP-ribose) poly-
merase (PARP) which transfers ADP-ribose residues from
NAD+ to acceptor proteins and to ADP-ribosyl adducts re-
sulting in branched polymers of protein-coupled poly(ADP-
ribose) (pADPr). PARP-bound polymers may act as a de-
coy attracting specific proteins from the vicinity of a DNA
strand break, and thereby prepare the damaged DNA for
repair. Therefore we tested whether the catalytic activity of
PARP could be stimulated by gamma-radiation during
Drosophila spermatogenesis. Using anti-pADPr antibod-
ies, we detected upon gamma-irradiation a significant in-
crease of PARP activity in the male germline [13]. Further-
more, we found that the subnuclear localization of pADPr
varies during spermatogenesis with a nuclear peripheric
accumulation in pre- and post-meiotic cells and associa-
tion with the bivalent chromosomes in primary spermato-
cytes.

3.2. Gene targeting by homologous
recombination in Drosophila

We are currently adapting the technique of Rong and Golic
to inactivate the NAP1 gene located in the chromosomal
region 60C. If we are successful in the replacement of
NAP1, we will use this technique to inactive the CKII gene
or other genes of interest for which no mutations are cur-
rently available.
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The division investigates how embryonal cell fate is deter-
mined during early vertebrate development. The frog em-
bryo (Xenopus) is used as embryonic system, allowing a
combination of classical transplantation and explantation
experiments with modern molecular biology.  Gene func-
tion is studied in the context of a developing organism by
microinjection of mRNAs and gene expression in primor-
dial tissues is followed by nucleic acid hybridisation.  The
aim is a molecular understanding of the mechanisms un-
derlying progressive cell differentiation of embryonal me-
soderm, which is studied in the department as a paradigm,
by identifying developmental control genes. Such control
genes are typically highly conserved in evolution and regu-
late growth and differentiation in normal and neoplastic
cells in all metazoans including man.

In cooperation with: S.-L. Ang, A.P. Gomez, IGBMC
Strasbourg, France; K. Cho, M. Artinger, Univ. California,
Irvine, USA;   C. Kintner, W.-C. Jen, Salk Inst., San Diego,
USA;  E. Roessler, M. Muenke, NIH USA; J. Massagué, Y.-
G. Chen, Sloan-Kettering, New York, USA; A. Zuniga,
EMBL Heidelberg; H. Delius, P. Kioschis, B. Lutz,  P.
Monaghan,  C. Otto, A. Poustka, G. Schütz, H. Schmidt,
M. Vingron, DKFZ; F. Muller, U. Strähle, IGBMC
Strasbourg, France.

1. Introduction

C. Niehrs

Mesoderm is an embryonic germ layer which gives rise to
a variety of tissues, including skeleton, muscle, kidney, as
well as the blood- and immune system.  While the forma-
tion of the skeletal system depends on dorsal mesoderm,
ventral mesoderm is  giving rise to connective tissue,
blood and immune cells.  Regulation of early dorso-ventral
territories will therefore determine the bodyplan of the em-
bryo. Mesoderm is induced by peptide growth factors very
early in development and is the driving force of gastrula-
tion.  Gastrulation is a morphogenetic process where me-
sodermal cells migrate inside the embryo such that the
three germ layers, ectoderm, mesoderm and endoderm,
attain their final position in the embryo.

Gastrulation starts in the so called Spemann organizer.
This tissue which consists of primordial mesoderm, was
identified by transplantation experiments in 1926 by
Spemann and Mangold. The transplanted organizer is
able to induce a twinned embryo in a receiving host.  In
the department, the molecular basis of this phenomenon is
studied, as it may reveal the basic mechanisms of axis for-
mation in vertebrates [3, 20].  In particular, the mecha-
nisms of mesodermal cell differentiation and induction are
investigated. To understand molecular patterning and to
identify novel developmental control genes two main ap-
proaches are utilized, large scale in situ hybridisation to
screen for candidate genes and overexpression screening
in embryos for genes eliciting desired phenotypes. The
novel developmental control genes identified have led us
to focus on two signalling pathways in particular, those of
bone morphogenetic protein (BMP) and wingless (WNT).

2. Large Scale Expression Screening

D. Baldessari, R. Böttcher, N. Pollet

In order to learn more about early regionalization of meso-
derm and to identify new genes with a function in pattern-
ing we are carrying out a screen for genes exhibiting early
mesodermal expression by wholemount in situ hybridisa-
tion [11].  Randomly picked clones from a neurula stage
plasmid cDNA library are analyzed.  Of 10.000 clones ana-
lyzed so far 25% show a differential expression pattern.
Most of the genes exhibiting striking regionalization are
neuronal expressed and will be valuable for studying pat-
terning of the nervous system.  Of 1.400 genes partially
sequenced 900 unique differentially expressed genes
were obtained  (in collaboration with Dr. Hajo Delius,
DKFZ). Of these, 388 show no significant sequence ho-
mology to known sequences in the database.  Differen-
tially expressed genes are classified to define “synexpres-
sion” groups of clones sharing embryonic gene expression
and function [7]. A database with expression patterns and
DNA sequences has been established on the internet
(www.dkfz-heidelberg.de/abt0135/axeldb.htm) [10, 15]. We
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will continue this screen with the primary aim of identifying
novel members synexpression groups, which may reveal
entire molecular pathways. Further, we will analyze the
regulation of genes expression in synexpression groups.

3. Characterizing Components of the BMP
Signalling Pathway

R. Dosch, E. Karaulanov, D. Onichtchouk,
M. Reichelt

The BMP pathway plays an important role in antagonzing
the Spemann organizer [9].We have cloned a transmem-
brane protein, BAMBI, which is related to TGF-β family
type I receptors but lacks an intracellular kinase domain
[6]. BAMBI is coexpressed with the ventralizing morpho-
gen BMP4 during Xenopus embryogenesis and it requires
BMP signalling for its expression. In collaboration with
Joan Massagué (Sloan Kettering, New York) it was shown
that the protein stably associates with TGF-β family recep-
tors and functions as an inhibitor of BMP, activin as well as
TGF-β signalling. BAMBI’s inhibitory effects are mediated
by its intracellular domain which resembles a type I recep-
tor homodimerization interface and prevents receptor com-
plex formation.  Thus, BAMBI negatively regulates TGF-β
family signalling by a novel regulatory mechanism involv-
ing interaction of signalling receptors with a pseudorecep-
tor.

Another BMP studied is Anti-Dorsalizing Morphogenetic
Protein (ADMP) because it is paradoxically expressed in
the trunk organizer but acts as a potent organizer antago-
nist, as shown previously. We found that ADMP represses
head formation during gastrulation and that its expression

is activated by BMP antagonists (Fig.1). A specifically act-
ing dominant-negative ADMP anteriorizes embryos and its
coexpression with BMP antagonists induces secondary
embryonic axes with heads as well as expression of head
inducers. Unlike other BMPs, ADMP is not inhibited by a
dominant-negative BMP type I receptor, Noggin, Cerberus
and Chordin but by Follistatin, suggesting that it utilizes a
distinct TGF-β receptor pathway and displays differential
sensitivity to BMP antagonists. This indicates that ADMP
functions in the trunk organizer to antagonize head forma-
tion, thereby regulating organizer patterning [17].

Two other extracellularly acting proteins that have been
implicated in antagonizing BMP signalling are one eyed
pinhead (oep) and PACAP peptide. Oep has been identi-
fied previously in zebrafish and is an essential cofactor in
signalling by the TGF-β growth factor Nodal. Our experi-
ments revealed that in addition oep antagonizes BMP sig-
nalling, because is neuralizes animal caps in Xenopus and
dorsalizes ventral mesoderm. Furthermore, in zebrafish,
misexpression of Smad1 in oep mutant embryos also re-
veals an interaction of oep with BMP signalling [13]. In col-
laboration with Günther Schütz we have analyzed the
function of a highly conserved neuropeptide PACAP (pitu-
itary adenylate cyclase activating polypeptide) which has
been implicated in a broad variety of physiological pro-
cesses. The PACAP precursor protein gives rise to three
different peptides, the cryptic peptide, GHRH, and PACAP,

Figure 1: Expression of anti dorsalizing morphogenetic protein
(ADMP). Lateral view of an in situ hybridisation of a Xenopus neu-
rula showing the expression of ADMP in the chordamesoderm.
ADMP prevents formation of the head organizer in chordameso-
derm.
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respectively. PACAP and GHRH but not the cryptic peptide
directly neuralize animal caps. In contrast to GHRH, the
neuralizing effect mediated by PACAP is independent of
the PKA pathway. Moreover, PACAP but not GHRH be-
haves like a BMP-4 antagonist. Blastocoel injection of
PACAP-38 but not of the closely related peptides PACAP-
27 and VIP leads to strong anteriorization of the injected
embryos suggesting the possible involvement of a novel
PACAP-preferring receptor [12]. Another component of the
cAMP signalling pathway, CREB, may be involved in anta-
gonizing the organizer as its overexpression affects gas-
trulation movements [2].

4. Wnt-Signalling, Wnt Inhibitors and
Spemann’s Head Organizer

S. Bao, I. del Barco, M. Bingyu, F. de Souza,
A. Glinka, O. Kazanskaya, C. Kiecker,
J. Niedermeyer, W. Wu

In Xenopus embryogenesis, Wnt-signalling is involved in
dorso-ventral axial patterning at two stages, before and af-
ter midblastula transition (MBT), refered to as early and
late Wnt-signalling.  The early Wnt signalling pathway is
thought to mediate the dorsalizing function of the
Nieuwkoop center. Late Wnt-signalling is thought to be in-
volved in the formation of ventro-lateral mesoderm [5].

We suggested a role for late Wnt-signalling in head forma-
tion based on the observation that co-ordinate expression
of inhibitors of Wnt- as well as BMP-signalling will induce
complete secondary axes including a head [5]. This indica-
tes that head organizer activity results from simultaneous
repression of BMP- and Wnt- signalling. This suggested a
two-inhibitor model for region-specific induction by the
Spemann organizer. In this model trunk organizer is gener-
ated by antagonizing only BMP signals while head organ-
izer is generated by the coordinate expression of both
BMP as well as Wnt inhibitors.

The dickkopf family
Based on these findings we have devised an expression
screen to isolate Wnt-inhibitors and have identified a novel
protein dickkopf-1(dkk1), member of a new family of se-
creted proteins [1]. dkk1 is expressed in the head organ-
izer and mRNA coinjection with BMP inhibitors leads to in-
duction of complete head structures in Xenopus embryos.
In contrast, injection of anti dkk1 antibodies leads to micro-
cephaly.  Dkk1 is thus the first growth factor antagonist of
the Spemann organizer required for head formation. Dkk1
is a potent Wnt antagonist and functions upstream of the
first intracellular component of the Wnt pathway, dishev-
elled.

A detailed analysis [14] revealed that  dkk1 unlike other
known WNT inhibitors is able to induce functional prechor-
dal plate, which explains its ability to induce secondary
heads with bilateral eyes. This may be due to differential
WNT inhibition since dkk1 unlike frzb inhibits Wnt3a sig-
nalling. Injection of inhibitory anti Dkk1 antibodies reveals
that dkk1 is not only sufficient but also required for pre-
chordal plate- but not for notochord formation. In the neu-

ral plate dkk1 is required for antero-posterior and dorso-
ventral patterning between mes- and telencephalon,
where dkk1 promotes anterior and ventral fates. Xenopus
embryos posteriorized with bFGF, BMP4 and Smads are
rescued by dkk1. While the interaction with bFGF is indi-
rect, there is cross-talk between BMP and WNT signalling
until early gastrula stage. Embryos treated with retinoic
acid (RA) are not rescued by dkk1 and RA affects the cen-
tral nervous system (CNS) more posterior than dkk1, sug-
gesting that WNTs and retinoids may act to pattern ante-
rior and posterior CNS, respectively, during gastrulation.
We speculate that Dkk either interacts with Wnt-receptors
which belong to the frizzled class or that it interacts with
Wnt-proteins.

We have analyzed the properties of a related dkk family
member, dkk2.  We find that dkk2 is activating rather than
inhibiting the Wnt/β-catenin signalling pathway in Xenopus
embryos. Dkk2 activates both pre- as well as post-mid-
blastula transition Wnt signalling in Xenopus embryos,
leading to axis duplication and cyclopia, respectively. Dkk2
strongly synergizes with frizzeled -2, -5 and -8 to induce
Wnt signalling responses and its action can be inhibited by
glycogen synthase kinase-3. Its signalling is specifically
antagonized by dkk1, but not by other secreted Wnt inhi-
bitors such as secreted frizzled receptor proteins, domi-
nant negative Xwnt8 or cerberus. Dkk2 signals in a cyclo-
heximide-insensitive fashion, indicating a direct activation
of the Wnt/β-catenin pathway. This identifies dkk2 as the
first secreted effector able to activate Wnt/β-catenin path-
way other than Wnts themselves. The results suggest that
a coordinate interplay between inhibiting dkk1 and activa-
ting dkk2  can modulate frizzled receptor signalling [18].

The later embryonic expression of dkk1, -2 and -3 was
analyzed in mouse. These genes are both temporally and
spatially regulated. They define overlapping deep domains
in mesenchymal lineages suggesting a coordinated mode
of action.  All dkks show distinct and elevated expression
patterns in tissues that mediate epithelial- mesenchyme
transformations suggesting that they may participate in
heart, tooth, hair and whisker follicle, limb and bone induc-
tion.  In the limbbuds expression of these genes is found in
regions of programmed cell death. In a given organ, dkk1
tends to be the earliest member expressed.  Comparison
with Xenopus dkk1 and chicken dkk3 shows evolutionarily
conserved expression patterns. Dkks  may hence mediate
inductive interactions between epithelial and mesenchy-
mal cells more generally [4]. A human dkk1 was isolated
and its chromosomal localization determined [16].

XBlimp1 and anterior endoderm formation
Like dkk1, the XBlimp1 gene is also involved in regulating
head organizer function. Xblimp1 was identified in our in
situ screen and is a zinc-finger transcriptional repressor
coexpressed with dkk1 in  Spemann’s head organizer.
XBlimp1 represses trunk mesoderm and induces anterior
endomesoderm in a cooperative manner with the pan-en-
dodermal gene Mix.1. Furthermore, XBlimp1 can cooper-
ate with the BMP-inhibitor chordin to induce ectopic
heads, while a dominant-negative Xblimp1 inhibits head
formation. While dkk1 does not appear to be regulated by
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XBlimp1, the head inducer cerberus is positively regulated
by XBlimp1 and cerberus is able to rescue microcephalic
embryos caused by dominant-negative XBlimp1. The re-
sults indicate that Xblimp1 is required for anterior endo-
mesodermal cell fate and head induction [8, 19].
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As of January 1993 a central unit was established at the
DKFZ to support structural analysis in the field of biomedi-
cal research by application of advanced microscopic tech-
niques.
A - limited - service facility exists for the following areas:
Confocal laser scanning microscopy, videomicroscopy, au-
tomated microinjection techniques and electron spectro-
scopic structure analysis at the nanometer range using ad-
vanced electron spectroscopc imaging (ESI).
Confocal microscopy and Videomicroscopy allow by com-
bination of molecular and optical detection techniques and
image digitalisation a versatile computer assisted process-
ing of images often resulting in a 3D reconstitution. The
consequence is a range of novel image information. Espe-
cially, the application of fluorescence confocal laser scan-
ning microscopy leads to image information not only for
the conventional two-dimensional images, but also allows
to obtain images in the z-axis at a high resolution. By
movement of the specimen in the optical axis of the micro-
scope and by suppression of image information which is
beyond the defined focus space, by the so called confocal
aperture, sharp ‘optical’ sections of the specimen can be
generated in the fluorescence mode without destroying the
object. With a series of sections taken from a specimen, a

computer assisted three dimensional reconstruction of the
object at high resolution can be generated.
In combination with multiple fluorescence labelling and si-
multaneous detection, a three dimensional image can be
obtained from the structural organization of intracellular
compartments, in many cases the distribution of labelled
structures per compartment can be quantitatively ana-
lyzed. In addition, this technique allows the observation of
‘thick’ microscopical specimen like tissue, egg cells and
even whole embryos.
Outlook: Time-resolved live cell microscopy using GFP
and additional constructs will become more and more im-
portant. Considering novel types of instrumentation the
two-Photon-technology offers interesting new possibilities
to obtain good resolution in relatively thick specimens thus
we plan to add to the existing confocal microscope a two-
photon-system.
Automated microinjection is closely connected to micros-
copy. It allows a defined injection of cells with various bio-
logical probes. In combination with the techniques men-
tioned above, microinjection is an elegant means to study
gene expression, cell regulation and transport mecha-
nisms.
Expertise is also provided for electron microscopical speci-
men preparation and fixation procedures: In particular,
projects can be supported in the fields of structural charac-
terization macromolecular complexes and also for detailed
structure / function investigations of cell regulation and
transport mechanisms.
Starting in 1995, the group extended is activities into the
field of electronmicroscopic spectroscopy with special em-
phasis towards application in biomedical research (sup-
ported by a grant from Federal Ministry of Science and
Technology [BMBF], Bonn, Germany). In close coopera-
tion with other divisions, experimental and analytical pa-
rameters of this novel technique are currently being opti-
mized for molecular analysis of DNA/protein interactions,
in particular, those of transcription complexes.
At present,- in close cooperation with other DKFZ divi-
sions, probe configurations and parameters for spectro-
scopic analysis are progressively optimized in order to fa-
cilitate widespread application of this novel spectroscopic
technique in molecular biomedicine.
In parallel to the above described specimen configuration
work, the research is focused on novel concepts for spe-
cially designed molecular marker complexes for this type
of probe detection method.

Biomedical Structure Analysis Group (A0600)

Group Leaders: Prof. Dr. Michael F. Trendelenburg (acting)
     Prof. Dr. Eberhard Spiess
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Service Support (A0601)
Confocal microscopy and video enhanced
microscopy

H. Spring, M.F. Trendelenburg, A. Burzlaff,
K. Schwab, R. Fischer

For confocal laser scanning microscopy, a Zeiss LSM 510
UV microscope is used. This instrument is equipped with 4
Lasers. Thus a total of 6 wave length can be used for im-
aging. In addition to the laser scanning microscope, a spe-
cial software program is available for 3D-deconvolution
and also a high quality colour printer.

For video microscopy an Argus 20 systems (Hamamatsu
Photonics, Japan) is available. This system is mainly used
for the analysis of dynamic process in live cells.
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papillomavirus types: evidence for an in vivo role in cervical le-
sions. Oncogene. 18, 2201-2211, 1999

[11] Wallich, R.*, H. Hofmann: Wachsende Gefahr durch
Zeckenbiss: Die Lyme-Borreliose. Biospektrum 4, 271-275, 1999.

[12] Peitsch, W.K., C. Grund, C. Kuhn, M. Schnölzer, H. Spring,
M. Schmelz, W.W. Franke: Drebrin is a widespread actin-associat-
ing protein enriched at junctional plaques, defining a specific mi-
crofilament anchorage system in polar epithelial cells. Eur. J. Cell
Biol. 78, 767-788, 1999

[13] Reichenzeller, M., A. Burzlaff, P. Lichter, H. Herrmann: In vivo
observation of a nuclear channel-like system : Evidence for a dis-
tinct interchromosomal domain compartment in interphase cells.
J. Struct. Biol. 129, 175-185 (2000)

[14]. Keitel, V, J. Kartenbeck, A.T. Nies, H. Spring, M. Brom, D.
Keppler: Impaired protein maturation of the conjugate export
pump MRP2 as a consequence of a deletion mutation in Dubin-
Johnson syndrome. Hepatology 32, 1317-1327, 2000

Microinjection

R. Fischer, H. Tröster, M.F. Trendelenburg

An automated injection system (AIS, Zeiss) is used for in-
jection into tissue culture cells. In addition, an Eppendorf
microinjection system is available for injections into tissue
culture cells and small oocytes. Equipment and support is
also provided for Xenopus oocyte and embryo injections.

Publications Microinjection (* = external co-author))
[1] Zink, D.*, Cremer, T.*, Saffrich, R.*, Fischer, R.,
Trendelenburg, M.F.,Ansorge, W.*, Stelzer, E.H.K.*: Structure and
dynamics of human interphase chromosome territories in vivo.
Hum. Genet. 102, 241-251 (1998)

[2] Amiraud, C.*, Viari, A.*, Ballini, J.P.*, Rezaei, H.*, Beaujean,
N.*, Jullien, D.*, Käs, E.*, Debey, P.*: Three distrinct sub-nuclear
populations of HMG-I protein of different properties  revealed by
co-localization image analysis. J. Cell Science 111, 3551-3561
(1998) (cover photograph).

[3] Bayerl, C.*, Jung, E.G.*: Microinjection of antibody against
HSP 72 in keratinocytes to study acute UV in jury. Exp. Dermatol.
8, 247-253 (1999)

Organization of International DKFZ Advanced
Practical Courses and of symposia on progress
in microscopy and probe detection in
biomedicine.

Concept and coordination:
M.F. Trendelenburg, H. Spring
A. Burzlaff, K. Schwab, H. Tröster, R. Fischer

In cooperation with: W.W. Franke, H. Herrmann, J. Kartenbeck ,
L. Langbein (A0100), P. Lichter , St. Joos (H0700), all DKFZ; Th.
Bächi (Zürich, Switzerland), H. Bauch, D. Brocksch, H. Gundlach,
R. Käthner, W. Malkusch (Fa.Carl Zeiss), J.C. Bulinski, M. Sheetz
(New York, USA), W. Gräwe, B. Moomaw, N.Sugiyama, L.
Schleinkofer, K. Weinbuch (Fa. Hamamatsu Photonics), W.
Ansorge, T. Hyman, E.Stelzer, R. Saffrich (EMBL, Heidelberg), R.
Leube (Mainz), S.Terakawa (Hamamatsu, Japan), M. White
(Liverpool, UK)

DKFZ Advanced Practical Courses
September 28. – October 2.1998
DKFZ-Advanced Course on Video Enhanced Microscopy
and Fluorescence Techniques in Cell Biology (Video En-
hanced Microscopy, Multiparameter Fluorescence, Lumi-
nescence, Calcium-Measurement, Green Fluorescent Pro-
tein, FISH, Image Processing, 3-D-Procedures).

October 4-8,1999
DKFZ-Advanced Course on Digital Microscopy and Fluo-
rescence Techniques in Biology (Green Fluorescent Pro-
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tein Technology in Live Cells, Multiparameter Fluores-
cence Calcium Imaging, Advanced Digital Microscopy,
Confocal Microscopy, FISH, 3-D-Procedures)

EMBO Practical Courses
M.F. Trendelenburg, R. Fischer: Organization and Instruc-
tion on: Microinjection into Xenopus Oocytes and Eggs.
EMBO Practical Courses on Microinjection and Probe De-
tection
EMBL Heidelberg June 1-6,1998 and EMBL Heidelberg,
June 7-12,1999
H. Spring: Organization and Instruction on: Fluorescent
live cell microscopy
EMBO Practical Course on Confocal and Multi-Photon Mi-
croscopy of Live Specimens
EMBL, Heidelberg; April 16-23,1999

Analytical electron microscopy in cell and
molecular biology

Coordination: M.F. Trendelenburg and H. Spring
A. Haking, K. Richter, E. Spieß, H. Spring,
M.F. Trendelenburg, H. Tröster

In cooperation with W.W. Franke, J. Kartenbeck (A0100); I.
Grummt, R. Voit (A0300); J. Langowski (H0500); D. Werner
(B0300); M: Wießler (C0300); W. Schlegel (E0400); M. Pawlita
(F0200), all DKFZ; E. Delain (Inst. Gustave Roussy, Villejuif/
France); S. Fakan (Univ. Lausanne/Switzerland); P. Oudet, P.
Schultz (Univ. Strasbourg/France); H. Kohl (Univ. Münster).

Instrumentation: ZEISS < LEO >EM 912 Omega, equipped
with Slow Scan-CCD Camera, Electron Spectroscopic Im-
aging System, special image analysis software, EELS de-
tector, and components for cryo-electron microscopy.

The principle of electron spectroscopic imaging (ESI) con-
sists in the inelastic diffraction of electrons at the energeti-
cally defined inner shells of atoms. Basically defined by
the relation between the energy loss of the incoming beam
electron and the energy gain of the electron located at the
inner shell of the atom. If this principle is applied to elec-
tron microscopic specimens containing defined elements
of a required concentration, element-characteristic absorp-
tion spectra can be recorded (see Fig. 1 for details). Using
these elementspecific absorption spectra, quantitative data
considering the specific element within the specimen can
be obtained. The main aim of this project (supported by
ZEISS/LEO Elektronenmikroskopie, Oberkochen and

Bundesministerium für Bildung und Forschung, Bonn) is to
optimize application parameters for specific element de-
tection in cell and molecular biology.

The main application of this type of analytical electron mi-
croscopy in biomedical research is a quantification of
phosphorus signals contained in DNA and RNA samples.
This holds for both types of specimen, e.g. spread prepa-
rations of isolated materials as well as nuclear structures
in thin sections. An additional set of spectroscopic analy-
ses is carried out on boron and / or halogenlabelled
biomolecules.

Topics of research and development
I.   Quantitation of parameters required for electron spec-

troscopic imaging (ESI) and electron energy loss spec-
troscopy  (EELS).
As specimen we use spread DNA / Protein complexes
and non-contrasted ultrathin sections through fixed cells
for high resolution detection of phosphorus. Similarly
the quantification for spectroscopic detection of phos-
phorus, constructs containing other elements will be
coupled to biomolecules. As further area of research
are ESI analyses on spread DNA/Protein complexes
using specific lipid membranes for orientation of spread
DNA complexes. An important application of the tech-
nique is cryo-electronmicroscopy of vitrified samples.

II.  Design of an optimized procedure for ESI detection of
Phosporus (P)-content within DNA /RNA probes.
Viral particles containing DNA or RNA which had been
adsorbed on a supporting membrane for ESI-EM analy-
sis contain on are rage 3-5 P-Atoms / nm2  (depending
on the type of specimen) As a consequence, unspecific
background signals have to be subtracted, in order to
quantity the specific P-signals. Since quantification of
P-signals is of out most general importance for spectro-
scopic analysis of biomedical samples. Thus, we suc-
cessfully designed a special standard-P-reference
specimentype in order to quantity P-signal detection
[2-6, 8, 9].

III. Quantification of viral genomes
In regard to the rapid progress in the design and appli-
cation of viral vectors in molecular gene therapy, we de-
veloped a fast screening system for quantitation of the
phosphorus content of viral genomen sizes by applica-
tion of element specific imaging (ESI). The principal aim

Fig. 1:Principle and application of electron spec-
troscopic imaging in biomedical research
A: Beam path of the analytical microscope for in-
elastic imaging.
B: Principle on inelastic scattering on specimen
atoms.
C, D: Phosphorus-specific EM-spectroscopic im-
aging using co-adsorbed TYMV and TMV vi-
ruses.
C: Image taken at 150 eV, e.g. the maximum of
the phosphorus P-L2,3 edge. In addition to the
phosphorus information, this image also contains
‘unspecific’ background signal contributions.
D: Calculated image representing the P-map sig-
nal distribution within TYMV and TMV virus par-
ticles.
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of this approach is the precise determination of the de-
tection of differences in the order of 500-1000 bp of as-
sembled viral genome, e.g. for parified viral samples as
deceived from gradient purification [2-6, 8, 9].

IV.  A new possibility for elementspecific spectroscopic im-
aging of gold-labelled probes
Among the predominantly used EM-labelling techniques
is the nanogold-coupled immuno-labelling technique
the most frequently used one. Experience from the In-
spection of a large variety of samples however, indi-
cates that often the precise position and number of
probe-reacted nanogold particles cannot always be
clearly determined, since the conventional detection of
nanogoldparticles largely depends on the “density” of
the underlying structure in the contrasted ultrathin sec-
tions with the new principle using our ESI detection
method, smallest nanogold particles can be detected,
irrespective of the “density” of the background [1, 3, 5].

V.   A particular impact of ESI EM analysis is to be ex-
pected for a localization of boron clusters directly in the
BNCT (boron neutron capture therapy) treated patient
tumors [10]. An major progress in this type of analysis
shall be reached folowing the introduction of more con-
centrated boron probes [11, 12] into the BNCT therapy
schema. It is also of high interest to note that –recently-
a modified BNCT technique could be proposed for
therapy of rheumatic arthritis [13].

Publications Analytical Electron Microscopy (* = external
co-author)
[1] Haking A., Tröster, H., Richter, K., Burzlaff, A., Spring, H.,
Trendelenburg, M.F.: Contrast enhencement for the selective de-
tection of gold particles in electron microscopical sections using
the electron spectoscopic imaging technique. Bioimaging (1998)
6: 130-1437

[2] Crucifix, C., Witz, J.*, Schultz, P.*, Pawlita, M., Trendelenburg,
M.F., Probst, W.*, Haking, A., Tröster, H.: Electron spectroscopic
imaging (ESI) if viral DNA- and RNA-distribution using a new
method of background substraction. Microscopy & Microanalysis
(1999) Vol. 5, Suppl. 2, 216-220 Proc. Micr. Soc. America (Port-
land, OR, USA)

[3] Haking A., Tröster, H., Richter, K., Crucifix, C., Spring, H.,
Trendelenburg, M.F.: An approach to an objektive background
substraction for elemental mapping with core-edges down to 50
eV: description, evaluation and application. Ultramicroscopy
(1999) 80:163-182

[4] Crucifix, C., Witz, J.*, Schultz, P.*, Pawlita, M., Trendelenburg,
M.F., Probst, W.*, Haking, A., Tröster, H.: Electron spectroscopic
imaging (ESI) if viral DNA- and RNA-distribution using a new
method of background substraction. Acta Microscopia (1999) 8,
Suppl. B: VI-X

[5] Tröster, H., Crucifix, C., Haking, A., Spring, H., Witz, J.*,
Schultz, P.*, Pawlita, M., Raddatz, S., Wiessler, M., Probst, W.*,
Trendelenburg, M.F., A Novel Concept for Application of Energy-
Filtering Transmission Electron Microscopy in Biomedicine and
Biotechnology in Perspective Imaging, 7th APEM Committee
Singapore: Life Sciences, pp.127-130, Times Publ. Singapore
2000

[6] Hiller, S.A., Kabius, B., Probst, W.*, Tröster, H., Trendelenburg,
M., Crucifix, C. Tröndle, A. Performance data of a new 2048 x
2048 pixel Slow-Scan CCD camera for TEM. Microsc. & Mi-
croanalysis 2000, Vol. 6, Suppl.. 2, pp. 732-735, 2000

[7] Tröster, H., Bub S., Hunziker, A., Trendelenburg, M.F. (2000):
Stability of DNA repeats in Escherichia coli dam mutant strains
indicates a Dam-methylation-dependent DNA deletion process.
Gene 258: 95-08 (2000)

[8] Trendelenburg, M. F., Spring, H. Haking, A., Tröster, H.,
Pawlita, H., Crucifix, C.: From Mille spreads to phosphorus maps
of nucleoproteins: Transcription seen by complementary mi-
croscopies: EUREM 12, BRNO Czech Repubic, Vol. I, pp. B 283-
287, 2000

[9] Crucifix, C., Tröster, H., Pawlita, M., Witz, J.*, Haking, A.,
Spring, H., Troendle, A., Probst, W.*, Trendelenburg, M. F.: Viral
vectors in gene therapy: Rapid screening of recombinent viral
vector samples using genomic phosphorous (P)-map electron mi-
croscopic imaging [ESI]. 40th Annual Meeting Americ. Soc. Cell
Biol., San Francisco 2000, Molec. Cell Biol. 11, Suppl. pp. 130a-
133a, 2000

[10] Haritz, D.*, Gabel, D.*, Huiskamp, R.* Clinical phase-I study
of NA2B12H11SH (BSH) in patients with maligant glioma as precon-
dition for boron neutron capture therapy (BNCT). Int. J. Radiation
Oncol. Biol. Phys. 28, 1175-1181 (1994)

[11] Synthesis of a specially configurated Boron construct for oli-
gonucleotide coupling molecular labelling experiments using
transmission energy filtering microscopy detection and for boron
neutron capture therapy (BNCT) (1998). M. Wießler, S. Raddatz
(DKFZ, C0300), M. F. Trendelenburg, H. Tröster, E. Spiess
(DKFZ, A0600)

[12] Feakes, D.A.*, Waller, R.C.*, Hathaway, D.K.*, Morton, V.S.*:
Synthesis and in vivo murine evalution of Na4C [1-(1‘-B10-H9)-6-
SHB10H8] as a potential agent for borom neutron capture therapy.
Proc. Natl. Acad. Sci. USA 96, 6406-6410 (1999)

[13] Watson–Clark, R.A.*, Banquerigo, M.L.*, Shelley, K.*,
Hawthorne, M.F.*, Brahn, E.*: Model studies directed toward the
application of borom neutron capture therapy to rheumatoric ar-
thritis: Borom delivery by liposomes inrat-collagen induced arthri-
tis. Proc. Natl. Acad. Sci. USA 95, 2531-2534 (1998);

Patents

1. Synthesis of a specially configuratet Boron construct for cou-
pling to oligonucleotides  used for molecular labelling experiments
by transmission energy filtering microscopy detection (1998). M.
Wießler, S. Raddatz (C0300), M.F. Trendelenburg, H. Tröster, E.
Spiess (A0600)

2. Element-detection by energy-filtering Electronmicroscopy: Use
of a special background Marker (1998). Haking, K. Richter
(A0600)

3. Optimized selective contract procedure for high resolution de-
tection of element-markers in ultrathin sections of biomedical
probes (1999). A. Haking, H. Tröster, K. Richter, M.F.
Trendelenburg (A0600)

4. A molecular Marker containing highly repetitive DNA-elements
for application with analytical electron microscopic probe detection
(1999). S. Bub, H. Tröster, K. Richter, A. Haking, E. Spiess, M.F.
Trendelenburg (A0600) S. Raddatz, M. Wießler (C0300)
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Structural Analysis of Gene Structure and
Function (A0601)

M.F. Trendelenburg, H. Tröster, K. Richter, A. Haking,
S. Bub, M. Haji Jahvadi, H. Spring, R. Fischer

In cooperation with
Internal cooperation: Prof. A. Alonso (F0500), Dr. M. Schmidt-
Zachmann (A0100), Prof. M. Wießler (C0300), Prof. W. Schlegel
(E0400), Prof. G. Sczakiel (F0200), Dr. M. Pawlita (F0200)
External cooperation: Dr. N Angelier (CNRS/Univ. Paris, France),
Prof. W. Ansorge, EMBL Heidelberg, Dr. P. Bucher (ISREC,
Epalinges-Lausanne, Switzerland), Prof. J. C. Bulinski (Columbia
Univ. New York, USA), Dr. S. Fakan (Univ. Lausanne, Switzer-
land), Prof. O.L. Miller (Univ. Virginia, USA), Prof. P. Oudet, Dr. P.
Schultz, (CNRS, INSERM, Univ. Strasbourg, France), Prof. O.V.
Zatsepina (Moscow State University, Moscow, Russia), Prof. S.A.
Gerbi (Brown Univ. Providence, RI, USA).

1.) High resolution light microscopy of active
gene domains in the cell nucleus and transcript
transport into the cytoplasm
Among the most challenging prospects in structural chro-
matin research are the ‘gene gating’ concept as proposed
by G. Blobel and the ‘loop-model’ of interphase chromatin
organization by Gasser and Laemmli. Both concepts
strongly emphasize the importance of the spatial gene do-
main arrangements in the interphase cell nucleus. Due to
the fact that transcriptionally active genes are mostly lo-
cated in nuclear areas of very high electron density, a
straightforeward electronmicroscopic analysis of the in situ
gene organization is difficult. Another limitation of a direct
EM-visualization is due to the small dimension of the ac-
tive gene structure. In order to investigate the in situ con-
figuration and spatial arrangement of active genes in de-
tail, we had developped novel concepts for light micro-
scopic analysis of gene organization [1, 9]. Thus, it had
been possible - for the first time - using video enhanced
light microscopy at high magnification, to analyse the
structural organization of ‘native’, i.e. fully hydrated tran-
scriptionally active rRNA genes [1, 9].

Due to the rapid progress in microscopic instrumentation,
we could use transmission X-ray microscopy for our stud-
ies in addition to photonic microscopy. Imaging of cellular
structures is possible without a previous impregnation with
heavy metal salts as required for conventional transmis-
sion electron microscopy of thin sections. Cellular or-
ganelles such as intact nucleoli can be analysed in a fully
hydrated state using a considerably higher resolution than
can be reached with optical microscopy [1, 2, 9].

A novel type of structural analysis of spread active genes
is provided by scanning force microscopy. Using this in-
strumentation it is possible to obtain precise structural di-
mensions in the Z - axis [3].

In regard to the ultrastructural analysis and localization of
defined nucleolar proteins we were able to work out a
novel concept for ultrastructural localization - based on co-
operation experiments with an AvH stipendiate O.
Zatsepina (Moscow): By a strictly controlled hypotonic
shock to live tissue culture cells, it could be demonstrated,
that the normally very compact nucleolar structure consid-
erably unravels into its subcomponents: Thus, physiologi-

cally spread, in situ decompacted nucleolar subunits can
be analysed. Theses are then reacted with antibodies
against nucleolar proteins [1, 4, 9]. The terms ‘physico-
logically spread nucleolar subunits’ was demonstrated to
be justified, since after release of the shock treatment -
cells continue to grow and nucleolar function is fully re-
stored [1, 4].

2.) Structural analysis of regulation of
transcription
Among the most thoroughly analysed eukaryotic genes
are the Xenopus laevis ribosomal RNA genes. This holds
in particular for the close interrelationship of structural and
molecular investigations. Using the above mentioned
videomicroscopic approach, we could successfully clear a
major discrepancy between molecular and structural data
regarding rDNA transcriptional regulation. The predomi-
nant model indicated, that transcription of the 40S precur-
sor rRNA normally terminates at sequence blocks T1/T2
and not at the sequence T3. Using an elegant in vitro tran-
scription assay it had been postulated, that transcription -
also under in vivo conditions - exclusively terminates at
position T3. This would implicate a constitutive transcrip-
tion of 2-5 kb rDNA spacer sequence. Using a combination
of data from videomicroscopic, electron microscopic, and
S1 transcript analysis, we could show, that - under in vivo
conditions -, exclusively the sequence region T1/T2 is
used for efficient transcription termination for the in vivo
situation [1, 9].

Our present investigations are focussed on three topics: 1.
In situ detection of the topology of nucleolar rDNA during
different states of transcription regulation [1, 4]. 2. In addi-
tion, the in situ localisation of the major components of pol
I transcription complexes will be analyzed, e.g. RNA-Poly-
merase I and the ‘upstream binding factor’ (UBF) [1, 4].
Using the above mentioned structural data [1] we have
also begun, to characterize in detail the fine structure of
the primary rRNA transcripts [1, 9], using high resolution
densitometry and computer-assisted image analysis. Due
to the recent progress as obtained for phosphorus map-
ping by analytical electron spectroscopy imaging (ESI) we
have started to apply this high resolution phosphorus de-
tection technique also for analysis of P - distribution within
nascent pre-RNA transcripts [5, 6-10].

3.) Chromatin organisation, genome-integration
and expression of injected genes during early
embryogenesis.
Microinjection experiments of viral and nonviral DNA se-
quences into Xenopus oocytes and fertilized eggs provide
appropriate experimental conditions for investigations on
transcriptional control, chromatin assembly and gene repli-
cation. In addition to microinjection experiments, incuba-
tion of defined DNA samples in Xenopus egg extracts is a
frequently used method for experimental analysis of chro-
matin reconstitution and factor requirement for DNA repli-
cation [Trendelenburg, M.F., Grunz, H.: Developmental Bi-
ology in Germany, Int. J. Develop. Biol. 40 (1996) 1-439]

Xenopus offers the unique possibility to compare different
mechanisms of transcription regulation of ribosomal RNA
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genes in the momologous in vivo situation for both, the
meiotic cell (e.g. the oocyte, which is arrested for a period
of 2-3 month’s in the diplotene stage of meiotic prohase)
as well as for the early embryo.

In regard to transcription regulation in the diplotene stage
oocyte we carried out a detailed analysis of rDNA topology
within intact oocyte nucleoli during premeiotic oocyte
growth and differentiation in order to correlate changes of
rDNA topology with the onset of the very high rRNA tran-
scription rates characteristic for oocyte nucleoli: Using UV-
laser scan microscopy, Transmission Electronmicroscopy
and S1 Transcript analysis we could show that (i) a mas-
sive rearrangement of amplified rDNA occurs within
indiidual nucleolar units and (ii), that this characteristic
change in rDNA arrangement is directly correlated with the
observed sudden onset of an extreme transcription rate of
ribosomal RNA genes (Trendelenburg, M.F., Grunz, H.:
Developmental Biology in Germany, Int. J. Develop. Biol.
40: 1996, 1-439; 1, 9]. A completely different type of tran-
scription regulation can be postulated for the early phase
of embryogenesis. Rapid cleavage cycles are the charac-
teristic for the early phase of embryogenesis, e.g. before
‘mid-blastula transition’. A continuous elongation of the cell
cycle is established between mid-blastula transition and
the early gastrula stage. Using well characterized antibod-
ies against nucleolar proteins, including transcription fac-
tors [1, 4] combined with a recently consistently improved
method for selective detection of gold particles using the
electron spectroscopic imaging technique [5, 6, 8] we are
currently analysing nucleolar transcription in relation to
rDNA topology during Xenopus early embryogenesis.

Publications (* = external co-author)
[1] Trendelenburg, M.F., Zatsepina, O.V. Waschek, T., Schlegel,
W., Tröster, H., *Rudolph, D., *Schmahl, G., Spring, H.: Multipa-
rameter microscopic analysis of nucleolar structure and ribosomal
gene transcription. (Robert Feulgen Lecture 1996 (invited)
Histochem. And Cell Biol. 106, 167-192 (1996)

[2] Methe, O., Spring, H., Guttmann, P., Schneider, G., *Rudolph,
D., Trendelenburg, M.F., *Schmahl, G.: Transmission X-ray mi-
croscopy of intact hydrated Ptk2 cells during the cell cycle. J.
Microsc. 188, 125-135 (1997)

[3] *Fritzsche, S., Spring, H., *Jovin, T.M.: Ultrastructural charac-
terization of transcriptionally active chromatin by scanning force
microscopy. Probe Microscopy 1, 225-233 (1998)

[4] Zatsepina, O.V., Dudnic, O.A., Chentsov, Y.S., Thiry, M.,
Spring, H., Trendelenburg, M.F.: Reassembly of functional
nucleoli following in situ unraveling by low ionic strength treatment
of cultured mammalian cells. Exptl. Cell Res. 233, 155-168 (1997)
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tions using the electron spectroscopic imaging technique.
Bioimaging 6, 130-137 (1998)
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imaging (ESI) if viral DNA- and RNA-distribution using a new
method of background substraction. Acta Microscopia (1999) 8,
Suppl. B: VI-X
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Schultz, P.*, Pawlita, M., Raddatz, S., Wiessler, M., Probst, W.*,
Trendelenburg, M.F., A Novel Concept for Application of Energy-
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Biotechnology in Perspective Imaging, 7th APEM Committee
Singapore: Life Sciences, pp.127-130, Times Publ. Singapore
2000
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Pawlita, H., Crucifix, C.: From Mille spreads to phosphorus maps
of nucleoproteins: Transcription seen by complementary mi-
croscopies: EUREM 12, BRNO Czech Repubic, Vol. I, pp. B 283-
287, 2000

[10] Crucifix, C., Tröster, H., Pawlita, M., Witz, J.+, Haking, A.,
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croscopic imaging [ESI]. 40th Annual Meeting Americ. Soc. Cell
Biol., San Francisco 2000, Molec. Cell Biol. 11, Suppl. pp. 130a-
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Electron microscopy

E. Spiess

Electron microscopical techniques are restricted to con-
ventional transmission electron microscopy. The following
techniques can be applied: negative staining, DNA spread-
ing, embedding, thin sectioning and immunocytochemistry.

Publications Electron microscopy, Service support
(* = external co-author)
[1] *Nehls, P., Keck, Th., *Greferath, R., Spiess, E., Glaser, T.,
Rothbarth, K., Stammer, H., Werner, D.: cDNA cloning, recombi-
nant expression and characterization of polypeptides with excep-
tional DNA affinity. Nucl. Acids Res. 26, 1160-1166, (1998)

[2] Rotbarth, K., Spiess, E., *Juodka, B., *Yavuzer, U., *Nehls, P.,
Stammer, H., Werner, D.: Induction of apoptosis by over-expres-
sion of the DNA-binding and DNA-PK-activating protein C1D. J.
Cell Sci. 112, 2223-2232 (1999)
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Modellexperiments in Tumor Cell Invasion
and Metastasis (A0602)
Cathepsin B and Tumor Cell Invasion

E. Spiess, F. Bestvater

In cooperation with: Dr. Berend Werle, Med.Klinik und Polyklinik
der Universität Heidelberg; Dr. W. Ebert, Thoraxklinik, Rohrbach,
Heidelberg; Dr. Tamara Lah, National Institute of Biology,
Ljubljana, Slovenia; Dr. J. Kos; KRKA, Ljubljana, Slovenia; Dr.
Torsten Porwol, Dr. Helmut Acker, Max-Planck-Institut für
Molekulare Physiologie, Dortmund; Dr. A.-R. Strohmaier, Nikon
GmbH, Düsseldorf.

The aim of our studies is the understanding of the role of
cysteine proteases, particularly cathepsin B, in tumor pro-
gression, tumor invasion and metastasis.

By investigation of clinical material cathepsin B was identi-
fied as a possible independent marker for prognosis in
squamous cell carcinoma of the lung [1, 2, 3]. We applied
confocal and wide field microscopy combined with com-
puter assisted image restoration and 3-D reconstruction
techniques as well as quantitative flow cytometry enzyme
cytochemistry to analyze the spatial arrangement of cathe-
psin B in cells and its induced secretion [4, 5]. Cathepsin
B-GFP chimeras were constructed and expressed in tumor
cells to delineate in detail the sorting of the enzyme in liv-
ing cells under conditions as close as possible to a natural
invasive situation. Thus far, the results support the possi-
bility of intra and extracellular participation of cathepsin B
in invasion.

Publications (* = external co-author)
[1] Werle, B.*, Kraft, C.*, Lah, T.T.*, Kos, J.*, Schanzenbächer,
U.*, Kayser, K.*, Ebert, W.* Spiess; E. (2000) Cathepsin B in Infil-
trated Lymph Nodes Is of Prognostic Significance for Patients with
Nonsmall Cell Lung Carcinoma. Cancer 89, 2282 – 2291.

[2] Werle, B.*, Staib, A.*, Jülke, B.*, Ebert, W.*, Zladoidsky, P.*,
Skernik, A.*, Kos, J.*, Spiess, E. (1999) Fluorometric microassays
for the determination of cathepsin L and cathepsin S activities
from tissue probes. Biological Chemistry 380, 1109 - 1116.

[3] Werle, B.*, Lötterle, H.*, Schanzenbächer, U.*, Lah, T.*,
Kalman, E.*, Kayser, K.*, Bülzebruck, H.*, Schirren, J.*, Krasovec,
M.*, Kos, J.*, Spiess, E. (1999) Immunochemical analysis of
cathepsin B in lung tumours: An independent prognostic factor for
squamous cell carcinoma patients. Brit. J. Cancer. 81, 520 - 529.

[4] Strohmaier, A.-R.*, Porwol, T.*, Acker, H.* Spiess, E. (2000)
Three-dimensional organization of microtubles in tumor cells stud-
ied by confocal laser scanning microscopy and computer assisted
deconvolution and image reconstruction.Cells Tissues Organs,
167, 1 – 8.

[5] Porwol, T.*, Strohmaier, A.-R.*, Spiess, E. (1999)
Cytotomography. Methods Enzymol. 307, 108-118.
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Epigenetics

Epigenetics (A0700)

Head Dr. Frank Lyko

The group Epigenetics has started working in the Center
in the end of 2000 so the results presented here report on
work done elsewhere.

In cooperation with: B. Mechler, D. Lankenau (A0400,
DKFZ), S. Suhai (H0200, DKFZ), R. Paro (ZMBH,
Universität Heidelberg), B. Ramsahoye (University of
Edinburgh, UK), and R. Jaenisch (Whitehead Institute,
Cambridge, USA)

(cytosine-5) methylation is essential for mammalian devel-
opment and has been shown to be involved in tumorigen-
esis, hereditary diseases, and aging. We recently discov-
ered a simple DNA methylation system in the fruit fly
Drosophila melanogaster. This system consists of a single
methyltransferase and a single methyl-binding protein. The
molecular characterization of both genes will provide im-
portant insights into the biological function of DNA methy-
lation. We are establishing transgenic animals that carry
defined mutations in the core components of the Droso-
phila DNA methylation system and we are using inducible
transgenes to overexpress these factors in flies. We are
also dissecting hypermethylation-induced phenotypes in
order to gain insight into the cellular signalling pathways
that interact with DNA methylation. Finally, to block
hypermethylation phenotypes in tumour cells, we are de-
vising specific inhibitors of human DNA methyltrans-
ferases. Once established, these compounds have a large
potential as chemotherapeutic agents.

Recent publications:
Lyko, F., Ramsahoye, B.H., Kashevsky, H., Tudor, M.,
Mastrangelo, M.A. , Orr-Weaver, T.L., and Jaenisch, R. (1999).
Mammalian (cytosine-5) methyltransferases cause genomic DNA
methylation and lethality in Drosophila. Nat. Genet. 23, 363-366.

Ramsahoye, B.H., Biniszkiewicz, D., Lyko, F., Clark, V., Bird, A.,
and Jaenisch, R. (2000). Non-CpG methylation is prevalent in ES
cells and may be mediated by Dnmt3a. Proc. Natl. Acad. Sci. USA
97, 5237-5242.

Lyko, F., Whittaker, A.J., Orr-Weaver, T.L., and Jaenisch, R.
(2000). The putative Drosophila methyltransferase gene dDnmt2
is contained in a transposon-like element and is expressed spe-
cifically in ovaries. Mech. Dev. 95, 215-217.

Lyko, F., Ramsahoye, B.H., and Jaenisch, R. (2000). DNA methy-
lation in Drosophila melanogaster. Nature 408, 538-540.
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Staff scientist
Dr. Tore Kempf

Doctoral student
Wilma Dormeyer, Dipl.-Biochem. (11/00 -)

Technician
Sabine Fiedler (01/99 - ; on maternity leave 07/00- )
Gerda Baumann (01/01 - )

The Protein Analysis Facility was established in 1998 by
joining the protein sequencing group associated with the
Research Program B (Tumor Cell Regulation) and the
mass spectrometric activities pursued in the Division of
Cell Biology (A0100). The establishment of a central pro-
tein unit within the DKFZ had become necessary in order
to meet the growing demand for reliable and competent
analyses with modern analytical techniques. The past two
years clearly revealed that identification and characteriza-
tion of proteins and their posttranslational modifications
belong to the most frequently performed tasks of the unit.
These analyses usually include the enzymatic digestion of
gel-separated proteins followed by mass spectrometric
analysis on a matrix-assisted laser desorption/ionization
(MALDI) instrument and subsequent database searches
(peptide mass fingerprinting) and/or by liquid-chromatog-
raphy-electrospray-ionization (LC-ESI) MS/MS and
MALDI-post source decay (PSD) experiments. Since the
foundation in 1998 seven of the eight DKFZ Research Pro-
grams and several external groups have already used the
expertise of our group for their needs and the number of
requests is still growing. A detailed list of cooparation part-
ners within the DKFZ and of external customers who have
used our services is provided in the section “Coopera-
tions“.

Our current instrumentation consists of a matrix-assisted
laser desorption/ionization (MALDI) time of flight (TOF)
mass spectrometer (Bruker, Reflex II), an electrospray
(ESI) -ion-trap mass spectrometer (Thermoquest, LCQ)
coupled with a micro-LC (Applied Biosystems, LC 140 D),
a high sensitive Edman Sequencer (Applied Biosystems,
Procise 494cLC) and an additional off-line micro HPLC
system (BAI).

 The majority of analyses is performed with the MALDI in-
strument. Due to the high sensitivity and mass accuracy of
this mass spectrometer more than 90% of the analyzed
proteins can be successfully identified by peptide mass fin-
gerprinting alone or in combinantion with MALDI post
source decay (PSD) analysis.

 At present the ESI-ion trap mass spectrometer is primarily
used for the detection of posttranslational modifications
especially for investigating the acetylation of histones ( in
cooperation with the group of J. Langowski (H0500, Divi-
sion Biophysics of Macromolecules) and of the HIV-1 Tat
protein as described below. It is planned in the near future

to set up this instrument to run proteolytic digests of pro-
teins in a fully automated fashion.

The Procise 494 cLC Protein Sequencer is primarily used
for N-terminal sequencing of proteins and for the ‘de novo’
sequencing of proteins. Except for N-terminal sequencing
from PVDF membranes MALDI analysis is used to select
suitable fractions from HPLC separations and to optimize
the number of degradation steps. The Edman sequencing
gives reliable and redundant results so that it is also pos-
sible to discover lower sequence homologies in different
species or in deficient EST clones. Since there is no such
instrument available for other institutes in Heidelberg we
have an agreement with the university to perform their
analyses on our sequencer.

The Protein Analysis Facility is engaged in various coop-
erations with research groups in house and with external
groups. A detailed list of customers is given below.

Cooperations with divisions within the DKFZ
Research program A: Cell Differentiation and Carcinogenesis
A0100  Cell Biology; A0200  Molecular Biology of the Cell I;
A0300  Molecular Biology of the Cell II; A0400  Developmental
Genetics; A0500  Molecular Embryology
Research program B: Tumor Cell Regulation
B0100  Pathochemistry; B0300  Biochemistry of the Cell; B0400
Molecular Biology of Mitosis; B0500  Biochemistry of Tissue-Spe-
cific Regulation; B0600  Differentiation and Carcinogenesis in
vitro; B0700  Tumor Biochemistry; B0800  Signal Transduction
and Growth Control
Research program C: Cancer Risik Factors and Prevention
C0100  Cell Pathology; C0300  Molecular Toxicology
Research program D: Diagnostics and Experimental Therapy
D0600  Tumor Progression and Immune Defense; D0900 Clin.
Cooperation Unit Skin Cancer
Research program F: Applied Tumor Virology
F0100  Tumor Virology; F0200  Genome Modifications and Car-
cinogenesis; F0300  Tumorvirus Immunology; F0400  Mecha-
nisms of Viral Pathogenesis; F0600  Virus-Host-Interactions;
F0700  Characterization of Tumorviruses; F0800  Retroviral Gene
Expression
Research program G: Tumor Immunology
G0100  Cellular Immunology; G0200  Immunochemistry; G0300
Immunogenetics; G0400  Molecular Immunology
Research program H: Genome Research and Bioinformatics
H0400  Cytogenetics; H0500  Biophysics of Macromolecules;
H0701  Functional Genome Analysis

Cooperations with national and international reseach groups
National groups:
University of Heidelberg; ZMBH Heidelberg; EMBL Heidelberg;
MPI for Medical Research, Heidelberg; MPI for Cell Biology,
Ladenburg; University Hospital Charité, Berlin; Technical Univer-
sity of Darmstadt; University of Freiburg; University of Frankfurt;
University of Hannover; University of Mainz; University of
Münster; University of Munich; University of Stuttgart; University
of Ulm; University of Würzburg; Heart and Diabetes Center, Bad
Oeynhausen; MBI Fermentas, St. Leon-Rot

International groups:
Instituto Dermopatico dell’Immacolata, Rome, Italy; The
Netherland Cancer Institute, Amsterdam,The Netherlands; Ari-
zona Cancer Center, Tucson AZ, USA; University of Maryland,
USA; Institute of Molecular Genetics and Genetic Engeneering,
Belgrade, Yugoslavia; Albert Einstein College of Medicine, Bronx
NY, USA; University of Zürich, Switzerland

Protein Analysis Facility (R0800)

Dr. rer. nat. Martina Schnölzer
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Diagram 1: Number of analyzed protein samples by MALDI-MS
(01/1998-07/2000) and Edman degradation (09/1996-07/2000).

Identification and Characterisation of
Proteins and their Posttranslational
Modifications

M. Schnölzer, T. Kempf

In addition to the analyses of proteolytic digests for the
identification of proteins from 1D and 2D gels the Protein
Analysis Facility participates in several long-term research
activities. The majority of these cooperations requires the
development, improvement and/or adaptation of mass
spectrometric or other techniques to solve the various ana-
lytical problems.

Three of several on-going projects are described below in
more detail.

Analysis of protein phosphorylation
Although protein phosphorylation is predominantly studied
with electrospray (ESI) MS techniques we have success-
fully applied MALDI mass spectrometry to identify the
phosphorylation site in the envelope protein of hepatitis B
virus [K. Rothmann, M. Schnölzer et al. (1998) J. Virol. 72,
10138-10147] (in collaboration with the group of  H.
Schaller,  ZMBH, Heidelberg) and the autophosphorylation
site of the protein kinase Cδ [5] (in collaboration with the
group of F. Marks, B0500, Div. Biochemistry of Tissue-
Specific Regulation, DKFZ).

The characteristic behaviour of peptides containing phos-
phoserine, phosphothreonine and phopshotyrosine under
MALDI conditions was investigated in detail with synthetic
model peptides as well as with enzymatic digests of gel
separated proteins. These studies revealed that phospho-
serine and phosphothreonine peptides exhibit a character-
istic loss of H3PO4 and to a minor extent of HPO3 in the
positive-ion reflector mode. Tyrosine phosphopeptides
however show a loss of HPO3 of very low abundance [M.
Schnölzer, W.D. Lehmann (1997). Int. J. Mass Spectrom.
Ion Proc. 169/170, 263-272]. We therefore have devel-
oped a novel approach for the sensitive detection of phos-
photyrosine which combines immunoprecipitation with a
phosophotyrosine specific monoclonal antibody and
MALDI mass spectrometry. Phosphotyrosine containing
proteins are first digested by a proteolytic enzyme and the
resulting peptide mixture is incubated with an anti-tyrosine

phosphate antibody. The phosphotyrosine peptide/anti-
body complex is separated from the nonphosphorylated
peptides by immunoprecipitation with protein A or protein
G. Finally, the phosphotyrosine peptides in the antibody
complex are identified by MALDI mass spectrometry in-
cluding post source decay analysis. This approach was ex-
emplified by the identification of the phosphotyrosine pep-
tide of rabbit muscle enolase (Stempka and Schnölzer,
ABRF meeting 1998, San Diego, USA) and was success-
fully applied to the identification of the tyrosine phosphory-
lation site of protein kinase Cδ (manuscript in peparation,
in collaboration with the group of F. Marks, B0500, Div.
Biochemistry of Tissue-Specific Regulation, DKFZ).

Analysis of protein acetylation
Another important posttranslational modification is the
acetylation of lysine residues in proteins. In collaboration
with M.Ott (F0400, Div. Mechanisms of Viral Pathogenesis,
DKFZ) we have recently started to investigate the role of
acetylation of the HIV-1 Tat protein. Tat associates in vitro
and in vivo with the transcriptional coactivator p300/CBP
[1]. This association has been proposed to recruit the his-
tone acetyltransferase (HAT) activity of p300 to the inte-
grated HIV-1 promotor. We have observed that the purified
p300 HAT domain acetylates recombinant Tat proteins in
vitro and that Tat is acetylated in vivo. Using synthetic
model peptides corresponding to the arginine-rich motif of
Tat we could unambiguously identify the Lys residue 50 as
the major target of acetylation by p300. These analyses
were carried out by on-line LC-ESI-MS/MS on our ion-trap
mass spectrometer and by MALDI-MS analysis using PSD
[1]. It is planned to extend these studies to the in vitro
acetylation of synthetic and recombinant Tat protein as
well as to the identification of the acetylation site and pos-
sible phosphorylations site(s) of Tat in vivo. This work will
be part of the doctoral thesis of Dipl. Biochem. Wilma
Dormeyer who will join our group in November 2000.

Proteome analysis
Our group is currently involved in two proteome projects.
In collaboration with the groups of  D. Schadendorf
(D0900, Clin. Cooperation Unit Skin Cancer, DKFZ) and P.
Sinha (University Hospital Charité Berlin) we have identi-
fied novel proteins associated with the development of
chemoresistance in malignant melanoma. In order to find
differences between the parental cell lines and their
chemoresistant counterparts, phenotyping was accom-
plished using two-dimensional gel electrophoresis and im-
age analysis of the fractionated proteins. By peptide mass
fingerprinting we were able to identify a number of proteins
which were over-expressed in chemoresistant melanoma
cell lines [12].

In order to improve the quality of database searches with
peptide masses alone we developed a methionine specific
“amino acid tag“. Peptides containing oxidized methionine
residues show a major metastable loss of methanesulfenic
acid when analyzed in the positive-ion reflector mode [12].
This fragment ion can be used as a specific probe for the
detection of peptides containing oxidized methionine. We
routinely apply the ion selection tool of the MALDI instru-
ment to further substantiate the precursor/product ion rela-
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tionship. In this way, we can unambiguously identify Met
containing peptides even in complex digest mixtures. This
information is used in addition to the peptide masses for
subsequent database searches to evaluate the obtained
protein hits. It is one of our primary goals to implement this
additional information into the presently available search
algorithms.

In collaboration with the groups of R. Herrmann and R.
Frank (ZMBH, Heidelberg) we have constructed a prote-
ome map of the bacterium Mycoplasma pneumoniae using
two-dimensional gel electrophoresis in combination with
mass spectrometry. M. pneumoniae is a human pathogen
with a known genome sequence of 816 kbp coding for only
677 open reading frames. Proteins were identified by
MALDI MS (these analyses were performed in our group)
and by on-line LC-ESI MS/MS (these analyses were per-
formed at the ZMBH). So far, we were able to characterize
proteins from about 350 gel spots. Comparing these data
with the DNA sequence derived predictions it was possible
to assign these 350 proteins to 224 genes [10].

Several improvements and further developments regard-
ing analytical techniques and instrumentation will be pur-
sued in the near future.
We plan to equip the ion-trap mass spectrometer with a
nanoEsi source and an improved micro-LC system so that
we can run protein digests with high sensitivity in a fully
automated fashion. Automation of the proteolytic digestion
procedure and MALDI measurements must also be set up
especially with regard to proteome research.

At present de novo sequencing of unknown proteins is still
carried out by Edman sequencing in our group. One of our
goals is to establish mass spectrometric approaches for de
novo sequencing to overcome the limitations of Edman se-
quencing e.g. by incorporation of 18O into proteolytic frag-
ments. This technique was reinvestigated by us [M.
Schnölzer et al. (1996) Electrophoresis 5, 945-953] and is
now accepted as the method of choice for de novo peptide
sequencing.

The characterization of posttranslational modifications is
becoming increasingly important. We already started to in-
vestigate protein acetylation in detail. In analogy to the de-
tection of tyrosine phosphopeptides we plan to develop
immunoprecipitation protocols for a sensitive detection of
acetylation sites.

In summary, analytical services need to be complemented
with method development and adaptation of novel analyti-
cal techniques. In the past two years we therefore tried to
balance the analyses of “routine samples“ on the one
hand with project-driven long-term collaborations with vari-
ous analytical questions on the other hand. This has
proven to be very fruitful and should be maintained in the
future.

Publications (members of the facility in bold, * = external
co-author)
[1] M. Ott, M. Schnölzer, J. Garnica*, W. Fischle*, S. Emiliani*,
H.-R. Rackwitz, E. Verdin* (1999) Acetylation of the HIV-1 tat
protein by p300 is important for its transcriptional activity Curr.
Biol. 9, 1489-1492.

[2] W. K. Peitsch, C. Grund, C. Kuhn, M. Schnölzer, H. Spring,
M. Schmelz, W. W. Franke (1999) Drebrin is a widespread actin-
associating protein enriched at junctional plaques, defining a spe-
cific microfilament anchorage system in polar epithelial cells Eur.
J. Cell Biol. 78, 767-778.

[3] K. I. Pfrepper, M. Löchelt, H.-R. Rackwitz, M. Schnölzer, H.
Heid, R. M. Flügel (1999) Molecular characterization of proteolytic
processing in Gag proteins of human spumavirus J. Virol. 73 ,
7907-7911.

[4] D. Seimetz, E. Frei, M. Schnölzer, T. Kempf, M. Wiessler
(1999) One step isolation of bovine asialoglycoprotein receptor
and its characterization by sequence analysis and MALDI mass
spectrometry.  Biosci. Reports 19, 115-124.

[5] L. Stempka, M. Schnölzer, S. Radke, G. Rincke, F. Marks, M.
Gschwendt (1999) Requirements of protein kinase Cδ for catalytic
function. Role of glutamic acid 500 and autophosphorylation on
serine 643. J. Biol. Chem. 274, 8886-8892.

[6] M. Alsheimer*, E. v. Glasenapp*, M. Schnölzer, H. Heid, R.
Benavente* (2000) Meiotic lamin C2: The amino-terminal
hexapeptide is myristoylated and essential for the nuclear enve-
lope association. Proc Natl Acad 21;97(24):13120-5.

[7] I. Hofmann, C. Mertens, V. Nimmrich, M. Schnölzer, M.
Brettel, H. Herrmann (2000) Interaction of plakophilins with
desmoplakin and intermediate filament proteins: an in vitro analy-
sis J. Cell Sci., 113, 2471-2483.

[8] J. Kuhn*, C. Götting*, M. Schnölzer, T. Kempf, T. Brinkmann*,
K. Kleesiek* (2001) Isolation of human UDP-D-Xylose: Proteo-
glycan Core Protein β-D- Xylosyltransferase secreted from cul-
tured JAR choriocarcinoma cells J. Biol. Chem. 276, 4940-4947.

[9] K. I. Pfrepper, J. Reed, H.-R. Rackwitz, M. Schnölzer, R.M.
Flügel (2001) Characterization of peptide substrates and viral en-
zyme that affect the cleavage site specificity of the human
spumaretrovirus proteinase Virus Genes. 2001 Jan;22(1):61-72.

[10] J. T. Regula*, B. Ueberle*, G. Boguth*, A. Görg*, M.
Schnölzer, R. Herrmann*, R. Frank* (2000) Towards a two-di-
mensional proteome map of Mycoplasma pneumoniae.
Electrophoresis 21(17), 3765-3780.

[11] S. Schneider*, F. Bosse*, D. D’Urso*, H-W. Müller*, M.W.
Sereda*, K-A. Nave*, A. Niehaus*, T. Kempf, M. Schnölzer, J.
Trotter* (2001) The AN2 protein is a novel marker for the
Schwann cell lineage expressed by immature and non-
myelinating Schwann cells. J Neurosci 1, 21(3), 920-933

[12] P. Sinha*, S. Kohl*, J. Fischer*, G. Hütter*, M. Kern*, E.
Köttgen*, M. Dietel*, H. Lage*, M. Schnölzer, D. Schadendorf
(2000) Identification of novel proteins associated with the
development of chemoresistance in malignant melanoma using
two-dimensional electrophoresis. Electrophoresis 21(14), 3048-
3057.
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The research program is mainly focussed on cellular sig-
nal transduction and signal processing. A key event of cel-
lular signal processing is protein phosphorylation. En-
zymes involved in this reaction, i.e. protein kinases and
phosphatases, are under investigation in several divisions
of the Research Project. In addition, lipid mediators that
play a role in the control of almost every cellular process
provide a major subject of research. The enzymes catalyz-
ing the biosynthesis of lipid mediators are becoming in-
creasingly recognized as potential targets of cancer
chemoprevention. Another important group of proteins in-
volved in cellular signal transduction are the membrane
transporters which - among many other properties - have
the ability to accomplish the excretion of toxic substances
and drugs from cells. An overactivation of such membrane
transporters in tumor cells may result in multidrug resist-
ance which dramatically limits the applicability of many an-
ticancer drugs. Both fundamental properties of transporter
proteins and the phenomenon of multidrug resistance are
investigated by several groups of the Research Project. A
major goal of these studies is a therapeutic reversion of
cytostatica resistance.

The Division of Pathochemistry focuses on specific as-
pects of signal transduction:
1. On the mechanism of  protein phosphorylation by pro-
tein kinases at an atomic level and the role conserved resi-
dues of the enzyme play in catalysis in order to provide a
rational background for the structure based development
of specific inhibitors,
2. On the significance of the protein kinase A amino termi-
nus: a. the mechanism, the molecular and biological con-
sequences of Asn2 deamidation and b. the role of amino
terminal splice variants,
3. On protein kinases and substrates involved in protein
phosphorylation at the cell surface,
4. On the structure and dynamics of the protein domain of
HIV glycoprotein 120 involved in the binding to the T cell
receptor CD 4 with the aim of inhibiting this important in-
teraction by compounds which are under development.

In the Division Biochemistry of the Cell structures and
processes involved in the control of cell proliferation are
analyzed. This includes the identification and molecular
characterization of proteins which are components of cell
cycle-dependent cellular structures or otherwise play a
role in growth control, in particular proteins of the centro-
some and chromosomal proteins of the non-histone type.
Another approach carried out in cooperation with clinics
aims at a characterization and reversion of multidrug re-
sistance.

Pathochemistry (B0100)
Prof. Dr. med. Volker Kinzel
� 06221 42-3253, FAX 06221 42-3259
e-mail: V.Kinzel@DKFZ.de

Biochemical Cell Physiology (B0200)
Prof. Dr. rer. nat. Walter Pyerin
� 06221 42-3254, FAX 06221 42-3261
e-mail: W.Pyerin@DKFZ.de

Biochemstry of the Cell (B0300)
Prof. Dr. rer. nat. Dieter Werner
�  06221 42-3407, FAX -3457
e-mail: Werner@DKFZ.de

Molecular Biology of Mitosis (B0400)
Prof. Dr. phil. Herwig Ponstingl
� 06221 42-3408, FAX 06221 42-3460
e-mail: Ponstingl@DKFZ.de

Biochemistry of Tissue-Specific Regulation (B0500)
Prof. Dr. rer. nat. Friedrich Marks
� 06221 42-4531, FAX 06221 42-4406
e-mail: F.Marks@DKFZ.de

Differentiation and Carcinogenesis in vitro (B0600)
Prof. Dr. med. Norbert Fusenig
� 06221 42-4507, FAX 06221 42-4551
e-mail: N.Fusenig@DKFZ.de

Tumor Biochemistry (B0700)
Prof. Dr. med. Dietrich Keppler
� 06221 42-2400, FAX 06221 42-2402
e-mail: D.Keppler@DKFZ.de

Signaltransduction and Growth Regulation (B0800)
Dr. rer. nat. Peter Angel
� 06221 42-4570, FAX 06221 42-4554
e-mail: P.Angel@DKFZ.de

Genetics of Skin Carcinogenesis (B0900)
PD Dr. rer. nat. Petra Boukamp
� 06221 42-4516, FAX 06221 42-4551
e-mail: P.Boukamp@DKFZ.de

Central Spectroscopy (R0400)
Dr. William E. Hull
� 06221 42-4515, FAX 06221 42-4554
e-mail: W.Hull@DKFZ.de

Research Program Tumor Cell Regulation

Coordinator: Prof. Dr. Friedrich Marks
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In the division Biochemistry of Tissue-Specific Regula-
tion molecular mechanismus of tumor promotion and ma-
lignant tumor progression are investigated using epidermis
as a model tissue. Special emphasis is laid on problems of
cellular signal transduction, in particular: the (patho)-
physiological role of individual protein kinase C isoen-
zymes as putative mediators of tumor promoting effects
and the role of arachidonic acid metabolism in tumor pro-
motion and progression,and as a target of cancer chemo-
prevention. A third project aims at the characterization of
hair follicle differentiation, heritable hair anomalies and
hair follicle tumorigenesis.

The mechanisms of skin carcinogenesis with special atten-
tion to the role of tumor-stroma interactions are investi-
gated by in the division Differentiation and Carcinogen-
esis. Complex epithelial-mesenchymal interaction play a
crucial role  in maintaning normal tissue structure and
function. For skin, as a normal tissue, novel regulatory
mechanisms involving the reciprocal induction of paracrine
factors have been detected and are currently analyzed in
their molecular details. In tumors, these regulations are
disturbed by uncontrolled stromal stimulation of tumor
cells. The knowledge of the complex stromal influences, in
particular of the role of angiogenesis, will be prerequistie
for a better understanding of autonomous tumor growth
and the development of novel therapeutic approaches.

The research projects of the division of Tumor Biochem-
istry are focused on the characterization of membrane
transporters which control the entry and the efflux of en-
dogenous substances and of chemotherapeutic agents in
normal and malignant cells. The conjugate export pumps
of the multidrug resistance protein (MRP; ABCC) family
contribute to the multidrug resistance phenotype of many
tumors. Inhibition of transporters on the MRP family in-
creases the concentration of chemotherapeutic agents in
tumor cells. Research on uptake transporters addresses
several members of the organic anion transporter (OATP;
SLC21A) family. These transport proteins mediate the up-
take of endogenous and xenobiotic anionic substances
into cells and contribute to the selectivity of drug uptake
into normal and malignant cells.

The work of the group Biochemical Cell Physiology is
concerned with the pathomechanisms of proliferative pro-
cesses. The focus is on protein kinase CK2-linked gene
expression in control of proliferation initiation. CK2 is a
highly conserved and vital kinase involved in various cellu-
lar processes, including cell cycle entry. Global gene ex-
pression profiles, gene structure and transcription control,
and molecular cell physiology of gene products in relation
to tissue-specific diseased states are investigated.

The research program of the division Signal Transduc-
tion and Growth Control is aiming on the genetic re-
sponse of organisms and their cells on environmental cues
(radiation, chemical carcinogens) and to compare this re-
sponse with biochemical processes controlled by physi-
ological regulators, such as cytokines and hormones.
Work is mainly focused on the family of the AP-1 (Fos/Jun)
transcription factors, which mediate gene regulation in re-

sponse to specific growth factors, cytokines, tumour pro-
moters and carcinogens. Molecular mouse genetics are
applied to identify subsets of AP-1 target genes and to elu-
cidate their functions in complex biological processes,
such as embryonic development, angiogenesis, apoptosis,
immune response and tumourigenesis. Functional assays
will be performed on such tumour-associated genes, pre-
dominantly identified in the skin, to define novel potential
drug targets in cancer diagnostic and therapy.

Genetics of Skin Carcinogenesis is a newly established
division which aims to determine and functionally charac-
terize the role of environmental factors on non-melanoma
skin cancer. Concentrating on increased temperature and
UV-A we wish to identify novel genetic aberrations and un-
ravel the mechanism by which these are involved in the
process of skin carcinogenesis. As a special topic, the divi-
sion is also focussing on the role of telomerase, the en-
zyme that is believed to be responsible for the unrestricted
life span of tumor cells. Since the function of telomerase is
to stabilize telomere length, regulation of both telomerase
and telomeres has gained particular interest. By trying to
understand extra- and intracellular signals and pathways
in normal- and tumor cell models we aim to unravel their
role and function in normal tissues, cancer  and aging.
These studies will add important information to the novel
approaches of anti-telomerase tumor therapy.

The Central Spectroscopy is associated with the Re-
search Program Tumor Cell Regulation and performs “rou-
tine” analytical service (molecular structure elucidation) for
the Center using the techniques of nuclear magnetic reso-
nance (NMR), mass spectometry (MS), IR and UV spec-
troscopy, and molecular modeling. The Central Spectros-
copy also actively pursues the development and applica-
tion of new analytical techniques for cancer research. The
main MS applications involve phospolipids, proteins and
peptides. Tumor cell metabolism, growth and therapy of
metastases in animal models, pharmakokinetics and struc-
ture/activity relationships for drugs, and protein/ligand in-
teractions are some of the topics being studied with high-
field magnetic resonance spectroscopy and imaging
(MRS, MRI). Finally, a computerized information system
for molecular modeling with internet interface has been
developed and research concerning the conformation and
dynamics of oligosaccharides and glycoproteins and their
interactions is being carried out.
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The Division of Pathochemistry focuses on specific prob-
lems of cellular signal transduction: on protein kinases and
protein phosphorylation as well as on ligand/receptor inter-
actions and the control of cell cycle events by exogenous
ligands.
Protein phosphorylation represents a universal cellular tool
for regulating the biological activity of proteins in an ex-
tremely fast and reversible manner. It is central to integrat-
ing cells into a multicellular organism and plays a key role
in vital events such as metabolism, gene expression, and
the cell cycle as well as growth control. An understanding
of these complex processes requires the knowledge of
protein kinases, the catalysts of protein phosphorylation,
from a molecular level up to their regulation and function
within intact cells as well as mechanisms of their inhibition
by drugs. Longstanding efforts have been devoted to the
elucidation of the cAMP-dependent protein kinase as well
as protein kinase activities expressed at the outer cell sur-
face; so-called ectoprotein kinases including their sub-
strates and biological functions.
In view of the biological significance of protein phosphory-
lation it is surprising how little is known about structural
changes regarding the substrate-to-product conversion.
They may extend far further than those occurring directly
adjacent to the phosphorylation site; a basis for predicting
these effects has not yet been established. The compari-
son of dephosphopeptides with phosphopeptides may
help in understanding in this aspect. In addition, we have
become interested in a unique structural change observed
in HIV-derived peptides governed by specific folding mo-
tifs, a phenomenon which appears to be important for the
ligand/receptor interaction and which may represent a
point of interference in the interaction of the virus with
CD4-carrying cells.

Cell Surface Protein Kinases and
Extracellular Protein Phosphorylation

D. Kübler, D. Gosenca, V. Kinzel

In cooperation with Prof. Ilan Friedberg, University of Tel Aviv, Is-
rael; H. Heid, W.D. Lehmann, W. Pyerin, DKFZ

The regulation of cellular development and cell environ-
mental interaction includes enzyme activities on the cell
surface (ecto-enzymes). These ecto-enzymes enable cells
to metabolize membrane-bound substrates and suitable
extracellular molecules. Over the last years we have es-
tablished and published earlier that a large range of prolif-
erating as well as postmitotic cell types carry distinct types
of membrane bound, externally oriented protein kinase
(ecto-PK) activities which can phosphorylate proteins at
the extracellular locus of the cell. Characterization of ecto-
PKs revealed two members of the Ser/Thr PK-family, nota-
bly of the constitutively actice CK2 and CK1 type and
cAMP-dependent ecto-PK (PKA). We have also shown
and published that ecto-CK1/CK2 can be released in tan-
dem from the surface of intact cells upon interaction with
exogenous substrates. These findings suggest that ecto-
PK might be responsible for the formation of biologically
altered proteins and therefore will be involved in cell sig-
nalling events and interaction of cells with compounds in
the extracellular environment. Hence, precise understand-
ing of the ecto-PK function(s) requires the identification of
natural client proteins and the role of their phosphoryla-
tion.

In the case of the surface membrane-bound proteins sup-
posed to represent physiological target proteins for ecto-
PK we revealed that among a large number of radio-la-
beled cell surface proteins two heavily labeled phosphop-
roteins (~100 kDa and 120 kDa) predominated. The bio-
chemical and immunological analysis including micro-
sequencing and mass spectrometric data identified both
ecto-proteins unexpectedly as homologs of specific pro-
teins thought to be intracellular elements, particularly of
the cell nucleoli. Although the cell surface expression of
these proteins is elusive, our findings may provide a
mechanism for regulation of extracellular functions. While
determining the normal mechanism of their expression is
an important goal it is also urgent to examine pathological
processes such as tumor cell growth.

The ecto-PK assay with intact cells has proved to be valu-
able for finding soluble substrates in extracellular fluids in-
cluding cell growth factors, hormones or cell matrix precur-
sors. In collaboration with the group of I. Friedberg we
have carried out research on extracellular ATP as a signal-
ling molecule. At specific concentrations of ATP we have
shown that transformed cells and tumor cells undergo a
significant cell growth suppression. It was further shown
that ecto-PK activities are critically involved in the phos-
pho-activation of a low abundant extracellular protein in
the conditioned medium of ATP treated transformed cells.
As the putative growth inhibitor has been disclosed as a
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derivative of a plasma glycoprotein, the elucidation of the
mechanism of its generation as well as its action are im-
portant topics of our ongoing research.
Additional financial support: DKFZ-Israel Cooperation

Bioregulation of the cAMP-dependent
Protein Kinase

D. Bossemeyer, A.-L. Picciolo, Th. Schneider,
F. Gesellchen, A. Schlosser, V. Kinzel

In collaboration with Dr. Richard A. Engh (Roche-Diagnostics
Penzberg), Prof. Robert Huber (MPI für Biochemie, Martinsried);
Dr. Lars Prade (now at Novartis, Basel, Switzerland), Hiroyoshi
Hidaka (Nagoya, Japan);Dr. Rainer Pepperkok (EMBL-Heidel-
berg); Dr. Friedrich W. Herberg (Ruhr-Uni, Bochum), W.D.
Lehmann (DKFZ)

The majority of all human cancers as well as many other
diseases correlate with faulty regulation of protein kinases.
Protein kinases as the central switches of cellular regula-
tion transfer γ-phosphate from ATP to hydroxyl residues of
substrate proteins in order to change their functional state.
The human genome is predicted to contain about 800 dif-
ferent protein kinases; several hundred of them have been
identified already. Despite the many different individual
cellular roles of protein kinases their catalytic core shows a
substantial degree of homology. Several new and highly
promising tumor therapeutics with little or no side effects
directly interfere with pathological signaling pathways by
targeting protein kinases. In the center of pharmacological
interest are compounds from the class of ATP-competitors
which block the protein kinase active site. We analyse pa-
rameters of binding and selectivity of such substances by
cocrystallizing them with protein kinases and kinase mu-
tants in order to improve the basis for a rational design of
tumor therapeutics. Central to our studies is a prototype
protein kinase, the catalytic subunit (C) of PKA (also called
cAMP-dependent protein kinase). We have previously
published a number of structures of protein kinase A
cocrystallized with various inhibitors.

We investigate the biological roles, structure and function
of various C-subunit isoforms at the atomic, molecular and
cellular level. A basis for the structure/function PKA- stud-
ies is the high resolution crystal structure of C in a ternary
complex with nucleotide and pseudosubstrate, which we
already described in 1993. This structure explained the ba-
sic principles of substrate recognition and phosphate
transfer. In an interplay of site directed mutagenesis, en-
zyme kinetics, protein crystallization and X-Ray analysis
we address urgent questions about the role of conserved
structures in kinase regulation, ligand binding, and cataly-
sis [1]. In addition, we are investigating certain aspects of
posttranslational modifications by mass spectrometry [2].
For these studies the bovine catalytic subunit, which was
cloned in the Division, was mutated and expressed in bac-
teria. We developed a wild-type coexpression system,
which allows us to activate and to isolate catalytically im-
paired mutants in vivo. Functional, X-ray structural and ki-
netic studies using surface plasmon resonance are applied
to PKAc mutants.

The effect of numerous hormones is mediated by changes
in the intracellular level of cAMP. The most prominent tar-
get of this second messenger molecule is PKA. The many
different cellular responses are possible because of indi-
vidual properties and subcellular localizations of PKA. On
a genetic level the isoforms Cα, Cβ, Cγ, and the isoform
Cβ2, discovered in our laboratory, have been described.
Cβ2 has a high homology to the isoform Cβ, but carries a
6 kDa aminoterminal extension. We are studying the effect
of this extra domain on enzyme function with respect to
biochemical as well as cell biological aspects, such as
regulation, protein-protein interaction, translocation, and
substrate recognition. Cβ2 is an ubiquitous enzyme
present at low levels in mammals and also in birds, which
can functionally restore the lack of Cα [3]. Presently, the
expression of Cβ2 in various systems (mammalian, bacte-
rial, and insect cells) and its biochemical characterization
is in progress.

On the protein level two isoelectric variants have been de-
tected, and were characterized in the laboratory. This led
to the discovery of a conserved in vivo deamidation site at
the amino terminus of all mammalian myristoylated PKAc
isoforms, which was possible only by the use of mass
spectrometry as published earlier. Our understanding of
the functional role of this deamidation site begins to
emerge from studies in living cells. We found a change in
the subcellular distribution of C dependent on this de-
amidation of Asn2 to Asp2. A consequence is a different
degree of phosphorylation of CREB (cAMP responsive el-
ement binding protein) by PKA [4]. CREB phosphorylation
by PKA is crucial to the induction of gene-transcription. N-
terminal sequences homologous to this deamidation site of
PKA and thus potential further subjects of deamidation can
be found in two dozens of other proteins, most of which
are also signal proteins. The process of deamidation,
which is accompanied by racemization, is now being stud-
ied in close detail [5,6,7].
Additional financial support: Deutsche Forschungsgemeinschaft

Control of the cell cycle by exogenous
factors

M. Klingler, V. Kinzel

In collaboration with: W.D. Lehmann, M. Schnölzer, DKFZ

Multicellular organisms control the replication of their cells
through reversible inhibition and stimulation at physiologi-
cal restriction points within the cell cycle, predominantly in
the G0 and partly in G2 phase prior to mitosis (M). For this
purpose superimposed control mechanisms must stay in
close connection with intracellular regulatory systems. The
internal system at the transition from G2 phase to mitosis
is characterized by the activity and phosphorylation state
of several key proteins including cdc2 kinase. The phorbol
ester TPA and epidermal growth factor EGF reversibly in-
hibit cells in G2 phase prior to mitosis. The rapid blockage
of cells in G2 phase offered the possibility of understand-
ing the mechanism of signalling in this phase of the cell
cycle in more detail [8,9].
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Experiments aimed at the analysis of the intracellular con-
trol system at the G2-M-transition indicate that EGF as
well as TPA inhibit the activation of cdc2 kinase by pre-
venting the dephosphorylation of a specific tyrosine resi-
due required for the activation of this enzyme. Further
studies focused on the upstream phosphatase cdc25-C,
the activation of which appears to be attenuated by de-
phosphorylation in response to TPA. Experiments indicate
that TPA influences the activity of protein phosphatase 2A,
the enzyme most probably responsible for keeping cdc25-
C inactive by dephosphorylation at specific sites.

The likelihood of a specific regulation of protein phos-
phatase 2A in the cell cycle, specifically at the G2-M-tran-
sition was indicated in the literature only by indirect evi-
dence, although a cell cycle dependent regulation of PP2A
was implicitly considered possible. For the first time direct
evidence could be obtained for a regulation of the PP2A
activity at the G2-M-transition. The molecular basis is be-
ing worked out.
Additional financial support: Deutsche Forschungsgemeinschaft

Protein Structure/Function Determinants

J. Reed, I. Domgall, C.A. Faber, D. Mihailescu,
V. Kinzel

In cooperation with R. Pipkorn (DKFZ); Prof. Paul Rösch, Univer-
sity of Bayreuth; Prof. Jeremy C. Smith, University of Heidelberg

The so-called “second genetic code”, that is, the means by
which the amino acid sequence of a protein encodes the
final, three-dimensionally folded form the protein must as-
sume in order to fulfil its function, has not yet been fully
unravelled. The ability to predict the end structure of a pro-
tein from its sequence alone has become vitally important
now that the human genome project has brought us a
plethora of protein sequences for which neither form nor
function is known. Our group is concerned to study the
protein folding problem and structure/function relationships
with an eye to eventual use of this knowledge in the di-
rected design of therapeutic substances.

Conformational switches:
CD4-binding domain of gp120 from HIV1
This laboratory has discovered that certain sequences in
proteins have the property of folding abruptly and coopera-
tively into a different conformation in response to environ-
mental triggers such as changes in polarity. The conforma-
tional switch at the principal CD4-binding domain of the
envelope protein gp 120 of HIV1 is a 15-residue sequence
with the conserved ability to alter its structure from prima-
rily β-sheet in polar (serum-like) conditions to helical under
apolar (membrane-like) conditions; this property is revers-
ible, highly cooperative and appears to be required in or-
der for this region to bind to the CD4 receptor. Knowledge
of such a switch domain thus gives us a highly specific tar-
get for preventing viral infectivity.

We have determined the three dimensional structure of the
apolar (membrane-like or bound) form of the gp120 switch
peptide using NMR and found it to be a 310 helix. Determi-
nation of the structure of the polar (serum-like) form of this

region by standard means has been extremely difficult due
to its tendency to aggregate even at low concentrations, a
tendency which prevents the use of either NMR or X-ray
crystallography for this purpose. Detailed knowledge of the
structure of the polar form is necessary in order to improve
the effectiveness of switch inhibitors, some of which had
already been developed and shown to inhibit CD4-binding
of the gp120 peptides in cell culture.

Molecular modelling techniques have given us a putative
structure for the polar form of the switch compatible with
the secondary structure content measured by circular
dichroism spectroscopy [10]. This structure is a double, or-
thogonal β-hairpin with reverse turns at residues 5 and 9.
In the mean time we tried a new strategy for NMR determi-
nation of the structure. Earlier work with charged-to-ala-
nine mutations had shown that the R4-A mutation resulted
in a peptide that never adopted helical structure but main-
tained a CD spectrum typical for β-structure under ex-
tremely apolar conditions. As the peptide does not aggre-
gate in apolar media, it was thought that this mutant might
allow us to obtain an NMR structure of the peptide in apo-
lar solvents, one that should closely resemble if not be
identical to the structure under polar conditions. This has
been done, and the resulting structure is also a double or-
thogonal β-hairpin, compatible with the CD data. However,
while the first reverse turn was at residue 5, as in the mo-
lecular dynamics simulation, the second was shifted two
residues toward the N-terminus, at residue 7. It was not
clear whether this was due to the point mutation’s having
an affect on the preferred conformation or whether the po-
sition of the second turn is somewhat flexible - a fact that
would not be apparent from the CD spectra.

Concurrently, we have been using the fact that the sec-
ondary structure of the switch region is conserved through-
out HIV1 strains as the basis for another form of attack on
the virus. Development of an HIV vaccine has been hin-
dered by the high variability of the coat protein gp120. If
the switch peptide maintains the same secondary structure
and must conserve the ability to bind to CD4, there is a
strong possibility that it has a specific pharmacophoric
footprint, that is, that despite differences in sequence the
conserved fold exists to present certain conserved physi-
cochemical characteristics of the side chains in a specific
spatial relationship to one another. Given the backbone
structure of the polar form of the switch region, we could
then “thread” the sequences from differing viral strains on
to this and compare their solvent-accessible surfaces for
conserved areas of charge, hydrophobicity , steric charac-
teristics, etc. These could then be used to design an anti-
gen which should elicit a strain-independent immune re-
sponse. We are using the NMR structures of the switch re-
gion in various solvents combined with molecular model-
ling techniques to establish whether a single, favored con-
formation exists under polar conditions and if so to identify
it and use it as the structure for threading studies. The re-
sults indicate that a single structure does probably exist
which resembles the R4-A mutant structure in many par-
ticulars. Preliminary results on threading different viral



57

Research Program
Tumor Cell Regulation

Division
Pathochemistry

DKFZ 2001: Research Report 1999/2000

strains suggest that a defined pharmacophoric footprint
does exist.

Conformational switches: p53
The tumor suppressor protein p53 is implicated in the on-
togeny of a great many human cancers as it is a key ele-
ment in the regulation of cell proliferation. The N-terminal
transactivating domain of p53 binds also to the control pro-
tein MDM2; such binding deactivates p53. The p53 trans-
activating domain has a sequence bearing many of the
characteristics of a switch domain. It also contains a phos-
phorylation site for the catalytic subunit of cAMP-depen-
dent protein kinase and phosphorylation at this site inhibits
binding by MDM2. We have been able to show that a po-
larity-dependent β-strand to helical conformational switch
is present in the transactivating domain. Furthermore,
phosphorylation at Ser15 eliminates this switch behavior. It
appears that in this system as well the conformational
switch may be implicated in the mechanism of binding. Re-
search in this area is being continued.

Post-translational modifications as structural
triggers
Earlier work from this laboratory showed that phosphoryla-
tion of a Ser or Thr residue in a protein altered the pre-
ferred backbone dihedral, thus altering structure in a direct
manner [11,12]. Using this information, we have examined
structural modulation of the N-terminus of PKA.  The six-
teen residues in this region experience three different sorts
of post-translational modification: phosphorylation, des-
amidation and myristoylation. It has been possible with the
aid of synthetic peptides to examine the effect of these
modifications on the folding behavior of the N-terminus of
PKA. It was found that modifications that in themselves
enhance membrane affinity, such as myristoylation, simul-
taneously promote the formation of a helical fold that pre-
sents a hydrophobic cluster on one side, also raising
membrane affinity. Conversely, the presence of a phos-
phoryl group which decreases membrane affinity through
electrostatic repulsion also disturbs helix formation and the
presentation of a hydrophobic surface [13]. Thus these two
modifications amplify their intrinsic effects by inducing a
conformational change which will enhance them. Curi-
ously, in view of its ubiquity in PKA isoenzymes, des-
amidation appeared to have no affect on the preferred
conformation of this region in isolation.

In addition to the research projects above, the acknowl-
edged expertise of J. Reed in the field of protein structure/
function relationships and circular dichroism spectroscopy
has led to requests for collaborations with numerous other
groups in Germany and elsewhere. These collaborations
have resulted in publications on a wide range of topics
with the common theme of the role of protein structure in
metabolic control [14-17].
Additional financial support: Helmholz Gesellschaft Strategiefond
„Infektionsabwehr und Krebsprävention“
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Our work has been focusing on protein kinase CK2, a
highly conserved tetrameric Ser/Thr kinase composed of
two catalytic (CK2α and CK2α‘) and two regulatory (CK2β)
subunits. A main reason to select CK2 as a subject is its
cell physiological importance and the Janus-headed
behaviour: vital on the one side, CK2 may develop, on the
other side, an oncogenic character. The irregularities ob-
served upon CK2 perturbation, the various phenotypes
seen with CK2 mutants in model organisms such as yeast,
or the broad spectrum of known and suspected interaction
partners of CK2, indicate involvement of CK2 in a large
number of cellular processes. These include cell cycle en-
try signaling (proliferation initiation) and gene expression.
Despite intense research in many different laboratories, it
has not been possible yet to arrange the obtained results
in a way as to come to an unambiguous idea of what
CK2‘s physiological purpose might be. It is our goal to con-
tribute to solving this enigma and thus to advance under-
standing of pathomechanisms of proliferative processes.

In the reported period, our efforts were directed towards
two areas, firstly, on the gene structure and expression
control, in particular on structure and transcription control
of the genes encoding human CK2 subunits, participation
of CK2 in transcriptional control of selected individual
genes, and target genes of CK2 in global contexts and re-
spective transcript profiling methodology. Secondly, on the
molecular cell physiology of CK2, in particular on molecu-
lar enzymology of CK2, the identification of novel interac-
tion partners, and links to cell cycle entry (proliferation ini-
tiation).

Gene Structure and Expression Control

K. Ackermann, O. Böcher, G. Hoppe, K. Knerr,
A. Krehan, B. Sorg, W. Pyerin

In cooperation with: U. Wirkner, H. Voss, W. Ansorge, EMBL,
Heidelberg; H. Ansuini, C. Emiliani, Universita Perugia, Italy; S.
Kaul, C. Kasperk, University Clinics Heidelberg; P. Lichter, B.
Korn, A. Poustka, W. Weinig, H. Spring, DKFZ; C.V.C. Glover,
Georgia University, USA; R.W. Davis, P.O. Brown, J. DeRisi,
Stanford University, USA

Structure and transcription control of the genes
encoding human CK2 subunits.
Detailed knowledge of CK2 gene structures and transcrip-
tional control is a prerequisite for an  understanding of how
this cellular regulator itself is being regulated. The human
genome contains four genes that code for CK2, two genes
for CK2α and one gene each for CK2α‘ and CK2β. Em-
ploying genomic clones and in situ hybridization, the gene
loci could be determined as 6p21 (CK2β), 11p15 (CK2α),
16p13 (CK2α‘) and 20p13 (CK2α). Interestingly, locus
11p15 is in close neighbourhood to aberrations relating to
various tumors and the Beckwith-Wiedemann syndrome
(„multiple tumor associated chromosome region I“). We
had been successful in isolating and unraveling the com-
plete structures of three out of the four genes, the CK2β
gene and both of the CK2α genes. Only one of the two
CK2α genes is transcriptionally active, the gene on chro-
mosome 20 [for review see: Pyerin et al., in: Protein Phos-
phorylation (F.Marks, ed.), VCH Vlg. Weinheim (1996),
117-147]. In the reported period, transcriptional control of
the active CK2α gene and of the CK2β gene was a main
subject.

The active CK2α gene, which turned out to span an unex-
pectedly large size of 70 kb [Wirkner et al. Genomics 48
(1998) 71-78] and thus by an order of magnitude more
than the so far known CK2 genes (CK2β gene spanning
4.2 kb), was investigated for transciption start and tran-
scription termination control. The 13 exons-composed
gene has the translation start site in Exon 2, the stop
codon in Exon 13. Two transcription start sites were identi-
fied (primer extention), the further 5‘ located defining posi-
tion +1 of the gene, the second site located at position 50.
Aside more than one transcription start sites, the gene has
additional features indicating a so-called house keeping
character such as lack of TATA box, presence of several
GC boxes, CAAT boxes at unconventional positions, and a
CpG island around Exon 1. A direct comparison of the 5‘
regions of the two CK2α loci by indicator gene assay (lu-
ciferase; HeLa cells) shows strong promoter activity for the
20p13 locus (several-fold higher than a positive SV40-pro-
moter-enhancer control), but no promoter activity at all for
the 11p15 locus, despite representing a completely open
reading frame and possessing potential promoter ele-
ments such as TATA and CAAT boxes, the locus showing
typical features of a processed pseudogene such as direct
flanking repeats, short poly-A tail, and absence of introns.
The results are in agreement with Northern blot data dis-
playing on one and the same filter transcripts with a
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20p13-specific probe but not with a 11p15-specific probe.
The promoter region of the active CK2α gene could be lo-
cated between positions -246 and 144. At the 3‘ non-cod-
ing region of the gene, six polyadenylation signals were
identified. Northern blot analysis using a series of probes
and comparison with expressed sequence tags (EMBL
data bank), specified the fourth polyadenylation signal to
be the active one in defining the end of gene [1].

The promoter region of the active CK2α gene, positions
-246 to 144, was investigated in detail for transcriptional
control. This was achieved by a bundel of methods, includ-
ing reporter gene assays (luciferase; HeLa cells), site-di-
rected mutagenesis, electrophoretic mobility shift assays,
super-shifts, UV cross-linking, Western blotting and DNA-
affinity chromatography. Highest transcriptional activity
was narrowed down to a region comprising positions –9 to
46. At this region, the transcription factors Sp1, Ets-1 and
NF-κB have been identified as interaction partners and, by
mutation of individual sites and by simultaneous mutations
of two or more sites, shown to cross-talk to each other.
The factors have been ensured experimentally to be
present in nuclear extracts of the cells employed. At least
one of the factors, Sp1, turned out amenable to phospho-
rylation by the CK2 holoenzyme, but not by individual
CK2α,  the gene product. Interestingly, the phosphoryla-
tion had a decreasing effect on the binding of Sp1 to DNA,
and, further, repeated immunoprecipitation with specific
antibodies against individual CK2 subunits revealed pres-
ence of pools of “free” CK2β in cells. It has been tempting
to integrate these data into a hypothesis on a feedback
control of gene expression (Fig. 1). Accordingly, transcrip-
tion of the CK2α gene, activated via cross-talking Ets-1,
Sp1 and NF-κB, would lead to the gene product CK2α that
might readily form CK2 holoenzyme with available “free”
CK2β, and the generated holoenzyme could feed back
onto gene transcription by phosphorylating factors such as
Sp1 and affecting interactions with DNA and/or cross-talks
between factors that would eventually cause a transcrip-
tional shut-down. The hypothesis would imply that cells
would tend to keep CK2 expression levels constant, an im-
plication that exactly meets normal in vivo situations [2].

Aside CK2α, transcript levels are also kept constant for
CK2β as indicated by a transcript analysis of cultured cells
(JEG-3) at different states of differentiation and prolifera-
tion (Northern blots; semiquantitative scanning of autorad-
iograms). We have, therefore, carried out comparative
analyses on transcriptional control of CK2 genes, as far as
available (CK2α‘ gene promoter unavailable yet). Interest-
ingly, the promoter of the CK2β gene turned out to also
possess a 12 bp long binding motif for Ets-1 with complete
identity to that present in CK2α gene promoter, and also a
number of Sp1 motifs. Mutational analysis seems to indi-
cate a similar control situation at the CK2β gene promoter
as described above for the CK2α gene promoter. There-
fore, cells could possibly synchronize expression of CK2
genes via these transcription factors [3].

Participation of CK2 in transcriptional control of
selected genes.
We had been demonstrating that CK2α induces in human

cultured cells (JEG-3) the expression of aromatase
(Cyp19), an estrogen-synthesis key enzyme with consider-
able clinical implications (tumorigenesis; therapy).
Aromatase is regulated at transcriptional level and is, con-
sequently, amenable to expression modulation by anti-
sense oligodeoxynucleotides (subject of patenting; [4]),
and the gene expression occurs by a cell type-specific us-
age of promoters that we are currently investigating in
some detail, including usage shifts [Ackermann, K., et al.
submitted]

Electrophoretic mobility shift assays indicate that CK2α is
able to bind to aromatase gene (CYP19) promoter oligo-
nucleotides. To test for possible transactivation by CK2α
as a DNA-binding protein, a sequence able to bind CK2α
was cloned in tandems in front of  indicator genes. The
constructs were used to transform a yeast-based one-hy-
brid system. Overexpression of activation-domain fused
CK2α in this system, i.e., CK2α in its native configuration,
failed to activate the transcription machinery. The data in-
dicate CK2α to affect aromatase expression at the level of
transcription via an indirect as yet unknown mechanism
rather than directly as a DNA-binding transcription-activat-
ing protein [5].

Target genes of CK2 in global contexts and
transcript profiling methodology.
Isoforms CK2α and CK2α‘ are suspected, but not proven,
to have functional differences. Classical biochemical meth-
ods failed to provide consistent data. Because CK2 is
known to affect gene transcription, we have examined for
functional differences by using a gene deletion analysis in
the yeast model system Saccharomyces cerevisiae, and
assessing effects on the expression of all genes at once,
i.e., on a genome-wide basis. This was achieved with
microarray (DNAchip) technology. The two precisely
known genes CKA1 and CKA2, whose gene products rep-
resent homologs of mammalian CK2α and CK2α‘, were
deleted. Lethal for double knock-outs (cka1 and cka2), the
single knock-outs (cka1 or cka2) are viable and should, if
the two genes would provide products with identical func-
tions, yield identical genome-wide gene expression pat-
terns. mRNA was prepared from single knockout cultures
grown under identical conditions and reversely tran-
scribed. The two resulting pools of cDNAs were directly
compared for their ability to hybridize to equivalents of all
6.200 genes of  S. cerevisiae spotted (cDNAs) or synthe-
sized (oligonucleotides) onto the surface of solid supports.
On both types of arrays, the relative expression levels of
roughly 2 % of the genes differed significantly (2-fold dif-
ference and higher) indicating that the two kinase isoforms
definitely differ functionally. Particularly striking was the ex-
pression of a group of multidrug resistance genes and a
group of  ORFs with unknown functions but interesting
mammalian homologs in CKA2 knockouts (presence of
CK2α), and of a group of mating type genes and  a group
of flocculation genes in CKA1 knockouts (presence of
CK2α‘). The results provide a basis for working hypoth-
eses as to the mechanistic role CK2 and its individual
components might play in gene transcription [6; Pyerin, W.
et al. submitted].
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The detection of functional differences between kinase
isoforms too small to be seen with classical biochemical
means demonstrates the power of the transcript profiling
(DNAchip) technology as an analytical tool. Predictable to
rapidly becoming a method of choice also for applied re-
search such as diagnosis and therapy monitoring, we have
been participating in establishing and running a DNAchips
platform at the DKFZ (coordinator: P. Lichter, H0700) for
custom-oriented chip production, reading and data pro-
cessing in a HGF-wide effort (HGF strategy fund III, project
A1/H161).

Molecular Cell Physiology of Protein Kinase
CK2

W. Pyerin, K. Ackermann, T. Barz, S. Grein,
A. Krehan, E. Schultz, A. Strasser

In cooperation with: O. Filhol, C. Cochet, E.M. Chambaz,
INSERM Grenoble, France; F. Pancetti, O. Bachs, E. Itarte,
Universitat de Barcelona, Spain; P. Lorenz, Cold Spring Harbor
Laboratory, USA; F. Meggio, L.A. Pinna, Universita di Padova,
Italy; M. Li, B. Mechler, S. Thullner, D. Bossemeier, V. Kinzel, R.
Pipkorn, DKFZ; C.V.C. Glover, University of Georgia, USA; C.
Frailey, A. Kornberg, P. Hardenbol, R. Davis, Stanford University,
USA

Molecular enzymology of human CK2.
The human protein kinase CK2 is a tetrameric complex
formed by at least two out of the three different CK2 gene
products (see above), α2β2, α‘2β2, or αα ‘β2. Once formed,
the tetrameric complexes dissociate only under harsh de-
naturing conditions. It has therefore been anticipated that
these complexes represent holoenzyme forms active in
vivo. Within such holoenzymes, CK2β determines the ac-
tivity and specificity of CK2α and CK2α‘. It is not known,
how this is achieved at the molecular level. Consequently,
we have been addressing the question of which part(s) of
CK2β are interacting with CK2α and CK2α‘. Using a broad
spectrum of biochemical, immunological and molecular
biological methods, several intermolecular contact sites
could be identified and their contribution to holoenzyme
control be assessed. A tight interaction turned out to exist
between positions 55-70 of CK2β and  65-80 of CK2α
(resp. 66-81 of CK2α‘) and to play a major role in mediat-
ing activity and selectivity [7].

During the reported period, X ray-suitable crystals of CK2
subunits have been obtained in several laboratories. As a
consequence, future work on subunit interaction details
will be limited to correlation attempts of our published data
[Krehan et al. Biochemistry 35 (1996) 4966-4975; Eur. J.
Biochem. 251 (1998) 667-672] to novel spatial parameters
coming up from diffraction analyses and addressing ex-
perimental questions only to selected details.

Interaction partners of CK2.
CK2 has been shown to associate with various intra- and
extracellular proteins, and the formation of such molecular
complexes may represent a mechanism for both the con-
trol of CK2 or the control by CK2. Identification and classi-
fication of potential interaction partners should help clarify-
ing the still unknown cell-physiological role of CK2. Using
the yeast-based two-hybrid system, we had been screen-

ing a HeLa-cDNA fusion library for CK2 partners interact-
ing via β, the subunit responsible for activity and selectivity
control. Following rescreening and comparing the obtained
plasmid insert-sequences with data base sequences, 20
clones representing known proteins and 5 clones repre-
senting open reading frames (ORFs) without relation to
known proteins were obtained. Among the clones are a re-
markably high number of proteins that play roles in tran-
scription control [8].

So far, we had been investigating the interaction of one of
the clones with CK2 in more detail, a clone coding for pro-
tein BTF3. This protein has been described in the litera-
ture as a transcription factor with potential importance for
the functioning of RNA polymerase II that occurs in two
isoforms, BTF3a and BTF3b. Although both of them seem
to interact with CK2 and to possess phosphorylation sites,
only BTF3a seems to become phosphorylated. Using vari-
ous phosphorylation assays, immunoprecipitations and
GST-fusion protein pull down assays, the BTF3a-CK2 in-
teraction is being found both in vitro and in vivo, and obvi-
ously occurs via β. The physiological meaning of a differ-
ential phosphorylation of the BTF3 isoforms is not known
yet and subject of further investigations [9].

Another interaction partner of CK2 has been found by
classical biochemical means, heterogenous nuclear ribo-
nucleoprotein A2 (hnRNP A2). CK2α was found associ-
ated with hnRNPs that contain the core proteins A2 and
C1-C2. High levels of CK2 activity were also detected in
these complexes. Phosphopeptide patterns of hnRNP A2
phosphorylated in vivo and in vitro by protein kinase CK2
were similar, suggesting that this kinase can phosphory-
late hnRNP A2 in vivo. Binding experiments using human
recombinant hnRNP A2, free human recombinant CK2α or
CK2β subunits, reconstituted CK2 holoenzyme and puri-
fied native rat liver CK2 indicated that hnRNP A2 associ-
ated with both catalytic and regulatory CK2 subunits, and
that the interaction was independent of the presence of
RNA. However, the capability of hnRNP A2 to bind to CK2
holoenzyme was lower than its binding to the isolated sub-
units. These data indicate that the association of CK2α
with CK2β interferes with the subsequent binding of
hnRNP A2 inhibiting the autophosphorylation of CK2β.
This effect was stronger with reconstituted human recom-
binant CK2 than with purified native rat liver CK2 [10].

Further, the nucleosome assembly protein-1 (NAP1)
turned out to physically interact with CK2. NAP1 had origi-
nally been found in human cultured cells (HeLa) as a fac-
tor involved in nucleosome generation in vitro. In yeast it is
required in the control of CLb2/p34CDC28 induced mitosis.
From Drosophila melanogaster it had been isolated as a
phosphoprotein and the phosphorylating kinase was iden-
tified as CK2α. In-vitro re-phosphorylation of PP2A phos-
phatase-treated native NAP1 by CK2 results in significant
incorporation of phosphoryl groups indicating that CK2
consensus motifs in NAP1 are phosphorylated also in vivo.
Employing defined NAP1 fragments und sequence-identi-
cal synthetic peptides, three CK2 sites were identified, two
of these residing within a PEST domain and the third adja-
cent to an NLS. Both CK2α and CK2β are present in the
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NAP1 complex, but only CK2α seems to directly bind to
NAP1, interacting with two different NAP1 domains. The
CK2 mediated phosphorylation could modulate the PEST-
mediated degradation and thus the half life of NAP1 and/
or control NLS-linked cytoplasm-nucleus translocations
[11].
Structural variants of CK2 might, if they existed, correlate
with pathological states. In fact, in leukaemic cells (AML),
proteolytically altered stable CK2 proteins are present, in
particular CK2α degraded within the C-terminal region.
The data link cytosolic protease activities to availability of
CK2 subunits in an AML-typical  form [12].
Also variants of other kinases have been investigated, in-
cluding the splice product of protein kinase A, Cβ2 [13].

CK2 and cell cycle entry (proliferation initiation).
Previously, we have provided evidence for participation of
CK2 in cell cycle entry signaling (proliferation stimulation)
and gene expression such as the immediate early gene
fos, performing CK2 perturbation with antisense oligo-
nucleotides and microinjected antibodies [for review see:
Pyerin et al., in: Protein Phosphorylation (F.Marks, ed.),
VCH Vlg. Weinheim (1996), 117-147].  A requirement in
serum-stimulated cell cycle entry both in the cytoplasm
and the nucleus of quiescent (G0 phase) human fibro-
blasts for phosphorylation(s) by CK2 has been concluded
from stimulation inhibition by microinjected antibodies
against the regulatory subunit (β). We have now examined
this idea more directly by microinjection-mediated pertur-
bation of phosphorylation and non-phosphorylation inter-
actions of both of the catalytic subunits (CK2α and CK2α’),
and by verifying the supposed matching of the cellular par-
tition of CK2 subunits in the fibroblasts employed.  While
immunostaining and cell fractionation indicate that the par-
tition of subunits indeed match each other (with their pre-

dominant location in the nucleus both in quiescent and se-
rum-stimulated cells), microinjection of substrate or
pseudosubstrate peptides competing the CK2-mediated
phosphorylation in vitro resulted in significant inhibitions of
serum stimulation when placed into the nucleus but not
when placed into the cytoplasm. Inhibitory were also
nuclear but not cytoplasmic injections of antibodies against
CK2α and CK2α’ that neither affect their kinase activity in
vitro nor their complexing to CK2β. The data indicate that
the role played by CK2 in serum-stimulated cell-cycle entry
(G0/G1 transition) is predominantly nuclear and more
complex than previously assumed, involving not only
phosphorylation but also experimentally separable non-
phosphorylation interactions by the catalytic subunits [14].

Publications (* = external co-author)
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Fig. 1.  Transcriptional control model of the human protein kinase
CK2α gene.  The region with maximum transcriptional activity of
the CK2α gene promoter (positions -9 to 46) binds transcription
factors Sp1 (clusters of eight and four overlapping binding motifs),
NFκB (two overlapping motifs), and Ets1 (two immediately adja-
cent motifs) which are cross-talking to each other. Cross-talk and/
or binding is negatively affected by phosphorylation by the tet-
rameric CK2 holoenzyme generated by complexation of the gene
product CK2α (open circle) and freely available CK2β (shaded
oval), providing the possibility of a feed-back control of gene tran-
scription. TS1 and TS2, transcription start sites 1 and 2 of CK2α
gene, respectively.
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Based on longterm investigations of proteins with unusu-
ally tight DNA-binding capacities a gene product has been
characterized (C1D) whose vector-dependent over-expres-
sion results in apoptotic cell death of tumor cells. The
mechanism involved has been explored: Elevated C1D ex-
pression levels induce a p53-independent DNA-PK—
>p21CipWAF signalling pathway. Methods were devel-
oped to increase C1D levels in non-desired, e.g. in tumor
cells.
Instantaneous, full resensitization of multidrug-resistant tu-
mor cells expressing P-glycoprotein was achieved in vitro
by photochemically anchoring cytostatic activity in such
cells while drug elimination was blocked. The protocol ap-
pears compatible with locoregional application in vivo
aimed at exterminating multidrug-resistant, malignant le-
sions accessible to visible light and locoregional perfusion.
A reliable test for the response of human tumor cells to cy-
tostatic drugs was established by eliminating flavin-medi-
ated photooxidation.

Nuclear Non-Histone Proteins (B0300)

D. Werner und K. Rothbarth

In cooperation with B. Juodka, Vilnius University, Vilnius,
Lithuania; P. Jackson, Cambridge University, Cambridge, UK; U.
Yavuzer, Bilkent University, Ankara, Turkey; T. Glaser, Tel Aviv
University, Ramat Aviv, Israel; Ch. Petzelt, Berlin;  P. Nehls,
Rubikon AG, München, and intramural scientists.

Survival of tumor cells is suggestively in all or in part due
to their inability to activate a suicide programme termed
apoptosis. Genes inducing this process are of interest with
respect to gene therapy approaches. The C1D gene is
outstanding because its product induces apoptosis when
over-expressed which does not apply to most genes that
are known to be involved in apoptosis signalling. The 16
kDa C1D protein is a DNA binding and DNA-PK activating
protein which is ubiquitously expressed in a broad spec-
trum of cells and tissues. However, apoptosis is inevitably
induced when the C1D protein exceeds a critical level [1,
2].

Critical levels are achieved in cells by transient transfec-
tions with CMV promoter-driven expression constructs.
Theoretically it should be possible to substitute the vector-
dependent over-production of the C1D-encoded protein by
stimulation of the endogenous C1D promoter. The 5' re-
gion of the gene encoding the human C1D protein was
analysed for promoter activity. Sections of this region were
cloned into a promoterless vector containing the enhanced
green fluorescent protein (EGFP) as reporter gene. Ex-
pressed EGFP was recorded by quantitative fluorescence
microscopy. The sequence between mRNA positions ATG
- 868 and ATG - 12 results in relatively highest EGFP ex-
pression. The upstream segment immediately adjacent to
the 5' end of the basal promoter was identified as an in-
verted LINE-1 repeat element comprising cis-acting re-
pressing sequences (CRSs) which reduce the transcrip-
tional activity of the basal C1D promoter in human and
murine cells by more than 95%. The result supports previ-
ous evidence suggesting that LINE-1 sequences may
function as regulatory elements to control the expression
of nearby genes [3].

Another approach to increase C1D levels in non-desired
cells is based on the specific inhibition of the protein’s
turnover. Transfected cells expressing the cytotoxic EGFP-
tagged fusion protein at subcritical levels have the capabil-
ity to activate a proteasome-mediated rescue mechanism
which antagonizes cytotoxic C1D levels. Inhibition of this
rescue mechanism achieves critical C1D(EGFP) levels in
low expressing cells with the consequence of higher yields
of apoptotic cells. At higher than critical levels the rescue
mechanism appears to be blocked, and apoptosis is inevi-
tably induced. Using deletions and mutants we identified
the target sequence for proteasome-mediated degradation
of C1D which should allow to design specific inhibitors for
its turnover (unpublished).

Division Biochemistry of the Cell  (B0300)

Head: Prof. Dr. rer. nat. Dieter Werner
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Cooperations
A protein released from albumen glands of the sea hare
aplysia punctata induces cell death of proliferating cells in
nM concentrations while nonproliferating cells are resis-
tant. We cloned cDNAs encoding the protein termed
Cyplasin A. Prof. Petzelt achieved recombinant expression
of the biologically active protein (in fusion with EGFP) in
insect cells.
Glutathion reductase cDNA has an extremely high GC
content, and resisted its molecular cloning. Since this
cDNA is important for work on plasmodium falciparum in-
fection (malaria tropica) we applied special PCR tech-
niques and achieved (together with Prof. R. H. Schirmer
and Dr. R. Iozef) the molecular cloning of this cDNA [4].
The cDNA encoding the centrosomal protein CCD41 has
been found to be identical with the cDNA encoding the en-
dothelial cell protein receptor (EPCR). Using green fluo-
rescent protein technology we could solve this enigma.
The receptor-type protein consists of the complete
polypeptide sequence encoded by the full length mRNA
while signal sequence deletion results in the centrosomal
protein [5], Figure 1.
In cooperation with Dr. T. Glaser, Tel Aviv, and Prof. B.
Juodka, Vilnius, we identified a group of chromatin pro-
teins as serine protease inhibitors which were previously
thought to have exclusively extracellular functions [6].
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Genomic Changes of Multidrug-Resistant
Tumor Cells (B0301)

C. Granzow and M. Kopun-Granzow

In cooperation with: Prof. Peter Drings, Thoraxklinik Heidelberg;
Prof. Herwig Ponstingl and Dipl.-Phys. Michael Stöhr, DKFZ

Instantaneous photopharmaceutical reversal of
cellular multidrug resistance
Cellular multidrug resistance is frequently mediated by ex-
truding various groups of cytostatic drugs from the cells
through the outward transport activity of transmembrane
proteins with low substrate specifity. The activity of such
proteins, e. g., P-glycoprotein or MRP1, effectively pre-
vents the action of cytostatic drugs upon their intracellular
target molecules. Characteristically, neither the actual tar-
get molecules nor their affinity to cytostatic drugs are al-
tered in such cells. We reasoned that this type of cellular
resistance should respond to combining a brief inhibition
of the outward pump protein by means of a sensitizer with
exposure of the cells to a photoreactive cytostatic drug,
followed by triggering covalent fixation of cytostatic activity
to its target protein(s) through light exposure. Covalently
fixed drugs cannot be extruded anymore from the cells by
the action of transmembrane pump proteins.

This idea was tested in vitro by briefly incubating human or
murine, multidrug-resistant, P-glycoprotein expressing tu-
mor cells with verapamil, an inhibitor of P-glycoprotein,
plus napavin, a photoreactive vinblastine derivative.
Napavin was subsequently photoactivated through expo-
sure to blue light for one minute. (Photoactivated napavin
covalently binds to tubulin but not to P-glycoprotein). As
expected, this protocol triggered, in fact, apoptosis of the
multidrug-resistant tumor cells at the low napavin concen-
trations required for suppressing the growth of their
chemosensitive parental cells. With tumor cells exhibiting
moderate or high resistance levels, the whole procedure
required only five to ten minutes. This proves instanta-
neous, quantitatively complete resensitization of the
multidrug-resistant cells [1]. The drug concentrations and
light intensities chosen appear compatible with
locoregional application in vivo.

Figure legend: One single transcript encodes two proteins with
completely different functions. (a) Transfection of (EAT) cells with
a construct expressing the full transcript (CCD41) in fusion with
the EGFP-encoding sequence results in a fusion protein depos-
ited in the cell membrane (receptor-type protein). (b) Transfection
of (EAT) cells with a construct expressing the signal sequence-
deleted CCD41 transcript in fusion with the EGFP-encoding se-
quence results in a fusion protein translocated into the cen-
trosome.
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The oncological attractivity of this approach rests on the
fact that photoactivation of napavin bound to tumor cells
renders them highly immunogenic. This had become evi-
dent from previous experiments in which clonogenic
Ehrlich ascites tumor cells incubated with napavin in vitro
were retransplanted, at high numbers, to the peritoneal
cavity of normal, immunocompetent mice. Whereas all
mice injected with cells after photoactivation remained tu-
mor-free, control animals which had received cells without
photoactivation died from tumors. However, in parallel ex-
periments with T cell-deficient nude mice, all animals died
from ascites tumors, regardless of napavin
photoactivation. We conclude that, in vivo, the lysis of cells
which underwent apoptosis due to intracellular
photoactivation of napavin liberated highly immunogenic
degradation products. Obviously, in the immunocompetent
mice, T-cell dependent immune reactions resulted in a
situation where the tumor cells were either completely
eliminated or, more likely, became unable to proliferate
faster than being destroyed by a T-cell dependent process.
Thus, the photopharmaceutical effects of napavin led to
immunological targeting and effective control of highly ma-
lignant tumor cells in vivo.

To our knowledge, the efficacy of the described chemo-
sensitization protocol is unparalleled in terms of simplicity,
speed, and completeness of cellular resensitization. It was
designed for locoregional, not for systemic application and
has not been applied under conditions in vivo so far. How-
ever, major systemic side effects of napavin and P-glyco-
protein inhibitors are unlikely since the total dosages re-
quired topically are small in relation to body mass. Further-
more, the required duration of drug and light exposure is
extremely short. The toxicity of napavin in mice is compa-
rable to that of its ground compound, vinblastine, a compo-
nent of various established cancer chemotherapy proto-
cols. The experiments desribed here were done with cells
expressing P-glycoprotein. From the principle outlined,
one would expect that also multidrug-resistant cells ex-
pressing other transmembrane efflux pump proteins
should be resensitizable accordingly. Chemosensitizers
better tolerable than verapamil can, of course, be used.
Furthermore, other photoaffinity labels with greater effi-
cacy and possibly more favorable spectral sensitivity than
that of napavin could be employed to further increase the
power of the protocol.

The novel photopharmaceutical approach described is
aimed at exterminating local multidrug-resistant lesions in
vivo, with consecutive stimulation of cytotoxic T cells di-
rected against the remaining tumor cells. It might become
useful in clinical situations where multidrug-resistant
esophageal, laryngeal, urothelic or mesothelial malignan-
cies are accessible to light and locoregional perfusion.

Reliable determination of the cytostatic drug
response of human tumor cells
Clinical experience shows that antineoplastic chemo-
therapy of non small cell lung cancer which comprises
about 80 percent of all primary lung cancers, fails in about
three out of four cases. Until now, responders have to be
identified by trial and error because no reliable, predictive

in vitro test for the cytostatic drug response of human tu-
mor cells to cytostatic agents exists. The problem is the
poor reproducibility of conventional test procedures.

In previous investigations, we had shown on mouse as-
cites cells that photodynamic effects of the flavins present
in all cell culture media were responsible for the poor re-
producibility of in vitro cytotoxicity tests. Elimination of the
photoreactions by flavin-protecting procedures led to flaw-
less test reproducibility. Our recent investigations on hu-
man KB cells confirmed these findings; suppressing the
photochemical noise typical of conventional tests allowed
to correctly identify the cytostatic drug response of KB
cells as well as to identify selective sensitivity to individual
cytostatic drugs in an otherwise multidrug-resistant cell
line derived from the lung tumor of a patient of the
Thoraxklinik Heidelberg. The high test reproducibility ob-
served with the human cell lines indicated that one single
test was sufficient to identify the cytostatic drug response
of such cells, provided appropriate internal standards were
used [2]. This fulfills an essential clinical requirement,
since specimens of solid human tumors are usually avail-
able for testing purposes only once. Current investigations
are aimed at adapting the test protocol to the tiny tissue
specimens which are obtained bronchoscopically, in order
to identify comprehensively the cytostatic drug responsive-
ness of lung tumors already at staging.

Publications (* = external co-author)
[1] Granzow, C., Kopun-Granzow, M., Ponstingl, H., Gros, G.,
Hefft, I., and Stöhr, M.: Pharmazeutische Zusammensetzung zur
Aufhebung der membranvermittelten Resistenz von Zellen. Ger-
man Patent no.197 11 503 (1998), U.S. and Japanese patents
pending.

[2] Granzow, C., *Drings, P. , and Kopun, M.: Identifizierung von
Chemosensitivität bei menschlichen Tumorzellen durch
flavinschützende Tests in vitro. In: Thoraxtumoren, 2nd ed., P.
Drings and I. Vogt-Moykopf (eds.), Springer Verlag  New York,
Berlin and Heidelberg, pp. 328-332 (1998)
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Loss of cell cycle regulation is an important feature of tu-
mor development. The division investigates regulatory mo-
lecular mechanisms of of nucleocytoplasmic transport and
cell division in normal and malignant human cells.

1. Ran Regulatory Pathway in Nucleocyto-
plasmic Transport and Cell Cycle Control

R. Bischoff, G. Maier, H. Ponstingl

In cooperation with: D. Görlich and U. Kutay, Zentrum für
Molekulare Biologie der Universität Heidelberg; E. Hurt and  M.
Künzler, Biochemie-Zentrum der Universität Heidelberg; I. Mattaj,
EMBO Laboratory Heidelberg; G. Schlenstedt and J. Solsbacher,
Medizinische Biochemie, Universität des Saarlandes, Homburg.

The small Ras-related GTPase Ran regulates nucleo-cyto-
plasmic transport of proteins and RNA. It is present pre-
dominantly as RanGDP on the cytoplasmic side of the
nuclear envelope and as RanGTP within the nucleus. This
is concluded from the localization of the stimulator of
nucleotide hydrolysis, RanGAP, in the cytoplasm, and of
the nucleotide exchange factor RanGEF on chromatin.

Transport factors react to the presence or absence of
RanGTP by forming complexes with cargo or by dissocia-
tion of such complexes. In spite of their similar structure,
importins and exportins behave differently. In the absence
of RanGTP, substrate proteins in the cytoplasm carrying
nuclear import signals (NLS) bind to one out of several
importins, the vehicle for import. Transport through the
nuclear pore complex is achieved by an as yet unknown
mechanism. In the nucleus, RanGTP binds to importin and
induces a change in the conformation which dissociates
the complex and releases the cargo, at the same time in-
hibiting reformation of the import complex. Importin-related
import factors are exported to the cytoplasm together with
bound RanGTP.

In the absence of RanGTP, substrate proteins carrying
classical nuclear import signals (NLS) bind to a hetero-
dimer of importin-α, which recognizes the NLS, and
importin-β, which is required for docking to the nuclear
pore complex and subsequent translocation of the cargo
into the nucleus. The regions essential for docking and
transport are located on importin-β. In higher eukaryotes,
the α-importin adaptors form a family, each member of the
six human α-importins having distinct substrate specifici-
ties [5].

In addition to adaptor-mediated cargo recognition, import-
in-β and related factors can directly bind and import differ-
ent classes of nuclear proteins. In the specific case of his-
tone H1, even two importin-β-type receptors, importin-β
and RanBP7, are required to cooperate [2]. Individually,
they bind H1 weakly, but binding is strong for the hetero-
dimer.

Export of substrates that usually carry some sort of nuclear
export signal (NES) involves exportins that structurally be-
long to the importin family. However, while importins re-
lease their substrate upon binding to RanGTP, exportins
cooperatively bind RanGTP and the substrate to be ex-
ported. RanGTP is required for the translocation of the ex-
port complexes to the cytoplasm, yet the bound GTP is not
hydrolyzed.

Division Molecular Biology of Mitosis (B0400)

Head: Prof. Dr. Herwig Ponstingl
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Each exportin appears to have specific tasks. E.g., tRNA
export is mediated by exportin-t, which binds tRNA directly
and with high affinity. tRNAs are initially synthesized as
precursor molecules. Preceding export,maturation to func-
tional tRNA takes place in the nucleus.  It includes trim-
ming of the 5' and 3' ends, posttranscriptional addition of
the 3' CCA end, nucleoside modifications, and in some
cases splicing. Cytoplasmic accumulation of inactive matu-
ration intermediates is avoided by the strong preference of
exportin-t for tRNA with correctly processed 5' and 3' ends
and nucleoside modification [1]. Correct tRNA shape, the
5' and 3' terminal ends, and the T Psi C loop are critical for
exportin-t binding. tRNA recognition by exportin-t can thus
be considered as a quality control mechanism for these
maturation steps prior to tRNA export.

By contrast, CRM1/ exportin 1 exports proteins carrying
leucine-rich export signals, such as a helicase that shuttles
between nucleus and cytoplasm [4], or the rev-protein of
the human immunodeficiency virus. It also exports snur-
portin 1 [3], an adaptor for importin-β dependent import of
small ribonucleoproteins, snRNPs. When snurportin 1 is
bound to its m3G-capped import substrate, it has a low af-
finity for CRM1. Yet the affinity is high when snurportin 1 is
substrate-free, thus ensuring that CRM1 only exports snur-
portin 1 that has already released its import substrate in
the nucleus.

In total, some two dozen importin-β-related transport fac-
tors have been identified to date. The most recent addi-
tions include RanBP16, RanBP17 [9], which interact with
the nuclear pore complex, and exportin 4. This factor ap-
pears to be conserved amongst higher eukaryotes, but
lacks obvious orthologues in yeast. It mediates nuclear ex-
port of eukaryotic translation initiation factor 5A and possi-
bly that of other cargo. The export signal in eIF-5A ap-
pears to be complex and to involve the hypusine modifica-
tion that is unique to eIF-5A [8].

At the cytoplasmic side of the nuclear pore the export
complex is dissociated by RanBP1 or by the nuclear pore-
associated RanBP2 via binding to RanGTP. RanBP2 con-
tains four domains homologous to RanBP1 and apparently
has the same function.

Dissociation of the exported complex is made irreversible
by hydrolysis of Ran-bound GTP that is induced by
RanGAP. This factor is linked to RanBP2 by a posttransla-
tional modification, which is thought to increase the effi-
ciency of the dissociation reaction. The resulting RanGDP
has no measurable affinity for either RanBP1/2 or the
transport factor, and is re-imported into the nucleus by the
RanGDP-binding factor NTF2. Here,RanGEF generates
the active form RanGTP. The individual components are
then ready for a new round of protein import.

The yeast homologue of RanBP1, Yrb1p, has been shown
to shuttle between the nucleus and the cytoplasm. Nuclear
import of Yrb1p is a facilitated process that requires a
short basic sequence within the Ran-binding domain. By
contrast, nuclear export of Yrb1p requires an intact RBD,
which forms a ternary complex with the exportin Crm1p in
the presence of RanGTP. Nuclear export of Yrb1p, how-

ever, is insensitive towards leptomycin B, suggesting a
novel type of substrate recognition between Yrb1 and
Xpo1 [7].

In a search for homologues of RanGEF we identified
DelGEF1 [6]. This protein is found in the cytoplasm. It has
the same size as RanGEF and the same residues critical
for the basic propeller-like structure, yet it cannot activate
Ran. The gene encodes two splice variants of a small
message of 1,5 kb, but comprises a 150-fold larger region
on the short arm of  chromosome 11. One of its introns
harbors a chromosomal marker with a high lod score for
two forms of hereditary deafness: Usher 1C (deafness
coupled with retinitis pigmentosa), and DFNB18.

2. Systematic Analysis of Gene Expression
Patterns in Epithelial Ovarian Carcinomas

A. Marmé, H.-P. Zimmermann, H. Ponstingl

In cooperation with: Gunther Bastert, Eva-Maria Grischke, Depart-
ment of Obstetrics and Gynecology,  University of Heidelberg;
Diethelm Wallwiener, Raffael Kurek, Brigitte Gückel, Department
of Obstetrics and Gynecology,  University of Tübingen.

Ovarian carcinoma is the gynecological tumor with the
worst prognosis. Each year some 32,000 cases of malig-
nant ovarian tumors are diagnosed in the European Union.
The lack of characteristic early symptoms makes ovarian
carcinomas very difficult to diagnose at an early stage.
This and a strong tendency towards multidrug resistance
explains the poor prognosis of most cases.

Starting from differential display we are comparing system-
atically the mRNA expression patterns of tissue samples
from ovarian carcinomas and normal ovarian epithelium of
the same patient. Results are validated by in situ hybrid-
ization on tissue sections and by quantitative PCR using
gene-specific primers. On the basis of differences in ex-
pression we seek to identify novel gene products that play
a role in the development of these carcinomas. Gene
products expressed only in the tumor are suspected to be
tumor markers or oncoproteins, gene products absent
from the tumor are considered candidates for tumor sup-
pressors. Our research is focused on  obtaining better mo-
lecular diagnostic and prognostic indicators that may be
useful to design and monitor therapy as well as to allow for
more individualized treatment. Statistical evaluation of
data from a large number of patients and reproducible cor-
relation with histopathological results and clinical data are
required to arrive at useful markers. This is done by in situ
hybridization, by quantitative PCR, and by cDNA-micro-
arrays which are currently being developed. We produce
recombinant putative tumor marker proteins in bacteria to
generate antibodies to them for use in immunohistochem-
istry. This will extend the statistical basis for evaluation of a
marker to a panel of several hundred tumors already col-
lected in the collaborating hospitals. Such marker proteins
are also tested for their suitability as targets for immuno-
therapy. In addition, novel therapeutic approaches may re-
sult from analysis of signal pathways involved in tumori-
genesis.
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Peptide and Protein Chemistry Facility
(B0401)

Head: Dr. Rüdiger Pipkorn

Technician: Mario Koch
The group was established at the DKFZ in August 1992 as
a chemical core facility making the technique of peptide
synthesis available to all colleagues at the DKFZ. Multiple
peptide synthesis, used for studies of structure-activity re-
lationships or for defining antigenic epitops in protein se-
quences, is performed in a robotic automatic synthesizer
(AMS 422 Multiple Peptide Synthesizer from Abimed
Analysentechnik). For larger quantities of peptide we use
a 431 Automatic peptide synthesizer from Applied
Biosystems. The quality of the synthesized peptides is as-
sessed by HPLC and,as of 1994, by matrix assisted laser
desorption mass-spectrometry, which immediately reveals
errors in deprotection of amino acid side chains,peptide
with deleted or oxidized amino acids or unusual adducts.
Mass spectrometry is also used for identifying posttransla-
tional modifications of proteins isolated from mammalian
cells, for establishing proteolytic degradation and monitor-
ing recombinantly expressed proteins. Synthesized phos-
phorylated peptides with specific sequences will be impor-
tant substrates in identifying the relevant phosphatases
that are the antagonists of the kinases involved in cell
cycle regulation.
Recent progress in biotechnology and peptide synthetic
chemistry have resulted in a large number of different
oligonucleotides,proteins and peptides which are of out-
standing interest for structural-functional studies in basic
molecular biology and may hopefully gain importance as
potential therapeuticals in future.

Peptides for drug delivery

R. Pipkorn

In collaboration with: Dr. K. Braun, Dr. W. Waldeck and PD Dr. Dr.
J. Debus, DKFZ

The  transport of modern drugs across biological mem-
branes is still an open question. To answer this, we have
designed and synthesized a biomulecular shuttle consist-
ing of a cellular membrane transport peptide and an
adress protein unit (e.g. SV 40 T antigen) with an addi-

tional N-terminal activated cysteine to form intracellularly
cleavable disulfide bonds between both molecular-trans-
port and cellular address sequence. Transport and
localisation of   chromophore-conjugated molecules either
by the complete shuttle or by single modules were evalu-
ated by confocal laser scanning microscopy and fluores-
cence correlation spectroscopy (FCS) in living cells.

Peptides for molecular studies

R. Pipkorn

In collaboration with: Prof. V. Kinzel, Prof. W. Lehmann and Dr. J.
Hoheisel, DKFZ

In the Human Genome Project we have synthesized an in-
creasing amount of peptides and PNA´s for function analy-
sis of the identified genes.
The DKFZ peptide synthesis unit is also involved with the
investigation of the microhomogenocity at the N-terminus
of Proteinkinase A (PKA).

Publications (* = external co-author)
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   Fig. 1  Transportpeptide,             Fig. 2 Adresspeptide,   Fig. 3  Substance
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Division Biochemistry of Tissue-specific Regulation (B0500)

Head: Prof. Dr. rer. nat. Friedrich Marks

Scientists:
Dr. rer. nat. Gerhard Fürstenberger
Dr. rer. nat. Michael Gschwendt
Dr. rer. nat. Peter Krieg
Dr. rer. nat. Karin Müller-Decker
Dr. rer. nat. Michael Rogers
Dr. rer. nat. Jürgen Schweizer
Dr. rer. nat. Hermelita Winter
Dr. rer. nat. Luise Stempka

Graduate students:
Corinna Bähr Thorsten Dahm
Sabine Häussermann Wolfgang Hirschner
Felipe Jave-Suarez Karsten Müller
Gitta Neufang Malte Siebert
Anette Zagorski

Technical personnel:
Ulrike Beckhaus (part time) Claudia Ehmann
Walter Kittstein (of absence) Dagmar Kucher (part time)
Ina Kutschera Sandra Pfrang
Andrea Pohl-Arnold (part time) Gabriele Rincke
Brigitte Steinbauer (part time)  Ingeborg Vogt

Apprentices:
Corinna Metzger Verona Gschwend
Christine Schmidt

Secretary: Wiltrud S. Bockemühl

Other technical services: Roswitha Epp

The division consists of three groups:
Group 1: Eisosanoids and tumor development  (Dr.
Gerhard Fürstenberger)
Group 2: Protein kinase C (Dr. Michael Gschwendt)
Group 3. Normal and pathological epidermal differentiation
(Dr. Jürgen Schweizer)

These three topics of research originate from the division’s
many years of work on epidermal growth regulation and, in
particular, on chemical carcinogenesis using the mouse
skin model of initiation-promotion. In this context the divi-
sion had focussed its interest on tumor promotion and mo-
lecular effects of skin tumor promoters such as the phorbol
esters, in particular.
As to the experimental approach, the division has widely
left the more toxicologically and pharmacologically ori-
ented work pursued in the past by turning to a more
mechanistically oriented in-depth investigation of selected
aspects. For this purpose, techniques of molecular genet-
ics and molecular biology have become the major tools of
research. As one ultimate goal cancer chemoprevention by
interrupting tumor development at a premalignant stage,
i.e. by inhibiting tumor promotion, has crystallized out of
these studies. In the last 5 years this development has led
to numerous collaborative projects with clinics and phar-
maceutical companies.

1. Eicosanoids and Tumor Development

Head of the group: Dr. Gerhard Fürstenberger

Eicosanoids (e.g. prostaglandins, thromboxanes, leuko-
trienes etc.) are arachidonic acid- derived tissue hormones
[1,28], which are critically involved in chronic and degen-
erative diseases such as atherosclerosis, rheumatoid
arthrithis, Alzheimer’s dementia, and cancer [27,29].
Therefore, inhibitors of eicosanoid formation have been
proposed or already used for chemoprevention of these
diseases [2]. Using the animal model of multistage skin
carcinogenesis we found antineoplastic effects of such in-
hibitors including the so-called nonsteroidal anti-inflamma-
tory drugs (NSAID) in the early eighties. This chemopre-
ventive effect was found to be due to an inhibition of pros-
taglandin synthesis in epidermal cells [3-5]. Especially for
the prostaglandin type F2α a tumor promoting effect could
be demonstrated. In the early nineties these findings and
corresponding results from other laboratories met with
clinical and epidemiological data demonstrating a pro-
nounced chemopreventive effect of NSAIDs such as aspi-
rin, sulindac, etc. in man, in particular against colorectal
cancer [4] thus indicating a novel and promising measure
of cancer chemoprevention [5].

More recently we have been following a twofold strategy:
i.)  to investigate mechanistic aspects of the role of arachi-

donic acid metabolism in carcinogenesis using the
mouse skin model and corresponding in vitro systems;

ii.) to extrapolate to the human situation.

The final goal of these studies is to contribute to the devel-
opment of novel mechanism-based cancer prevention
strategies by means of pharmacological intervention.

1.1  Cyclooxygenases

K. Müller-Decker, G. Neufang, T. Dahm, F. Marks,
G. Fürstenberger
Guests: S. Loukanov (Univ. Sofia, Bulgaria), S. Charyalertsak
(National Cancer Institute Bangkok, Thailand), R. Prashar (Univ.
of Radjastan, Jaipur, India).

Collaboration with the dermatological clinics of the University of
Rostock (Prof. Dr. G. Gross) and Mannheim (Dr. C. Bayerl), the
surgical clinic of the Univ. of  Münster (Dr. G. Winde), the Mahodi
University of Bangkok, Thailand (Prof. V. Sirikulchayanonta), the
University of California, Los Angeles, USA (Dr. H.R. Herschman)
and the Searle Monsanto Comp. St. Louis, USA, the Bayer AG
Leverkusen and the Falk Pharma Comp. Freiburg

Mouse skin model. Cyclooxygenases (COX) catalyse the
formation of prostaglandins and thromboxanes from
arachidonic acid and are inhibited by nonsteroidal anti-in-
flammatory drugs (NSAIDs). Presently 2 isoenzymes are
known, i.e. a ubiquitous COX-1 and a COX-2, which in
most tissues is expressed only temporarily, in particular in
emergency situations such as wounding. inflammation, in-
fections, etc. [6]. Our observations and results from other
laboratories have shown, that a permanent overexpression
of COX-2 is an early event of carcinogenesis which might
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be causally related to tumor development in many, possi-
bly even in all epithelia [3-6].

Studies on the mouse skin model support this conclusion
in that in normal epidermal cells only COX-1 is found
whereas COX-2 appears only after wounding or treatment
with a tumor promoting substance [7,8]. This COX-2 ex-
pression correlates with the formation of prostaglandin F2α,
which in mouse skin is directly involved in tumor promotion
(see above). COX-2 was consistantly found in both benign
and malignant tumors of mouse skin, and the treatment of
the animals with selective COX-2 inhibitors suppressed
both prostaglandin formation and tumor development.

Human cancer. As in untreated mouse skin also in normal
human skin only COX-1, but practically no COX-2 was
found [9]. COX expression in basal cell carcinomas did not
differ from that of normal skin. However, as in the mouse
skin model upregulation of COX-2 was a consistant fea-
ture of squamous cell carcinomas (SCCs) and, in addition,
of actinic keratoses, i.e. benign preliminary stages of squa-
mous cell carcinomas. The latter result indicates that the
aberrant COX-2 expression is an early premalignant event
also in the course of human skin cancer development.

These data may justify a clinical trial aimed at the preven-
tion of skin cancer in high risk persons by local or systemic
application of conventional NSAIDs or specific COX-2 in-
hibitors. For this purpose studies addressing the skin per-
meability of NSAIDs are being performed in collaboration
with the pharmaceutical industry.

A pathological overproduction of COX-2 was also found in
tissue samples from patients with  Crohn’s Colitis and
colorectal tumors [10]. Crohn’s Colitis is a preliminary
stage of large bowel cancer. However, the drug 5-ami-
nosalicylic acid, which is most frequently used against in-
flammatory bowel diseases turned out to be only a weak
COX-2 inhibitor.

In a collaborative study with the National Cancer Institute
of Thailand we observed a strong overexpression of COX-
2 also in human gall bladder cancer (cholangiocarcinoma).
This tumor is abundant in Southeast Asia being most prob-
ably promoted by chronic tissue damage which is caused
by  a liver fluke. This situation corresponds to the tumor
promoting effects of chronic tissue damage in the mouse
skin model. In contrast to neoplastic skin, gall bladder tu-
mors overproduced both COX-enzymes, whereas in nor-
mal gall bladder tissue no COX-2 was found [11] ( see also
Fig.1). Overexpression of COX-2 was also found in liver
cancer, which is the most frequent cancer in Thailand (un-
published results). The goal of these studies is to find out
whether or not chemoprevention by NSAIDs of liver and
gall bladder tumors will be feasible, at least for high risk
populations in Southeast Asia.

Transgenic mouse models. To understand function of
aberrant COX-2 expression in skin transgenic mouse lines
have been established, expressing the gene in a tissue-
and differentiation-specific manner in epidermis. For this
purpose, the COX-2 gene was fused with skin-specific
gene promoters, such as those for keratin 5 and keratin 6.
Mice which carry the COX-2 gene under the control of the

keratin 5 promoter exhibit pronounced alterations of skin
morphology such as a disturbancy of hair growth and hy-
perplasia of the sebaceous glands [26]. The sensibility of
these animals for chemical skin carcinogenesis as well as
the effect of the transgene on embryonic skin development
are presently under investigation.

Proinflammatory mediator release as an in vitro pa-
rameter of skin irritancy. In cooperation with the
Schering AG we developed an in vitro test for skin irritants
based on the release of arachidonic acid and interleukin-
1α from a human keratinocyte line. This test was validated
by a placebo-controlled, open, randomized patch test
study with volunteers and shown to provide a suitable sub-
stitute for animal experiments [12-15]. The responsible sci-
entist, Dr. Karin Müller-Decker, has been awarded the
Felix Wankel Tierschutzpreis 2000.

Fig.1.  This microscopic picture shows the excessive formation of
the enzyme cyclooxygenase-2 (COX-2) in a human bile duct car-
cinoma from Thailand. Note the staining of the cancer tissue with
a COX-2-specific antibody (black arrow). In contrast, normal bile
duct tissue is devoid of COX-2 (white arrow). Such findings nour-
ish the hope in chemoprevention with COX inhibitors (such as as-
pirin) of bile duct cancer which is particularly frequent in South-
east Asia.
A similar overproduction of COX-2 was found in carcinomas and
precancerous tissues of many other organs.

2.1 Lipoxygenases

P. Krieg, M. Heidt, F. Bürger, M. Siebert, K. Müller,
A. Zagorski, F. Marks, G. Fürstenberger
Guest: N. Qiao

Cooperation with: N. Nair, H. Bartsch, W. Lehmann, C-W. von der
Lieth (DKFZ), B. Marian (University of Vienna, Austria), A. Brash
(Vanderbilt University, Nashville, USA), K. Honn (Wayne State
University, Detroit, USA), P.L: Grover (Haddow Laboratories,
Sutton, UK) and the L’Oreal Company,Paris, France

Lipoxygenases (LOX) represent a widespread family of
lipid-peroxidizing enzymes catalyzing the regioselective
and stereoselective dioxygenation of free and esterified
polyenic fatty acids to the corresponding hydroperoxy de-
rivatives, which may be metabolized to various bioactive
lipid mediators, including leukotrienes, lipoxins, hydroxy-
eicosatetraenoic acids (HETEs), and hepoxilins. LOX me-
tabolites are thought to play an important role in the matu-
ration of certain cell types such as erythrocytes and kerati-
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nocytes, in inflammatory processes, blood clotting, leuko-
cyte chemotaxis, in certain inflammatory skin diseases like
psoriasis, as well as in atherosclerosis and cancer.

Using the mouse skin carcinogenesis model we previously
have provided evidence that LOX-catalyzed eicosanoid
metabolism plays an important role in epithelial tumor de-
velopment. In an effort to analyze the epidermal LOX-cata-
lyzed arachidonic acid metabolism in more detail we have
cloned six distinct LOX isoforms from mouse skin by using
cDNA libraries originating from normal and TPA-treated
mouse skin and from mouse skin tumors as well. In addi-
tion to the human orthologs of the platelet-type and leuko-
cyte-type 12S-LOX a third 12S-LOX isoenzyme was identi-
fied which upon its specific expression in epidermis was
called epidermis-type 12S-LOX. Furthermore, by using de-
generate PCR technique we were able to clone three
members of a novel distinct epidermis-type subclass within
the LOX multigene family including 8S-LOX, 12R-LOX and
epidermis-type LOX-3 [16,17].

12R-LOX represents the first mammalian LOX isoenzyme
with R-chirality, while e-LOX-3 possesses an of-as-yet un-
known enzymatic specificity. Their unusual size (701 and
711 amino acid residues) among mammalian LOX has
been attributed to an extra segment of 31 and 41 amino
acids, respectively, which can be located beyond the N-
terminal β-barrel domain at the surface of the C-terminal
catalytic domain. The corresponding genes, unlike the
genes of all other mammalian LOX, are split into 15 exons
and 14 introns indicating that they represent members of a
novel structural class of mammalian LOX. Together with
the gene encoding 8-LOX and its human ortholog 15-LOX-
2, respectively, they were found tightly clustered at chro-
mosome 11 and at the syntenic human region 17p13.1
[18,19].

Epidermis-type LOX were shown to exhibit unusual enzy-
matic properties suggesting that these enzymes preferen-
tially utilize more complex lipids or that either activating co-
factors or protein modifications are required for full enzy-
matic activity [20,21]. These unusual enzymatic properties
may be attributed to distinct functions of epidermal LOX for

the structural and functional integrity of stratifying epithe-
lia.

The six LOX isoenzymes found in epidermis exhibited a
differentiation-dependent mRNA expression pattern, indi-
cating that the individual isoenzymes may be associated
with processes of proliferation and terminal differentiation
[22]. Evidence for an involvement of distinct LOX in epider-
mal tumor development is provided by the observation that
the platelet-type 12S-LOX and the 8S-LOX were found to
be overexpressed in tumors and the concomitant accumu-
lation of the corresponding 8- and 12-HETE [23]. Both in-
duce chromosomal damage in keratinocytes in vitro and
are thought - together with other products of arachidonic
acid metabolism - to mount an endogenous genotoxic po-
tential, which may be involved in the accumulation of ge-
netic alterations occurring in the course of malignant pro-
gression from papillomas and carcinomas [24].
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Scientific American)  2, 52-60.
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Marks and G. Fürstenberger (eds) Prostaglandins,   Leukotrienes,
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Fig.2. High tissue levels of 8- and 12-hydroxy
eicosatetraenic acid (HETE) in mouse skin tu-
mors as a symptom of an impaired regulation
of lipoxygenase-controlled arachidonic acid
metabolism. Note that this aberration is found
particularly in benign lesions (papillomas).
8- and 12-HETE are chromosome-damaging
agents and their accumulation in tumor tissues
correlates with an increase of DNA-damage. A
dysregulated arachidonic acid metabolism may
thus contribute to the so-called genetic insta-
bility of tumor cells, which is thought to facili-
tate the conversion of the benign into the ma-
lignant state. Control animals were treated ei-
ther with acetone or the tumor promoter TPA.
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2. Protein Kinase C

Head of the group: Dr. Michael Gschwendt

Protein kinase C (PKC) covers a family of 12 isoenzymes
with phospholipid-dependent serine/threonine kinase ac-
tivity [1]. These kinases occupy a key position in intracellu-
lar signal-processing whereby the individual isoenzymes
seem to exhibit specific functions and to be regulated se-
lectively in a cell type-dependent manner. In experimental
cancer research the c- and n-type PKCs have gained con-
siderable interest as cellular receptors of phorbol ester-
type skin tumor promotors such as TPA. In the course our
studies on skin tumor promotion we had for the first time
isolated and characterized an n-type PKC, i.e. PKCδ, in a
native form [reviewed in ref. 2]. PKCδ was found to be
ubiquitously expressed and is thought to play an important
role in intracellular signaling. In the meantime various au-
thors have related this isoenzyme to the control of differen-
tiation and proliferation in epidermis and to apoptosis, i.e.
processes critical for tumor promotion.
In the past 2 years most of our work has been concerned
with the posttranslational regulation of PKCδ activity and
localization as well as with the identification of interacting
proteins.

2.1  Studies on PKCδδδδδ
2.1.1  Posttranslational modification by
phosphorylation

L. Stempka, M. Gschwendt, F. Marks

Cooperation with various groups at the DKFZ

Activation loop phosphorylation. Many protein kinases,
including PKCα and β, require a specific phosphorylation
in the so-called activation loop of the active center in order
to acquire a catalytically competent conformation. We
could demonstrate that this is not true for PKCδ [3,4]. In
contrast, for instance, to PKCα the wild type of PKCδ as
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well as a mutant lacking the cognate phosphorylation site
in the activation loop could be expressed in bacteria in a
catalytically competent form, i.e., were activatable by
phospholipid and the phorbol ester TPA [3]. By means of
site-directed mutagenesis we showed that a glutamic acid
residue in the activation loop of PKCδ (position 500) takes
over the role of the phosphate group [4]. Thus, contrary to
other PKC isoenzymes PKCδ does not require activation
loop phosphorylation by a PKC-kinase such as phospho-
lipid-dependent kinase I (PDKI).

Autophosphorylation. In addition to activation loop phos-
phorylation, some PKC isoforms require autophosphoryl-
ation of specific sites for a stabilization of the enzymati-
cally active form. PKCδ autophosphorylates with ATP or,
even more effectively, with GTP as a phosphate donor [2].
By means of MALDI mass spectrometry of tryptic peptides
we have identified serine 643 as an in vitro -and in vivo-
autophosphorylation site of PKCδ [4]. Site-directed muta-
genesis indicated, however, that phosphorylation of this
site is not essential for enzymatic activity but may serve
another as yet unidentified purpose. Moreover, PKCδ con-
tains additional (auto)phosphorylation sites still to be iden-
tified.

Tyrosine phosphorylation. We have found PKCδ to be
phosphorylated on tyrosine by the tyrosine kinase Src in
vitro and upon stimulation of cells with various mitogenic
agents [2]. It is likely that the tyrosine phosphorylation in
vivo is also mediated by Src. By MALDI mass spectrom-
etry we identified Tyr 311 as one of the sites that are phos-
phorylated by Src in vitro (unpublished results). While, in
general, the function of tyrosine phosphorylation of PKC is
not well understood, our results indicate that in the case of
PKCδ, in particular, it may regulate substrate specificity [2].

2.1.2  Interacting proteins

C. Bähr, L. Stempka, A. Rohwer, M. Gschwendt,
F. Marks.

Cooperation with Dr. K. Bomsztyk, University of Washington, Se-
attle, USA.

K protein. There is an increasing body of evidence indicat-
ing that scaffold or anchoring proteins critically determine
both the specific subcellular localization and the selective
interaction of signal transducing proteins such as protein
kinases.

In a cooperation with K. Bomsztyk we found that the so-
called K protein behaves like an anchoring protein for
PKCδ [5,6] The K protein, a constituent of the heterogen-
ous nuclear ribonucleoprotein particle, shuttles between
the cytosol and the nucleus, binds nucleic acids and vari-
ous signal-transducing proteins, including tyrosine kinases
of the Src family, and may play a role in the control of tran-
scription and translation. In vitro and in vivo PKCδ binds
with high affinity to the same region of the K protein (KI do-
main) as Src or Lck. The K protein is phosphorylated by
these tyrosine kinases as well as by PKCδ in vitro and in
vivo. The phosphorylation sites Tyr 236 and Ser 302, re-
spectively, were identified by mutational analysis and
MALDI mass spectrometry. Phosphorylation of Tyr 236 in

vitro and in vivo induces a dramatic increase in the binding
of Src (Lck) and PKCδ to K protein thereby stimulating the
phosphorylation of Ser 302 by PKCδ. Phosphorylation of
Ser 302 in turn induces release of PKCδ from K protein.
We conclude, that binding of PKCδ and Src (Lck) to K pro-
tein is tightly regulated in response to extracellular signals
and might facilitate and control phosphorylation of PKCδ
by the tyrosine kinases of the Src family and -vice versa-
phosphorylation and probably inactivation of Src by PKCδ.
Whether the K protein also mediates a selective phospho-
rylation of other PKCδ substrate proteins remains to be
shown.

Studies using the yeast two-hybrid system (YTHS).
More recently, we have applied the yeast two-hybrid sys-
tem (YTHS) for cDNA cloning of PKC-interacting proteins
(including substrates) from cDNA libraries. Since related
investigations on PKCζ had already been published by
other groups, we began our studies using this isoenzyme,
then extending the work on PKCδ and just recently also on
PKCµ. As baits we used the catalytic and regulatory do-
mains of PKCδ, PKCζ, and PKCµ as well as the complete
enzymes. Several clones were isolated. Their character-
ization is in progress. One clone fished with the catalytic
domain of PKCζ as a bait was identified as a novel A6-re-
lated protein [A6rp; ref. 7]. A6rp was found to be ex-
pressed ubiquitously. It binds ATP and is phosphorylated
by PKCζ rather than by other PKCs. Recently, we have
isolated a novel PKCδ-binding protein containing structural
determinants of a nuclear protein kinase that was termed
DIK (Delta interacting kinase).

DIK, a novel protein kinse that interacts with PKCδδδδδ [8].
A novel serine/threonine kinase, termed DIK, was cloned
using the yeast two-hybrid system to screen a cDNA li-
brary from the human keratinocyte cell line HaCaT with the
catalytic domain of rat protein kinase Cδ (PKCδ

cat) cDNA
as bait. The predicted 784-amino acid polypeptide with a
calculated molecular mass of 86 kDa contains a catalytic
kinase domain and a putative regulatory domain with
ankyrin-like repeats and a nuclear localization signal. Ex-
pression of DIK at the mRNA and protein level could be
demonstrated in several cell lines. The dik gene is located
on chromosome 21q22.3 and possesses 8 exons and 7
introns. DIK was synthesized in an in vitro transcription/
translation system and expressed as recombinant protein
in bacteria, HEK, COS-7, and baculovirus-infected insect
cells. In the in vitro system and in cells, but not in bacteria,
various posttranslationally modified forms of DIK were pro-
duced. DIK was shown to exhibit protein kinase activity to-
wards autophosphorylation and substrate phosphorylation.
The interaction of PKCδcat and PKCδ with DIK was con-
firmed by co- immunoprecipitation of the proteins from
HEK cells transiently transfected with PKCδcat or PKCδ and
DIK expression constructs.

2.2  Studies on PKCµ

S. Häussermann, M. Gschwendt, F. Marks

Cooperation with Dr. F.-J. Johannes, University of Stuttgart.
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PKCµ is more distantly related to the PKC family. Being
also activated by phospholipid and diacylglycerol or TPA it
differs from other PKCs by a pleckstrin homology domain
and lack of a pseudosubstrate region. In a cooperation
with Dr. Johannes (University of Stuttgart) we studied the
rather unusual properties of PKCµ, as compared to PKCδ
and other PKCs. PKCµ is an ubiquitous enzyme that is ac-
tivated and phosphorylated but, contrary to other PKCs,
not downregulated upon treatment of cells with TPA. The
efficient and rather specific PKC inhibitor Gö 6983 was
found to be widely ineffective in suppressing PKCµ, thus
allowing for a differentiation between PKCµ and the other
PKCs in vitro and in vivo. The identification of PKCµ sub-
strates represents an unsolved problem. With the excep-
tion of some synthetic peptides typical PKC substrates are
phosphorylated only very weakly if at all by PKCµ. While
we identified aldolase as a rather good in vitro substrate of
PKCµ no in vivo substrates could be detected as yet. The
lack of a pseudosubstrate domain indicates that PKCµ dif-
fers from other PKC isoenzymes also in the regulation of
enzyme activity. We found PKCµ to be inhibited by basic
peptides and activated by heparin, suramin, and dextran
sulfate to a much higher extent than by TPA/phosphatidyl-
serine. Based on these results, we have postulated that an
acidic domain (amino acids 336-391) is involved in the
regulation of PKCµ activity.

In an attempt to elucidate a putative role of PKCµ in the
regulation of the programmed cell death we found that
PKCµ is cleaved proteolytically upon induction of
apoptosis [9].

Treatment of U937 cells with various apoptosis-inducing
agents, such as TNFα and β-D-arabinofuransylcytosine
(ara-C) alone or in combination with the phorbol ester
TPA, bryostatin 1 or cycloheximide, causes proteolytic
cleavage of protein kinase Cµ (PKCµ) in the region be-
tween regulatory and catalytic domain, generating a 62
kDa fragment of the kinase. The formation of this fragment
is effectively suppressed by the caspase-3 inhibitor Z-
DEVD-FMK. In accordance with these in vivo data, treat-
ment of recombinant PKCµ with caspase-3 in vitro results
also in the generation of a 62 kDa fragment (p62). Treat-
ment of several aspartic acid to alanine mutants of PKCµ
with caspase-3 resulted in an unexpected finding. PKCµ is
not cleaved at one of the typical cleavage sites containing
the motif DXXD but at the atypical site CQND378/S379. The
respective fragment (amino acids 379-912) was expressed
in bacteria as a GST fusion protein (GST-p62) and partially
purified. In contrast to the intact kinase, the fragment does
not respond to the activating cofactors TPA and phospha-
tidylserine and thus is unable to phosphorylate substates
effectively.
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(1997).

[4] Stempka, L., Schnölzer, M., Radke, S., Rincke, G., Marks, F.,
Gschwendt, M. (1999) Requirements of protein kinase Cδ for
catalytic function. J. Biol. Chem. 274: 8886-8892.
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L., *Shnyreva, M., *Suzuki, H., Gschwendt, M., *Bomsztyk, K.
(1999) Regulated interaction of protein kinase Cδ with the heter-
ogenous nuclear ribonucleoprotein K protein. J. Biol. Chem. 274:
15101-15109.

[6] Ostrowski, J., Schullery, D., Denisenko, O.N., Gschwendt, M.,
Bomsztyk, K. (2000) Role of tyrosine phosphorylation in the regu-
lation of the interaction of hnRNP K protein with its protein and
RNA partners. J. Biol. Chem. 275: 3619-3628.

[7] Rohwer, A., Kittstein, W., Marks, F., Gschwendt, M. (1999)
Cloning, expression and characterization of an A6-related protein.
Eur. J. Biochem. 263: 1-9.

[8] Bähr, C., Rohwer, A., Stempka, L., Rincke, G., Marks, F.,
Gschwendt, M. (2000) DIK, a novel protein kinase that interacts
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Marks, F., Gschwendt, M. (1999) Proteolytic cleavage of protein
kinase Cµ upon induction of apoptosis in U937 cells. FEBS Let-
ters 462: 442-446.

3. Differentiation of Normal and Neoplastic
Epidermis

Head of the group: Dr. Jürgen Schweizer

The group investigates the normal and pathological differ-
entiation of the hair follicle, i.e. the largest adnexal organ
of the epidermis. There studies have been focussed on a
characterization of  hair keratin genes, on the expression
pattern of these genes and on the relationship between
kerratin gene mutations and heritable hair anomalies.

3.1  Elucidation of the human hair keratin
multigene family

J. Schweizer, M.A. Rogers, H. Winter

In cooperation with L. Langbein, DKFZ

The hair follicle is a morphologically complex organ,
whose structures are determined by both cytokeratins (soft
α-keratins) and hair keratins (hard α-keratins). Using both
cDNA and genomic libraries we were able to characterize
the type I and type II hair keratin gene loci on chromo-
somes 17121.2 and 12q13, respectively. The type I locus
comprises 10 genes, including one transcribed pseudo-
gene. The type II locus consists also consists of 10 genes,
including 3 pseudogenes and one transcribed pseudogene
[2,7]. All genes were sequenced.

By means of both specific cDNA probes and specific anti-
bodies we determined the sequential hair keratin expres-
sion patterns in the hair follicle [2,7]. Using the hair keratin
antibodies for 2DE Western blots, we established a cata-
log of the type I hair keratins [4]. The corresponding cata-
log of the type II hair keratins is currently in progress. In
the course of these studies, we were able to identify a
novel type II cytokeratin, K6hf, which is specifically ex-
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pressed in the companion layer of the hair follicle [3]. This
showed that, besides the outer and inner root sheath, the
companion layer represents an independent epithelial
compartment of the hair follicle [ 4]. Currently, we are char-
acterizing another multigene family, whose members are
specifically expressed in the hair follicle. These are the so
called “keratin associated proteins”, KAP, which generate
the matrix for the hair keratin intermediate filaments on the
cortex and the cuticle of the hair shaft.(These studies are
supported by the DFG).

3.2  Hereditary hair anomalies.

J. Schweizer, M.A. Rogers, H. Winter

In cooperation with Dr. A Taieb, Bordeaux, France; Dr. P.Vabres,
Poitiers, France; Dr. R.D Clark, Chicago, USA; Dr. D.J. Schissel,
US Army Hospital, Heidelberg

In a clinical project with various Departments of Dermatol-
ogy, we investigate   whether  mutations in hair keratins
may be the cause for a variety of hereditary hair disorders,
including monilethrix, the loose anagen hair syndrome and
pseudofollicultis barbae. We were able to show that moni-
lethrix is caused by mutations in two hair keratins. The mu-
tations are located at the beginning and the end of the
central rod domain, which is necessary for the assembly of
hair keratins into intermediate filaments. A genotype-phe-
notype correlation for monilethrix could not be determined
[1,5,6]. Currently we investigate whether mutations in hair
keratins are also involved in the etiology of the loose
anagen hair syndrome, LAH and in pseudofolliculitis bar-
bae, PFB. Clinically, LAH patients suffer from easily re-
movable anagen hairs, and PFB patients exhibit the for-
mation of inflammatory pustules and ingrown hairs after
shaving. Since PFB occurs preferentially in negroid males,
these studies are performed in cooperation with the US

Army. There is preliminary evidence that, besides a ge-
netic predisposition in individuals with curled hairs, a mu-
tation in K6hf may be causally involved in PFB (These
studies are supported by the DFG).

3.3  Regulation of hair keratin expression

L.F. Jave-Suarez, H. Winter, J. Schweizer

In cooperation with Dr. B. Cribier, Strasbourg, France

The elucidation of the human hair keratin family  was a
prerequisite for studies on the regulation of human hair
keratin expression. In the framework of a Ph.D. thesis, we
currently investigate the role of various transcriptions fac-
tors in the expression control of hair keratin genes. These
factors are the lymphocyte enhancer factor 1, LEF 1, β-
catenin, Hoxc13 and the androgen receptor. In close asso-
ciation with regulation studies, we investigate a variety of
human tumors which are thought to originate from the hair
follicle. Preliminary data suggest mutations in the ß-cate-
nin gene to be involved in the formation of pilomatricomas
and trichepitheliomas. Using the antibodies against the in-
dividual hair keratins, we also envisage a better classifica-
tion of these tumor types.

Publications (* = external co-authors)
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*Mercier M, Rogers MA, *Taieb A, Schweizer J. (1998) A variable
monilethrix phenotype associated with a novel mutation
Glu402Lys in the helix termination motif of the type II hair keratin
hHb1. J. Invest. Dermatol. 111:169-172

[2] Rogers MA, Winter H, Wolf C, Jacobs M, Schweizer J. (1998)
Characterization of a 190 kbp domain of human type I hair keratin
genes. J. Biol. Chem. 273: 26683-26691

[3] Winter H, Langbein L, Praetzel S, Jacobs, M, Rogers MA,
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tion motif of the type II cortex keratin hHb6 causing monilethrix.
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acterization of a 300 kpb region of human DNA containing the
type II hair keratin gene locus. J Invest. Dermatol. 114: 464-472

Fig.3. Monilethrix patient. i)
2 years old, with massive
hairloss on the back of the
head, ii) 6 years old show-
ing regrowth of fragile
hairs, iii) microscopic pic-
ture of  Moniletrix hairs:
note the constrictions were
the hairs easily break off.
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The scientific activity of this division is focussed on the
analysis of cellular and molecular mechanisms of skin car-
cinogenesis. Whereas the studies on the genetic mecha-
nisms of keratinocyte transformation have been performed
by the group of Dr. Petra Boukamp, this research area has
become the major program of the independent research
division of Petra Boukamp since the year 2000. As a con-
sequence, these aspects of genetic mechanisms of skin
carcinogenesis as well as the studies on telomerase will
only be briefly mentioned here in as far this work has been
done as cooperative studies between Petra Boukamp’s
and my group.

Thus, the main focus of this division is now exclusively
aimed at cell-cell and cell-matrix interactions as regu-
latory mechanisms for growth and differentiation of
normal as well as transformed and malignant keratino-
cytes. The long-term goal of these activities is to get a
better understanding of the role of the different compo-
nents in the tumor stroma, the so far mostly neglected
mesenchymal part of epithelial tumors, in the development
of malignancies as well as their progression. This area of
tumor research has attracted increasing interest during re-
cent years mainly due to the studies demonstrating the
significance of angiogenesis and tumor vascularization for
tumor growth and metastasis. On the other hand, there is
increasing evidence on altered functions of stromal cell
and matrix compartments in tumors. A major goal of this
research area is to characterize and define tumor-specific
stromal alterations as new targets for tumor or therapy.

As cellular model for these studies, we have developed,
together with the group of Petra Boukamp, a unique in
vitro skin carcinogenesis model based on the spontane-
ously immortalized HaCaT cell line and derived benign,
malignant and metastatic cell lines. The interaction of
these different stages of cellular transformation with their
stromal compartments has been mostly studied in an in
vivo model, the surface transplantation assay, established
by this group. This assay provides unique advantages
over standard tumorigenicity assays to evaluate details of
early tumor-stroma interactions (for review see [1] and [2]).

On the other hand, tumor-stroma interactions can only be
understood on the basis of the interactions of normal epi-
thelial and stromal cells. These represent fundamental
regulatory mechanisms which have gained increasing in-
terest during recent years but are only partially under-
stood. Thus, these interactions between normal keratino-
cytes and stromal cells represent an essential and major
part of the research activities in this division. They are per-
formed in the same transplantation assay as developed for
tumor cells but mechanistic molecular studies are increas-
ingly done in in vivo-like cell culture systems, such as the
organotypic skin equivalent models (see [3]). In this area
we have made significant progress by identifying new
regulatory factors for keratinocyte growth and differentia-
tion as well as elucidating crucial steps in intracellular sig-
nal transduction mechanisms in fibroblasts in both two-
and three-dimensional in vitro cocultures [4, 5].

Division Differentiation and Carcinogenesis (B0600)

Head: Prof. Dr. med. Norbert E. Fusenig
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I. Mechanisms of Epithelial-Mesenchymal
Interactions Regulating Growth and
Differentiation of Normal Keratinocytes

N. Maas-Szabowski, H.-J. Stark, D. Breitkreutz

In cooperation with Dr. Jonathan Garlick, State University of New
York, Stony Brook, USA; Dr Peter Angel and his group, DKFZ.
Supported by DFG (Fu 94-4)

In vitro and in vivo studies of this group as well as others
have clearly documented the essential role of epithelial-
mesenchymal interactions for keratinocyte growth and tis-
sue organization. In the simplest in vitro model, the feeder
layer culture system this is clearly documented, because
normal keratinocytes can be grown at clonal density only
in the presence of irradiated (postmitotic) fibroblasts. Us-
ing this model, we could demonstrate for the first time that
the growth supporting effect of fibroblasts is mediated by
diffusible factors produced by fibroblasts under the influ-
ence of the cocultured keratinocytes. We could identify
and prove the functional significance of a double paracrine
mechanism in which keratinocytes express and release
interleukin-1 (IL-1) which in turn stimulates the expression
of keratinocyte growth factor(KGF/ FGF-7) in fibroblasts.
This factor then stimulates keratinocyte proliferation [6]. In
contrast to published data, we could also clearly demon-
strate that interleukin-1 as such has no direct stimulatory
effect on keratinocyte monocultures but this stimulatory ef-
fect becomes only effective in the presence of fibroblasts.
Thus, these studies documented a novel role of IL-1 in
skin regeneration in addition to its well known function as
proinflammatory agent.

In order to prove that this mechanism was not a monolayer
culture artefact, we extended these studies in organotypic
cocultures, an in vivo-like skin equivalent where keratino-
cytes, under the influence of fibroblasts, grow to a regu-
larly structured and differentiating epidermis on top of a
collagen gel (for review see [7]). We have further stan-
dardized this model by introducing a defined culture me-
dium and demonstrating that normal epidermal tissue for-
mation and differentiation including the formation of a
basement membrane and comparable proliferative activity
of the epidermis occurred as in serum-containing media,
thus significantly improving the analytical conditions [8].
Furthermore, by replacing proliferating by postmitotic mes-
enchymal cells we could standardize the number of mes-
enchymal cells in the collagen matrix throughout the ex-
perimental period. In this model we then unequivocally
proved the existence and functional significance of the
double paracrine (IL-1/KGF mediated) growth regulatory
mechanism between keratinocytes and fibroblasts which
we had first detected in two-dimensional cocultures [4]. Al-
though the blockade of one or the other mechanistic parts
(IL-1 or KGF) resulted in significant inhibition of epidermal
tissue organization, it became clear that KGF was not the
only paracrine acting mesenchymal growth factor.

In order to study the signal transduction mechanism elic-
ited by IL-1 in fibroblasts and to discriminate more easily
the factors produced by fibroblasts and keratinocytes, re-
spectively, at the protein level, we shifted the homologous

organotypic culture system to a heterologous one consist-
ing of human keratinocytes and mouse fibroblasts. As
shown earlier, mouse fibroblasts are equally competent in
supporting human keratinocyte growth and differentiation
enabling the use of mesenchymal cells from genetically
modified animals, i.e. knockout mice. We first focussed on
the central gene regulatory switch AP-1 known to trans-
duce IL-1 signals. In a cooperation with the group of Peter
Angel at the DKFZ we elucidated for the first time an an-
tagonistic regulation of IL-1 induced target genes by the
AP-1 constituents c-jun and JunB [9]. Furthermore, we dis-
covered in these studies that the granulocyte microphage
colony stimulating factor (GM-CSF) known as a hemato-
poetic growth factor is also a major and essential growth
factor for keratinocytes. GM-CSF is similarly as KGF in-
duced by IL-1 and thus represents the second major com-
ponent of the established double paracrine growth regula-
tory mechanism (see Fig. 1).

Still, both KGF and GM-CSF were not able to fully replace
the growth stimulatory effect of fibroblasts, although they
could fully restore the strongly reduced growth stimulatory
effects of fibroblasts with functional defective c-jun, a posi-
tive regulator of the expression of both factors. In addition
to its growth stimulatory activity, GM-CSF also had exerted
effects on keratinocyte differentiation. Further and still on-
going experiments demonstrated that TGFα and EGF had
additional growth stimulatory effects on keratinocyte prolif-
eration, while bFGF was mostly ineffective [5]. These stud-
ies in heterologous organotypic cultures also clearly dem-
onstrated that IL-1 present in the culture medium was
nearly exclusively produced by keratinocytes, whereas
GM-CSF (in addition to KGF) was predominantly produced
by fibroblasts. Further studies have to elucidate which
other factors are involved in the complex regulatory pro-
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cess of keratinocyte growth and differentiation and the mo-
lecular mechanism of action of these factors on keratino-
cyte proliferation and differentiation. On the other hand,
these studies serve as basis to analyze alterations in this
growth regulatory mechanism in different stages of trans-
formed keratinocytes.

II. Altered Regulation of Growth and
Differentiation in Early Stages of
Keratinocyte Transformation

D. Breitkreutz, V. Schoop, H.-J. Stark

In cooperation with Dr. Markus Baur, Nestlé Research Center,
Lausanne, Switzerland; Dr. Jonathan Garlick, State University of
New York, Stony Brook, USA; Dr. Nicolae Mirancea, Romanian
Academy of Science, Bucharest, Romania; Dr. Petra Boukamp,
DKFZ

An essential characteristic of tumor cells is their autono-
mous growth regulation evident by their increasing inde-
pendence of regulatory mechanism exerted by the envi-
ronment. Due to their genetic alterations and the known
altered growth behaviour of HaCaT cells, this cell line rep-
resents a very early stage in cell transformation and thus
in skin carcinogenesis. Irrespective of the genetic alter-
ation of HaCaT cells, a detailed analysis of their functional
competence under optimal, e.g. in vivo conditions demon-
strated a rather normal, although delayed epithelial tissue
formation with regular distribution of all differentiation
markers and eventually the formation of an orthokeratotic
stratum corneum [10]. Although HaCaT cells were able to
form a normal basement membrane comparable to trans-
plants of normal keratinocytes, the distribution of integrins
and some of the basement membrane components indi-
cated a delayed or slightly disturbed cell-matrix interaction
of the HaCaT cells. These alterations in their epithelial-
mesenchymal interactions became even more obvious in
the in vitro model of organotypic cocultures. Although
HaCaT cells have an increased growth autonomy as com-
pared to normal keratinocytes when grown in conventional
cultures, this was different in organotypic cultures on a col-
lagen matrix. Here HaCaT cells show a strong deficit in the
formation of multilayered organized epidermal structures,
a deficit which can partly be compensated by increasing
the number of fibroblasts in the collagen gel [11]. Prelimi-
nary data indicated that the signalling mechanism which
we had identified in normal keratinocyte fibroblast interac-
tions was defective in the HaCaT organotypic cocultures.
Ongoing experiments are focussed on the identification of
the molecular differences in the epithelial-mesenchymal
interactions between normal and immortalized
keratinocytes.

III. Disturbed Growth Regulation and
Epithelial-Mesenchymal Interactions in
Tumorigenic Keratinocytes

M.M. Müller, C. Bauser, M. Hansen, H.-J. Stark,
M. Willhauck, S. Strieth, D. Breitkreutz, K. Airola

In cooperation with Dr. Petra Boukamp, DKFZ; Prof. Foidart, Uni-
versity of Liège, Belgium; Prof. Fink, Department of Clinical
Chemistry and Clinical Biochemistry, University Hospital of Sur-
gery, University of Munich; Dr. Christel Herold-Mende, Head,
Neck and Throat Hospital, Heidelberg; Dr. Kähäri, University of
Turku, Finland; Dr. Pascal Tomakidi, Dental School, Orthodontics,
Heidelberg; Dr. Nicolae Mirancea, Romanian Academy of Sci-
ence, Bucharest, Romania; Prof. Hartschuh, Dermatology Depart-
ment, University of Heidelberg; Dr. Leslie Gold, New York, USA;
Prof. Frej Stenbäck, University of Oulu, Finland
Supported by the Verein zur Förderung der Krebsforschung
(M.M.M.), DFG (Fu 95-1), Industry cooperation (HJS), EU
Stipendium (KA).

With increasing state of transformation and degree of ma-
lignancy tumor cells on one side get more independent
from environmentally produced growth regulatory factors
and on the other exert more and different influences on
their environment to create the tumor-specific stroma (for
review see [1]).

III.1. The increasing growth autonomy during tumor
progression is usually based on the de novo or increased
expression of growth factors and their receptors in tumor
cells leading to an autocrine growth regulation. When
studying the expression profile of different growth factors
in benign, malignant and highly aggressive cell lines de-
rived from the HaCaT cell line, the de novo expression of
two growth factors, G-CSF and GM-CSF, usually associ-
ated with the hematopoetic system was observed. Func-
tional studies clearly demonstrated that both factors acted
in an autocrine way to stimulate both migration and prolif-
eration of these tumor cells which had become more ag-
gressive following an in vivo passage through nude mice
[12, 13]. Furthermore, the more aggressive and metastatic
HaCaT cell lines also exhibited an increased expression of
the multifunctional growth factor TGFß, in particular its
isoform TGFß2, preferentially in the invasive parts of the
tumors in vivo [14].

Further studies on clinical tumors clearly demonstrated
that the de novo expression of G- and GM-CSF was not
restricted to the experimental HaCaT model but also found
in late-stage aggressive brain tumors (glioma) and head
and neck tumors ([15] and in preparation). In addition,
both aggressive tumor types also exhibited an increased
expression of the VEGF receptor 1 (flt-1) and we could
demonstrate that the ligand VEGF induced growth retarda-
tion in the receptor carrying tumor cells [16]. These sur-
prising results will be studied further to identify their clinical
significance.

Another still unexplained mechanism of achieving growth
autonomy by escaping local intraepithelial growth control
was detected and demonstrated in collaborative studies
with the group of Dr. Jonathan Garlick (SUNY at Stony
Brook). In previous studies we had demonstrated that nor-
mal keratinocytes are able to control the expansion of
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early-stage malignant HaCaT cells both in surface trans-
plants and organotypic cultures. In a further study we dem-
onstrated that the phorbol ester TPA enhanced the clonal
expansion of tumor cells when surrounded by a vast ma-
jority of normal keratinocytes [17]. This functional charac-
teristic of tumor promoters has been postulated in the
mouse skin two-stage carcinogenesis assay and could
now be shown to be effective also on human cells. Inter-
estingly, this controlling capacity of normal keratinocytes is
much less effective on further progressed and metastatic
tumor cells on one side. Furthermore, HaCaT cells al-
though not tumorigenic by themselves have lost most of
their normal control capacity, even when confronted with
early stage malignant cells [18]. The mechanism by which
normal keratinocytes exert growth control over adjacent
early malignant cells is still not clear but functions probably
via direct cell-cell contacts, such as E-Cadherin, adhesion
molecules known to be modulated by phorbol esters.

III.2. Tumor-stroma interactions
The major growth regulatory mechanisms altered in tumor
cells to favour their expansion and dissemination are
thought to be altered interactions between tumor cells and
the surrounding connective tissue known as tumor stroma.
These interactions between tumor cells of different de-
grees of malignancy and the developing tumor stroma can
be studied in detail in the matrix-inserted transplantation
assay we have developed to study tumor invasion and an-
giogenesis [1]. Here we could demonstrate that with in-
creasing malignancy tumor cells induce more rapidly and
strongly angiogenesis and granulation tissue and that this
interaction can be blocked by inhibiting angiogenesis and
tumor vascularization (see [2]). Furthermore, by modulat-
ing the extracellular matrix, both tumor vascularization and
angiogenesis can be blocked [19]. In the same transplan-
tation assay using mouse skin carcinoma cells we could
demonstrate, in cooperative studies with the group of Prof.
Foidart in Liège, that alterations in the protease/protease
inhibitor balance in the stroma dramatically inhibited tumor
vascularization. As a consequence, tumor invasion was
blocked and these alterations are caused by an increased
activity of serine proteases due to the lack of their inhibi-
tors [20, 21].

Whereas in experimental mouse models of carcinogenesis
the induction of enhanced angiogenesis and vasculariza-
tion was associated with premalignant stages of the epi-
dermis, our transplantation studies indicated that persis-
tent angiogenesis was only associated with malignant and
invasive tumor cells. Accordingly, in retrospective studies
analyzing representative numbers of skin carcinomas in
different stages of development from early preneoplastic
actinic keratoses to advanced stages of invasive carcino-
mas, a significant increase in vascular density of the tu-
mor-adjacent stroma was only detected in late-stage carci-
nomas (penetrating deeper than 2mm into the dermis
[22]). This collaborative study with the dermatology depart-
ment in Heidelberg demonstrated that in skin carcinomas
increased vascular density was not associated with pre-
malignant changes but only with those tumors with a sta-
tistically higher incidence of metastasis.

The role of matrix-degrading proteases in tumor invasion
and angiogenesis has been acknowledged for long, al-
though the correlation between the expression of certain
proteases by tumor cells and their invasive capacity in vivo
did not always correlate. Accordingly, in cooperative stud-
ies with the group of Dr. Kähäri at the University of Turku,
Finland, and Prof. Fink, University of Munich, increased
expression and activity of different matrix metallo-protein-
ases (MMPs) could be detected in tumorigenic HaCaT
cells, although a major difference between benign (non-
invasive) and malignant HaCaT-derived cells could not be
identified on isolated cells in culture [23, 24, 25]. Similarly,
when the expression of two MMPs (human MMP-1 and -
13) were analyzed in cultured cells, their expression could
be observed in benign and malignant HaCaT cells and fur-
ther increased by a collagen matrix and by coculture with
fibroblasts, predominantly, however, in the malignant cells
only. More interestingly, in surface transplants, the expres-
sion of MMP-1 and -13 was rapidly and permanently
switched off in benign cells, while MMP-1 was constantly
expressed in malignant cells [26]. Furthermore, malignant
cells induced MMP expression in the adjacent stromal
cells, while this was not on only or weekly exerted by the
benign, non-invasive cells. Comparably, benign cells only
induced a transient increase in angiogenesis and vessel
density (ongoing work).

The effect of matrix proteases produced by stroma and tu-
mor cells is mainly interpreted as a mean to degrade the
extracellular matrix and to allow tumor cells to infiltrate
normal tissue. The first matrix barrier is the epithelial base-
ment membrane and we could demonstrate in the trans-
plantation assay that both benign and malignant cells still
express and deposit most of the components of the base-
ment membrane. An intact ultrastructure of the basement
membrane components is consequently also seen in early
transplants of benign and malignant tumor cells, as long
as they are in contact with the collagen gel. As soon as the
newly formed stroma gets in close vicinity to the tumor
cells, basement membrane structures in transplants of ma-
lignant cells disappear, whereas in benign transplants a
continuous ultrastructural basememt membrane lines the
dysplastic epithelium [27]. This clearly indicated that the
stromal proteases preferentially induced by malignant cells
may play a major role in degrading the extracellular matrix
barrier of the basement membrane. Similarly, these stro-
mal proteases may be essential for vessels and stromal
strands to penetrate the tumor tissue. Further studies have
to detect whether inhibition of specific proteases will re-
duce tumor invasion and vascularization on one side and
whether inhibition of tumor vascularization will reduce pro-
tease activity and matrix degradation on the other. Thus,
ongoing studies focus on the differential expression and
activity of stromal proteases in different stages of tumor
development and progression and how this is linked with
angiogenesis and tumor vascularization. Both phenomena
are new targets for tumor therapy and a combination of
anti-angiogenic and protease inhibitor therapy might turn
out to be more effective than monotherapy via one mecha-
nism.
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Several membrane proteins mediate the ATP-dependent
export of endogenous substances, carcinogens, toxins,
and cytotoxic drugs as well as their conjugates from cells
into the extracellular space. Studies in the Division of Tu-
mor Biochemistry resulted in the discovery of the molecu-
lar identity of ATP-dependent export pumps for lipophilic
compounds conjugated with glutathione, glucuronate, sul-
fate, or other anionic residues. Overexpression of these
transport proteins, including the multidrug resistance pro-
tein 1 (MRP1, transporter symbol ABCC1) and the multi-
drug resistance protein 2 (MRP2, symbol ABCC2) confers
drug resistance to tumor cells (for review see ref. 13). Pro-
teins of the MRP family (MRP1-MRP6 as well as additional
isoforms) are very different in their sequence and sub-
strate specificity from MDR1 P-glycoprotein which also
confers multidrug resistance [2]. Inhibitors of MRP1,
MRP2, and other members of the MRP family are of con-
siderable interest since they may overcome clinical multi-
drug resistance conferred by these ATP-dependent export
pumps. Physiological substrates of the conjugate export
pumps of the MRP family include glutathione S-conju-
gates, such as leukotriene C

4, as well as glucuronate con-
jugates of bilirubin, bile salts, and steroid hormones [5, 6,
10, 13, 16]. Our studies on the expression of the apical
conjugate export pump MRP2 in liver demonstrated that
the human Dubin-Johnson syndrome is a consequence of
the absence of the MRP2 protein from the apical mem-
brane of hepatocytes which, therefore, leads to the char-
acteristic conjugated hyperbilirubinemia in patients with
this syndrome [1, 6, 7, 13, 25]. A strong expression of
MRP2 has been demonstrated in primary hepatocellular
carcinoma and in clear cell renal carcinoma which is the
most frequent type of this chemoresistant malignant tumor
in kidney [4]. The isoform MRP5 has been recognized as
an ATP-dependent export pump for cyclic nucleotides with
a high affinity for the ATP-dependent export of 3', 5'- cyclic
guanosine monophosphate [24].
The effective intracellular concentration of chemothera-
peutic drugs is not only determined by metabolism and
ATP-dependent export from cells but also by transport pro-
teins mediating the uptake of drugs and endogenous sub-
stances into malignant as well as normal cells. We have
cloned and characterized several novel organic anion
transporters of the OATP family (transporter symbol
SLC21A) and localized them to the basolateral membrane
of human hepatocytes [15, 22]. Expression of these up-
take transporters may play an important role in the entry of
anionic cytotoxic substances into normal and malignant
cells and influence the targeting of drugs to selected cell
types.

Information via Internet:
http://www.dkfz.de/tumorbiochem/

Division Tumor Biochemistry (B0700)

Head: Prof. Dr. med. Dietrich Keppler
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Figure 1: Localization and function of the conjugate export pumps
termed multidrug resistance protein 3 (MRP3) and multidrug resis-
tance protein 2 (MRP2). Endogenous substances, cytotoxic
drugs, and carcinogens are taken up by uptake transporters in the
basolateral membrane of polarized cells and may subsequently
undergo intracellular conjugation with glutathione, glucuronate, or
sulfate. These conjugates as well as complexes with reduced glu-
tathione, are transported across the plasma membrane into the
extracellular space by ATP-dependent export pumps of the MRP
family. MRP2 is localized to the apical membrane domain of po-
larized cells, such as hepatocytes, whereas MRP3 is localized to
the basolateral membrane domain of normal and malignant cells
[1, 5, 13, 23]. Uptake across the basolateral membrane domain is
in part mediated by members of the organic anion transporter
family (human OATP2 and OATP8) [15, 22, 26].
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Multidrug resistance mediated by members of the
MRP family

Y. Cui, J. König, G. Jedlitschky, I. Leier, D. Keppler

The resistance of malignant tumors to chemotherapeutic
agents is an important problem in clinical chemotherapy.
Drug resistance of tumors to structurally diverse cytotoxic
agents (multidrug resistance) has been frequently related
to overexpression of the MDR1 P-glycoprotein. In 1992 an
additional membrane glycoprotein associated with multi-
drug resistance has been cloned by Susan Cole and
Roger Deeley (Science 258: 1650-1654, 1992). We have
elucidated the function of this protein termed MRP1
(Jedlitschky et al., Cancer Res. 54: 4833-4836, 1994;
Leier et al., J. Biol. Chem. 269: 27807-27810, 1994) and
demonstrated that the ATP-dependent transport across the
plasma membrane of many lipophilic compounds and
drugs conjugated with glutathione, sulfate, or glucuronate
is mediated by MRP1 [reviewed in refs. 10,13]. In addition,
we cloned and expressed another isoform, MRP2, which
has an amino acid identity of 48 % with human MRP1 [5].
Recombinant MRP2, overexpressed in human HEK and
canine MDCK cells increased the resistance to etoposide
(4-fold), cisplatin (10-fold), doxorubicin (7.8-fold), and
epirubicin (5-fold) [5]. These studies directly demonstrated
that overexpression of MRP2 confers multidrug resistance
[5]. Since MRP2 has been detected in hepatocellular carci-
noma and renal cell carcinoma, this ATP-dependent export
pump may contribute to the well-known multidrug resis-
tance of these tumors [4]. Inhibitors of MRP2-mediated
transport of cytotoxic drugs may serve to counteract the
multidrug resistance. They also may be of particular inter-
est in solid tumors frequently associated with an
overexpression of MRP2.

Substrate specificity of the conjugate export
pumps MRP1 (ABCC1), MRP2 (ABCC2), MRP3
(ABCC3), and MRP5 (ABCC5)

I. Leier, G. Jedlitschky, Y. Cui, A. Nies, T. Kamisako,
D. Keppler

The substrate specificity of recombinant human MRP1 was
further elucidated in inside-out membrane vesicles from
MRP1-transfected cells [13,17,21]. The substrate effi-
ciency determined by the Vmax/Km ratio is as follows: leuko-
triene C4 and D4 (LTC4, LTD4) > S-(2,4-dinitrophenyl)gluta-
thione > 17β-glucuronosylestradiol > monoglucuronosyl bi-
lirubin > 3α-sulfatolithocholyltaurine > glutathione disul-
fide. The substrate specificity of recombinant human
MRP2 was considered to be similar as MRP1, however,
we have demonstrated significant kinetic differences [5].
Cloning and expression of recombinant MRP2 has now
enabled a direct comparison of the kinetic properties of
MRP2 and MRP1 [5]. Accordingly, the Km values of MRP2
for LTC4 and 17β-glucuronosyl estradiol are 10- and 5-fold
higher than the ones of MRP1 [5]. On the other hand, the
apical isoform MRP2 has a remarkably high affinity for the
endogenous substrates monoglucuronosyl bilirubin and
bisglucuronosyl bilirubin with Km values of 0.7 and 0.9 µM,
respectively [6]. Glutathione S-conjugates of the bifunc-

tional alkylating agents chlorambucil and melphalan are
substrates for MRP1 [13]. This suggests that MRP1 also
contributes to the drug resistance of malignant tumors to
alkylating agents. Moreover, we have demonstrated that
the fluorescent amphiphilic pentaanion fluo-3 is a good
substrate for MRP1 and for MRP2 [10,13,16]. This sub-
stance is useful for studies on MRP functions in intact cells
[16]. MRP3 preferentially pumps glucuronate conjugates
such as monoglucuronosyl bilirubin [21]. MRP5 has been
identified as an ATP-dependent export pump for cyclic
nucleotides [24].

Expression and localization of members of the
MRP family in normal and malignant tissues

A. Nies, J. König, D. Rost, W. Hagmann, D. Keppler

In cooperation with: Prof. Dr. Jürgen Kartenbeck, Division of Cell
Biology (Immunofluorescence and electron microscopy of MRP
proteins); Dr. Herbert Spring, Biomedical Structure Analysis Group
(Confocal laser scanning microscopy); Dr. Walter Hofmann, De-
partment of Pathology, University of Heidelberg (MRP family
members in hepatocellular carcinoma)

Isoform-specific antibodies were developed on the basis of
the sequence information for the cloned human MRP2 and
MRP3 cDNAs and used for the detection of the transport
proteins in distinct membrane domains of  polarized cells
(Figure 1). The expression of MRP2 in liver, kidney, and in-
testine has been analyzed by Northern blotting. Immunof-
luorescence microscopy served to localize MRP2 to the
apical membrane domain of hepatocytes [1,7] and to the
brush border membrane of kidney proximal tubules [4]. In
addition, MRP2 has been detected in hepatocellular carci-
noma cells and human liver tumors (A. Nies, W. Hofmann
et al., unpublished). and in clear cell renal carcinoma [4].
The isoform MRP3 (ABCC3) is composed of 1527 amino
acids and represents another integral membrane protein
of the MRP family with an amino acid identity of 58 % and
48 % when compared to MRP1 and MRP2, respectively
[1,13]. MRP3 expression, as analyzed by Northern blot-
ting, was detected in human liver, colon, pancreas, and
kidney [1]. Most recent analyses demonstrate a pro-
nounced expression of MRP3 in human hepatocellular car-
cinoma (A. Nies et al., unpublished). The genes encoding
MRP1, MRP2, and MRP3 are localized to different chro-
mosomes, however, the predicted proteins have a similar
membrane topology. Peptide antibodies directed against
MRP3 allowed for the localization of MRP3 to the
basolateral membrane of human hepatocytes [1] and addi-
tional polarized cells as well as to the lateral membrane
domain of MRP3-transfected MDCK cells [13]. A particu-
larly marked expression of MRP3 has been observed in
the basolateral membrane of hepatocytes from patients
with Dubin-Johnson syndrome [1] who lack the apical
isoform MRP2 because of mutations in the MRP2 gene
[7]. This indicates that MRP3 is upregulated under condi-
tions where the apical secretion of anionic conjugates by
MRP2 is impaired. Further studies deal with the function
and substrate specificity of MRP3. A possible multidrug re-
sistance conferred by overexpression of MRP3 may play a
role in hepatocellular carcinoma which is intrinsically resis-
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tant to chemotherapy. The domain-specific localization of
MRP2 and MRP3 in polarized cells under in vivo condi-
tions [1,13] differs from the one of MRP1 which has been
localized to the plasma membrane of many tissues and
unpolarized cells such as human erythrocytes and mast
cells.

Exon-intron organization of the human MRP2
gene mutated in Dubin-Johnson Syndrome

J. König, H. Tsujii, A. Nies, V. Keitel, D. Rost, B.
Stöckel, D. Keppler

In cooperation with: Prof. Dr. Ulrich Leuschner, Department of
Medicine, University of Frankfurt

Elucidation of the exon-intron boundaries of the human
MRP2 gene has provided the basis for the analysis of mu-
tations in the coding sequence of this gene [7]. Moreover,
comparison of the splice junction sites of the MRP2 gene
with the genomic organization of MRP1 and MRP3 has
given a better insight into the relationship of these genes
located on different chromosomes. The human MRP2
gene comprises 32 exons and is approximately 65 kb in
length [7]. It shares 21 identical splice junctions with MRP1
and MRP3. We have identified two mutations in the MRP2
gene in patients with Dubin-Johnson syndrome, one lead-
ing to a premature termination-codon in the linker region
and another one leading to the loss of two amino acids in
the carboxy-proximal nucleotide-binding domain of the
MRP2 protein [7,13,23,25]. Both mutations are associated
with an absence of the MRP2 protein from the apical
membrane of hepatocytes. The mutation leading to the de-
letion of arginine 1392 and methionine 1393 in the second
nucleotide-binding domain causes an impaired maturation
and trafficking of the protein from the endoplasmic reticu-
lum to the Golgi complex [25]. Inhibition of proteasome
function resulted in a paranuclear accumulation of the mu-
tant protein suggesting that proteasomes are involved in
the degradation of mutant MRP2 protein [25]. Our studies
have elucidated the molecular basis of the Dubin-Johnson
syndrome which is associated with a conjugated hyperbi-
lirubinemia. This is in line with our studies on the substrate
specificity of recombinant MRP2 as an ATP-dependent ex-
port pump for bilirubin conjugates [6].

Purification and functional characterization of
human MRP2

W. Hagmann, J. König, A. Nies, S. Borgers,
D. Keppler

In cooperation with: Dr. M. Frey and PD Dr. H. Zentgraf, Applied
Tumorvirology Program, and Dr. M. Schnölzer and Dr. T. Kempf,
Central Protein Analysis Group, DKFZ

Availability of purified MRP2 protein is essential for the de-
tailed functional characterization of this member of the
family of ATP-binding cassette transporters. We have sta-
bly expressed MRP2 containing an added carboxy-termi-
nal (His)6-tag [9]. Membrane vesicles from transfected cell
clones demonstrated ATP-dependent transport of leuko-
triene C4. MRP2-(His)6 was solubilized from membranes of

these transfected cells and was purified to homogeneity
for the first time in a three-step procedure using immobi-
lized metal affinity chromatography, desalting, and
immunoaffinity chromatography [9]. The purified MRP2-
(His)6 glycoprotein was reconstituted into proteoliposomes
and showed functional activity as ATPase in a protein-de-
pendent manner. This ATPase activity was substrate-
stimulated by oxidized and reduced glutathione and by S-
decyl-glutathione [9].

Characterization of multidrug resistance protein
5 (ABCC5) as an ATP-dependent export pump for
cyclic nucleotides

G. Jedlitschky, D. Keppler

In cooperation with: Professor Brian Burchell, University of
Dundee, Scotland, UK.

Cellular export of cyclic nucleotides has been observed in
a variety of tissues and may represent an elimination path-
way for these signaling molecules. An important physiolo-
gical transport function of recombinant MRP5, expressed
in V79 hamster lung fibroblasts, was identified for the first
time as an ATP-dependent export of 3', 5'-cyclic guanosine
monophosphate with a Km value of 2.1 µM [24]. MRP5-me-
diated transport was also detected for 3', 5'-cyclic adenos-
ine monophosphate at a lower affinity, with a Km value of
379 µM. A potent inhibition of MRP5-mediated transport
was observed with several substances known as phos-
phodiesterase modulators, including trequinsin, with a Ki

value of 250 nM, and sildenafil, with a Ki value of 267 nM
[24]. Thus, cyclic nucleotides are physiological substrates
for MRP5. Moreover, MRP5 may represent a novel phar-
macological target for the enhancement of tissue levels of
cyclic guanosine monophosphate [24].

Expression and functional characterization of the
human uptake transporters OATP2 (SLC21A6)
and OATP8 (SLC21A8)

J. König, Y. Cui, A. Nies, D. Keppler

Uptake transporters belonging to the organic anion trans-
porter family (OATP, symbol SLC21A) are expressed in a
variety of tissues. Based on sequence homologies we
cloned human OATP2 and OATP8 [15,22]. Both are pref-
erentially expressed in human liver as demonstrated by
Northern blot analysis. Specific antibodies were raised to
detect OATP2 and OATP8 both in human liver and in sta-
bly transfected cells. Immunofluorescence microscopy lo-
calized OATP2 [15] and OATP8 [22] to the basolateral
membrane of human hepatocytes and to the lateral mem-
brane of polarized transfected MDCK cells. Using stable
transfectants, several organic anions including sulfobro-
mophthalein, 17β-glucuronosyl estradiol, and dehydroepi-
androsterone sulfate were demonstrated to be substrates
for both OATP2 and OATP8 [15,22,26]. However, OATP2
and OATP8 differ by their ability to transport bile salts and
unconjugated bilirubin [26]. At physiological concentra-
tions, several bile salts were taken up by OATP2-express-
ing cells, but not by OATP8-expressing cells. Furthermore,
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unconjugated bilirubin is taken up in the presence of albu-
min by OATP2-expressing cells, but not by OATP8-ex-
pressing cells [26]. Thus, OATP2 was identified as a high-
affinity uptake transporter for unconjugated bilirubin in hu-
man liver [26].

Publications (* = external co-author)
[1] König, J.; Rost, D.; Cui, Y.; Keppler, D.: Characterization of the
human multidrug resistance protein isoform MRP3 localized to the
basolateral hepatocyte membrane. Hepatology 29 (1999) 1156-
1163.

[2] Wallstab, A.; Koester, M.; Böhme, M.; Keppler, D.: Selective
inhibition of MDR1 P-glycoprotein-mediated transport by the
acridone carboxamide derivative GG918. British Journal of Can-
cer 79 (1999) 1053-1060.

[3] Rost, D.; Kartenbeck, J.; Keppler, D.: Changes in the localiza-
tion of the rat canalicular conjugate export pump Mrp2 in phalloi-
din-induced cholestasis. Hepatology 29 (1999) 815-821.

[4] Schaub, T.P.; Kartenbeck, J.; König, J.; Spring.; H.; *Dörsam,
J.; *Staehler, G.; *Störkel, S.; *Thon, W.F.; Keppler, D.: Expres-
sion of the MRP2 gene-encoded conjugate export pump in human
kidney proximal tubules and in renal cell carcinoma. Journal of the
American Society of Nephrology 10 (1999) 1159-1169.

[5] Cui, Y.; König, J.; Buchholz, U.; Spring, H.; Leier, I.; Keppler,
D.: Drug resistance and ATP-dependent conjugate transport medi-
ated by the apical multidrug resistance protein, MRP2, perma-
nently expressed in human and canine cells. Molecular Pharma-
cology 55 (1999) 929-937.

[6] Kamisako, T.; Leier, I.; Cui, Y.; König, J.; Buchholz, U.;
Hummel-Eisenbeiss, J.; Keppler, D.: Transport of monoglucurono-
syl and bisglucuronosyl bilirubin by recombinant human and rat
multidrug resistance protein 2. Hepatology 30 (1999) 485-490.

[7] Tsujii, H.; König, J.; Rost, D.; Stöckel, B.; *Leuschner, U.;
Keppler, D.: Exon-intron organization of the human multidrug re-
sistance protein 2 (MRP2) gene mutated in Dubin-Johnson syn-
drome. Gastroenterology 117 (1999) 653-660.

[8] *Reichel, C.; *Gao, B.; *Van Montfoort, J.; *Cattori, V.;
*Rahner, C.; *Hagenbuch, B.; *Stieger, B.; Kamisako, T.; *Meier,
P.J.: Localization and function of the organic anion-transporting
polypeptide Oatp2 in rat liver. Gastroenterology 117 (1999) 688-
695.

[9] Hagmann, W.; Nies, A.T.; König, J.; Frey, M.; Zentgraf, H.;
Keppler, D.: Purification of the human apical conjugate export
pump MRP2. Reconstitution and functional characterization as
substrate-stimulated ATPase. European Journal of Biochemistry
265 (1999) 281-289.

[10] Keppler, D.; Cui, Y.; König, J.; Leier, I.; Nies, A.: Export
pumps for anionic conjugates encoded by MRP genes. Advances
in Enzyme Regulation 39 (1999) 237-246.

[11] Keppler, D.: Transport of organic anions across the hepato-
cyte canalicular membrane. Japanese Pharmacological Therapy
27 (Suppl.) (1999) 195-198.

[12] Keppler, D.: Export pumps for glutathione S-conjugates. Free
Radical Biology & Medicine 27 (1999) 985-991.

[13] König, J.; Nies, A.T.; Cui, Y.; Leier, I.; Keppler, D.: Conjugate
export pumps of the MRP family: Localization, substrate specific-
ity, and MRP2-mediated drug resistance. Biochimica et
Biophysica Acta 1416 (1999) 377-394.

[14] Keppler, D.; König, J.; Rost, D.; Cui, Y.: ATP-Dependent
hepatocellular conjugate export pumps of the MRP family. In: Bile
Acids and Cholestasis, Eds.: G. Paumgartner, A. Stiehl, W. Gerok,
D. Keppler, and U. Leuschner: Kluwer Academic Publishers,
Dordrecht, 1999. pp. 106-110.

[15] König, J.; Cui, Y.; Nies, A.T.; Keppler D.: A novel human or-
ganic anion transporting polypeptide localized to the basolateral
hepatocyte membrane. American Journal of Physiology - Gas-
trointestinal and Liver Physiology 278 (2000) G156-G164.

[16] Cantz, T.; Nies, A.T.; Brom, M.; *Hofmann, A.F.; Keppler, D.:
MRP2, a human conjugate export pump, is present and transports
Fluo3 into apical vacuoles of HepG2 cells. American Journal of
Physiology - Gastrointestinal and Liver Physiology 278 (2000)
G522-G531.

[17] Leier, I.; Hummel-Eisenbeiss, J.; Cui, Y.; Nies, A.T.; Keppler,
D.: ATP-dependent para-aminohippurate transport by apical
multidrug resistance protein MRP2. Kidney International 57
(2000) 1636-1642.

[18] Stöckel, B.; König, J.; Nies, A.T.; Cui, Y.; Brom, M.; Keppler,
D.: Characterization of the 5'-flanking region of the human
multidrug resistance protein 2 (MRP2) gene and its regulation in
comparison with the multidrug resistance protein 3 (MRP3) gene.
European Journal of Biochemistry 267 (2000) 1347-1358.

[19] Uemura, M.; Lehmann, W.-D.; *Schneider, W.; *Seitz, H.K.;
*Benner, A.; *Keppler-Hafkemeyer, A.; *Hafkemeyer, P.; *Kojima,
H.; *Fujimoto, M.; *Tsujii, T.; *Fukui, H.; Keppler, D.: Enhanced
urinary excretion of cysteinyl leukotrienes in patients with acute
alcohol intoxication. Gastroenterology 118 (2000) 1140-1148.

[20] *Timár, J.; *Rásó, E.; *Döme, B.; *Li, L.; *Grignon, D.; *Nie,
D.; *Honn, K.V.; Hagmann, W.: Expression, subcellular localiza-
tion and putative function of platelet-type 12-lipoxygenase in hu-
man prostate cancer cell lines of different metastatic potential. In-
ternational Journal of Cancer 87 (2000) 37-43.

[21] Keppler, D.; Kamisako, T.; Leier, I.; Cui, Y.; Nies, A.T.; Tsujii,
H.; König, J.: Localization, substrate specificity, and drug resis-
tance conferred by conjugate export pumps of the MRP family.
Advances in Enzyme Regulation 40 (2000) 339-349.

[22] König, J.; Cui, Y.; Nies, A.T.; Keppler, D.: Localization and ge-
nomic organization of a new hepatocellular organic anion trans-
porting polypeptide. Journal of Biological Chemistry 275 (2000)
23161-23168.

[23] Keppler, D.; König, J.: Hepatic secretion of conjugated drugs
and endogenous substances. Seminars in Liver Disease 20
(2000) 265-272.

[24] Jedlitschky, G.; *Burchell, B.; Keppler, D.: The multidrug re-
sistance protein 5 functions are an ATP-dependent export pump
for cyclic nucleotides. Journal of Biological Chemistry 275 (2000)
30069-30074.

[25] Keitel, V.; Kartenbeck, J.; Nies, A.T.; Spring, H.; Brom, M.;
Keppler, D.: Impaired protein maturation of the conjugate export
pump multidrug resistance protein 2 as a consequence of a dele-
tion mutation in Dubin-Johnson syndrome. Hepatology 32 (2000)
1317-1328.

[26] Cui, Y.; König, J.; Leier, I.; Buchholz, U.; Keppler, D.: Hepatic
uptake of bilirubin and its conjugates by the human organic anion
transporter SLC21A6. Journal of Biological Chemistry, published
online December 27, 2000.



85

Research Program
Tumor Cell Regulation

Division
Signal Transduction and Growth Control

DKFZ 2001: Research Report 1999/2000

Research assistants:
Marina Schorpp-Kistner, Ph.D.
Hartmut Richter, Ph.D.

Postdocs:
Bettina Hartenstein, Ph.D. (07/99 - ) *
Jochen Hess, Ph.D. (01/00 - )
Dominique Porte, Ph.D. ( - 06/99) *
Niamh Keon, Ph.D. ( - 07/00) *
Ute Breitenbach, Ph.D.

Ph.D. students
Jan Tuckermann ( - 09/99)*
Christine Munz ( - 08/00) *
Sven Andrecht *
Axel Szabowski
Dirk Schmidt *
Hanna Bierbaum (12/99 - )*
Nicola Viebig (04 - 10/00)
Bernd Dittrich (11/00 - )*

MD student:
Christoffer Gebhardt (07/99 - 06/00)
Christian Krause (08 - 12/00)

Diploma student:
Jens Eberlein (05/99 - 04/00)

Technical Assistants:
Sibylle Teurich
Susanne Adams ( - 09/00)
Sonya Commendatore ( - 11/99) *
Melanie Sator-Schmitt

Apprentices:
Tanja Raubinger (09/00 - )
Daniel Sandmaier (02 - 08/00)
Sven Rüffer (10/00 - )

Secretary (part-time):
Sabrina Zahner

*) external funding

The Division “Signal Transduction and Growth Control” is
working on the characterisation of the genetic response of
organisms and their cells on environmental cues (radia-
tion, chemical carcinogens) and to compare this response
with biochemical processes controlled by physiological
regulators, such as cytokines and hormones. The major
focus of our work is trying to understand by which mecha-
nisms extracellular signals are “translated“ into changes in
the expression of specific cellular genes and to describe
the specific function of the encoded gene products in
physiological processes, such as cell proliferation, differ-
entiation, cell survival and apoptosis. This also includes
the understanding of the molecular events on the level of
gene regulation how a normal cell is transformed into a
cancer cell.
The work of our Division is mainly focused on the large
family of the AP-1 (Fos/Jun) transcription factors, which
mediate gene regulation in response to specific growth
factors, cytokines, tumour promoters, carcinogens and
oncoproteins. Based on that AP-1 has been considered a
key regulator of various complex biological processes,
such as cell proliferation, transformation, differentiation,
apoptosis and protection against DNA-damaging agents
[1, 2].
The major focus of our research interests is the identifica-
tion of the specific function of the individual members of
the Jun and Fos family members in AP-1-dependent pro-
cesses in physiology and pathology. By generating mice,
which lack a functional junB gene we were able to identify
a critical role of JunB in the formation of the mammalian
placenta [3]. Using fibroblasts from c-fos, and c-jun knock
out mice, we have established a critical role for both pro-
teins in the regulation of the genetic cellular programs initi-
ated in response to genotoxic agents [1, 4] and the role of
c-Jun in cell proliferation [5]. Importantly, we were able to
isolate primary junB-/- fibroblasts from junB knock out em-
bryos and to establish immortalised cell lines. These cells
were used to identify cell-autonomous functions of JunB in
cell cycle progression and, in comparison to c-Jun-defi-
cient fibroblasts, to define novel antagonistic trans-regula-
tory functions of c-Jun and JunB in mesenchymal-epithe-
lial cross-talk in the skin [6, 7]. The cloning and characteri-
sation of c-Jun and JunB target genes, which play an im-
portant role in the physiological and pathological pro-
cesses described above will be a prime interest area of
our future work. An additional focus of our work is the
identification of signal transduction pathways regulating
AP-1 activity and AP-1-regulated genes in response to
genotoxic agents [1, 4, 8, 9] and the functional analysis of
regulatory cross-talk between AP-1 and other transcription
factors, such as the glucocorticoid receptor and Cbfa-1, in
bone development, inflammatory response and tumouri-
genesis [10-15]. Finally, we have established experimental
conditions to clone novel cDNAs of tumour-associated
genes in mouse skin [13], which will be analysed by bio-
chemical and functional means to define the specific func-
tion of the corresponding gene products in tumourigenesis
in the skin as well as other tissues in mouse and human.

Division Signal Transduction and Growth Control (B0800)

Head: Peter Angel, Ph.D.
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Cell-autonomous Functions of c-Fos and c-
Jun in Cell Proliferation, Apoptosis and
Cellular Defence Mechanisms against
Genotoxic Agents

A. Kolbus, A. Szabowski, H. Bierbaum

In collaboration with Martin Schreiber and Erwin F. Wagner, IMP
Vienna, Austria; Michael Karin, UC San Diego, La Jolla, USA;
Stefan Scherer and Manfred Schartl, University of Wuerzburg;
Ingrid Herr, Klaus-Michael Debatin, Sören Eichhorst, Sven
Baumann, Sabine Kirchhoff and Peter Krammer, DKFZ

The de novo synthesis of the Jun and Fos proteins is
strongly enhanced after treatment of cells with growth fac-
tors and DNA damaging agents (radiation, chemical car-
cinogens, e.g. alkylating substances), suggesting that the
Jun- and Fos-proteins may play an important role in cell
cycle regulation and the cellular stress response [1]. To get
experimental support for these postulated functions, we
employed primary and immortalised fibroblasts lacking c-
Jun or c-Fos-proteins. These cells have been established
from “knock out” mice deficient in c-Jun or c-Fos, respec-
tively. While cells lacking c-Fos exhibit a normal prolifera-
tion phenotype fibroblasts derived from c-jun-/- embryos ex-
hibit a severe proliferation defect and undergo a prolonged
crisis prior to spontaneous immortalisation. The cyclin D1-
and cyclin E-dependent kinases (CDKs) and the transcrip-
tion factor E2F are poorly activated resulting in inefficient
G1-to-S-phase progression. Transcription of the tumour
suppresser gene p53 was found to be negatively regulated
by c-Jun through binding to a variant AP-1 site in the p53
promoter [5]. As a consequence, the absence of c-Jun re-
sults in elevated expression of p53 and it’s target gene,
the CDK inhibitor p21, whereas overexpression of c-Jun
represses p53 and p21 expression and accelerates cell
proliferation. Importantly, deletion of p53 abrogates all pro-
liferation and cell cycle defects of cells lacking c-Jun, dem-
onstrating that the rate-limiting function of c-Jun in prolif-
eration of fibroblasts is the negative regulation of p53, link-
ing c-Jun-dependent mitogenic signalling to cell cycle
regulation [5].

In addition to these regulatory functions, a fine-tuned bal-
ance in the expression of c-Jun and p53 seems to be im-
portant for the mammalian stress response following UV ir-
radiation. Upon UV irradiation p53 activates transcription
of the human mismatch repair gene MSH2. This up-regu-
lation critically depends on functional interaction with c-Jun
[16].

To directly address the critical role of AP-1 subunits in the
mammalian stress response fibroblasts from c-fos- and c-
jun- knock out mice were employed. We have shown pre-
viously that cells lacking c-Fos are hypersensitive to UV ir-
radiation when compared to wildtype cells, which is
caused by a higher rate of apoptosis. Interestingly, in con-
trast to cells lacking c-Fos, the ability of c-Jun-deficient fi-
broblasts to undergo apoptosis in response to UV, chemi-
cal carcinogens and chemotherapeutic drugs is greatly re-
duced [4]. Resistance to apoptosis was accompanied by
impaired expression of CD95-L, a well-known inducer of
apoptosis. Addition of recombinant CD95-L restored

apoptosis sensitivity in c-jun-/- fibroblasts. MMS-induced
apoptosis in wild-type fibroblasts or human lymphocytes
was strongly reduced by neutralising CD95-L antibodies,
or transdominant-negative FADD confirming the impor-
tance of CD95 signalling in MMS-induced apoptosis [4].
Obviously, c-Jun-dependent transcriptional activation of
genes encoding death receptor ligands, such as CD95-L,
which occurs in wild-type but not in the mutant cells, is a
rate limiting step in efficient induction of apoptosis by
genotoxic agents. Once induced CD95-L binds to its re-
ceptor to induce apoptosis in a c-Jun-independent man-
ner. Experimental evidence have been provided, that c-
Jun-dependent activation of CD95-L may also play an im-
portant role in induction of apoptosis of hepatocellular cells
by anticancer drugs [17]. Moreover, in addition to CD95-L
expression of other death receptor ligands, such as TRAIL
and TNFα may also be subject to regulation by stress-acti-
vated signalling pathways addressing c-Jun [8, 9].

Function of Jun B in vivo and in vitro

M. Schorpp-Kistner, S. Andrecht, D. Schmidt,
B. Hartenstein, N. Keon, S. Adams, M. Sator-Schmitt

In collaboration with Z.-Q. Wang, E. Passegue and E.F. Wagner,
IMP Vienna, Austria

Different lines of evidence suggest that the JunB protein is
of particular importance for biological processes that de-
pend on AP-1 activity and that, depending on the cellular
context (extracellular signals, expression and activity of
other AP-1 subunits) either positive or negative activity of
JunB may be required [1]. To elucidate the physiological
role of junB, an immediate early gene and a member of
the AP-1 transcription factor family, we examined its ex-
pression during early embryogenesis and generated mice
lacking a functional JunB protein [3]. Mutant embryos are
severely growth- and developmentally retarded and die
between days 8.5 and 10.0 p.c. most likely of multiple de-
fects in placental development rather than impaired cellu-
lar proliferation. The defects in the extraembryonic tissues
include a dislocation of primary trophoblast giant cells, al-
tered expression of the trophoblast-specific genes, and an
impaired vascularisation of the yolk sac and the placental
labyrinth layer. The onset of these phenotypic defects cor-
relates with high expression of junB in these extraembry-
onic tissues. Injection of junB-/- ES cells into tetraploid wild-
type blastocysts gave rise to junB-/- ES cell-derived fetuses
which were no longer growth retarded and displayed a
normal vascularised yolk sac and labyrinth in their pla-
centa [3]. Obviously, the primary cause of embryonic le-
thality is a defective feto-maternal exchange of nutrients
due to failure in establishing proper vascular interactions
with the maternal circulation based on defects in extra-em-
bryonic tissues. These data identify JunB as the first mem-
ber of the Jun proteins, which is essential for proper pla-
centation.

Embryonic lethality could be rescued by a junB transgene
[3]. Interestingly, transgenic mice widely expressing junB,
except for the myeloid lineage, in a null background (junB-/-

Ubi-junB mice), develop a transplantable myeloprolifera-
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tive disease which can progresses to a blast crisis thereby
resembling human chronic myeloid leukemia (CML). The
pathological phenotype is accompanied by an increased
numbers of granulocyte progenitors and mature neutro-
philic granulocytes. These results identify JunB as a key
transcriptional regulator of myelopoiesis and represent an-
other line of evidence that JunB functions as a tumour
suppressor gene [18].

We also succeeded to isolate fibroblasts from E9.5 junB-/-

mouse embryos [6]. Analysis of both primary and immor-
talised junB-/- fibroblasts showed normal cell proliferation
but an altered cell cycle profile exhibiting a larger propor-
tion of S-phase cells and a diminished G2/M population (S.
Andrecht, P. Angel and M. Schorpp-Kistner, unpublished).
Loss of JunB results in deregulated cyclin D1-CDK4/CDK6
kinase activity, decreased p16INK4a mRNA and protein lev-
els and prolonged transcriptional activation of c-jun.
Accumulatively, these phenotypic alterations contribute to
an accelerated transition from G1- to S-phase. Neverthe-
less, the proliferation rate of junB-/- fibroblasts remains un-
altered due to an independent counteracting defect in the
S to G2/M-transition. Transcriptional activation of cyclin A
was found to be JunB-dependent resulting in severely im-
paired cyclin A-CDK2 and cyclin B-CDC2 kinase activities
in junB-/- cells. Upon reintroduction of an inducible JunB
expression vector, almost normal cell cycle distribution,
p16INK4a and cyclin A protein levels could be regained (S.
Andrecht, P. Angel and M. Schorpp-Kistner, unpublished).
These data demonstrate indispensable functions for JunB
to control c-Jun action, to activate JunB-specific target
genes and to maintain normal cell cycle progression.

Trans-regulatory functions of c-Jun and JunB in
keratinocyte proliferation and differentiation

A. Szabowski, S. Andrecht, A. Kolbus,
M. Schorpp-Kistner

In collaboration with Nicole Maas-Szabowski and Norbert
Fusening, DKFZ

In addition to this cell-autonomous regulatory function of a
c-Jun- or JunB-containing AP-1 dimer in cell proliferation,
and interference with other cellular signalling pathways
(e.g. Smad-driven gene activation; 19] Jun proteins may
also affect cell proliferation and differentiation via a trans-
regulatory mechanism by modulating the expression of
factors, which act on neighbouring cells in a paracrine
fashion. A suitable in vivo system to study trans-regulatory
functions of Jun proteins is the skin. The formation and
maintenance of the mature epidermis rely on a tightly bal-
anced process of keratinocyte proliferation and terminal
differentiation. This is regulated by interactions with the
adjacent connective tissue via a cytokine network between
keratinocytes and dermal fibroblasts both during skin de-
velopment and skin regeneration. These processes can be
recapitulated in an in vitro tissue engineered skin equiva-
lent model in which normal keratinocyte proliferation and
differentiation is maintained under the control of cocultured
dermal fibroblasts to form a three-dimensionally organised
epithelium. To assess the role of c-Jun- and JunB-regu-

lated gene products in fibroblasts required for skin tissue
homeostasis, we have established in vitro skin organotypic
cultures composed of human keratinocytes and immor-
talised fibroblasts derived from wildtype, c-jun-/- and junB-/-

mouse embryos [6, 7]. Whereas c-jun-/- fibroblasts did not
support keratinocyte growth, junB-/- fibroblasts caused en-
hanced keratinocyte growth and differentiation. These
phenotypes may be explained by the lack of constitutive
and Il-1-induced expression of KGF and GM-CSF in c-jun-/-

cells and enhanced constitutive expression of both genes
in junB-/- cells. Growth-inhibited thin epithelia in c-jun-/- fi-
broblasts containing cultures could be partially rescued by
KGF to a proliferative but less differentiating epithelium,
whereas addition of both KGF and GM-CSF completely re-
stored the wild-type phenotype. On the other hand, block-
ing antibodies to GM-CSF and IL-1 reduced the phenotype
obtained by junB-/- fibroblasts. These data suggest that the
relative abundance and activation state of a given AP-1
subunit in a non-cell autonomous, trans-regulatory fashion
directs regeneration of the epidermis and maintenance of
tissue homeostasis in skin [2, 6, 7].

Regulation and Function of the AP-1
Dependent Target Gene Collagenase: a
Model to Study Regulatory Mechanism of
Protein/Protein Interaction between AP-1,
Glucocorticoid Receptor and Cbfa-1 in vivo
and in vitro

Experiments from our laboratory and other laboratories
have established metalloproteinases (in particular intersti-
tial collagenases MMP-1, and MMP-13, and stromeysin-1;
MMP-3) as model systems for AP-1 dependent gene ex-
pression in tissue culture cells and in the animal [2, 4, 12-
14]. The interstitial collagenase genes encode proteinases
whose activities are regulated at the level of transcription
and interaction with tissue inhibitors of MMPs, TIMPs, [20].
They are proposed to play an important role during physi-
ological processes that require tissue remodelling, such as
embryogenesis and organogenesis, and pathological pro-
cesses, for example chronic inflammation and tumour pro-
gression. We have identified collagenase expression in os-
teoblasts during embryonic development and in adult mice
providing strong evidence that collagenase (only MMP-13
but not MMP-1 is expressed in mice) is required for bone
development and remodelling [10, 14, 21-23].

a) Positive interference between AP-1 and Cbfa1
during physiological and pathological processes

J. Hess, D. Porte, J. Tuckermann, M. Becker,
C. Munz, S. Teurich, B. Hartenstein

In collaboration with M. Owen, ICRF, London, UK; J. Labrador
and R. Klein, EMBL Heidelberg; K. Pittois and J. Merregaert, Uni-
versity of Antwerp, Belgium; G. Murphy and R. Hembry,
Strangeways Research Laboratory, Cambridge, UK.

Parathyroid hormone (PTH) is a major regulator of calcium
homeostasis by mobilising calcium through bone resorp-
tion. In agreement with its requirement for cleavage of col-
lagens in the bone, we found strongly induced expression



88

Research Program
Tumor Cell Regulation

Division
Signal Transduction and Growth Control

DKFZ 2001: Research Report 1999/2000

of collagenase-3 (MMP-13) upon PTH injection in mice. A
cis-acting element in the collagenase-3 promoter was
identified which, together with AP-1, is required for induc-
tion by PTH [10]. This element contains CCACA motifs
which are required for binding of the 65 kDa osteoblast-
specific splice variant of Cbfa1 which was recently identi-
fied as a “master-regulator“ of osteoblast differentiation
and bone development (Komori et al., 1997; Cell 89, 755-
764; Otto et al., 1997, Cell 89, 765-771). Introduction of
mutations in this binding site (“osteoblast-specific element-
2”, OSE-2) that interfere with protein interaction also elimi-
nates PTH inducibility and transactivation by Cbfa/Runt
proteins. While DNA binding activity of AP-1 is increased
upon PTH treatment, we observed a high basal level of
Cbfa/Runt binding activity in untreated cells which is not
further increased by PTH, suggesting that AP-1 and Cbfa1
contribute to transcriptional activation through different
mechanisms. In agreement with the critical role of both
proteins defined in tissue culture cells, expression of colla-
genase-3 is reduced in mice lacking c-fos and is com-
pletely absent in cbfa1-/- embryos [10]. These data provide
the first evidence for a critical role of Cbfa1 in PTH-depen-
dent processes such as bone resorption.

We have tried to identify the mechanism of functional syn-
ergism between Cbfa-1 and AP-1 in PTH-dependent acti-
vation of MMP-13 expression. Clearly, increased expres-
sion and DNA binding of c-Fos and c-Jun proteins by PTH
is not sufficient for activation of the MMP-13 promoter. We
have preliminary evidence that PTH induces hyperphos-
phorylation of c-Jun only very inefficiently and that PTH-
dependent activation of PKA leads to hyperphosphoryla-
tion and thereby activation of the transactivation function
of Cbfa1 (D. Porte and P. Angel, unpublished). In addition,
we have identified physical interaction between c-Jun and
c-Fos with Cbfa/Runt proteins [11]. This interaction de-
pends on the leucine zipper of c-Jun or c-Fos and the Runt
domain of Cbfa/Runt proteins, respectively. Moreover, c-
Fos interacts with the C-terminal part of Cbfa1 and its rela-
tive, Cbfa2, sharing a conserved transcriptional repression
domain. In addition to the distal OSE2 element in the mu-
rine and rat MMP-13 promoter, we identified a new proxi-
mal OSE2 site overlapping with the AP-1 binding motif.
Both, interaction of Cbfa/Runt proteins with AP-1 and pres-
ence of a functional proximal OSE2 site is required for en-
hanced transcriptional activity of the MMP-13 promoter in
transient transfected fibroblasts and in PTH-treated os-
teosarcoma cells [11].

b) Negative interference between AP-1 and the
glucocorticoid receptor

J. Tuckermann, U. Breitenbach, H. Richter,
C. Gebhardt, J. Eberlein

In collaboration with H. Reichardt, R. Arribaz, G. Schütz, and G.
Fürstenberger, DKFZ; M. Göttlicher and P. Herrlich, FZ Karlsruhe

In addition to their bona-fide property as ligand inducible
transcription factors steroid hormone receptors interfere
with the activity of other transcription factors (for review:
Beato et al., 1995, Cell 83, 851-857), the most extensively
analysed example being negative interference between

the glucocorticoid receptor (GR) and AP-1. Work from tis-
sue culture cells suggested that negative action does not
require DNA binding of the GR, but rather involves protein-
protein interaction, directly between the factors or through
third as of yet unknown proteins. We have isolated primary
and immortalised fibroblasts from mice (established in the
laboratory of Günther Schütz) expressing a DNA-binding
incompetent mutant version of the GR (GRdim). We were
able to demonstrate that this mutation impairs GRE-de-
pendent transactivation while transrepression of AP-1-
driven genes, such as collagenase and gelatinase B re-
mains intact [12]. Interestingly, while mice that completely
lack GR expression, die shortly after birth, the GRdim mice
appear relatively normal and healthy. These data under-
lined the in vivo relevance of negative regulation by the
GR and imply that the DNA binding activity the GR is not
essential for survival.

Having the GRdim mice available the multistep carcinogen-
esis protocol of mouse skin involving carcinogens and the
tumour promoter TPA, which is well established at the
DKFZ since many years, turned out to be a very informa-
tive system to study the mechanisms of anti-inflammatory
and anti-tumour activities of glucocorticoids. We were able
to establish phorbol ester-induced expression of MMP-3
and MMP-13 in mouse skin as the first example of an in
vivo system to measure negative interference between
AP-1 and GR in the animal [13, 14]. Cell type-specific in-
duction of these genes by tumour promoters is abolished
by glucocorticoids. Importantly, this is also the case in
GRdim mice expressing a DNA-binding-defective mutant
version of GR. In contrast, GC induced two newly identi-
fied target genes in skin, plasma glutathione peroxidase
and HSP-27, in wild type but not in GRdim mice [13, 14].
Thus, these data suggest that the DNA-binding-indepen-
dent function of the GR is dispensable for repression of
AP-1 activity in vivo and responsible for the anti-inflamma-
tory and antitumour promoting activity of GCs, at least in
skin.

In addition to AP-1 the transcription factor NFκB was found
to be another target for negative interference by GR in a
DNA-binding independent manner [24]. Since NFκB has
been proposed to control expression of important compo-
nents of the immune response, in addition to the analysis
of TPA-induced inflammation in skin, other parameters of
the immune response were analysed in wildtype and GRdim

mice. We found that the DNA-binding-independent activity
of the glucocorticoid receptor suffices to repress cytokine
expression in splenocytes, thymocytes and macrophages,
as well as to inhibit inflammatory responses in the animal
[16, 24]. Thus, in vivo it is predominantly the DNA-binding-
independent function of the glucocorticoid receptor, which
mediates immunosuppression.
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The significance of steroid and peptide hormones for tu-
mour initiation and progression in a number of organs and
tissues of various species including humans has been
demonstrated by numerous experimental and epidemiolo-
gical studies. More recently different hormone-stimulated
signal transduction pathways have been partly unravelled
and their components have been identified and characteri-
sed. There is now increasing evidence of stimulatory or in-
hibitory interaction of different signalling pathways. The re-
search group ”Hormones and Signal Transduction” , which
was established in October 1999, focuses their interest to
the study of the mechanisms of tumour induction and pro-
gression by steroid hormones in liver and breast epithelial
cells as well as to hormone-controlled gene expression
and the interaction of steroids with components of other
cellular signal transduction pathways.

I. Hepatocarcinogenesis by the Steroid
Hormone Dehydroepiandrosterone

D. Mayer, K. Kopplow

In cooperation with: Peter Bannasch, Christel Metzger, Dirk
Nehrbass, Cell Pathology, DKFZ; Axel Benner, Biostatistics,
DKFZ; Julian Swierczynski, Medical University, Gdansk, Poland;
Gerhard Hobe, Hans-Knöll-Institute, Jena; Rolf Gebhardt, Institute
for Biochemistry, University of Leipzig; Gayane Buniatian, Institute
for Physiological Chemistry, University of Tübingen.

Dehydroepiandrosterone, a steroid of the adrenal gland
and a precursor in the biosynthesis of potent estrogens
and androgens induces liver cancer in rats [1-5]. The tu-
mour incidence is higher in females than in males which
indicates a gender specific hormonal effect of DHEA re-
lated to hepatocarcinogenesis. During the past years we
have studied the pathogenesis of hepatocellular carcino-
mas and biochemical alterations induced by DHEA in rat
liver [3,6].  A number of different mechanisms associated
with DHEA-induced hepatocarcinogenesis could be eluci-
dated. In this report only a few aspects on DHEA function
will be briefly discussed. Other results are described in the
final report of the Division of Cell Pathology (C0100).

Alterations in cell cycle control by DHEA.
DHEA acts as a mitogen in liver, particularly of female rats.
This could be shown by BrdU-incorporation and by
immunohistochemical detection of proteins of the G1-S
phase of the cell cycle such as cyclins or proliferating cell
nuclear antigen (PCNA). It also causes a significant in-
crease in the size of hepatocytes [7] which is not due to
polyploidy.

Lipid peroxidation und protein carbonylation.
DHEA induces a strong lipid peroxidation and, as a conse-
quence, an increase in protein carbonylation in cellular
membranes, particularly in mitochondria and microsomes.
[1,3,8]. This increase in lipid peroxidation may be the con-
sequence of induction by DHEA of microsomal cytochrome
P450-dependent monooxygenases and of enzymes of the
mitochondrial respiratory chain which are both sources of
reactive oxygen species formation. Increased production
of reactive oxygen species, increased lipid peroxidation
and resulting hepatotoxic effects may be related to the car-
cinogenic insult of DHEA.

Proliferation of peroxisomes and mitochondria in
rat liver.
Livers of DHEA-treated rats show a strong increase in the
number of peroxisomes and mitochondria [2]. It has been
known for a long time that peroxisome proliferators act as
hepatocarcinogens in rodents. However, our studies have
clearly shown that hepatocellular carcinomas do not arise
from liver areas with the strongest peroxisome proliferation
but from focal lesions with abundant mitochondria [1,2,6]
which questions the hypothesis that peroxisome prolifera-
tion is the cause for induction of hepatocarcinogenesis.
Histochemical studies of enzymes of energy metabolism in
the mitochondria-rich preneoplastic lesions and biochemi-
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cal studies of DHEA-treated liver revealed a characteristic
pattern of metabolic alterations indicating a thyroid hor-
mone-like effect of DHEA on the liver of both genders. The
molecular mechanism underlying this thyromimetic effect
of a steroid hormone remains to be clarified. It may be
noteworthy in this context that the thyroid hormone recep-
tor belongs to the steroid hormone receptor family and
may form heterodimers with estrogen and androgen re-
ceptors.

Phenotypic modulation of preneoplastic liver
lesions by DHEA.
Administration of DHEA to rats previously treated with a ni-
trosamine to induce hepatocarcinogenesis results in an in-
crease of the number of neoplasms in the liver (tumour
promotion). Surprisingly, it also results in the modulation of
the lesions to a less malignant phenotype [1-6]. This mo-
dulation is accompanied by the down-regulation of pro-
teins of the insulin / IGF-I signal transduction pathway,
such as insulin receptor substrate-1 (IRS-1) [9]. The reduc-
tion in the expression of proteins of the insulin signalling
pathway by DHEA may be explained by an interaction of
peptide and steroid hormone signalling pathways.

Androgenic effect of DHEA.
While a thyromimetic effect of DHEA was observed in the
livers of both genders, an androgenic effect was observed
only in females. This androgenic effect was detected when
the expression and distribution of glutamine synthetase
was studied. This enzyme is expressed exclusively in peri-
venular hepatocytes. In male rats glutamine synthetase is
detected immunohistochemically in about three cell layers
around the central terminal vein and in one cell layer in fe-
males [10]. During DHEA-treatment the expression pattern
in the liver of female rats changed significantly and be-
came similar to that observed in males as determined by
combination of morphometric and immunohistochemical
methods. In males no effect of DHEA on glutamine syn-
thetase expression pattern was observed. In this context it
may be of interest that DHEA induces a significantly higher
incidence of hepatocellular carcinomas in female rats as
compared to males [1]. It remains to be clarified whether
the hepatocarcinogenic effect of DHEA is due to its andro-
genic properties.

II. The Insulin / IGF-IR Signalling Pathway in
Human Breast Cancer

D. Mayer, B. Schnarr, K. Strunz, J. Ohsam

In cooperation with J. Wacker, University Hospital of Gynaecology
and Obstetrics, Heidelberg; A. Benner, Biostatistics, DKFZ

The ligands, receptors and related signalling proteins of
the insulin-like growth factor family are involved in the
regulation of breast cancer cell growth. Human breast
carcinomas have been shown to produce IGF-I and IGF-II
which were suggested to stimulate the proliferation of the
cancer cells in a paracrine or autocrine manner. We inves-
tigated the expression pattern of insulin-like growth factor-I
receptor (IGF-IR), insulin receptor (IR) and insulin receptor
substrate-1 (IRS-1), a core downstream signalling protein,
in 69 primary breast cancer specimens of different grades

and in 21 control tissues by immunohistochemistry. In ad-
dition, cell proliferation (percentage of Ki67+ nuclei) and
estrogen receptor (ER) expression were determined. IGF-
IR, IRS-1 and IR were found expressed mainly in epithelial
cells. IRS-1 and IGF-IR were expressed at high levels in
control tissues and in well and moderately differentiated
carcinomas but at low levels in poorly differentiated breast
cancers. IR expression did not show a significant correla-
tion with the differentiation grade of the tissues investi-
gated. Statistical analysis demonstrated that down-regu-
lation of IGF-IR and IRS-1 correlated better with tumour
progression than reduction of ER expression or increase in
cell proliferation, IGF-IR showing the best correlation fol-
lowed by IRS-1 and, less significant, ER or Ki67. Our find-
ings clearly show that progression of breast cancer is ac-
companied by a reduction of IGF-IR/ IRS-1 expression and
that IGF-IR/ IRS-1 expression inversely correlates with
high proliferation rate in dedifferentiated breast cancers.
The strong correlation of IGF-IR and IRS-1 down-regula-
tion with tumour progression suggests the use of IGF-IR
and IRS-1 as a novel set of marker proteins for tumour
grading [11].

III. DHEA- effect on Breast Cancer Cells

D. Mayer, B. Schnarr, M. Schmitt, J. Ohsam

In cooperation with R. Morfin, Conservatoire National des Arts et
Métiers, Paris, France; K. Klinga, University Hospital of Gynaeco-
logy and Obstetrics, Heidelberg; A. Benner, Biostatistics, DKFZ

DHEA serves as precursor for the biosynthesis of estro-
gens and androgens in peripheral organs in vivo. It has
been reported from epidemiological studies that post-
menopausal women with high DHEA blood-levels have an
increased risk for breast cancer. The compound is accu-
mulated in breast tissue and breast cancer from the blood.
We were interested to clarify whether DHEA is a mitogen
for estrogen-dependent breast cancer cells, and if so
whether it required conversion to estrogens in order to
stimulate cell proliferation and estrogen-dependent gene
expression. After incubation of cells with 100 nM DHEA for
four days, estradiol was present in the medium at a con-
centration of ~200 pM. Other compounds identified were
testosterone and estrone. Significant stimulation of cell
proliferation by 1 nM estradiol and 100 nM DHEA was ob-
served after 38 h and 4 days of incubation, respectively,
indicating the necessity of DHEA conversion. DHEA doses
≥10 nM induced estrogen-dependent gene expression in
MCF-7 cells transfected with a luciferase reporter gene un-
der the control of the estrogen response element. DHEA-
dependent stimulation of proliferation and luciferase induc-
tion could be inhibited by the anti-estrogens ICI182,780
and tamoxifen, respectively, and by the aromatase inhibi-
tor 4-hydroxyandrostenedione. An androgenic effect of
DHEA on proliferation and gene expression of MCF-7 cells
was not observed. We conclude that DHEA is converted to
estrogens, particularly estradiol, in breast cancer cells, and
that this conversion is required to exert a mitogenic re-
sponse [12,13].
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Non-melanoma skin cancer is one of the most frequent tu-
mor types and unfortunately the number of new cases as
well as the mortality rate increases significantly in the last
years. This is particularly obvious for immuno-suppressed
transplant patients. The overall aim of our studies, there-
fore, was and is to establish the role of „environmental fac-
tors“ and to identify and functionally characterize novel ge-
netic aberrations. Using experimental model systems and
molecular genetic as well as cell biological approaches,
the Division focusses on functional genetic studies to par-
ticularly unravel the mechanism of potential onco- (chro-
mosome 11q13) and tumor suppressor genes (chromo-
some 15 [TSP-1] and chromosome 3p). By additionally es-
tablishing aberration profiles of primary tumors which rep-
resent different stages and kinds of skin cancer, we wish
to improve the diagnosis as well as to provide the basis for
new treatment regimes of non-melanoma skin cancer. A
second major focus of the group is the „immortality“ en-
zyme telomerase. High telomerase activity and with that
stabilization of the ends of the chromosomes, the telom-
eres, is one hallmark of tumor cells. We, therefore, take a
particular interest in the role and regulation of telomerase
in normal and transformed skin keratinocytes as well its
role on telomere length regulation in cancer and aging.

Genetic Mechanisms of Skin Carcinogenesis
(B0900-1)

P. Boukamp, S. Popp, E. Tomakidi

In cooperation with: Dr. E.J. Stanbridge, UC Irvine California,
USA; Dr. A, Bürkle, DKFZ; Dr. A. Jauch, Institute for Human Ge-
netics, Heidelberg; Dr. S. Arendt, Prof. I. Moll, Dermatology Ham-
burg; Prof. W. Hartschuh, Dermatology Heidelberg; Dr. C.Proby,
Prof. I.M. Leigh, Dermatology London, UK; Dr. F. de Gruijl,
Utrecht, The Netherlands

1a.  Increased temperature as a potential
„carcinogen“ for skin cancer
In order to identify environmental factors that are causal
for non-melanoma skin cancer we use our experimental
human HaCaT model system which represents different
stages of skin carcinogenesis [1]. This model proved to be
extremely suitable because in long-term genetic studies
the parental HaCaT cells showed a very stable geno- and
non-tumorigenic phenotype, assessed by comparative ge-
nomic hybridization (CGH) and in vivo tumorigenicity as-
says [2]. Starting with these non-tumorigenic cells, it was
possible to transform the HaCaT cells to tumorigenicity by
long-term cultivation at 40°C instead of 37°C [3]. Genetic
characterization of the cells at different stages during in
vitro and in vivo propagation have demonstrated that in-
creased temperature was able to induce the expression of
PARP (Poly(ADP-ribosyl)polymerase), an indicator of DNA
strand breaks, and thereby suggests that increased tem-
perature can generate DNA damage most likely by caus-
ing oxidative stress. This interpretation was further sub-
stantiated by the fact that growth at 40°C but not at 37°C
caused continuous chromosomal instability and a number
of stable chromosomal aberrations in the tumor cells - all
requiring chromosomal breakage. Since the tumorigenic
variants also contained one common aberration, i.e. gain
of 11q13, it is tempting to speculate that this aberration
was not only causal for tumorigenic conversion but may be
„indicative“ for increased temperature. We are now in the
process of identifying and further characterizing the
„oncogene“ on 11q13.

1b.  The role of the tumor suppressor gene TSP-1
in malignant progression
In addition to gain of 11q13 causing early stages of tumor
growth we identified loss of 15q as an important genetic
aberration for malignant progression of the HaCaT cells.
Furthermore, we could demonstrate the same loss in the
skin squamous cell carcinoma line SCL-1. Reintroducing a
complete copy of chromosome 15 by microcell-mediated
chromosome transfer, an extremely potent method to func-
tionally characterize chromosomes and genes of question
also in other cell types [4], did not cause any changes in in
vitro growth properties of the SCL-I cells but resulted in a
substantial but transient tumor suppression [5]. As the po-
tential tumor suppressor gene we identified thrombo-
spondin 1 (TSP-1), a matrix glycoprotein, mapped to
15q15. Overexpression of this gene induced the same tu-
mor suppressive phenotype by causing a massive deposi-
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tion of TSP-1 matrix around the tumor. This in turn pre-
vented ingrowth of blood vessels and expansion of the tu-
mor into the surrounding tissue. The causal relationship
between TSP-1 deposition and halted tumor vasculariza-
tion could be verified by the use of anti-sense oligo-nucle-
otides and thereby inhibition of TSP-1 expression in vivo.
Thus, with our present technology we were able i) to de-
tect loss of a novel site of genetic changes relevant for
skin cancer, ii) to identify the responsible gene and iii) to
define the mechanism by which this gene was active. Be-
cause the TSP-1 matrix became degraded after 6 to 8
weeks and this was accompanied by ingrowth of blood
vessels and expansion of the tumor, we have started to
screen for proteases able to destroy extra cellular matrix
components, including the TSP-1 matrix [6,7]. Further-
more, since it was described that the transforming growth
factor beta (TGF-ß1) cooperates with TSP-1, we will also
concentrate on unravelling the interaction of TGF-ß1 and
TSP-1 in this skin cancer model.

1c.  Verification of the relevance of
experimentally identified genetic aberrations
In order to prove the relevance of our findings for skin can-
cer in general, we genetically characterized an in vivo skin
carcinoma progression model representing the primary tu-
mor, two recurrencies and a metastasis from the same pa-
tient. Using CGH to identify loci of potential onco- and tu-
mor suppressor genes and molecular genetic approaches
to study specific genetic aberrations,  these studies dem-
onstrated a clear sequence of changes thereby allowing to
define the development of the metastasis from the primary
tumor while the recurrencies developed independently [8].
We are presently analyzing skin carcinomas at a larger
scale in order to determine i) the relevance of the genetic
aberrations identified with our experimental models; ii) to
compare the genetic make-up of different types of skin tu-
mors and iii) to identify predisposition genes in order to
provide new diagnostic and possibly prognostic markers
for non-melanoma skin cancer.
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Telomerase- and Telomere Length
Regulation in Normal and Transformed
Human Keratinocytes (B0900-2)
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K. Greulich-Bode, T. Hackl, H. Lindenmaier,
S. Rosenberger, V. Vormwald-Dogan
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2a.  Regulation of telomerase activity
One of the cellular components believed to be essential
for permanent growth of tumor cells is the ribonucleopro-
tein complex telomerase. However, as we could show al-
ready previously for the epidermis of the skin [9], we now
demonstrated that telomerase is also expressed in the epi-
thelia along the esophageal-gastro-intestinal tract suggest-
ing that all normal regenerative epithelia are telomerase-
positive [10]. Since stratified epithelia express more of the
enzyme complex than non-stratified epithelia, this may fur-
ther point to a specific role in these tissues. For the epider-
mis, we recently showed that telomerase activity is re-
stricted to the proliferative- and down-regulated in the dif-
ferentiated layers [9]. It is well known that during epider-
mal differentiation the intracellular calcium concentration
rises and that calcium is an important inductor of the ex-
pression of differentiation markers. Our experimental
model now provided evidence that calcium also regulates
telomerase activity and that this process is quick (shorter
than the half life of the telomerase complex) and reversible
[11]. Thus, the aim of further studies is to more precisely
define the role of calcium-induced inhibition of telomerase
activity. We additionally could show that telomerase is not
expressed evenly in all cells of the basal layer of the epi-
dermis but is up-regulated when the stem cells become
more rapidly proliferating so called transit amplifying cells.
We are, therefore, searching for factors/ mechanisms re-
sponsible for telomerase regulation in the normal cells.
Telomerase is further increased in tumor cells and it is not
known when and how this up-regulation occurs. We, thus,
aim to unravel extra-cellular signals and the intracellular
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signal cascade by which telomerase activity is regulated.
This knowledge will help to address the question how and
to which extend telomerase activity can be inhibited in tu-
mor cells in order to induce a “self-destructive pathway”.

2b.  Telomere length regulation
During replication, the ends of the chromosomes, the te-
lomeres, shorten and the function of telomerase is to
counteract this telomere loss. Thus, telomerase is respon-
sible for chromosomal stability and integrity and lack of
telomerase and with that continuous loss of telomeric se-
quences is believed to be causal for the restricted life span
of normal cells in vitro. I.e. loss of telomeres is the „internal
clock of cellular aging“. This simple relationship is, how-
ever, questionable since we could already disprove that all
normal cells lack telomerase activity. Furthermore, we
demonstrated that also in telomerase-negative cells telom-
ere loss is not generally linear but is significantly reduced
in cells from infant as compared to adult donors [12]. This
clearly demonstrates that telomerase-independent factors/
mechanisms are active during early phases of develop-
ment which regulate the amount of telomere loss and
which add to terminate the life span of the cells despite
„long telomeres“. Ongoing and future studies concentrate
on the nature and function of these factors. In addition, we
aim to determine why normal epidermal cells, despite be-
ing telomerase-positive, are restricted in their life span.

Publications (* = external co-author)
[9] Härle-Bachor, C., and Boukamp, P. Telomeric activity in the re-
generative basal layer of the epidermis in human skin and in im-
mortal and carcinoma-derived skin keratinocytes. Proc. Natl.
Acad. Sci. USA, 93:6476-6481 (1996)

[10] Bachor, C., Bachor, O.A., and Boukamp, P. Telomerase is ac-
tive in normal gastrointestinal mucosa and not upregulated in pre-
cancerous lesions. J. Cancer Res. Clin. Oncol., 125: 453-460
(1999)

[11] Bickenbach, J.R., Vormwald-Dogan, V., Bachor, C., Bleuel,
K., Schnapp, G., and Boukamp, P. Telomerase is not an epider-
mal stem cell marker and is downregulated by calcium. J. Invest.
Dermatol., 111: 1045-1052 (1998)

[12] Figueroa, R., Lindenmaier, H., Hergenhahn, M., Vang
Nielsen, K., and Boukamp, P. Telomere erosion varies during in
vitro aging of normal human fibroblasts from infant and adult do-
nors. Cancer Res. 60: 2770-2774 (2000)
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Staff scientists:
Prof. Dr. Wolf-Dieter Lehmann
   Specialist for Mass Spectrometry (MS)
Dr. Claus-Wilhelm von der Lieth
   Specialist for Molecular Modeling

Technical personnel:
Gabriele Schwebel-Schilling    CL for NMR Service
Gerhard Erben   CTA for LC-MS, IR, UV Service

Secretary:
Sabrina Zahner (half day)

In the period 1999-2000 the following additional personnel
with either house (H) or external financing (E) were in-
volved in various research projects:

Scientists:
Dr. Dieter Albert (E 09/98 - 12/00)
Dr. Klaus-Peter Fichtner (E 01/98 - 03/99)

Doctoral students:
Martin Frank (H 10/95 - 04/00)
Andreas Bohne (E 02/98 - 12/00)
Andreas Schlosser (H 11/98 - 10/01; in cooperation with
B0100)
Mathias Wind (H 01/00 - 12/02)

Technical personnel:
Ute Wildenberg, MTA (H 10/96 - 09/99, half day)
Gerda Baumann, CTA (D 06/98 - 12/00, half day).

Our Website:
http://www.dkfz.de/zspek/zshome.htm

In addition to providing a wide variety of analytical ser-
vices, i.e., spectroscopic measurements for elucidating
molecular structure using the techniques of nuclear mag-
netic resonance (NMR), mass spectrometry (MS), infrared
and ultraviolet spectroscopy (IR, UV) as well as molecular
modeling, the Central Spectroscopy Dept. works inten-
sively on the introduction and further development of the
newest analytical methods and their applications in cancer
research. These methods are employed in cooperative
and independent research projects in the areas of bio-
chemistry, molecular structure and dynamics, tumor cell
metabolism and tumor therapy.
For MS applications the main field of investigation is pro-
tein and peptide analysis with pico- to nanomol quantities
of material, e.g., precise molecular mass determination,
characterization and identification of proteins via enzymic
digests, peptide sequencing, determination of the position
and extent of phosphorylation and other post-translational
modifications. Another area in which important contribu-
tions have been made is in the quantitative determination
of cellular lipids and phospholipids.
High-resolution NMR spectroscopy at magnetic field
strengths of 5.7 - 11.7 Tesla is being used in the develop-
ment of new pharmaceuticals, for the identification of natu-
ral products with cancer-preventive activity, to monitor tu-
mor cell metabolism and response to therapy in vitro and
in vivo, for the elucidation of the structure and conforma-
tional properties of peptides and oligosaccharides, and to
study protein-ligand interactions.
Noninvasive high-field MR imaging at 7 T is also available
as a unique method for visualizing tumor growth, metasta-
sis and therapy response in tumor-bearing mice.
In the era of the Internet and the World-Wide Web, we are
increasing our efforts to make spectroscopic and molecu-
lar structure data generally available in the form of ”user-
friendly” data banks and computer-based information sys-
tems. Our main efforts in molecular modeling involve oli-
gosaccharides (conformation und dynamics), glycopro-
teins, and protein-oligosaccharide interactions (lectins, vi-
rus infection) and the development of new pharmaceuti-
cals.
The Department’s research activities can be assigned to
four main categories, as described below.

Central Spectroscopy (R0400)

Head: Dr. William E. Hull  Specialist for Nuclear Magnetic Resonance (NMR)
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WWW-based Information Systems for
Spectroscopic, Structural and Biological
Data (R0401)

C.-W. von der Lieth, A. Bohne, A. Loß

In cooperation with: E. Schwarzer,  Univ. of Hildesheim, E. Lang,
Fachhochschule Darmstadt, T. Wetter, Medical Informatics, Univ.
of Heidelberg

The recent rapid developments in the capabilities of the
Internet have significantly changed the way scientific infor-
mation is obtained and the way scientists communicate
with one another. The world-wide-web (WWW) makes
available a variety of data banks containing structural, bio-
logical, and spectroscopic data that can be retrieved via
graphical user interfaces. The obvious advantages of such
data bases, which have led to their intensive use and ac-
ceptance in the scientific community, are (a) access to the
newest data (often at no cost), (b) a common, intuitive
user interface, (c) independence from the computer hard-
ware used.

Therefore, we regularly examine and test the spectro-
scopic, structural, and biological data bases in the Web
and make them available for all groups in the DKFZ
through a collection of links (http://www.dkfz.de/spec/

links). We also pursue our own developments in terms of
data bases and applications in the glycosciences, for
which there are relatively few offerings to date.

The program W3-SWEET (http://www.dkfz-heidelberg.de/
spec/sweet2/doc/) [1] was developed in cooperation with
the Univ. of Hildesheim and generates energy-minimized
3D structures for oligosaccharides using input based on
the standard nomenclature for specifying carbohydrate
chains. These structures can be visualized and stored on
the local computer with the help of an appropriate software
plug-in (Fig. 1). To simplify data input, the relevant classes
of cancer-related carbohydrates are presented as building
blocks.

The SWEET-DB [2,3]  (http://www.dkfz.de/spec2/sweetdb/)
provides WWW access to various glycoscience data bases
which were, up to now, only accessible through different
individual user interfaces. A single, unified, menu-driven
interface now handles queries for structural, biological,
and spectroscopic information from a variety of data
sources. The option CarbSearch (http://www.dkfz.de/spec/
carbbank_search/) features an error-tolerant (typing and
spelling) input mode when searching for topics or authors
in the SWEET-DB.

Fig. 1: Generation of the 3D structures of complex carbohydrates via the Internet. The user can choose subunits from a collection of
biologically relevant building blocks (e.g., sphingolipids, GPI anchors, N- and O-glycans). A mouse click selects a desired substance
class (top left), and all available basic units appear, e.g., typical tumor-associated globosphingolipids (top middle), and their composi-
tion is shown using the standard nomenclature (bottom middle). The program SWEET generates an energy-minimized 3D structure
which can be viewed via a software plug-in, in this case RASMOL, as a stick model (bottom right) and space-filling model (top right).
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The software programm GLYPEPS (http://www.dkfz.de/
spec/glypeps/) [4] utilizes the highly accurate peptide
masses that can now be obtained by MALDI-TOF and FT-
ICR mass spectrometry to determine possible peptide
modifications such as glycosylation.

We have also developed an Internet software tool called
PDB2MultiGIF (http://www.dkfz.de/spec/pdb2mgif/) [5],
which creates animated (rotating) GIF images of mol-
ecules from the structure data contained in the standard
PDB format files. These images can be viewed in any
standard Web browser.

The Web-based data banks and applications which we
provide are being intensively used world-wide. The accu-
mulated statistics (http://www.dkfz.de/spec/statistik/) indi-
cate that 135000 visits to our website were made from out-
side the DKFZ in the year 2000. We are currently setting
up a number of other Web applications for the
glycosciences [6,7,8].

Publications (* = external co-author)
[1] Bohne, A.;* Lang E.; von der Lieth C.-W.: SWEET - WWW-
based rapid 3D construction of oligo- and polysaccharides.
Bioinformatics 15 (1999) 767-768.

[2] *Loß, Alexander; Expansion of a WWW-based relational data
base for structure-oriented applications in glycosciences: addition
of spectroscopic data and optimization of the storage of 3D coor-
dinates. Diploma Thesis, Univ. of Hildesheim (1999).

[3] *Loß, Anika; Design and implementation of a PHP-supported
website as portal for glycoscience applications. Diploma-Thesis,
Univ. of Hildesheim (2000).

[4] Lehmann, W.D.; Bohne, A.; von der Lieth, C.-W.: The informa-
tion encrypted in accurate peptide masses - improved protein
identification and assistance in glycopeptide identification and
characterization. Journal of Mass Spectrometry 35 (2000) 1335-
41.

[5] Bohne, A.: PDB2MultiGIF: a web tool to create animated im-
ages of molecules. Journal of Molecular Modeling 4 (1998) 344-
346.

[6] Bohne, A.; *Wetter, T.; *Lang, E.; von der Lieth,C.-W.:
Glykowissenschaften, ein neuer Einsatzbereich in der
Bioinformatik. In: Informatik 2000 - Neue Horizonte im neuen
Jahrhundert, Eds. K.Mehlhorn, G. Snelting, Springer (2000) pp.
181-196.

[7] Bohne, A.; *Lang, E.; von der Lieth, C.-W.: Molecular visualiza-
tion programs on the web. Drugs of the Future 25 (2000) 489-500.

[8] Bohne, A.; *Roth, H.: Molecular Modeling mit Rasmol. Linux-
Magazin (2000) 110-116.

Methods and Applications of Mass
Spectrometry in Cancer Research (R0402)

W.D. Lehmann, A. Schlosser, M. Wind, G. Erben

In cooperation with: G. Fürstenberger, K. Müller-Decker, F. Marks,
M. Uemura, D. Keppler, A. Tholey, D. Bossemeyer, J. Reed, V.
Kinzel, R. Pipkorn, H. Wesch, M. Eisenhut; N. Jakubowski, E.
Mayatepek, B. Brügger, F. Wieland (Biochemistry Center, Univ. of
Heidelberg)

Covalent protein modification: Phosphorylation
We have studied in detail the phosphate-specific fragmen-
tation reactions of phosphopeptides [1] that occur upon
collision-induced dissociation under the conditions of tan-
dem mass spectrometry. We then developed two different

approaches designed to increase the analytical coverage
of phosphorylation sites by techniques employing protein
digest and electrospray mass spectrometry: (i) combined
use of an elastase digest and the neutral-loss scanning
technique [2]; (ii) combined use of capillary liquid chroma-
tography and element mass spectrometry with direct de-
tection of phosphorus [3]. These methodologies supple-
ment each other and are being applied for the identifica-
tion of unknown phosphorylation sites.

Covalent protein modification: Isoaspartate
formation and aspartate racemization
Using synthetic peptides, we developed a method to differ-
entiate between aspartate and isoaspartate residues in
peptides [4]. This method was then applied to the investi-
gation of the microheterogeneity at the N-terminus of bo-
vine protein kinase A catalytic subunit [5], which carries an
isomerization-prone asparagine at position 2. We demon-
strated deamidation, isomerization and racemization at
this position and determined a quantitative profile of the
resulting microheterogeneity which results from the pres-
ence of L-Asp, D-Asp, L-isoAsp, D-isoAsp. The functional
significance of this heterogeneity is the subject of further
investigations.

Protein identification
A method for the analysis of in-gel protein digests by
nanoelectrospray tandem mass spectrometry with auto-
mated acquisition of tandem mass spectra was estab-
lished using a hybrid mass spectrometer (Q-TOF). This
technique is now used for protein identification by data-
base searching with Internet search engines. To utilize the
analytical information contained in the highly accurate
mass values obtained with this method, an Internet search
engine was established [6]. Observations made during the
manual interpretation of the tandem mass spectra of pep-
tides and the extraction of sequence information were in-
terpreted mechanistically and summarized [7].

Polar lipids
A micromethod was developed for quantification of choles-
terol [8] and applied to the study of transport vesicles [9].
An earlier established method for quantification of
cysteinyl leukotrienes was applied to alcohol-intoxicated
patients [10] and was used to support the discovery of a
new group of inborn errors [11]. Nanoelectrospray tandem
mass spectrometry was employed for structural studies of
a new diagnostic drug in nuclear medicine [12] and to de-
termine the positional specificity of recombinant
lipoxygenases.

Publications (* = external co-author)
[1] Tholey, A.; Reed, J.; Lehmann, W. D.: Electrospray tandem
mass spectrometry studies of phosphopeptides and
phosphopeptide analogues. Journal of Mass Spectrometry 34
(1999) 117-123.

[2] Schlosser, A.; Pipkorn, R.; Bossemeyer, D.; Lehmann, W.D.:
Analysis of protein phosphorylation by combination of elastase
digest and neutral loss tandem mass spectrometry. Analytical
Chemistry 73 (2001) 170-176.
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[3]  Wind, M.; *Edler, M.; *Jakubowski, N.; *Linscheid, M.; Wesch,
H.;  Lehmann, W.D.: Analysis of protein phosphorylation by capil-
lary liquid chromatography coupled to element mass spectrometry
with 31P detection and to electrospray mass spectrometry. Analyti-
cal Chemistry 73 (2001) 29-35.

[4] Lehmann, W.D.; Schlosser, A.; Erben, G.; Pipkorn, R.;
Bossemeyer, D.; Kinzel, V.: Analysis of isoaspartate in peptides by
electrospray tandem mass spectrometry. Protein Science 9 (2000)
2260-2268.

[5] Kinzel, V.; König, N.; Pipkorn, R.; Bossemeyer, D.; Lehmann,
W.D.: The amino terminus of the PKA catalytic subunit - a site for
introduction of postranslational heterogeneities by deamidation:
D-Asp2 and D-isoAsp2 containing isozymes. Protein Science 9
(2000) 2269-2277.

[6] Lehmann, W.D.; Bohne, A.; von der Lieth, C.-W.: The informa-
tion encrypted in the accurate mass of peptides. Journal of Mass
Spectrometry 35 (2000) 1335-1341.

[7] Schlosser, A.; Lehmann, W.D.: Five-membered ring formation
in unimolecular reactions of peptides: a key structural element
controlling low-energy collision-induced dissociation of peptides.
Journal of Mass Spectrometry 35 (2000) 1382-1390.

[8] *Sandhoff, R.; *Brügger, B.; *Jeckel, D.; Lehmann, W.D.;
*Wieland, F.T.: Determination of cholesterol at the low picomole
level by nano-electrospray ionization tandem mass spectrometry.
Journal of Lipid Research 40 (1999) 126-132.

[9] *Brügger, B.; *Sandhoff, R.; *Wegehingel, S.; Gorgas, K.;
Malsam, J.; *Helms, J.B.; Lehmann, W. D.; *Nickel, W.; *Wieland,
F.T.: Evidence for segregation of sphingomyelin and cholesterol
during formation of  COPI-coated vesicles. Journal of Cell Biology
151 (2000) 507-517.
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*Benner, A.; *Keppler-Hafkemeyer, A.; *Hafkemeyer, P.; *Kojima,
H.; *Fujimoto, M.; *Tsujii, T.; *Fukui, H.; Keppler, D. Enhanced uri-
nary excretion of cysteinyl leukotrienes in patients with acute alco-
hol intoxication. Gastroenterology 118 (2000) 1140-1148.

[11] *Mayatepek, E.; *Zelezny, R.; Lehmann, W.D.; *Hammond, J.
W.; *Hoffmann, G.F.: Defects of the synthesis of cysteinyl
leukotrienes: a new group of inborn errors of metabolism. Journal
of Inherited Metabolic Diseases 23 (2000) 404-408.

[12] Eisenhut, M.; Hull, W.E.; Mohammed, A.; Mier, W.; Lay, D.;
*Just, W.; Gorgas, K.; Lehmann, W.D.; Haberkorn, U.:
Radioiodinated N-(2-diethylaminoethyl)benzamide derivatives with
high melanoma uptake: structure-affinity relationships, metabolic
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High-Field Nuclear Magnetic Resonance
Spectroscopy (MRS) and Imaging (MRI)
(R0403).

W.E. Hull, K.-P. Fichtner, D. Albert, U. Wildenberg

In cooperation with: V. Schirrmacher (FSP 7), M. Wießler (FSP 3),
R. Owen, H. Bartsch (FSP 3) all DKFZ; M. Eisenhut, Dept. of
Nuclear Medicine, Univ. Heidelberg; J. Rétey, Univ. Karlsruhe; W.
Krätschmer, MPI for Nuclear Physics, Heidelberg; S. Lebedkin,
Forschungszentrum Karlsruhe; R. Gleiter, Univ. Heidelberg; T.K.
Lindhorst, Univ. Kiel.    

The research activities of the department utilize two high-
field NMR spectrometers: an 11.7-Tesla system (500 MHz
1H frequency) for in vitro “high-resolution” NMR spectros-
copy (MRS) and a 7.0-Tesla system with 15-cm magnet
bore for in vivo MRS und imaging (MRI) on animal models.

In vitro MRS is used for analytical service and molecular
structure research and generally deals with pure sub-
stances in solution, chromatography fractions or reaction

mixtures. However, biological fluids such as urine and
plasma (pharmacokinetic studies), cell extracts, or even in-
tact cells in suspension can be examined.

In vivo MRS is used primarily for noninvasive studies of
metabolism in solid tumors in animals (mice, small rats).
MR imaging is available for the visualization of tumors and
metastases in the living animal or in organs ex vivo.

Individual projects are outlined below.

Structure analysis via MRS
In a variety of cooperation projects the methods of high-
resolution 1H- und 13C-MRS were used for the structure
elucidation and characterization of individual compounds.

Coenzym-B12 Analogues. Continuing a long cooperation
with the Univ. of Karlsruhe, we have used two-dimensional
MRS to completely characterize a series of novel
Coenzym-B12 analogues [1]. These substances can be
used to study the mechanisms of B12-dependent enzymes.

Fullerene Chemistry. An intensive cooperation with the
MPI for Nuclear Physics, the Univ. of Heidelberg, and
Forschungszentrum Karlsruhe led us to develop special
methods for the acquisition and analysis of 13C-MR spectra
from submilligram quantities of new Fullerene compounds
such as C119 [2], C120OS [3], und C140 [4].

Cancer-preventive substances in olive oil. Statistics indi-
cate that the typical diet in the mediterranean area (rela-
tively large proportion of fruits, vegetables, fish, and olive
oil) results in a broad protective effect against cancer, in
particular colorectal carcinoma and breast cancer, as well
as against heart and vascular diseases. There is increas-
ing evidence that olive oil, especially the cold-pressed
“extravirgin” product, can play a significant and positive
health role [5]. In Dept. C0200 (Toxicology and Cancer
Risk Factors) the chemopreventive effect of the
mediterranean diet is under intensive study, and since
1998 analytical NMR spectroscopy is being used to estab-
lish a detailed catalog of the antioxidants (phenols and
their derivatives) present in olive oil [6,7]. For the first time,
we were able to demonstrate that, in addition to the simple
phenols and secoiridoids, also the lignans  (+)-1-acetoxy-
pinoresinol and (+)-pinoresinol are present as major com-
ponents of native olive oil [8] but not in refined olive oil or
other seed oils. These lignans show protective effects
against breast, colon, and prostate cancer.

Development of melanoma-specific radiodiagnostic com-
pounds. In the Dept. of Nuclear Medicine, Univ. Heidel-
berg, a series of new, radioiodinated benzamide deriva-
tives were developed and tested in animal studies for their
ability to serve as melanoma-specific markers for diagnos-
tic techniques such as scintigraphy. Analytical 1H- and 13C-
MRS was used to clarify the structure and purity of the
synthesized compounds [9].

Glycobiotechnology: New multivalent
pharmaceuticals based on glycodendrimers.
In a cooperation between Div. C0300 (DKFZ), T.K.
Lindhorst (Univ. Kiel), and the Beiersdorf company, new
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substances were developed as potential antibacterial
medications. The main characteristic of these molecules is
their highly branched (dendrimeric) structure. A central
structural unit is designed to have several extending arms
or spacer units, and at the end of each arm a sugar unit
(saccharide) is attached. Through variation of the central
unit, side arms, and saccharides, an enormous number of
structures can be generated (combinatorial chemistry) and
tested for biological activity. The presence of several side
arms means that the compounds can behave as ”multiva-
lent” ligands, i.e., interact with multiple binding sites on a
corresponding receptor, leading to stronger binding and a
stronger pharmaceutical effect.

Our contribution to this project lies in (a) the spectroscopic
confirmation and characterization of the synthesized struc-
tures in solution and (b) the investigation of the conforma-
tional and dynamic properties of these dendrimers via
MRS and molecular modeling (manuscript in preparation,
see below). MRS is also being used to determine the bind-
ing characteristics of the potentially multivalent ligands to
suitable proteins (lectins).

The discovery of broadband antibiotics containing urea-
coupled saccharides has stimulated interest in such com-
pounds and their sulfur analogues (thiourea derivatives).
Such molecules can serve as building blocks for multiva-
lent dendrimers.

A thiourea derivative R-NH-C(=S)-N’H-R’ has N-C und C-
N’ bonds with partial double-bond character (rotation bar-
rier) so that four combinations of cis (E) or trans (Z) con-
formers are possible (EE, EZ, ZE, ZZ). The populations of
the various thiourea conformers (isomers) depend on the
nature of the substituents R and R’ (e.g., methyl, phenyl,
glucosyl, etc.), the temperature and the solvent; these
populations influence the course and yield of the chemical
reactions of these substances.

Thiourea model compounds. The conformations of
thioureas with R,R’ = methyl, ethyl, oder phenyl were in-
vestigated using 1H- und 13C-MRS over the temperature
range –90 to +30 °C. At low temperatures the
interconversion of the urea conformations is slow and indi-
vidual isomers can be detected. For the symmetric mol-
ecules with R,R’ = methyl, the EZ = ZE conformation (pre-
ferred) und die EE Form were observed; for R,R’ = ethyl
oder phenyl, the second conformation observed was ZZ
instead of EE.

Thiourea monosaccharides. Various C1-thiourea deriva-
tives with the structure pyranose-NH-C(=S)-N’H-R’ were
examined by 1D and 2D MRS und modeling methods
(pyranose = 2,3,4,6-tetra-O-acetyl glucose, mannose, or
galactose). For β-glucose with the thiourea equatorial at
C1 und R’ = phenyl, only the ZE conformation was de-
tected.

For α-mannose with the thiourea axial, die EZ  conforma-
tion is preferred but EE and ZE were also observed. Of
particular interest is the observation that in the ZE con-
former the mannose ring conformation switches from the

usual 4C1 chair form to the inverted 1C4 chair form. This re-
sult was also predicted by molecular modeling studies.

The experimental work has been completed and two publi-
cations concerning MRS and modeling of thioureas are in
preparation.
External financial support: BMBF Glycobiotechnology Program
(B256);  von der Lieth, Hull in cooperation with M.Wießler (DKFZ)
and Beiersdorf AG; Synthese und Molekulardynamic neuer
Saccharid-basierten Dendrimere als Basis für neue Medikamente;
1 postdoc, 1 doctoral student, 1/2 technician, 01.01.98 - 31.12.00.

MR studies concerning fluoropyrimidine
chemotherapy
Fluoropyrimidine chemotherapy, e.g. with 5-fluorouracil
(FU) oder 5-fluoro-2'-deoxyuridine (FdUrd), is one of the
oldest and commonly used treatments, in particular for co-
lon carcinoma and liver metastases. A wide variety of infu-
sion protocols are used, also in combination with modula-
tors such as interferon or leucovorin; however, the success
rate is only 20-30%. What is generally lacking in clinical
studies is a detailed quantification of drug uptake in tumor
and the anabolic conversion to the active cytostatic fluoro-
nucleotides such as F-UTP.

For many years we have been investigating fluoropyrimi-
dine metabolism using high-field 19F-MRS, and we have
prepared calibration curves for FU and its anabolites.
These data can be used to make assignments of the MR
signals from the therapeutically active compounds in cells,
tissues, or extracts. The resonance frequencies as a func-
tion of pH, temperature, and magnesium concentration
have been documented. Thus, we were able to analyze
and interpret in much greater detail many of the studies
which have appeared in the literature since 1985 [9].

Critical review of MR studies concerning silicone
breast implants
Silicone implants have been frequently used for breast
restoration following radical surgery for breast cancer. The
stability and safety of these prostheses have been the
subject of much controversy over the past decade with
enormous medical, legal, and financial consequences. Im-
portant evidence against the use of silicone implants was
provided by a series of 29Si and 1H MRS and MRI studies
from one research group which claimed that silicone can
migrate into the body and be metabolized in the liver.
Blood concentrations of silicone-derived compounds were
given as 10-100 mM - certainly unacceptable levels for a
supposedly “safe” product. Since other researchers could
not confirm these results, the entire MR literature concern-
ing silicone implants was reviewed and critically analyzed
[11]. It was shown that the controversial studies in ques-
tion were inadequately documented and totally inconsis-
tent. The published results were found to be artifacts of in-
correct data processing and imaginative overinterpretation
of poor data.
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Fig. 2: A 94-µm slice image was derived from a 3D MRI data set
obtained from the liver (in formaldehyde, ex vivo) of a tumor-bear-
ing mouse. The field of view shown is 16 mm wide; the pixel reso-
lution is 76 µm. Normal tissue appears gray, vessels are black,
metastases are bright, and a central necrosis is dark gray.

High-Field MR imaging and microscopy
In cooperation with V. Schirrmacher (G0100) the ESb-MP
T-cell lymphoma in the syngeneic DBA/2 mouse was used
as a model for adoptive immunotherapy. With high-field
MRI at 7 Tesla it was possible to observe noninvasively tu-
mor growth, metastasis, and therapy response. In the liv-
ing animal metastases with diameters as small as 0.3 mm
could be detected in liver and kidney.

To extend these studies into the resolution range of
<0.1 mm, it is necessary to examine the individual organs
ex vivo using 3D imaging techniques (Fig. 2). With such
data it is possible to visualize the growth of metastases in
much greater detail and to correlate the MR properties of
neoplastic tissue with its histological characteristics.
External support: DFG grant Hu 561/2-1 (D244); In vivo MR
Microimaging: adoptive Immuntherapie in einem Mausmodeli;
postdoc  1.1.98 - 31.12.99.
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Molecular Modeling (R0404)
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3D structures in solution
Accurate knowledge of the three-dimensional (3D) struc-
ture of biological compounds and their conformational
properties and dynamics in solution is often the key to un-
derstanding biological activity and mechanisms. X-ray and
neutron diffraction techniques generally provide depend-
able 3D structures for substances in the crystalline state.
With multidimensional NMR methods and molecular mod-
eling it is possible to investigate molecular structure and
dynamics in solution. NMR experiments provide geometri-
cal information (distances between atoms, dihedral angles,
stereochemistry) which can be used as input information
or constraints for modeling studies. Typically, the modeling
of large molecules is performed using an empirical atomic
force field, while small molecules can be investigated with
more accurate semiempirical or ab initio quantum me-
chanical methods.

During the period of this report we have combined spectro-
scopic information and the results of various modeling
methods for the successful elucidation of the 3D structure
and dynamics of several cancer-related substances [1-3].
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Carbohydrate-Protein interactions
The investigation of biological communication processes
represents a promising way to utilize results from basic re-
search for the rational development of new diagnostic and
therapeutic strategies for cancer disease. In this regard
there is increasing evidence for the importance of carbohy-
drates (oligosaccharides) [4,5]. These molecules are co-
valently bound to proteins or lipids that are anchored in the
cell membrane. Thus, glycoproteins and glycolipids are im-
portant components of the cell surface and take part in
cell-cell and cell-matrix recognition and signaling pro-
cesses. For example, the first step in the attachment of
leucocytes to the endothelial cells of blood vessels, impor-
tant in inflammatory processes, involves selectins which
recognize specific oligosaccharides on the cell surface
[6,7].

1H-NMR methods and computer modeling are well-suited
for studying protein-carbohydrate interactions at the
atomic level. Generally in aqueous solution only nonex-
changeable or slowly exchanging protons can be de-
tected, while the signals from hydroxyl protons in carbohy-
drates are either too broad in H2O or are lost in D2O due to
deuterium exchange. This problem can be avoided by
studying protein-carbohydrate complexes in aprotic sol-
vents such as DMSO [8]. The additional information
gained from the hydroxyl protons provides more precise
structural data and a better description of protein-carbohy-
drate complexes (Fig. 3).

However, the choice of solvent can itself have a significant
influence on the ligand conformation. For example,
through detailed analysis of molecular dynamics simula-
tions for the disaccharide Galα(1-3)Galβ, first without sol-
vent and then with explicit DMSO molecules, we were able
to show that individual solvent molecules establish stabiliz-
ing contacts between neighboring parts of the disaccha-
ride, resulting in a specific preferred conformation in solu-
tion.

Galectins are galactose-binding lectins (proteins) which
exhibit different binding affinities for various types of tumor
cells. There is also evidence that cell-surface galectins
may participate in the cellular interactions involved in me-
tastasis. NMR measurements (transferred NOE) and mo-
lecular modeling techniques (homology modeling, calcula-
tion of interaction energies, systematic conformational
search, etc.) have been used to investigate the binding af-
finity of various galactose-containing disaccharides and
various species of galectins [3,7,8]. It could be shown that
lectins select only one of the possible solution conforma-
tions of the carbohydrate ligand and that different lectins
may bind different conformations of the same oligosaccha-
ride. For example, the conformation of Galβ(1-2)Galβ
bound to galectin from monkey liver differs from the con-
formation that binds to the plant lectin from Viscum album
[4,7].

Modeling of sequence-homologous proteins
The number of experimentally determined 3D structures of
proteins has increased dramatically in the last few years
so that knowledge-based modeling of cancer-relevant mol-
ecules is now on a firm footing. Since most of the required
data and software can be obtained via the Internet, there
is increasing interest in such modeling applications for re-
search problems in the DKFZ. Therefore, for the more rou-
tine modeling tasks we offer appropriate courses and pro-
vide our colleagues with easy access to data banks and
software through our collection of Web links. When more
sophisticated studies or experience are required, we pro-
vide assistance through active cooperation [9,10].

Fig. 3: Conformational analysis for the glycosidic bond (torsion
angles Φ,Ψ) in the disaccharide Galα(1-3)Galβ. By combining
NMR measurements and force-field calculations, it is possible to
determine the preferred molecular conformation. The contour plot
represents the energy hypersurface obtained by systematic rota-
tion of the glycosidic bond angles Φ,Ψ. NMR data for a DMSO so-
lution showed that five pairs of protons (only two pairs detected in
D2O solution) are spatially close together. The estimated inter-
proton distances can be translated into “allowed” ranges for the
torsion angles which can be drawn in the Φ,Ψ diagram. Areas
where these ranges overlap represent the allowed conformations
which are actually populated in solution.
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The importance of cancer as the non-communicable dis-
ease responsible for the greatest premature mortality in
both men and women in Germany is expected to increase
dramatically over the next two decades. Thus, the abso-
lute numbers of cancer cases diagnosed each year in Ger-
many will increase from about 330,000 in the year 2000 to
about 560,000 in the year 2040. Unfortunately, apart from
some relatively rare cancers, there have so far been few
major advances in the treatment of cancer, so that for
some of the common cancers, especially lung cancer, mor-
tality continues to increase. This makes it essential that re-
search is actively pursued on prevention, early diagnosis
and screening, and treatment for cancer. Under realistic
assumptions up to 30% of new cancer cases could be pre-
vented within a time frame of 20 to 30 years. However, the
application of advances in either prevention or treatment
from the human genome project will only be possible if
they are introduced after appropriate assessment at the
population level by epidemiological studies. A prerequisite
for rational preventive means is knowledge of the main
causes and understanding mechanisms of the disease
process. For many cancers these requirements have not
yet been met.

In the Research Program Cancer Risk Factors and Can-
cer Prevention selected, particularly relevant factors are
investigated which play a role in carcinogenesis and thus
provide a basis for rational approaches in cancer preven-
tion. To this aim, the main topics of research are: (i) identi-
fication of exogenous and endogenous cancer risk factors,
risk assessment by epidemiological, pathologic and toxico-
logical methods, (ii) investigation of heritable genetic
changes that predispose to carcinogenesis and increase
risk by gene-environment interactions, (iii) detection of car-
cinogen-induced DNA and genetic  damage, (iv) identifica-
tion and analysis of precancerous lesions, (v) mechanisms
in chemoprevention (and of protective factors), clinical tri-
als, (vi) development of cytostatic agents. The increasing
knowledge on causes and mechanisms of carcinogenesis
will thus permit to advance and implement effective pre-
ventive measures.

For this purpose three new divisions in the Research Pro-
gram C, Molecular Genetic Epidemiology, Chemopre-
vention (both planned) and Clinical Epidemiology (since
1999) will take over these tasks. In addition the recently
formed Division Genetic Alterations in Carcinogenesis
(since 01/2000) investigates carcinomas, early neoplastic
lesions, and human tumor cell lines for alterations in DNA
sequence and  changes in gene expression patterns  as-
sociated with the development of cancer.

The Division Clinical Epidemiology is primarily interested
in genetic, nutritional, hormonal and occupational risk fac-
tors. The studies involving genetic risk factors are also de-
signed to assess gene-environment interactions. Other as-
pects of aetiology, including social, economic and medical,
are included in all projects. Apart from the search for risk
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factors or causes in the studied groups, descriptive epide-
miology, including cartographic presentation of cancer
mortality, and evaluation of new statistical approaches to
problems particular to observational epidemiology studies,
complement the scope of activities in the Division. In Clini-
cal Epidemiology, studies are planned relating to the
evaluation of screening for several cancer sites, and dis-
cussions are being held over investigations of approaches
to improve the outcome of cancer treatment.

The Unit Environmental Epidemiology was formed in
September 1999 from units of the still existing Division of
Epidemiology. It is the task of the unit to investigate the in-
fluence of different environmental factors, e.g. electromag-
netic fields, ionizing radiation and occupational hazards on
the development of various cancer types. The current main
emphasis is on investigations of electromagnetic field
emissions which arise with the use of mobile phones and
their impact on the development of brain tumors. In the
context of these research tasks large investigations con-
cerning the relation between possible risk factors and per-
son-specific conditions are performed with classical epide-
miological procedures (case control studies, cohort studies
etc.), the method of interviewing with questionnaires is
used. Furthermore, extended investigations on the rela-
tionship between presumed risk factors and somatic condi-
tions, i.e. biomarkers, host factors, genetic predispositions
and co-morbidity are performed. Likewise the influence of
other environmental factors e.g. nutrition and smoking are
analyzed. Due to the population-based approach, statisti-
cal methods and their advancement in epidemiology are of
special value.

The research activities in the Division Toxicology and
Cancer Risk Factors involve the identification of environ-
ment-related risk factors and studies on interactions of car-
cinogenic agents with acquired or inherited host factors
(genetic predisposition) in human cancers. Special empha-
sis is given to explore molecular mechanisms by which
chronic infectious/inflammatory processes induce or en-
hance carcinogenesis. Hereby characterization and esti-
mation of DNA-modifications, caused by persistent oxida-
tive stress and lipid peroxidation in cancerprone tissues
and cells of human origin, should provide new insights into
mechanisms and DNA alterations that act as driving force
for converting a normal cell into a malignant one. An im-
portant field of research is the development of new ultra-
sensitive methods for the detection of DNA-damage and
biomarkers’ for cancer susceptibility which are to be used
in cancer epidemiology and intervention studies through
clinical trials.  Another emphasis is to build up studies in
molecular epidemiology, specifically to characterize the
relevance of new genetic polymorphisms, to explore fur-
ther susceptibility genes of cancer, to identify risk groups
in the population for prevention and screening and to fur-
ther add to our understanding of gene - environment inter-
actions. Since 1996 a project group has started to work on
cancer chemopreventive agents, their mechanisms of ac-
tion with future applications to human prevention trials. By
selective synthesis and testing of structurally related ana-
logues new cancer-preventive agents will be explored.

The Division Genetic Alterations in Carcinogenesis in-
vestigates carcinomas, early neoplastic lesions, and hu-
man tumor cell lines for alterations in DNA sequence and
changes in gene expression patterns  associated with the
development of cancer. Molecular profiling of tumors pro-
vides information on biological  pathways and networks
controlling  cell life and death, and opens new avenues for
novel diagnostic, chemopreventive,  and therapeutic strat-
egies. A related goal of this research program is to gener-
ate genetically engineered mouse strains with a given,
precise  molecular change (e.g. an inactivating point muta-
tion in the p53 tumor suppressor gene) typical of cancer
cells and  known to contribute to malignant growth.  These
mouse models are intended to accelerate development
and  in vivo pre-clinical evaluation of tailored pharmaceuti-
cals  that target specific molecular alterations in human tu-
mors.  Related strains harboring human DNA sequences
will also be employed to explore hypotheses on the origins
of  specific genetic defects underlying human diseases, in-
cluding  endogenous and environmental cancer risk fac-
tors and mechanisms  that elicit deleterious changes in
DNA sequence.

Research in the Division Molecular Toxicology is focused
on toxicology and in drug development for tumour therapy.
In toxicology the emphasis is on the analysis and the
structural elucidation of DNA adducts to be used to
biomonitor exposure to environmental pollutants. The cur-
rent most sensitive technique is the 32P-postlabeling analy-
sis, which however entails work with high doses of radio-
activity. DNA adducts may also be fluorescently labelled
and analysed by capillary electrophoreses. This method
holds great promise once the sensitivity is optimised. We
are currently developing new drugs based on our concept
of conjugating antioxidants or therapeutics to monosac-
charides, to target them to tumours and the brain. But also
new structures, e. g. inhibitors of DNA repair enzymes
show promising results when conjugated to monosaccha-
rides. The specific uptake of such glycoconjugates by car-
rier systems leads to an enrichment of the compounds in
the target organ, and reduces unwanted side effects.
Complex oligosaccharides are ligands for lectins and we
are trying to isolate such tumour associated lectins with
synthetic oligosaccharides, to finally use them as carriers
for therapeutic drugs. Sugar-lectin interactions are also in-
volved in the attachment of bacteria on human skin and in
the adherence of cells to each other or to the extracellular
matrix. Complex sugars could inhibit specifically such in-
teractions.  Another means of targeting drugs to the tu-
mour is their covalent binding to human serum albumin.
The uptake mechanism and the intracellular fate of one
such albumin conjugate is being investigated to elucidate
its mechanism of action and explain its promising clinical
activity.
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The scientific work of the Division has been focussed to
studies on the mechanism of carcinogenesis, particularly
to the analysis of preneoplasia in different human tissues
and in experimental models by cytomorphological, cyto-
chemical, microbiochemical and molecular biological ap-
proaches. Comprehensive studies on neoplastic devel-
opment in the liver and kidney had previously shown that
the manifestation of both benign and malignant neoplasms
is regularly preceded by the emergence of specific focal
lesions composed of phenotypically altered cells. The
pathobiology of these preneoplastic lesions was originally
mainly elucidated in experimental models of chemical car-
cinogenesis. In the past few years, however, the large
body of knowledge obtained in these models has been
transferred to models of  viral and hormonal carcino-
genesis, and eventually also to human carcinogenesis.
The comparative investigations revealed striking similar-
ities in the sequence of cellular changes characterizing dif-
ferent preneoplastic cellular lineages in all species stud-
ied, including humans. The specific preneoplastic changes
in the cellular phenotype were largely independent of the
nature of the causative agents and suggest an early distur-
bance of cellular signal transduction cascades by the hor-
mones or by hormone-like effects of the oncogenic agents.
These results provide new approaches to primary and sec-
ondary prevention and, perhaps, also to the therapy of
cancer [1].

Pathogenesis of Liver Cell Carcinoma

P. Bannasch

Hepatocellular carcinoma (HCC) is one of the most fre-
quent malignant neoplasms worldwide. Chronic infections
with the hepatitis viruses B (HBV) and C (HCV), contami-
nation of foodstuffs with chemicals, particularly the myc-
otoxin aflatoxin B1, and chronic abuse of alcoholic bever-
ages are considered major risk factors for the devel-
opment of HCC. The results of a number of epidemiologic
studies suggest that hepatocarcinogenesis in high risk ar-
eas is due to synergistic effects of chronic viral hepatitis
and chronic dietary exposure to low doses of aflatoxins.
We were able to provide conclusive evidence for this no-
tion  in an experimental model. Woodchucks inoculated as
newborns with woodchuck hepatitis virus (WHV), which is
closely related to other hepadnaviridae including HBV, and
exposed to low doses of dietary aflatoxin B1 developed
liver cell cancer more rapidly and at a higher incidence
compared to animals chronically infected with WHV alone
[2]. In this animal model we studied the relationship be-
tween hepadnaviral infection and the development of
hepatocellular neoplasms in early stages of this process
[3, 4], and compared the results with those obtained in ex-
perimental chemical hepatocarcinogenesis [1, 5-13]. The
experimental results were adopted for human pathology by
studying more than 200 tissue specimens from resected
livers which we received from the University Hospitals in
Heidelberg and Hannover [14-16]. In addition, the mecha-
nism of hepatocarcinogenesis was  further studied in an in
vitro model of hepatocellular preneoplasia [17, 18] and in
different models of hormonal hepatocarcinogenesis [19-
27], most of which were established in close cooperation
with the Institute of Pathology of the University of Bonn
[26, 27].

Hepatocellular glycogenosis and hepatocarcino-
genesis

P. Bannasch, D. Nehrbass, F. Klimek, A. Aleem,
D. Mayer

In cooperation with: T. Flohr, H.W. Thielmann, Abteilung
Wechselwirkung  von Carcinogenen mit biologischen
Makromolekülen, DKFZ; A. Hunziker, Abteilung Zellbiologie,
DKFZ.

In the liver of different species exposed to various onco-
genic agents, the prevailing phenotype of parenchymal
preneoplastic lesions is characterized by an excessive
storage of glycogen (glycogenosis) in foci of altered hepa-
tocytes [1, 2]. The results of previous enzyme histochemi-
cal and microbiochemical studies in rat liver suggested
that the preneoplastic hepatic glycogenosis is elicited
by an insulin-like (insulinomimetic) effect of the oncogenic
agents, and this hypothesis has been strongly supported
by the induction of glycogenotic foci frequently progressing
to hepatocellular neoplasms by low-number pancreatic is-
let transplants in the liver of diabetic rats. To further clarify
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the molecular mechanisms underlying these changes we
investigated several members of the insulin signaling
cascade during chemical hepatocarcinogenesis induced
in rats by limited exposure (stop model) to N-nitroso-mor-
pholine [1, 11, 12]. Using immunohistochemistry and West-
ern blot analysis, we studied the expression patterns of the
insulin receptor, the insulin-like growth factor-I receptor,
the insulin receptor substrate-1, the insulin receptor sub-
strate-2, the mitogen-activated extracellular-regulated ki-
nase (MEK-1), as well as phosphotyrosine in different
types of preneoplastic hepatic focus and in hepatocellular
neoplasms. All of these proteins were strongly overex-
pressed in the early preneoplastic glycogenotic foci and in
glycogen-rich mixed cell foci. However, in later stages of
hepatocarcinogenesis, particularly in glycogen-poor hepa-
tocellular neoplasms, the expression of the proteins in-
volved in insulin signaling was gradually downregulated,
while the glycogen was lost and the number of ribosomes
(basophilia) and cell proliferation increased. These results
indicate that the preneoplastic hepatic glycogenosis is in-
deed initiated by a transient insulinomimetic effect. During
phenotypic conversion from the preneoplastic glycogenotic
to the glycogen-poor malignant neoplastic phenotype the
early insulinomimetic events may be replaced by the ef-
fects of growth factors such as insulin-like growth factor-II,
stimulating cell proliferation without leading to an accumu-
lation of glycogen. In contrast to previous investigations,
our studies revealed that the inhibitor-1 of the protein
phosphatase 1 (PP1), which plays a key role in the regula-
tion of metabolic processes including glycogen metabolism
by both insulin and glucagon signaling, is expressed in
normal rat liver at the mRNA-level, albeit in low copy num-
ber [17]. The intact open reading frame was sequenced
and found to be identical to that of the muscle type of in-
hibitor-1 described by others.

The question whether the preneoplastic hepatic glyco-
genosis is due to genetic defects or to epigenetic events
was studied by molecular biologic methods in rat liver and
in an in vitro-system established in our laboratory. In
early glycogenotic and late glycogen-poor passages of a
non-tumorigenic (preneoplastic) epithelial liver cell line and
in malignant hepatocellular neoplasms propagated  in vitro
or induced in vivo, we analysed the expression and the
structure of the coding regions of a number of genes in-
volved in glycogen metabolism. In the glycogenotic liver
cell line, genes coding for the following proteins were over-
expressed at the mRNA-level: the catalytic and the glyco-
gen binding subunit of PP-1, the γ-subunit of phospho-
rylase kinase, and the K-ras oncoprotein. Whereas the
abundance of mRNA for protein kinase A was not signifi-
cantly changed, the mRNA expression of glycogen phos-
phorylase was strongly reduced. This finding indicates that
the previously observed decrease in the amount and acti-
vity of the glucagon-regulated glycogen phosphorylase
(which seems to be mainly responsible for the accumula-
tion of glycogen) are predominantly due to alterations in
gene expression. In addition, an inhibition of the enzyme
activity by dephosphorylation resulting from an overex-
pression of both subunits of PP-1 has to be taken into ac-
count. The expression of inhibitor-1 was slightly reduced

or normal in the preneoplastic glycogenotic cells but
overexpressed in the glycogen-poor malignant cell popula-
tions. The activation of PP-1 in the glycogenotic cells is
compatible with an insulinomimetic effect, but the expres-
sion of the insulin receptor substrate-1 and the glycogen
synthase kinase-β were not increased in these cells. In
hepatocellular carcinomas, the expression of the genes
studied usually increased with increasing dedifferentiation.
The changes in the expression of three important genes
(coding for glycogen phosphorylase, the regulatory subunit
of PP-1, and K-ras) were also studied at the cDNA-level in
the glycogenotic liver cell line (corresponding to preneo-
plastic focal liver lesions observed in situ) and in neoplas-
tic cell populations. No mutations in the coding region of
these genes were detected in both the preneoplastic and
the neoplastic state. Although the molecular basis of  the
metabolic aberrations during neoplastic conversion of epi-
thelial  liver cells has not been completely clarified and
some discrepancies between the observations in vitro and
in situ  are evident, we conclude from our findings that
these fundamental changes are most probably due to epi-
genetic rather than genetic changes. This conclusion is in
line with theoretical considerations in a new mathematical
model for hepatocarcinogenesis [7].

Hepadnaviral hepatocarcinogenesis

P. Bannasch, V. Burger, H.J. Hacker, Y. Li,
S. Radaeva, Q. Su

In cooperation with: A. Benner, A. Kopp-Schneider, Biostatistik,
DKFZ; W.J. Hofmann, Pathologisches Institut der Universität
Heidelberg; G. Otto, Zentrum für Chirurgie der Universität Heidel-
berg; R. Pichlmayr (�), Abteilung für Abdominalchirurgie, Uni-
versität Hannover; U. Protzer, Zentrum für Molekularbiologie der
Universität Heidelberg; C.H. Schröder, Abteilung Virus-Wirts-
Wechselwirkungen, DKFZ.

In the Woodchuck model of chronic hepatitis (with and
without dietary exposure to aflatoxin B1 ) preneoplastic
hepatocellular lineages emerging in hepadnaviral hepato-
carcinogenesis were studied in situ by electron micro-
scopic, enzyme histochemichal, immunohistochemical,
and molecular biological approaches [3,4]. The earliest
phenotypic changes of the liver parenchyma detected
were proliferative areas which showed minimal structural
deviation from the normal state and were composed of
three types of altered hepatocytes: glycogen-rich cells,
amphophilic cells (poor in glycogen but rich in mitochon-
dria), and ground glass cells well known from chronic viral
hepatitis in humans. In almost all of these altered hepato-
cytes replication of viral DNA and expression of viral core
(WHcAg) and surface antigens (WHsAg) were demon-
strable. The minimal deviation areas give rise to two main
preneoplastic hepatocellular lineages: the glycogenotic-
basophilic and the amphophilic lineage. In both lineages,
particularly in the glycogenotic-basophilic lineage, viral
replication and expression of viral antigens usually de-
crease during progression from preneoplastic to neoplastic
lesions. The preneoplastic focal glycogenosis is associa-
ted with a pattern of enzyme expression indicating an ini-
tial activation of the insulin-stimulated signal transduction
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cascade in this cell lineage of the evolution of HCC. This
observation  is in accordance with previous findings during
chemical hepatocarcinogenesis in the rat [1, 5, 9, 11, 12].
In contrast to this insulinomimetic effect of the chronic
WHV-infection, which also occurs after exposure to afla-
toxin B1, the enzymic pattern of the amphophilic cell line-
age of hepatocarcinogenesis suggests a thyromimetic ef-
fect of the WHV-infection. This effect may also be due to
early changes in cellular signal transduction pathways as
discussed for similar phenotypic changes induced in other
species by  nongenotoxic chemicals of the peroxisome
proliferator type or hormones [1, 9, 12, 19-22]. The striking
similarities in altered cellular phenotypes of preneoplastic
lineages appearing in both viral and chemical hepatocar-
cinogenesis argue for closely related underlying molecular
mechanisms that may be mainly responsible for synergis-
tic effects of these oncogenic agents [1-5].

An early functional inactivation of the tumor suppressor
gene p53 by the formation of complexes with the X anti-
gen of HBV or WHV has been regarded as an important
early event in the mechanism of hepatocarcinogenesis by
some authors [2]. Using several carefully tested antibodies
to HBx obtained from different laboratories [14] and com-
mercially available antibodies to p53, we have examined
this hypothesis by immunohistochemistry and immunopre-
cipitation in specimens from 149 resected human livers, in-
cluding 39 cases of chronic HBV-infection and 35 HCC
[16]. In 51% of the HCC, p53 was immunohistochemically
demonstrable, and was predominantly found in poorly dif-
ferentiated, rapidly growing tumor components. The accu-
mulation of p53 was verified in most of the positive cases
by immunoprecipitation. In a total of 354 preneoplastic he-
patic foci, p53-positive cells were never detected. We con-
clude from these results, that at least in areas with low ex-
posure to aflatoxins mutations of  p53 are not an early
event, but represent secondary changes occurring during
tumor progression. The intracellular distribution of p53 and
HBx was different: while the immunohistochemical reac-
tion for p53 was invariably found in the cell nucleus, the
expression of HBx was limited to the cytoplasm. HBx and
p53 did not co-immunoprecipitate. These results indicate
that a functional inactivation of p53 by binding of HBx is at
best a very rare event, which can not be considered a gen-
eral mechanism of HBV-associated hepatocarcinogenesis.
Occasionally, we observed an accumulation of p53, which
was also independent of the expression of HBx, in cells of
the liver parenchyma and biliary tree in cases of fulminant
hepatitis. This alteration is most probably due to stress re-
actions  associated with tissue damage and regeneration.

Hormonal hepatocarcinogenesis

P. Bannasch, D. Mayer, H.J. Hacker, F. Klimek,
D. Nehrbass, Y. Li

In cooperation with: K. Brix, V. Herzog, Institut für Zellbiologie der
Universität Bonn; F. Dombrowski, L. Klotz, U. Pfeifer, Patholo-
gisches Institut der Universität Bonn; G. Hobe, Hans-Knöll-Institut,
Jena; D. Klingmüller, Institut für Klinische Biochemie der Univer-
sität Bonn

Dehydroepiandrostreone (DHEA) is an adrenal steroid
hormone circulating in high concentrations in the human
blood [19, 25]. In rats, high oral doses of DHEA, which
also acts as a peroxisome proliferator in this species, pro-
duce a high incidence of hepatocellular adenomas and
carcinomas, particularly in females [19-21]. However, the
peroxisome proliferation is apparently not essential for the
hepatocarcinogenic effect of DHEA. Our cytomorphologi-
cal and cytochemical studies on rats chronically exposed
to DHEA revealed  that the hepatocellular neoplasms indu-
ced by this hormone originate from amphophilic focal par-
enchymal lesions which are mainly characterized by a pro-
liferation of mitochondria closely associated with cisternae
of the rough endoplasmic reticulum [21] and by an in-
crease in the amount and/or activity of several mitochond-
rial enzymes [9, 22]. Additional biochemical effects of
DHEA are described in the report by the research group
Hormones and Signal Transduction (B0810). During pro-
gression from preneoplastic amphophilic cell foci to hepa-
tocellular neoplasms the number of cytoplasmic ribosomes
and, hence, basophilia frequently increases. Biochemical
studies in situ have shown that the amphophilic cell foci
express a pattern of enzymes resembling the effect of  thy-
roid hormones [5, 9, 22]. In both their morphological and
their biochemical appearance the preneoplastic and neo-
plastic parenchymal alterations induced by DHEA corre-
spond to preneoplastic and neoplastic liver lesions elicited
by other peroxisome proliferators. Thus, the studies on rat
liver treated with DHEA are of more general importance,
having clarified the intriguing amphophilic preneoplastic
hepatocellular lineage which differs in many respects from
the glycogenotic-basophilic lineage of hepatocarcino-
gensis [5, 9, 12, 19-22]. From the toxicological point of
view the distinction of the amphophilic cell lineage is of
great significance since the peroxisome proliferators repre-
sent an important class of chemicals, including pharmoco-
logical substances and industrial chemicals, which have
been shown to produce a high incidence of liver neo-
plasms in rodents. In addition, the amphophilic cell lineage
has also been observed in experimental hepadnaviral
hepatocarcinogenesis [1-5]. Similar hepatocellular
changes were also found in human chronic liver diseases
[15] but their possible relationship to the development of
human HCC remains to be demonstrated [2, 15].

The notion of a thyromimetic effect of chemical hepatocar-
cinogens of the peroxisome proliferator type and of onco-
genic viruses has been supported by recent studies in rats
[26]. In an experimental animal model established by
Frank Dombrowski, we were able to demonstrate that
intraportal transplantation of thyroid tissue into thyroid-
ectomized rats results in amphophilic proliferative paren-
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chymal changes downstream of the transplants, which re-
semble morphologically and biochemically  those induced
in rodents by DHEA, other peroxisome proliferators or
hepadnaviridae. It has been verified by immmunohisto-
chemistry, autoradiography, and measurement in the blood
serum that the intrahepatic thyroid transplants actually
synthesize and secrete thyroxine and 3,5,3´-triiodo-L-thy-
ronine (T3) under these experimental conditions.

In a similar experimental model, which has also been
established by Frank Dombrowski, focal proliferative liver
lesions were produced in ovariectomized rats by intrapor-
tal transplantation of ovarian tissue [27]. The parenchy-
mal alterations produced by this procedure largely resem-
bled the amphophilic cell foci, but showed some differen-
ces in their histochemical pattern compared to this well
characterized type of focus. It is most likely, however, that
the variant of the amphophilic cell focus is a preneoplastic
cell population since hepatocellular adenomas and carci-
nomas developed in this animal model in a long-term pilot
study. The new model provides for the first time an oppor-
tunity to study long-term effects of natural estrogens on
hepatocytes and to contribute to the clarification of the well
known hepatocarcinogenic effects of synthetic estrogens
in humans.

Pathogenesis of Renal Cell Carcinoma

P. Bannasch, Y. Cao, H. Zerban

In cooperation with: U. Karsten, Max Delbrück Zentrum für
Molekulare Medizin, Berlin.

In comprehensive experimental studies which were mainly
conducted in the rat kidney exposed to N-nitrosomorpho-
line we had previously shown that at least four types of re-
nal cell tumor may be distinguished by cytomorphological
and cytochemical methods, each of which originates from
a defined segment of the renal tubular system [28]. While
many of these experimental observations were applied to
human pathology and stimulated the development of new
classifications for experimental and human renal cell tu-
mors, the histogenesis and cytogenesis of the clear
(glycogenotic) and granular renal cell carcinoma  in rat
and man has remained controversial. In humans the proxi-
mal nephron is considered the site of origin of this type of
renal cell carcinoma since the 50ies of the last century. In
the rat, however, we have demonstrated that at least the
majority of  these tumors derives from the collecting duct
system, and this finding has been confirmed by a Japa-
nese group recently. Since the clear/granular  renal cell
carcinoma is by far the most frequent malignant human re-
nal cell neoplasm we have reinvestigated its histogenesis
and cytogenesis by immunohistochemistry. Using an ap-
proach previously applied to studies on the expression of
epithelial mucins (MUC1, MUC2) as well as the Thomson-
Friedenreich-antigen and related antigens in preneoplastic
and neoplastic liver lesions [28], we systematically investi-
gated the expression of these antigens in tissue speci-
mens from 58 resected human renal cell tumors and the
surrounding renal tubular system [30]. Our studies re-
vealed that the antigen expression in human clear and

granular renal cell carcinomas corresponds in many re-
spects to that of the collecting duct system. In addition,
clear cells excessively storing glycogen were frequently
found in the neighborhood of these tumors within renal tu-
bules, the epithelia of which were morphologically and
cytochemically classed with  the collecting duct system.
We conclude from these results that at least a large part of
the human clear and granular cell tumors originate from
the collecting duct system as the corresponding tumor
type in the rat.
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The overall goals of the Division involve: (i) identification of
exogenous and endogenous cancer risk factors and eluci-
dation of their mechanisms of action, (ii) characterization
of cancer-preventive agents and proof of their efficacy in
preclinical and clinical studies, (iii) development, based on
advances in mechanistic knowledge, of new ultrasensitive
detection methods for DNA-damage and biomarkers for
cancer susceptibility that are useful for molecular
epidemiology studies on cancer etiology and prevention
and (iv) initiation and participation in such studies by
contribution to methodology and design. This approach is
aimed to provide data that are required to implement effi-
cient cancer preventive measures either by elimination of
risk factors or by interruption of disease development
(chemoprevention).

While there is diversity in the Division’s research activities,
many studies fall under a common denominator, i.e.
biomarker development and application (Chart 1). This fol-
lows a tier approach, before the markers are explored in
large-scale epidemiological studies. Naturally, many of our
investigations have reached only the first phases of this
development, but recently larger-scale molecular epide-
miological studies have been conducted [1].

Chart 1  Rationale for developing and validating
biomarkers or intermediate endpoints relevant to human
carcinogenesis for use in molecular epidemiological or
clinical settings [2]

Epidemiological observations on risk and protective factors
in human cancer

⇓
Mechanistic studies in experimental systems to establish
biomarkers/intermediate endpoints as part of the causal
chain

⇓
Development of (non-invasive) methods for exposure/risk
markers

⇓
Validation in animal/human pilot studies

⇓
Exploration of markers in large-scale epidemiological in-
vestigations

⇓

Prime objectives in the area of biomarker development
and human applications involve (i) to identify new sources
of carcinogen exposure [3], especially those arising from
endogenous sources [4, 5], (ii) to quantify carcinogen
DNA-damage in populations and measure the effect of ge-
netic predisposition [6,7], (iii) to identify high-risk groups
[8, 9, 10, 11] and finally (iv) to verify the efficacy of preven-
tive measures, e.g. through intervention with chemopre-
ventive agents [1,12].

Since 1996, more intense activities on secondary cancer
prevention by chemopreventive (antidysplastic) agents

Division Toxicology and Cancer Risk Factors (C0200)

Head: Prof. Dr. Helmut Bartsch
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have been commenced in the Division [13, 14, 15, 16]. As
chemopreventive agents are structurally heterogeneous
and mechanistically diverse, ongoing work aims at the
identification and evaluation of new promising agents of
natural origin [17,18,19,20] or synthetic analogues as lead
compounds for the development of effective agents, the
elucidation of their mechanism of action and ultimately
proof of their preventive efficacy in high-risk groups with
dysplastic lesions or in the general population.

Accessible dysplasias as predictive biomarkers during sev-
eral month follow-up  of antidysplastic treatment have
been used to demonstrate the feasibility and benefit of
cancer chemoprevention in small groups of high-risk sub-
jects. These included a collaborative clinical intervention
study using sulindac (an NSAID) in familial adenomatous
polyposis (FAP) patients, providing limited evidence of
cancer-preventive activity in mainly colectomized FAP pa-
tients [21]. A subsequent study showed an increased level
of promutagenic etheno-DNA-adducts in colonic polyps of
FAP patients [22]. Another study achieved partial reversion
of oral dysplasias with an antioxidant combination in pa-
tients with leukoplakia or after surgery for primary carci-
noma of the oral cavity [23]. A pan-European calcium fiber
placebo-controlled intervention study has been completed
in patients with sporadic colorectal adenomas [1].

The characterization of new chemopreventive agents with
anti-inflammatory/antioxidant properties, but low long-term
toxicity call for a more intense interdisciplinary research
network in secondary cancer prevention to include (i) con-
duct of clinical trials, taking into account accessible dyspla-
sias for repeated direct dysplasia control following treat-
ment with officinal and new antidysplastic drugs, (ii) devel-
opment and validation of cancer-predictive biomarkers for
less accessible dysplasias, (iii) subsequent development
of new antidysplastic agents with higher preventive effi-
cacy for a broader spectrum of different dysplasias. The
creation of two new divisions of ‘Chemoprevention’
(planned) and ‘Clinical Epidemiology’ (since 1999)
should provide the necessary reinforcement of this re-
search program.

To intensify the collaboration between laboratory scien-
tists, clinicians and epidemiologists and to promote epide-
miological studies on human cancer causes and preven-
tion, multidisciplinary symposia were organized in 1999-
2000:

•   Symposium “Mutagen Sensitivity, DNA Repair Capacity
and Predisposition (AEK-Symposium), Heidelberg,
March, 1999;

•   Third Taiwanese-German Workshop on Cancer Causes
and Prevention: Mechanisms, Preclinical and Clinical
Studies, Heidelberg, July, 2000;

•   International Workshop on Biomarkers in Cancer
Chemoprevention, Heidelberg, February, 2000 (orga-
nized together with A.B. Miller; DKFZ and IARC, Lyon,
France) [24]
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Chemoprevention (C0202)

C. Gerhäuser

I. Identification and evaluation of novel potential
cancer chemopreventive agents
Knowledge of molecular mechanisms is of importance for
safe application of known, but also for further development
of novel potential cancer preventive agents. The develop-
ment of cancer is a multi-stage process which is generally
divided into initiation, promotion and progression phases,
as depicted in Scheme 1. Carcinogenesis can be regarded
as an accumulation of genetic or biochemical cell damage
which offers a variety of targets for chemopreventive
agents to prevent or inhibit the slow progression from early
genetic lesions to tumor development.

In the initiation phase, a carcinogen, either directly or after
metabolic activation to a reactive molecule, interacts with
intracellular macromolecules (DNA, proteins). This may
cause DNA damage, which, if not repaired, can result in
mutations and genetic damage. These mutations eventu-
ally lead to an altered expression of oncogenes and tumor
suppressor genes or, e.g. continuous activation of protein
kinases during the promotion phase, and finally result in
modified cell structure, uncontrolled cell proliferation, tu-
mor growth and metastases. This cascade of events offers
a variety of targets for chemopreventive intervention at ev-
ery stage. As indicated in Scheme 1, well established mo-
lecular mechanisms of chemoprevention include modula-
tion of drug metabolism, anti-oxidant, radical-scavenging,
anti-inflammatory, anti-tumor promoting and anti-prolifera-
tive activities as well as induction of terminal cell differen-
tiation and apoptosis.

II. Development and Establishment of bioassay
systems
Given the great structural variety of phytochemicals, ongo-
ing projects in our group are aimed at the identification
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and evaluation of new promising agents of natural origin or
synthetic analogs as lead compounds for the development
of effective chemopreventive agents and the elucidation of
their mechanism of action. Since isolation of active chemo-
preventive agents from plants based on activity-guided
fractionation using in vivo animal models is not feasible
due to time and cost factors, we have set up a battery of
cell- and enzyme-based in vitro marker systems relevant
for inhibition of carcinogenesis in vivo.[2]

Assay systems established in our laboratory include:

1.  Modulation of drug metabolism

a.  Inhibition of Phase 1 Cyp1A activity. β-Naphthoflavone-
induced rat hepatoma cell preparations are used as a
source of Cyp1A enzyme activity. Time-dependent
dealkylation of 3-cyano-7-ethoxycoumarin (CEC) to
3-cyano-7-hydroxycoumarin is determined fluori-
metrically in 96-well plates.

b.  Induction of Phase 1 Cyp1A activity. Using CEC as a
substrate, we have developed an extremely sensitive
assay to measure induction of Cyp1A activity in intact
Hepa1c1c7 (Hepa1) mouse hepatoma cells cultured in
96-well plates. This method is about 10-fold more sen-
sitive than the commonly used EROD assay.

c.  Induction of Phase 2 NAD(P)H:quinone oxidoreductase
(QR). Induction of NAD(P)H:quinone oxidoreductase
(QR) as a model Phase 2 enzyme is measured colori-
metrically in cultured Hepa 1c1c7 cells as described
previously.

d.  Induction of total glutathione levels. Glutathione is con-
sidered as the most important intracellular antioxidant.
In addition, it is necessary for GST-mediated conjuga-
tion reactions. Induction of total glutathione levels can
be measured photometrically in hepatoma cell culture.

2. Radical scavenging effects and anti-oxidant mecha-
nisms

a.  Radical-scavenging effects. Radical scavenging poten-
tial is determined photometrically by reaction with
1,1-diphenyl-2 picrylhydrazyl (DPPH) free radicals in a
microplate format.

b.   Inhibition of TPA-induced superoxide radical formation
in HL60 human promyelocytic leukemia cells differenti-
ated to granulocytes is detected by photometric
determination of cytochrome c reduction.

c.  Scavenging of superoxide anion radicals generated
non-enzymatically (PMS/NBT) or enzymatically in the
xanthine/xanthine oxidase system.

3.  Anti-inflammatory activities

a. Inhibition of Cox-1 and Cox-2 activity.

b.  Inhibition of LPS-mediated iNOS induction in murine
macrophages

4.  Anti-tumor promoting effects

      Inhibition of TPA-induced ODC induction in murine 308
cells

5.   Anti-proliferative mechanisms
 a.  Inhibition of human DNA polymerase α is evaluated by

measuring incorporation of radiolabeled thymidine tri
phosphate into activated DNA.

b.  Induction of cell differentiation in cultured HL-60 cells.
Using a human promyelocytic leukemia cell line HL-60,
the potential of plant extracts, natural components and
synthetic derivatives to induce cellular differentiation to
morphological and functional mature granulocytes and
monocytes/macrophages is determined.

6.  Mouse mammary organ culture (MMOC)
A drawback of in vitro investigations is the identification of
false positive leads, i.e. compounds which show activity in
vitro, but fail to inhibit carcinogenesis in vivo. Therefore,
we have established an organ culture model using mouse
mammary glands (MMOC) as a link between short-term in
vitro and long-term in vivo carcinogenesis models. This
system combines the advantages of an in vitro system
(feasibility and handling, compound requirements, duration
of the experimental procedure) with the complex cellular,
metabolic and developmental conditions present in an en-
tire organ. It is not only useful in identifying compounds
and extracts with potential efficacy in vivo, but also allows
investigation of mechanistic aspects of chemopreventive
activity in a complex, but defined system. Further develop-
ment of active compounds will include long-term in vivo
carcinogenesis studies in animal models.

Taken together, these models allow fast (within days), sen-
sitive and cost effective identification of promising lead
compounds and plant extracts and have been utilized for
activity-guided isolation of active principles. To date, a total
of more than 1600 samples (plant constituents and syn-
thetic analogs, extracts from various biological sources in-
cluding medicinal plants, dietary components, mosses,
marine bacteria, and fungi, and subfractions thereof) have
been tested for biological activities in the bioassay sys-
tems described above (except MMOC). Based on these
data, promising compounds and series of optimized struc-
tures were selected for detailed analyses and mechanistic
investigations.

III. Description of selected projects

1. Modulation of drug metabolism
Bibenzyl derivatives of lunularic acid as novel
lead compounds in chemoprevention
in cooperation with H. Becker and Th. Eicher, Universität des
Saarlandes, Saarbrücken.

Liverworts (Hepaticae), a category of mosses, are a
unique source of bibenzyl derivatives of lunularic acid.
These compounds display structural similarities with
resveratrol found in grapes and red wine.

Screening in our series of assay systems indicative of inhi-
bition of carcinogenesis in vivo led to the identification of
bibenzyls as potent modulators of phase 1 and phase 2
metabolizing enzymes. CD values for the induction of
quinone reductase (QR) activity in Hepa 1c1c7 cell culture
were in the range of 0.03 to 51 µM depending on the sub-
stitution of the ring systems. These compounds did not in-
duce QR activity in cultured BPrc1 cells, indicating an aryl
hydrocarbon (Ah) receptor-mediated bifunctional mecha-
nism of induction, although the compounds have no simi-
larity to known ligands of the Ah receptor. In transient
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transfection experiments with QR-chloramphenicol acetyl-
transferase plasmid constructs, induction was confirmed to
involve activation of the xenobiotic responsive element
(XRE). Consequently, we could further demonstrate dose-
dependent induction of Cyp1A activity in cultured Hepa
1c1c7 cells. Interestingly, selected compounds were also
identified as potent inhibitors of Cyp1A activity with IC50

values in the nanomolar range. Ei-252 as a model com-
pound demonstrated competitive inhibition with respect to
the substrate 3-cyano-7-ethoxy-coumarin, determined by
Lineweaver-Burk-, Dixon- and Cornish-Bowden plots of
the results of kinetic experiments. This compound was fur-
ther found to inhibit DMBA-induced preneoplastic lesion
formation in mouse mammary glands in organ culture
(MMOC). Based on these results, bibenzyls will be further
investigated as readily available promising new cancer
chemopreventive agents. [8,18]

2. Radical scavenging effects and anti-oxidant
mechanisms
2a. Antioxidant and radical-scavenging potential
of phenolic constituents of beer
In cooperation with Axel Alt1, Hans Becker1, Horst Chmiel2,
1Universität des Saarlandes, Saarbrücken; 2Gesellschaft für
Umweltkompatible Prozesstechnik, Saarbrücken.

Beer is an important source of dietary antioxidant polyphe-
nols (up to 1 g polyphenols/l). Moderate beer consumption
is known to reduce the risk of coronary heart disease. In
addition, beer has been reported to inhibit mutagenesis
and DNA adduct formation induced by several carcino-
gens. Nevertheless, a detailed investigation of the antioxi-
dant potential of beer constituents using physiologically
relevant reactive oxygen species (ROS) as a basis for the
possible application of beer and beer-related beverages in
the prevention of cancer has not been performed so far.
Consequently, we have initiated a study to evaluate com-
position and biological activities of beer (B) and a residue
(R) rich in polyphenols removed from beer during the sta-
bilization process. Extracts and a series of more than
fifty purified compounds were tested for their potential to
scavenge reactive 1,1-diphenyl-2-picrylhydrazyl (DPPH)
free radicals. In addition, the capacity to scavenge super-
oxide anion radicals generated chemically or enzymatically

was detected by reduction of nitroblue tetrazolium. Inhibi-
tion of TPA-induced superoxide anion radical formation in
differentiated human promyelocytic leukemia cells was
analyzed by cytochrome c reduction. Peroxyl and hydroxyl
radical-scavenging ability was measured in a modified
oxygen radical absorbance capacity (ORAC) assay. The
tested polyphenolic constituents of beer and residue R
mainly belong to five structural classes: benzoic and cin-
namic acid derivatives (B+R), acetophenones (R), flavo-
noids (B+R) and catechins (B).

Catechins and flavonoids displayed the highest potential
to scavenge DPPH radicals. In addition, all cinnamic acid
derivatives with 4-OH- and additional 3-OH- or 3-OCH

3-
substitution were potent DPPH radical scavengers. Proto-
catechuic, gallic and syringic acid were active benzoic acid
derivatives. These initial results prompted us to investigate
antioxidant potential using a series of ROS. Only flavon-
oids and catechins were able to scavenge chemically gen-
erated superoxide anion radicals at concentrations
< 100µM. Activities in the cellular system were generally
lower for all compounds tested. Importantly, in the ORAC
assay, which was modified and validated in a microplate
format, all compounds tested displayed high potential to
scavenge hydroxyl radicals, whereas the capacity to scav-
enge peroxyl radicals was generally lower. In conclusion,
this is the first investigation of the antioxidant potential of
purified beer constituents as well as of polyphenols re-
moved from beer during processing. Overall, the tested
compounds displayed high antioxidant activity, especially
versus the most reactive hydroxyl radicals involved in lipid
peroxidation processes. [13]

2b. Ellagic acid induces antioxidant mechanisms
in cultured human hepatocellular carcinoma cells
HUH-7
Dietary factors play an important role in modulating the de-
velopment of certain types of human cancers. Chemo-
preventive agents are found in all foods, especially fruits
and vegetables. Ellagic acid is a dietary polyphenol
present in fruits and nuts including raspberries, strawber-
ries and walnuts. It possesses both anti-mutagenic and
anti-carcinogenic activities, thus, anti-carcinogenic effects
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were demonstrated in various rodent chemoprevention
models. Ellagic acid is known to modulate the activation of
carcinogens by inhibition of phase 1 cytochrome P450 en-
zymes and by induction of phase 2 enzymes which are in-
volved in carcinogen detoxification.

The present study aimed to investigate whether ellagic
acid affects antioxidant mechanisms that may contribute to
its anti-carcinogenic activity.
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HO
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To achieve this goal we studied the effect of ellagic acid
treatment on the different antioxidant mechanisms in hu-
man hepatocellular carcinoma cells (HUH-7). Ellagic acid
at low concentrations was found to increase total antioxi-
dant capacity of HUH-7 cells against ROO• and OH• radi-
cals in the ORAC assay. Ellagic acid significantly in-
creased total intracellular thiol levels and moderately in-
creased the GSH/GSSG ratio. This increase in total thiols
was not only due to GSH levels but mainly due to thiol-
containing proteins, which might include cysteine-rich pro-
teins like metallothionein (MT) or enzymes like catalase
and thioredoxin reductase. Consequently, ellagic acid sig-
nificantly enhanced metallothionein I mRNA expression in
competitive RT-PCR analyses and non-significantly in-
creased the total amount of metallothionein protein, deter-
mined by ELISA analyses. Ellagic acid enhanced the activ-
ity of antioxidant enzymes (catalase and thioredoxin re-
ductase), especially at low concentrations, and signifi-
cantly inhibited induced lipid peroxidation in HUH-7 cells.
This may be due to the high radical-scavenging activity of
ellagic acid. Taken together, our studies support the role of
ellagic acid as a cancer chemopreventive agent acting by
multiple antioxidant mechanisms. Further studies will focus
on thioredoxin and on factors involved in regulation of MT
mRNA expression after ellagic acid treatment. [14]

3. Anti-inflammatory activities
3a. Inhibition of cyclooxygenase 1 (Cox-1) activity
by Dryopteris phlorophenone derivatives
In cooperation with C.J. Widen1, G.J. Kapadia2, 1Maunulan
Aptekki, Helsinki, Finland; 2Dept. of Pharm. Sci., School of Phar-
macy, Howard University, Washington, D.C., USA.

Cyclooxygenase 1 (Cox-1) is a key enzyme in metabolism
of arachidonic acid and production of prostaglandins (PGs)
as hormone-like mediators of inflammation. Elevated lev-
els of PGs have been associated with carcinogenesis and
tumor promotion. As a part of our program for identification
and mechanistic investigation of potential cancer chemo-
preventive agents, we have tested a series of about fifty
phlorophenone derivatives for in vitro inhibition of cyclo-
oxygenase 1 (Cox-1) activity. Microsomes of sheep semi-
nal vesicle were used as a source of Cox-1, and oxygen
consumption during PG formation was monitored. The
compounds tested comprised of monomeric acylphloro-

glucinols and di-, tri- and tetrameric phlorophenone deriva-
tives. These agents have previously been tested for inhibi-
tion of EBV-early antigen activation by phorbol esters
(Kapadia et al., Cancer Let. 105, 161-165, 1996).
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The monomeric compound isoaspidinol was identified as a
potent inhibitor of Cox-1 activity with a halfmaximal inhibi-
tory concentration (IC50) of 2.3 µM. Interestingly, replace-
ment of the 4-hydroxy group by a 4-methoxy-group signifi-
cantly reduced the inhibitory potential (12% inhibition at a
test concentration of 100 µM). The isomeric compounds
o-desaspidinol B and desaspidinol B, which lack the me-
thyl group at position 3, were slightly less active than iso-
aspidinol with IC50 values of about 10 µM. Substitution of
the butyryl- by a propionyl-side chain (desaspidinol P) fur-
ther reduced the inhibitory activity (IC50 value: 17.3 µM). Of
the dimeric compounds tested, desaspidin and flavaspidic
acid BB were moderately active (IC50 values: 15.7 and
21.1 µM, respectively). Based on these data, the anti-in-
flammatory and chemopreventive activity of selected
acylphloroglucinols will be further investigated. [19]

3b. Mechanistic investigation of sulforaphane-
mediated cancer chemopreventive potential
Sulforaphane is an aliphatic isothiocyanate found as a
glucosinolate-precursor in cruciferous vegetables like
broccoli. Its chemopreventive activity, shown by inhibition
of chemically-induced rat mammary carcinogenesis, has
mainly been attributed to the modulation of carcinogen
metabolism.
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As an additional mechanism of action, we have recently
demonstrated that sulforaphane potently inhibits LPS-me-
diated nitric oxide (NO) production in Raw 264.7 macroph-
ages with a halfmaximal inhibitory concentration (IC50) of
0.7 µM. Excessive production of NO during infection and
chronic inflammation is considered as a causative factor of
cellular injury and cancer e.g. via nitrosative deamination
and lipid peroxidation. Sulforaphane did not directly inter-
act with NO, nor inhibited the enzymatic activity of induc-
ible nitric oxide synthase iNOS). Rather, western blot
analyses revealed a dose- and time-dependent decrease
of LPS-stimulated iNOS as well as Cox-2 protein expres-
sion [1].

To further elucidate the mechanism of sulforaphane-medi-
ated iNOS induction, RT-PCR analyses confirmed that
sulforaphane regulates iNOS expression at the transcrip-
tional level. A pivotal transcription factor in LPS-mediated
iNOS induction is NF-κB. In unstimulated macrophages, it
is located in the cytosol as a complex with IκB (inhibitor of



117

Research Program
Cancer Risk Factors and Prevention

Division
Toxicology and Cancer Risk Factors

DKFZ 2001: Research Report 1999/2000

NF-κB), which is phosphorylated and degraded upon LPS-
stimulation, thus releasing NF-κB and allowing nuclear
translocation and initiation of transcription. In electrophore-
tic mobility shift assay (EMSA) experiments sulforaphane
was shown to impair DNA-binding of NF-κB without affect-
ing the DNA-binding of AP-1. Using western blotting and
immunofluorescence detection of I-κB and NF-κB subunits
p65 and p50, respectively, we could demonstrate that
sulforaphane does neither interfere with induced degrada-
tion of IκB nor with nuclear translocation of NF-κB. Inter-
estingly, treatment of Raw macrophages with sulforaphane
caused a rapid decrease in intracellular GSH levels, which
might influence the redox-sensitive activation, transloca-
tion and transactivation of NF-κB. Taken together, our data
indicate that sulforaphane mediates its chemopreventive
effects additionally by anti-inflammatory mechanisms. [11]

4. Anti-tumor promoting effects
Inhibition of phorbol ester-induced ornithine
decarboxylase acticity by distyrylketones and
curcuminoids
In cooperation with S. Jones, F. Woldu, V. Balasubramanian, G.J.
Kapadia, Dept. of Pharm. Sci., School of Pharmacy, Howard Uni-
versity, Washington, D.C., USA.

Ornithine decarboxylase (ODC) is a key enzyme in the bio-
synthesis of polyamines and is highly inducible by growth-
promoting stimuli. ODC activity and the resulting poly-
amines are essential for cellular proliferation, but long-
term elevated levels have been associated with tumor pro-
motion. Therefore, it can be assumed that agents able to
inhibit tumor promoter-induced ODC activity and to regu-
late polyamine synthesis may be viewed as good candi-
dates for cancer chemotherapy and chemoprevention.

As a part of our program for identification and mechanistic
investigation of potential cancer chemopreventive agents,
we have tested a series of fifty non-polar distyrylketones
and curcuminoids for in vitro inhibition of 12-O-tetra-
decanoylphorbol-13-acetate (TPA)-induced ODC activity in
cultured mouse 308 cells.
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Distyrylketones (1) were identified as potent inhibitors of
ODC induction. The unsubstituted compound displayed a
halfmaximal inhibitory concentration (IC50) of 2.2 µM.
Structure activity relationship analyses revealed that
methoxy-substitutions at both aromatic rings modulated
the inhibitory potential and resulted in compounds with IC50

values in the range of 0.2 to 21 µM (3,4,5 > 3,4 > 2,4,6 >
3,5 >> 4 > 2,3 >2,4). Chlorine-substitution at positions 2 or
3 and methyl-substitution at position 2 were tolerated (IC50

values:  2.0 -2.3 µM), whereas methyl-substitution at posi-
tion 3 reduced the inhibitory potential (IC50 value: 9.7 µM).

Interestingly, most curcuminoids (2) analyzed were inac-
tive at a test concentration of 10 µM. Curcumin as a refer-
ence compound was found to inhibit ODC induction with
an IC50 value of 24 µM. Only one analog with 2,4,5-tri-
methoxy-substitution was more active than curcumin (IC50

value: 7.4 µM). Based on these data, inhibition of tumor
promotion by distyrylketones will be further investigated.

5. Anti-proliferative mechanisms
5a. Inhibition of DNA polymerase a by potential
cancer chemopreventive agents
In cooperation with H. Becker1, G.J. Kapadia2, H.P. Nasheuer3,
1University of Saarbrücken, Saarbrücken; 2Dept. of Pharm. Sci.,
School of Pharmacy, Howard University, Washington, D.C., USA;
3Inst. of  Mol. Biotechnology, Jena.

Accumulation of genetic damage during carcinogenesis
can result in uncontrolled cell proliferation due to e.g. con-
tinuous activation of oncoproteins. DNA polymerase α is
the only eukaryotic DNA polymerase that can initiate DNA
synthesis de novo. Furthermore, it seems to be involved in
mechanisms that control cell cycle S-phase entry, but no
specific role in DNA repair has been assigned to this en-
zyme. These characteristics render it an attractive target
for anti-proliferative strategies which might contribute to
chemopreventive activity in the promotion or progression
phase of carcinogenesis.

Consequently, we have established an in vitro bioassay
system to identify and mechanistically investigate novel
polymerase inhibitors using a recombinant human DNA
polymerase α-primase complex (DNA pol/prim). As an
example, (−)-epigallocatechin gallate from green tea was
identified as a potent inhibitor with a halfmaximal inhibitory
concentration (IC50) of 1.4 ± 0.2 µM. Inhibition was non-
competitive with respect to the radio-labeled nucleotide
substrate (TTP) and the DNA template. (−)-Epicatechin
gallate was slightly less active (IC50: 7.9 µM ± 1.5 µM),
whereas (+)-epicatechin and (−)-epigallocatechin were in-
active (IC50 values >500 µM).

Furthermore, bartramiaflavone, a biflavonoid isolated from
mosses (Bartramia sp.) was discovered as a novel potent
inhibitor of DNA pol/prim with an IC50 value of 0.6 ± 0.4 µM.
In addition, a series of differentially substituted
1,4-naphthoquinones was investigated. Juglone (5-hy-
droxy-1,4-naphthoquinone) and 5,8-dihydroxy-1,4-
naphthoquinones (e.g. shikonin, arnebin-1) completely in-
hibited TTP incorporation into newly synthesized DNA at a
test concentration of 500 µM. These results emphasized
the importance of hydroxy-substitution at positions 5 and/
or 8 for potent inhibition. Based on these data, structural
requirements for inhibition of DNA polymerase a have
been deduced.
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5b. Xanthohumol from hop (Humulus lupulus) as
a novel potential cancer chemopreventive agent
In cooperation with Alt, A. and Becker, H., Universität des
Saarlandes, Saarbrücken.

The identification, evaluation, mechanistic investigation
and utilization of dietary components, natural products or
their synthetic analogs as potential cancer chemopreven-
tive agents in the form of functional foods or nutraceuticals
has become an important issue in current health- and can-
cer-related research. To this end, xanthohumol (XN), a
prenylated chalcone from hop (Humulus lupulus) and a se-
ries of natural and semi-synthetic analogs and related hop
constituent were tested in a broad-spectrum of in vitro bio-
assays.

OOCH3

HO

OH

OH

Xanthohumol

Of all hop constituents and analogs tested, XN was identi-
fied as the most promising agent with multiple hitherto un-
known activities indicative of cancer preventive potential.
XN has been reported previously to modulate carcinogen
metabolism and to act by cytotoxic/-static mechanisms;
however, a conclusive characterization of its chemo-
preventive potential was missing. XN was able to scav-
enge a variety of physiological relevant radicals including
peroxyl, hydroxyl, and superoxide anion radicals more ef-
fectively than the known antioxidant Trolox. Anti-initiating
mechanisms by modulation of enzymes involved in car-
cinogen metabolism and detoxification were confirmed.
For the first time, XN was characterized as an effective
anti-inflammatory agent. It was found to inhibit both the
constitutive form of cyclooxygenase Cox-1 and, more im-
portantly, the inducible Cox-2 which is linked to carcino-
genesis. In cultured Raw 264.7 murine macrophages, XN
was shown to decrease lipopolysaccharide-mediated in-
ducible nitric oxide synthase (iNOS) induction. Another
novel aspect of chemopreventive potential of XN can be
seen in its multiple anti-proliferative mechanisms. XN was
found to inhibit human DNA polymerase α, the only eu-
karyotic polymerase that can initiate DNA synthesis de
novo. This effect might be responsible for the previously
described inhibition of cell growth. Using alkaline phos-
phatase induction in the Ishikawa cell line, XN was identi-
fied as an anti-estrogen without possessing estrogenic po-
tential. Additionally, XN was found to induce terminal cell
differentiation in cultured HL-60 cells. Differentiation mar-
kers and a decrease in cellular proliferation were detected
at a concentration range of 0.8- 6.25 µM. Most importantly,
XN at nanomolar concentrations prevented carcinogen-in-
duced preneoplastic lesions in mouse mammary gland or-
gan culture (MMOC), providing a first direct proof for its
chemopreventive potential. Investigations on bio-availabil-
ity, efficacy and safety in animal models are ongoing. To-

gether, our data provide promising evidence for novel pre-
ventive applications of XN and hop products. [12]

5c. Induction of HL-60 cell differentiation by
sesquiterpene lactones
In cooperation with C.A. Klaas1, I. Merfort1, V. Castro2, 1Institute of
Pharmaceutical Biology, Albert-Ludwigs-University, Freiburg;
2Escuela de Quimica, Universidad de Costa Rica, San Jose,
Costa Rica.

Cancer can be regarded as an imbalance between cell
proliferation and cell differentiation, i.e. cell maturation and
development to a defined cell type. Consequently, induc-
tion of cell differentiation to a normal, not cancerous phe-
notype is regarded as a valid mechanism of cancer
chemoprevention and chemotherapy. Naturally occurring
sesquiterpene lactones (SLs) have been shown previously
to possess anti-inflammatory and anti-tumoral potential.
Anti-inflammatory activity was linked to the inactivation of
transcription factor NF-κB by alkylation of its p65 subunit.
To investigating a possible correlation between NF-κB inhi-
bition and induction of cell differentiation, we utilized the
human promyelocytic leukemia cell line HL-60. Cellular dif-
ferentiation to morphological and functional mature granu-
locytes, monocytes or macrophages was determined by
monitoring cellular properties, i.e. reduction of nitroblue
tetrazolium (NBT) after TPA-challenge, appearance of
nonspecific (NSE)/specific acid esterase (SE) and a de-
crease in cellular proliferation.
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    Parthenolid           Dihydrohelenalin acetate

For SLs possessing a reactive α-methylene-γ-lactone moi-
ety, e.g. Parthenolid, we observed good correlation be-
tween inhibition of NF-κB and of cell proliferation (r2=0.96),
but no correlation with induction of cell differentiation.
Rather, weak NF-κB inhibitors, including α-methylene-
butyrolactone used as a reference compound and SLs
without the α-methylene-γ-lactone moiety, e.g. dihydro-
helenalin acetate, were identified as potent differentiation
inducers by NSE straining, indicating cell maturation along
the monocytic lineage. Taken together, we could demon-
strate that induction of HL-60 cell differentiation by SLs is
independent of NF-κB inhibition. Further mechanistic stud-
ies will be performed to reveal other potential targets and
to allow structure-activity relationship analyses.

5d. Potential mechanisms of induction of cell
differentiation by histone deacetylase inhibitors
In cooperation with M. Jung, University of Münster.

Histone deacetylase (HDAC) inhibitors have been shown
to be able to induce differentiation in various cell types in
vitro. The present work investigate the induction of differ-
entiation in various cancer cell lines treated with HDAC in-
hibitors and focus on studying the molecular basis thereof.
Two major types of HDAC inhibitors were included in our
studies, sodium butyrate (SB) and trichostatin A (TSA). SB



119

Research Program
Cancer Risk Factors and Prevention

Division
Toxicology and Cancer Risk Factors

DKFZ 2001: Research Report 1999/2000

is particularly interesting because it has been found that
butyrate is a metabolite of dietary fiber which is produced
by anaerobic microorganisms in the large bowel. Cell dif-
ferentiation of colon cancer cell lines was investigated by
induction of brush border glycoprotein alkaline phospha-
tase (ALP) activity. Histone acetylation was studied by
AUT gel electrophoresis. Protein expression of p21 and
pRB was detected by western blotting techniques using
specific antibodies. ALP activity in colon cancer cell lines
LIM 1215 and  HCT 116 was elevated more than 10-fold
by treatment with SB. AUT-PAGE analysis confirmed
hyperacetylation of histone H4 as early as 6 h after SB-
treatment. This indicated a potential association of HDAC-
inhibitory activity with the capability of inducing cell differ-
entiation. Interestingly, however, TSA effectively induced
hyperacetylation in these cell lines but failed to induce ALP
activity as a marker of differentiation. SB- and TSA-treat-
ment of LIM1215 and HCT 116 cells led to a significant in-
duction of p21, a cell cycle progression inhibitor, from 6h to
24h post-treatment, after which levels began to decline.
This effect seemed to be p53-independent, as induction of
differentiation and p21 expression could also be observed
in SB-treated p53-null HL-60 cells as well as in a p53-
knockout derivative of the HCT 116 cell line. Further stud-
ies are intended to reveal a direct link between inhibition of
histone deacetylation and differentiation induction, and the
role of p21 and p53 in this process. [5,16]
External funding: Wissenschaftsförderung der Deutschen
Brauereiwirtschaft e.V. , 1.11.1999 – 21.12.2001,
Dr. C. Gerhäuser/Prof. H. Becker (Uni Saarbrücken)
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Intervention Studies and Characterization of
Cancer Protective Food Components
(C0207)

B. Spiegelhalder in collaboration with R.W. Owen

1.1. Intervention studies and colorectal cancer

R.W. Owen, G. Würtele, B. Spiegelhalder,
H. Bartsch, J. Wahrendorf1, B. Hofstad*, M. Vatn*,
C. Bonithon-Kopp** and J. Faivre**
1Division of Epidemiology, DKFZ; *Rikshospitalet, The National
Hospital, Medical Department A, Pilestredet 32, 0027 Oslo, Nor-
way; **ECP Colon Cancer Working Group, Registre des Tumeurs
Digestives de la Côte-d‘Or, Faculté de Medicine, 7 Boulevard
Jeanne d‘Arc, 21033, Dijon, France.

A high content of calcium (Owen, 1998 Recent Results in
Cancer Res. Vol.146, 195-213) and/or fibre (Hill et al,
1997 Eur J Cancer Prev 6, 512-514) in the diet is regarded
to be protective against colorectal cancer. The major
mechanisms of action are thought to be chelation (cal-
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cium) and dilution (fibre) of potentially co-carcinogenic in-
testinal lipids. To test this hypothesis a number of interven-
tion studies in adenoma patients have been embarked
upon. In a pilot placebo-controlled calcium intervention
trial (35 patients) intervention had no greater effect than
placebo on reduction of intestinal cell proliferation
(Weisgerber et al 1996 Gut, 38, 396-402). In another
slightly larger study (110 patients) intervention with cal-
cium and antioxidants had a small but insignificant effect
on the repression of growth of adenomas left in-situ but a
significant effect on the formation of new adenomas
(Hofstad et al, 1998 Digestion 59, 148-156). Publication of
the data pertaining to these studies is now complete.

Finally in collaboration (Faivre et al, 1997 Eur J Cancer
Prev 6, 132-138) with the European Agency for Cancer
Prevention (ECP) a pan-European (involving 10 countries)
long-term (3 year) calcium/fibre (fybogel) placebo-con-
trolled intervention study in patients (665) with sporadic
adenoma has recently been completed. At the DKFZ (dur-
ing 1997 and 1998) intestinal lipid and mineral content of
the stools was completed in 1003 Inclusion and Interven-
tion stool specimens.

The relation between diet, cell proliferation, adenoma re-
currence, intestinal lipids and minerals, blood DNA and an-
tioxidant status and the effect of intervention on these pa-
rameters is being evaluated and manuscripts prepared for
publication.

The clinical data [2] shows that overall, calcium interven-
tion had a small but non-significant preventive effect on
the recurrence of adenomas and this attained statistical
significance in those patients whose habitual intake of cal-
cium was very low. On the other hand intervention with fi-
bre had a significant enhancing effect on the recurrence of
adenomas. This effect was particularly enhanced in North-
ern European men. Furthermore intervention with fibre
had a clear dose dependent interactive effect with habitual
dietary calcium intake.

The hypothesis that bile acids are involved in the adeno-
ma-carcinoma sequence was not upheld by any of the
above studies but the data from the ECP study is currently
undergoing exhaustive statistical analyses.

1.2. Phenolic and lipid components of seasoning
oils and their precursors in relation to cancer of
the colorectum and breast

R.W. Owen, R. Haubner, B. Spiegelhalder,
H. Bartsch, W.E. Hull1, A. Giacosa* and
P. Srivatanakul**
1Central Spectroscopy, DKFZ; *Istituto Nazionale per la ricerca sul
cancro, Istituto scientifico per lo studio e la cura del tumori,
Genova, Italy; **National Cancer Institute, Bangkok, Thailand.

1.2.1. Olive drupes and olive oil
The Mediterranean diet is associated with decreased inci-
dence of a range of diseases, especially cancer of the
colorectum and breast. A major reason for this is the high
consumption of olive oil which contains over 70% of its li

pids as the monounsaturated long chain fatty acid oleic
acid (n-9) and in addition a range of phenolic substances.

Because high intakes of polyunsaturated long chain fatty
acids (n-6) have recently been implicated in the aetiology
of breast cancer (Nair et al, 1997 Cancer Epidemiol.
Biomarkers Prev. 6, 597-601) and to better determine the
mechanisms by which olive oil is superior to other oils in
its health protecting properties the phenolic (antioxidant)
and lipid components was evaluated in a range of olive
and seed oils (n = 30) currently on the Italian market.

Extraction, GLC and HPLC protocols have been devel-
oped to maximise detection and separation of the lipid and
phenolic components. A range of major antioxidants have
been identified by mass spectrometry and nuclear mag-
netic resonance spectroscopy including squalene, terpe-
noids, simple phenols, secoiridoids, lignans and fla-
vonoids. The detection and characterization of lignans and
flavonoids is a novel phenomenon in olive oil.

These studies have been extended to an evaluation of the
phenolic antioxidant content of olive drupes. Both black
and green olives contain very high concentrations (10-20
times higher than in extravirgin olive oil) of these sub-
stances and therefore may represent an even greater con-
tribution to the health promoting properties of the Mediter-
ranean diet.[1]

All of the individual phenolic compounds extracted and
isolated from olive oils have potent antioxidant properties
and compare favorably with the classic antioxidant, vitamin
E. These data may have a bearing not only on chemo-
preventive strategies but also on future epidemiological
studies which are recommended to take into account not
only the types and grades of oils but also the intake of ol-
ive drupes.

These studies are also being extended to olive oils and ol-
ive drupes from a range of different countries within the
Mediterranean basin and to a range of different products
derived from olives currently on the Italian market.

1.2.2. Palm, Sesame, Soy oils in comparison to
other seasoning oils in Thailand
Along with the diet of the Mediterranean basin of Europe,
food consumption within countries of Eastern civilizations
are also likely to provide a rich source of antioxidant sub-
stances which are not present in typical Western diets. A
good example of this is Thailand which has an extremely
low incidence of colon and breast cancer. To test this hy-
pothesis a collaborative study has been established be-
tween the Division of Toxicology and the National Cancer
Institute, Bangkok. A range (n = 20) of seasoning oils cur-
rently on the Thai market were studied by the same ana-
lytical techniques applied in the olive oil studies. Crude
palm oil was found to contain substantial amounts of anti-
oxidant phenolic acids such as 3,4-dihydroxy benzoic acid,
vanillic acid, p-coumaric acid. In contrast refined palm oils
(n = 6) were devoid of these phenolic acids but two were
found to contain considerable amounts of what appears to
be a synthetic antioxidant. In comparison to butylated hy-
droxyanisole and butylated hydroxytoluene (BHT) it was
found to contain two hydroxyl moeities on the phenol ring.
This was confirmed by both GC/MS and NMR and has
been assigned the structure butylated dihydroxyanisole
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(BDHA). Considerable variation in the concentration of this
substance in refined palm oils was evident and raises the
question, is it a synthetic addition or a natural product?
Probably the natural antioxidants in crude palm oil are de-
stroyed in the refining process and it is possible that BDHA
is formed artificially during the refining process from BHT
which may be added to preserve the keeping quality of
palm oil. Studies are in progress to elucidate how indus-
trial refining of palm oil is conducted in Thailand so that
the presence of this new substance can be rationalized. Of
the other oils studied, sesame oil was found to be particu-
larly rich in two non-polar antioxidant phenolics i.e.
sesamin and sesamolin. Levels of up to 2g/kg were de-
tected. Precursor sesame seeds however contained a
more complex profile and contained in addition the mono-,
di- and tri-glucosides of sesaminol and pinoresinol gluco-
side along with free sesaminol, sesamolinol, pinoresinol
and samin. Also the presence of substantial quantities of
lariciresinol, iso-lariciresinol, matairesinol, syringaresinol
and vanillic acid have been detected for the first time. In
contrast soy along with sunflower, corn and peanut oils are
devoid of antioxidant sustances belonging to these
classes. The structures of the compounds described in this
study were identified by ESI-MS, GC/MS and NMR. Work
is in progress to isolate sufficient of these antioxidants for
a compreshensive screen of their anticancer potential in
collaboration with Dr Clarissa Gerhäuser and Dr Peter
Schmezer.

1.2.3. Linseeds and linseed oil in relation to
faecal mammalian lignans
Mammalian lignans are formed in the large intestine by mi-
crobial transformation of dietary precursors and they are
considered to be protective against breast cancer espe-
cially because of their similar structure to Tamoxifen. The
lignans formed are termed enterodiol (ENND) and
eneterolactone (ENNL) and the major precursor is deemed
to be secoisolariciresinol diglucoside (SDG) which is a ma-
jor component of a complex phenolic polymer (CPP) in
linseeds. Linseed oil in contrast to e.g. olive and sesame
oils contains very low levels of SDG because the CPP is
insoluble in oil matrices. Although SDG has been isolated
and identified as a major component of the CPP we have
conducted further investigations into the nature of the
polymer. After extraction and methanolysis of the polymer
we have demonstrated that SDG is bound within an array
of phenolic acids such as p-coumaric, ferulic and caffeic
via glucose intermediate linkages. Therefore high intakes
of linseeds in the diet will not only afford a rich source of
substrate for the formation of mammalian lignans in the
large intestine where they can exert local protective effects
against colon cancer and via absorption, at other sites, but
also provides considerable amounts of antioxidant phe-
nolic acids after digestion of the polymer in the large bowel
which should enhance the protective effects of the lignans.

The exact nature of all the polymeric fractions are currently
being subjected to a range of spectroscopic methods so
that their definitive structures can be delineated and work
is in progress to provide sufficient quantities for compre-
hensive screening of their chemopreventive potential.

1.3. Faecal phenols

R.W. Owen, B. Spiegelhalder and H. Bartsch

Many of the compounds isolated from various seasoning
oils and their precursors are glycosides and therefore a
tool used along with spectroscopic techniques to deter-
mine their structures is deglycosylation. Commercial en-
zymes are very ineffective at deglycosylating phenolic gly-
cosides i.e. under prescribed conditions only 50% effec-
tiveness after one weeks incubation. Therefore we
adopted a different approach. The faecal matrix is rich in a
variety of glycosidases and deglycosylation can be com-
pleted in hours in phosphate buffer with very small
amounts of faecal matrix. In studies with SDG for example,
complete conversion via the monoglucoside to secoiso-
lariciresinol is evident after 3 h. It was noted however in
these experiments that phenolic antioxidants not derived
from SDG were evident in the HPLC and GC/MS chro-
matograms. These were identified as metabolites of phe-
nolic antioxidants present in olive drupes and olive oil and
therefore were ‘contaminants´ in the faecal matrix. Pilot
studies with the faecal matrix alone confirmed this. Sur-
prisingly phenolic antioxidants within the faecal matrix are
resistant to extraction by organic solvents but under the
conditions of the deglycosylation experiments are released
into the aqueous medium which then allows extraction with
these fluids.

A study was therefore conducted with faecal samples
drawn from the ECP calcium/fibre intervention study and
the phenolic antioxidants were identified by both GC/MS
and ESI-LC/MS. This allowed their quantitation using
single ion monitoring techniques and over thirty phenolic
antioxidant compounds can be detected in the faecal ma-
trix. The new methodology has been applied to as yet
samples from three countries in the ECP study i.e. Den-
mark, Germany and Italy representing a north-south gradi-
ent. In this pilot study a remarkable correlation between
the content of the phenolic antioxidant substances in the
faecal matrix and the incidence of both breast and colon
cancer has been demonstrated.

1.4. Fermentation studies

R.W. Owen, B. Spiegelhalder and H. Bartsch.

In previous work published in the 1980´s a limited pathway
of mammalian lignan formation from linseed meal was pro-
posed but the exact mechanism was not elucidated. In our
studies on linseeds (1.2.3) gram quantities of SDG were
isolated and purified and therefore we endeavored to shed
further light on the nature of this pathway. To achieve this,
anaerobic fermentation experiments were conducted.
Briefly, Brain Heart Infusion broth supplemented with re-
ducing agents and the substrate SDG (0.5 mg/ml) were in-
oculated with faecal matrix (1%) and incubated at 37°C for
72 h in an anaerobic chamber. The fermentation broths
were extracted on extrelute and during silicic acid column
chromatography were separated into a series of fractions.
After identification of the metabolites in the fractions by
GC/MS and ESI-LC/MS they were isolated and purified by
semi-preparative HPLC and their structures confirmed by
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NMR. This has allowed us to formulate a complete path-
way of SDG transformation to the mammalian lignans by
the faecal microflora. Now, sufficient amounts of the mam-
malin lignans can be isolated and purified for comprehen-
sive screening of their anticancer potential.

Furthermore in our studies on faecal phenols (1.5) it was
noted that although many individuals excreted metabolites
of olives and olive oil antioxidant precursors, the lignans
(1.2.1) were not detected as part of the phenolic fraction.
Therefore studies on the fate of lignans derived from olive
oil, sesame oil and sesame seeds were studied in a similar
manner to SDG. The data shows that lignans derived from
olive oil (acetoxypinoresinol, pinoresinol), sesame oil
(sesamin, sesamolin) and sesame seeds (sesamolinol,
lariciresinol, isolariciresinol, matairesinol) are also metabo-
lized by the faecal microflora to the mammalian lignans
ENND and ENNL. This may explain the discrepancy that
has been observed between the intake of SDG (which until
now was considered to be the only precursor of these
metabolites) and mammalian lignan formation in the large
bowel. Also a number of novel intermediate lignans have
been detected and isolated and studies are in progress to
elucidate their definitive structures by GC/MS, ESI-LC/MS
and NMR.

1.5. Antioxidant content of red wines

R.W. Owen, G. Würtele, B. Spiegelhalder and
H. Bartsch.

The antioxidant profile and content of red wines is well re-
searched and a number of different classes have been
identified. However studies with human volunteers who
were instructed not to consume olive derived products for
two weeks continued to excrete readily detectable levels of
tyrosol and hydroxytyrosol in the faecal matrix. It was con-
sidered unlikely that these antioxidants were constituents
of either meat, vegetables or fruit which the volunteers
were allowed to consume. Rather a more likely source
was beverages such as tea or wine. Therefore a compre-
hensive analysis of the phenolic antioxidant content of tea
(green and black) and red wine was conducted. The pro-
files in tea were identical to those already published but
red wine is found to contain substantial amounts of
hydroxytyrosol and tyrosol along with several other com-
pounds which have not been previously described as
components of red wine. The major classes of antioxidants
were first separated by column chromatography into a se-
ries of fractions from which their nature was identified by
HPLC, GC/MS and ESI-LC/MS. This has enabled a num-
ber of various LC/MSD programs to be devised which al-
lows the antioxidant profiles of wines to be analyzed by di-
rect injection (1-20 µL) of the wine (a total of only 200 µL is
required to obtain a complete profile) into the LC/MSD
without any prior work-up using single ion monitoring tech-
niques. At present over fifty antioxidant substances can be
detected and identified in red wines by this method and
due to the ease of analysis will allow rapid comparisons of
the antioxidant content of wines worldwide in our ongoing
chemoprevention studies.

1.6. Assessment of the role of reactive oxygen
species in the aetiology and promotion of cancer

R.W. Owen, G. Würtele, B. Spiegelhalder and
H. Bartsch.

HPLC methods have been developed (Owen et al,
1996,Gut 38,591-597) for the reliable determination of
phytic acid (PA) and reactive oxygen species (ROS) in hu-
man faeces. Stool PA content shows a strong correlation
with the excretion of minerals such as iron, calcium and
magnesium but exhibits no relation with cell proliferation.
HPLC (Owen et al, 1996, Eur. Cancer Prev. 5,233-240) al-
lows the simultaneous monitoring of the hypoxanthine/xan-
thine oxidase system and ROS generation, enables the ki-
netics of the process to be evaluated in detail and has
been successfully applied to the monitoring of ROS pro-
duction by the faecal matrix.

Recent developments (Owen et al, 1997 I Cancer Clin
Oncol 12 (Suppl. 1) 2, 1998 Eur I Cancer Prev (Suppl. 2),
S.41-54) utilizing a refined HPLC method has shown
clearly that the capacity of faeces to generate ROS is not
related to the bacteria present. Rather ROS generation is
supported by an as yet unidentified soluble factor within
the faecal matrix. Studies are in progress to identify this
soluble factor and a refined assay system has been re-
applied to the faecal samples studied thus far and to
additional patient and population groups to finally establish
whether or not PA, iron and ROS generation alone or in
combination within the large intestine have any bearing on
the aetiology of colorectal cancer. This data is currently
being evaluated.

1.7. Reactive oxygen species (ROS) and gastric
cancer

R.W. Owen, G. Würtele, B. Spiegelhalder,
H. Bartsch, H. Bauer1 and J. Rudi*
1Division of Molecular Toxicology, DKFZ; *Department of
Gastroenterology, Krehl Klinik, Heidelberg.

Infection with Helicobacter pylori is assumed to be a risk
factor for the development of gastric carcinomas, but the
molecular mechanism for this is still unknown. Therefore
the upregulation of reactive oxygen species (ROS) in gas-
tric juice of human gastritis patients and methylation/de-
methylation of the p53 gene in the human gastric carci-
noma cell line AGS by H. pylori were studied. Gastric juice
of 31 patients (with and without gastritis) were analyzed for
their potential to generate ROS as measured by hydroxyl
radical attack on the aromatic probe salicylic acid. The
products (dihydroxy benzoic acids) were analyzed by high
performance liquid chromatography. Gastric juice samples
of twenty (64.5%) patients with chronic H. pylori gastritis
generated elevated concentrations of ROS, compared to
only 8 (21.6%) of gastritis patients without H. pylori infec-
tion.

The methylation status of wild type p53 gene in the gastric
tumor cell line AGS (ATCC:CRL-1739) was also evaluated
with respect to H. pylori infection (type:60190,vac A geno-
type,cag A-positive). In incubation experiments with H. py-
lori the 5-methyldC of CpG regions of p53 was analyzed
by the MspI/HpaII restriction enzyme method using 14
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sense/antisense primer pairs at CCGG restriction sites of
p53 intron1 – intron7, exon1 exon5, exon6, exon7, exon8.

Methylated cytosines at CpG sites could be detected in in-
tron1, exon5, exon7, exon8. After the incubation of cells
either with H. pylori bacteria or the supernatant of culture
media from H. pylori a higher degree of methylation in the
CpG islands of p53 could not be detected. Demethylation
was only shown in intron1. Stomach infections with H. py-
lori appear to be associated with the potential for a higher
rate of ROS formation by the gastric juice. This may repre-
sent one step in the mechanism of cancer formation in the
stomach. There was no upregulation of p53 methylation,
but the endogenous methylation grade at cytosines is be-
ing investigated further.

2. Under Planing Projects
2.1. Chemopreventive potential of phenolic
antioxidants isolated from seasoning oils and
their precursors.

R.W. Owen, A. Risch, C. Gerhäuser, P. Schmezer,
W.E. Hull, B. Spiegelhalder and H. Bartsch.

In our ongoing cancer chemopreventive studies we have
particular interest in the health benefits of the Mediterra-
nean diet and therefore during the last 18 months we have
developed new extraction and HPLC protocols (Owen et
al, 2000[4-7]) to isolate and identify the important antioxi-
dant phenolic substances within olive and other seasoning
oils (and their precursors). To date a range of major anti-
oxidants have been identified by mass spectrometry and
nuclear magnetic resonance spectroscopy including
simple phenols, secoiridoids, lignans and flavonoids. All of
the individual compounds have potent antioxidant proper-
ties as judged by the scavenging of reactive oxygen spe-
cies in the hypoxanthine/xanthine oxidase HPLC assay
described by Owen et al. (1996)Eur I Cancer Prev 5, 233-
240. In addition the secoiridoids and lignans also display
potent inhibition of the enzyme xanthine oxidase which
has recently become established as having a major
influence on the carcinogenic process in animal models.

These new data have ramifications for the chemo-
protective effect of the Mediterranean diet because olive
oil especially is a major component and justifies a defined
research program to isolate the active principles in bulk so
that their antineoplastic properties can be comprehensive-
ly screened in a range of in vitro and animal model sys-
tems prior to conducting intervention studies in humans.

Therefore the aim of this project is to isolate in bulk the
known antioxidant phenolic compounds from olive oil ei-
ther by extraction from the oil or by chemical synthesis and
down-stream processing on a semi-industrial scale.

To assess the potency of these antioxidants in a variety of
in-vitro tests e.g.
a) Quinone reductase.
b) Comet assay.
c) Mouse mammary organ culture.

To conduct animal experiments utilizing the various rat
models for breast, colon and lung cancer to assess the
anti-carcinogenic potencies of the individual phenolic anti-
oxidants.

To develop Phase 1, 2 and 3 study protocols in humans.

To undertake clinical intervention studies with the most
promising antineoplastic phenolic substances based on
the data generated by the Phase 1-3 studies. Pre-cancer-
ous patient groups (breast, colon, lung) with a range of de-
fined polymorphic profiles will be subjected to randomized
intervention protocols with the chemopreventive agents.

2.2. Unsaturated fatty acids and oestrogen
metabolites: lipid peroxidation and oxidative
stress as risk modifiers of breast cancer, a case-
control study based on biomarkers

K.H. Adzerson*, F Beldmann*, G Bastert*, J. Nair,
R.W. Owen and H. Bartsch
*Frauenklinik der Universität Heidelberg, Abteilung für Allgemeine
Frauenheilkunde und Geburtshilfe.

Epidemiological and experimental data show correlations
between an elevated risk for breast cancer and the dietary
intake of long-chain fatty acids (LCFA). While consumption
of fat per se is not strongly associated, evaluation of intake
of individual fatty acids show that diets high in polyunsatu-
rated long-chain fatty acids (PUFA) of the n-6 series is del-
eterious while high intake of PUFA of the n-3 series and
monounsaturated long-chain fatty acids (MUFA) may be
protective. It is imperative that the associations between
fat intake in terms of the relative proportions of the specific
n-3, n-6 and, n-9 LCFA is clearly elucidated so that future
chemopreventive strategies can be devised for high risk
groups.

To this end a collaborative study between the Department
of Gynecology and Obstetrics, University of Heidelberg
Women’s Clinic and the Division of Toxicology and Cancer
Risk factors is currently being designed involving 240
cases and controls. The intake of the various LCFA
classes will be evaluated by dietary questionnaire and re-
lated to a variety of end-points such as fatty acid composi-
tion and profiles in breast adipose tissue, exocyclic DNA
adducts in breast epithelial tissue and white blood cells
and serum antioxidant status (carotenoids, ascorbic acid,
tocopherols and polyphenols).

2.3. Effects of moderate versus low impact
rehabilitative exercise programs on oxidative
DNA damage and repair in patients with treated
colorectal cancer

H. Allgayer*, R.W. Owen, J. Nair, and H. Bartsch
*Oncology Department, Rehabilitation Clinic Ob der Tauber, der
LVA Württemburg, Bad Mergentheim.

Increased oxidative DNA products currently are believed to
be involved in early stages of tumor initiation and promo-
tion such as breast and colon cancer. Based on this knowl-
edge the so called biomarker concept has been put for-
ward assuming that measuring DNA damage products de-
rived from interactions with reactive oxygen and/or lipid
peroxidation such as 8-oxo-dG, 8-oxo dAdenine and/or
etheno-DNA base adducts can be used as quantifiable
and modifiable risk indicators. Dietary intervention includ-
ing low fat, supplementation with vitamins C and E, or
short chain fatty acids, and, the intake of certain plant in-
gredients in healthy volunteers, tumor patients and ani-
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mals has been found to be associated with decreased lev-
els of DNA damage products paralleled in most instances
also by a diminished cancer risk and/or relapse rates.

Life style aspects are also increasingly coming into the fo-
cus of interest as higher levels of physical exercise are
found to be associated with decreased cancer risk espe-
cially breast and colorectal cancer and, in concordance
with the biomarker concept, with decreased levels of DNA
damage products in volunteers and animals.

A more detailed knowledge of short and long term effects
of different levels of physical activity on DNA damage and
tumor relapse is presently available for cancer patients,
but would be of particular importance in further clinical
management of these patients. In addition detailed knowl-
edge of exercise effects on DNA repair mechanisms also
are of clinical relevance, because strengthening such re-
pair may further contribute to decreased DNA damage and
cancer (relapse) risk. As colorectal cancer is the second
most frequent malignancy in the Western world this project
will focus on patients with these tumors.

The aims are to compare short and long term effects of
moderate versus low intensity rehabilitative exercise pro-
grams in patients with treated (surgery, chemotherapy, ra-
diation) colorectal cancer on the levels of DNA damage
products and repair activity (etheno-DNA adducts in blood
cells, urine and stool samples) and relapse states, using a
controlled and randomized trial.

Publications (* = external co-authors)
[1] Owen, R.W., Giacosa*, A., Hull, W.E.*, Haubner, R., Würtele,
G., Spiegelhalder, B. and Bartsch, H. (2000). Olive oil
consumption and health: the possible role of antioxidants. Lancet
Oncology 1, 107-112.

[2] Bonithon-Kopp*, C., Kronborg*, O., Giacosa*, A., Räth*, U.
and Faivre*, J. (2000). [Experts:-Milan*, C., Fenger*, C., Piard*,
F., Belghiti*, C., Owen, R. W., and Pignatelli*, M. Calcium and
fibre supplementation in the prevention of colorectal adenoma re-
currence: a placebo-controlled intervention trial from the
European Cancer Prevention Organisation (ECP). Lancet 356,
1300-1306.

[3] Haines*, A., Hill*, M.J., Thompson*, M.H., Owen, R.W.,
Williams*, R.E.O., Meade, T.W. and Wilkes, H. (2000). A
prospective study of faecal bile acids and colorectal cancer. Eur J
Cancer Prev 9, 317-323.

[4] Owen, R.W., Giacosa*, A., Hull*, W.E., Haubner, R., Spiegel-
halder, B. and Bartsch, H. (2000). The antioxidant/anticancer po-
tential of phenolic compounds isolated from olive oil. Eur J Cancer
36, 1235-1247.

[5] Owen, R.W., Mier*, W., Hull*, W.E., Giacosa*, A.,
Spiegelhalder, B. and Bartsch, H. (2000). Identification of lignans
as major components in the phenolic fraction of olive oil. Clin
Chem 46, 976-988.

[6] Owen, R.W., Mier*, W., Giacosa*, A., Hull*, W.E.,
Spiegelhalder, B. and Bartsch, H. (2000). Phenolic compounds
and squalene in olive oils: the concentration and antioxidant po-
tential of total phenols, simple phenols, secoiridoids, lignans and
squalene. Food Chem Toxicol 38, 647-659.

[7] Owen, R. W., Spiegelhalder, B. and Bartsch H (2000). Genera-
tion of reactive oxygen species by the faecal matrix. Gut 46, 225-
232.

[8] Bartsch, H., Nair, J. and Owen, R. W. (1999). Dietary polyun-
saturated fatty acids and cancers of the breast and colorectum:
emerging evidence for their role as risk modifiers. Carcinogenesis
20, 2209-2218.

[9] Fadden*, K., Hill*, M.J., Latymer*, E., Low*, G. and Owen,
R.W. (1999). Steroid metabolism along the gastrointestinal tract of
the pig. Eur J. Cancer Prev 8, 35-40.

[10] Owen R.W. (2001). Biomarkers in colorectal cancer. In:
Biomarkers in cancer chemoprevention (A.B. Miller, H. Bartsch, L.
Dragsted, H. Vainio). IARC Scientific Publications No 154, 101-
112.

[11] Owen R.W. (2000). The role of nutritional factors: colon can-
cer. In: Carcinogenic and anticarcinogenic factors in food (G.
Eisenbrand, A.D. Dayan, P.S. Elias, W. Grunow, J. Schlatter Eds),
DFG, Wiley-VCH, 43-75.

Genetic Toxicology and DNA Repair (C0203)

P. Schmezer

In vitro genotoxicity is a property of most human and many
rodent carcinogens, but often a (tissue-)specific metabo-
lism has to occur to form the ultimate DNA reactive spe-
cies. We have, therefore, focused our work on the use of
metabolically active mammalian cells (human and rodent)
freshly isolated from various organs/tissues to study the
genotoxic activity of compounds. This goal can effectively
be reached only when assays are used which allow the
detection of genotoxicity on the single cell level. In this
case cells isolated from small human biopsies can be ana-
lyzed. The microgel electrophoresis technique (alkaline
comet assay) is an appropriate method for this purpose.
We have optimized this technique to study genotoxicity as
well as specific types of DNA lesions such as oxidative
damage. In addition, we use the microgel electrophoresis
technique to study DNA repair. Our research activities in-
cluded investigations on airborne genotoxic/carcinogenic
compounds [3,12], mainly in the respiratory tract. To iden-
tify possible genotoxic carcinogens, mutagenicity was
studied in transgenic rodent mutation assays (BigBlue®,
Muta®Mouse) and by hprt T-cell cloning [1,6].

More recently, we have focused our work on the identifica-
tion of high risk individuals in human population studies: In
co-operation with epidemiological and clinical partners, an
optimized alkaline comet assay is used to monitor cellular
mutagen sensitivity (induced by chemicals or radiation)
and DNA repair capacity in peripheral blood lymphocytes.
Additionally, PCR techniques are applied to identify indi-
viduals carrying specific repair enzyme polymorphisms.
Furthermore, gene expression of DNA repair enzymes is
studied using different methods: DNA array technology,
multiplex RT-PCR, and multiprobe-RNase-protection-as-
say. The identification of high risk individuals carrying in-
creased mutagen or radiation sensitivity, reduced DNA re-
pair capacity, or specific defects in DNA repair enzymes
has substantial preventive implications: These individuals
could be targeted for intensive cancer screening, and they
could be enrolled into chemopreventive trials. Finally, a
new activity consists in the search and evaluation of com-
pounds capable to induce cellular repair mechanisms.
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1. Genotoxic effects in human epithelial cells of
the upper aerodigestive tract

P. Schmezer, T. Rupprecht, U. Harréus, R. Gliniorz,
C. Mayer

In cooperation with: H. Maier, M. Tisch, Bundeswehrkrankenhaus,
Ulm

In numerous epidemiological studies, environmental and
occupational compounds such as chromate, benzo[a]-
pyrene, and N-nitroso-diethanolamine have been shown to
be of potential carcinogenic risk on human epithelial cells
of the upper aerodigestive tract. We used the alkaline
microgel electrophoresis assay to directly demonstrate the
genotoxicity of such compounds in different mucosal cells
isolated from human biopsies of the upper aerodigestive
tract: nose, paranasal sinuses, mouth, pharynx, larynx,
and tonsils [2]. The cells were freshly isolated from the tis-
sue samples by enzymatic digestion, and 0.5 – 1x106 cells
per donor were obtained with a viability of 80-100%. After
in vitro incubation with the potential carcinogens, the cells
were subjected to the microgel electrophoresis assay, and
the results were evaluated regarding the personal history
of each donor including exposure to tobacco smoke, alco-
hol, and occupational compounds. Chromate induced
strong genotoxic damage in the nasal and paranasal sinus
epithelia as well as in mucosa cells of the larynx. N-nitro-
so-diethanolamine caused significant damage in oral epi-
thelial cells and showed also DNA damaging effects in
cells isolated from pharynx and larynx tissue. Benzo[a]-
pyrene induced only a low level of DNA strand breakage in
mucosal cells of mouth, pharynx and larynx. Significant in-
dividual differences were apparent for tissue samples of
different donors. The genotoxic effect induced in cells of
donors with chronic alcohol consumption was significantly
higher than in cells of patients without chronic alcohol
abuse. Our results demonstrate that the microgel electro-
phoresis assay is a useful tool to investigate genotoxicity
in  human epithelial cells of different parts of the upper
aerodigestive tract. The assay is able to detect individual
differences in sensitivity as well as possible target sites for
the genotoxic activity of potential carcinogens.

Major risk factors for cancer of the oral cavity, pharynx and
larynx are smoking and excess alcohol consumption.
Since long-term survival rates of head and neck cancer
patients have not substantially increased, new preventive
strategies including the use of cancer chemopreventive
agents have to be developed. We used our standardized
alkaline microgel electrophoresis assay as a sensitive and
rapid tool to detect DNA damage on a single cell level: In a
pilot study, macroscopically normal laryngeal mucosa bi-
opsies obtained by surgery from head and neck cancer
patients (n=29) and from hospital controls (n=22) were
analyzed [5]. As compared to controls, cells from head and
neck cancer patients showed a significantly elevated DNA
damage without any further genotoxic treatment (p<0.01).
We conclude that this increased background DNA damage
in laryngeal epithelia could result from genetic alterations
caused by smoking and alcohol leading in accord with the
field cancerisation hypothesis to a gradual decrease of ge-
nomic stability and malignancy. The microgel electrophor-

esis assay is suitable to be further explored as a rapid
screening method in larger clinical studies i) to identify
high-risk subjects carrying cells with decreased genomic
stability, and ii) to verify the efficacy of chemopreventive
regimens to prevent or slow down the development of
head and neck cancer in high-risk persons.

2. Quantitative assessment of
poly(ADP-ribosyl)ation

P. Schmezer, N. Rajaee-Behbahani, C. Mayer,
O. Zelezny, R. Gliniorz, P. Waas, U. Bollow,
B. Bertram

In cooperation with: A. Bürkle, University of Newcastle, UK; H.
Becher, Department of Tropical Hygiene and Public Health, Uni-
versity of Heidelberg; H. Ramroth, Division of Clinical Epidemiol-
ogy, DKFZ; A. Dietz, Department of Otolaryngology, Head and
Neck Surgery, University of Heidelberg

Poly(ADP-ribose) polymerase (PARP) is a nuclear enzyme
that is catalytically activated by DNA strand interruptions. It
catalyses the covalent modification of proteins with ADP-ri-
bose polymers, using NAD+ as precursor. We have studied
the DNA damage-induced formation of poly(ADP-ribose) in
intact human peripheral blood lymphocytes by in situ
immuno-fluorescence detection. The response of lympho-
cytes to bleomycin, which is known to induce DNA single
and double strand breaks, was investigated with regard to
polymer formation. For this purpose, a quantitative ap-
proach was developed to assess more accurately the
immunostaining of polymer formation by computerized im-
age analysis [7]. As an application of this new method, we
have determined the polymer formation following bleo-
mycin treatment in quiescent human peripheral blood lym-
phocytes versus mitogen activated cells. Quiescent human
lymphocytes showed a similar basal immunostaining for
the polymer compared to phytohemagglutinin-activated
cells, expressed as relative mean pixel intensity (1.3±0.8
and 2.2±0.9, respectively; p<0.3). After bleomycin treat-
ment,  there was a clear-cut enhancement of polymer
immunostaining, with phytohemagglutinin-activated cells
showing significantly higher pixel intensity values than
non-activated cells (9.2±1.4 and 4.2±1.0, respectively;
p<0.005). As expected, in the presence of the ADP-ribo-
sylation inhibitor  3-aminobenzamide (3-AB), the pixel in-
tensity value of polymer immunostaining was decreased
in both quiescent and phytohemagglutinin-activated lym-
phocytes to 1.2±0.7 and 1.5±0.9, respectively. Our find-
ings reveal (i) that mitogen-stimulated, intact lymphocytes
show enhanced polymer formation following bleomycin
treatment, and (ii) that our new quantitative immuno-
fluorescence assay coupled with computerized image
analysis is reliable and sensitive enough to detect
changes in polymer formation rate.

This newly developed assay has been further applied in a
clinical case-control study. As it is known that defects in
DNA repair pathways have been associated with in-
creased risks for cancer in humans, we investigated
whether acquired or inherited changes in the activity of
PARP alter the risk for laryngeal cancer. In a case-control
study on genetic, lifestyle and occupational risk factors for
laryngeal cancer, the PARP activity was assessed as DNA
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damage-induced poly(ADP-ribose) formation in human pe-
ripheral blood lymphocytes by quantitative immunofluores-
cence analysis. Polymer formation was determined as the
cellular response to bleomycin, in lymphocytes from 69 la-
ryngeal cancer patients and 125 healthy population con-
trols. The frequency of bleomycin-induced polymer forma-
tion, measured as mean pixel intensity, was significantly
lower in cases (74.6; standard error [SE] = 3.7) than in
controls (94.5; SE = 3.5) and was not influenced by smok-
ing, age or sex. There was no significant difference be-
tween cases (59.1; SE = 5.2) and controls (50.5; SE = 3.7)
in basal polymer formation (in cells not treated with bleo-
mycin). When the lowest tertile of polymer formation was
used as the reference, the odds ratio (OR) for the highest
tertile of bleomycin-induced polymer formation was 0.26
(95% confidence interval [CI], 0.08-0.53, p = 0.01). Periph-
eral blood lymphocytes from laryngeal cancer patients
thus showed significantly less bleomycin-induced
poly(ADP-ribose) formation. Our results suggest that a re-
duced capacity of somatic cells to synthesize poly(ADP-ri-
bose) might be associated with an increased risk for laryn-
geal cancer. The underlying mechanism remains to be in-
vestigated.

Concerning the search and evaluation of natural com-
pounds capable of inducing cellular repair mechanisms we
started experiments with (-)-epigallocatechin gallate
(EGCG), the main constituent of green tea. Tea does not
belong to the many botanicals with mutagenic and carcino-
genic potential [13], but shows remarkable preventive ef-
fects against the development of cancer and cardiovascu-
lar disease. EGCG turned out to be an effective inducer of
poly(ADP-ribose) in Nalm6 cells, a pre-B-leukemia cell
line, and in human lymphocytes. As soon as 10 min after
the addition of EGCG to the cells, poly(ADP-ribose) was
strongly enhanced in Nalm6 and in lymphocytes, persist-
ing for 60 min in the leukemia cells and >4h in the lympho-
cytes. Preliminary results on a concomitant effect of EGCG
on the DNA-level using the microgel electrophoresis assay
revealed a slight DNA-damage.

3. DNA repair capacity and mutagen sensitivity as
risk markers for non-small cell lung cancer

P. Schmezer, C. Mayer, N. Rajaee-Behbahani,
A. Risch, R. Gliniorz, O. Zelezny, P. Waas,
O. Popanda

In cooperation with: W. Rittgen, Biostatistics Unit, DKFZ; P.
Drings, H. Dienemann, K.W. Kayser, V. Schulz, Thoraxklinik
Heidelberg- Rohrbach; A. Bach, M.C. von Brevern, BASF-Lynx,
Heidelberg

Individual susceptibility to carcinogens is an important de-
terminant of disease risk. It is influenced by host factors
such as the ability to repair DNA lesions. We have devel-
oped a microgel electrophoresis assay for use in molecu-
lar epidemiological studies in order to identify subjects
who are at high risk [10]. The assay was validated in a
case-control study on non-small cell lung cancer [11]. Pe-
ripheral blood lymphocytes were collected from 160 can-
cer patients and 180 control patients without cancer and
from the same hospital, and stored at –80°C. After thaw-
ing, the phytohaemagglutinin-stimulated cells were treated

with bleomycin at 20µg/ml for 30 min and the extent of
DNA damage and DNA repair capacity were determined:
Bleomycin sensitivity was significantly higher in lung can-
cer patients than in tumor-free hospital controls
(p<0.0001). DNA repair capacity, after 15 min repair time,
in lymphocytes of non-small cell lung cancer patients and
controls was 67% and 79.3%, respectively (p<0.0004).
There was no correlation, in either patient or control group,
between the bleomycin sensitivity and DNA repair capacity
with age or gender. The median values of DNA repair ca-
pacity and sensitivity in controls were used as cut-off
points for calculating odds ratios (OR). After adjustment for
age, gender and smoking status, the cases vs. controls
had reduced DNA repair capacity (OR = 2.1; 95% confi-
dence limit: 1.1-4) and increased bleomycin sensitivity (OR
= 4; 95% confidence limit: 2.2-7.4). Both endpoints were
independent risk factors for smoking-related cancer. Re-
peated analysis of peripheral lymphocytes from the same
individual demonstrated good reproducibility of the assay.
Cryopreservation of the lymphocytes for more than 12
months did not significantly affect their sensitivity. These
results show that our standardized microgel electrophore-
sis assay is suitable for determining individual sensitivity to
mutagens and DNA repair capacity: It is sensitive and
faster than cytogenetic assays, and can be applied to na-
tive and cryopreserved peripheral blood lymphocytes. Vali-
dation of this assay in large prospective studies for the
identification of subjects at high cancer risk is now war-
ranted.

For characterization and identification of DNA repair genes
which might be responsible for the observed impaired re-
pair, we developed a cDNA  array for expression analysis
of human DNA repair genes: PCR fragments were
amplified from IMAGE cDNA clones of more than 70
genes, known to be directly or indirectly involved in DNA
repair. Following verification by sequence analysis, the
fragments were spotted on arrays. The arrays are now
used to produce transcriptional profiles from lung cancer
patients with normal and impaired DNA repair. First results
showed a good reproducibility of this technique: a less
than 2-fold variation was observed in expression levels for
most of the genes of the same patient in repeated
analyses. On the other hand, transcriptional profiles of two
lung cancer patients differed considerably: More than 50%
of the signals showed a difference of > 2 - 7-fold. A pilot
study including expression profiles of ca 30 non-small cell
lung cancer patients with high and low DNA repair capacity
is currently being performed.

4. Mutation analysis of DNA polymerases in
tumor cells

O. Popanda, P. Waas

In cooperation with: H.W. Thielmann, T. Flohr, J. Dai (DKFZ),
E. Hagmüller, Kreiskrankenhaus Bad Friedrichshall

Results are presented in the research report of the division
“Interactions of carcinogens with biological macromol-
ecules” (head: Prof. Dr. Dr. H. W. Thielmann) in detail.

According to the mutator hypothesis proposed by
L. A. Loeb, the multistep process of tumor development
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might be caused by mutations arising in genes that play a
key role in maintaining genomic integrity; among them
would be those which are involved in DNA replication and
repair. For example, mutations in genes coding for DNA
polymerases might impair their catalytic functions, particu-
larly their copying fidelity. In consequence, a large number
of mutations would accumulate in replicated genes, con-
tributing to the stepwise development of cancer.

Several aspects of the mutator hypothesis were
investigated using i) malignant Novikoff hepatoma as
a model system [4] and ii) sporadic human colon
cancers [8].
i) Catalytic properties of DNA polymerases α and δ from
highly malignant Novikoff hepatoma cells were compared
with those of the enzymes from normal rat liver. Several
parameters were found to be abnormal, among them
were: sensitivity towards various inhibitors and cytostatic
drugs. In addition, the sedimentation velocities of the DNA
polymerase α-primase complexes were altered. The devi-
ating catalytic properties were correlated with mutations
found in the genes for DNA polymerase δ and in the 70
kDA subunit of DNA polymerase α suggesting that mutant
polymerase genes can encode a mutator polymerase.

ii) Surgical specimens derived from patients with sporadic
human colon cancer (clinical cooperation partner: Prof. Dr.
E. Hagmüller, Kreiskrankenhaus Bad Friedrichshall) were
scrutinized for mutations in genes coding for DNA poly-
merases α and δ and for the replication factors A and C.
Six human colon cancer cell lines (with or without a defect
in mismatch repair) were also examined. In 6 out of 19 tu-
mors and in the cell lines, mutations in the DNA polymer-
ase δ gene were detected. Some of them were positioned
in or near domains essential for enzymatic functions and
are, therefore, likely to alter the enzyme’s catalytic activity.
As the mutations found in tumors were also detected in the
normal tissue, we suggest that these mutations represent
DNA polymorphisms. Whether these polymorphisms can
contribute to the development of human tumors has to be
investigated further.

The analysis of 10 tumors and the cell lines revealed only
silent mutations in the genes coding for DNA polymerase α
and replication factor C α indicating that cells containing
mutations in these genes may not be viable. In replication
factor A, a further polymorphism was detected. In coopera-
tion with clinical and epidemiological partners, studies on
polymorphisms in DNA repair genes including DNA poly-
merases will be performed [9].

Publications (* = external co-author)
[1] Schmezer,P. Eckert,C. Induction of mutations in transgenic
animal models: BigBlue® and Muta®Mouse, in: The Use of Short-
and Medium-term Tests for Carcinogens and Data on Genetic Ef-
fects in Carcinogenic Hazard Evaluation, DB McGregor, JM Rice
and S Venitt (eds.), IARC Scientific Publication 146 (1999) 367-
394

[2] Harréus,U. Schmezer,P. Kuchenmeister,F. Maier,H. *Genotoxic
effects in human epithelial cells of the upper aerodigestive tract.
Laryngo-Rhino-Otol. 78 (1999) 176-181

[3] Klein,R.G. Schmezer,P. Hermann,R. Waas,P. Spiegelhalder,B.
Bartsch,H. Strong nasal carcinogenicity and genotoxicity of 1-
nitroso-4-methylpiperazine after low dose inhalation in rats. Car-
cinogenesis 20 (1999) 1629-1631
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Biomarkers (C0206)

J. Nair

Cooperations: A. B. Miller et al., G. Fürstenberger DKFZ; K.H.
Adzersen, G. Bastert, Frauenklinik Heidelberg; P. Galle, University
Hospital, Mainz; G. Winde, Klinikum Kreis Herford, Herford; E.W.
Vogel, Leiden University, Leiden, The Netherlands; Jacques
Laval, Institute Gustave Roussy, Villejuif, France; A. Barbin, IARC,
Lyon, France; B. Tudek, Instytut Biochemii i Biofizyki, Warsaw,
Poland; R.H. Elder, Paterson Institute for Cancer Research,
Manchester, UK; F.J. van Schooten, University Maastricht, the
Netherlands; R. Srám, Technical Academy of Science, Prague;
Czech Republic; K.H. Beger, University Ulm; P. Dollara, University
of Florence, Italy.

The group’s main programs involve further extension and
application of the expertise gained on the development
and validation of methods for analyzing DNA-adducts as
biomarkers, for understanding the mechanism of their for-
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mation from exogenous and endogenous reactive species
and to apply these markers in human biomonitoring and
chemoprevention trials. The formation of adducts from a
carcinogen or the proximate metabolite of carcinogen (ex-
ogenous or endogenous) is one of the earliest damage to
the genome in the cells. If not repaired, the adduct forma-
tion in a surviving cell, will lead to a mutation upon cell di-
vision and the accumulated mutations that disrupt genomic
integrity leads to cancer.

The studies concluded so far established the validity of
measurement of etheno-DNA adducts to assess endog-
enous DNA damage due to oxidative stress and lipid per-
oxidation. This included assessment of DNA damage
caused by chronic infection/inflammation and dietary fac-
tors such as intake of polyunsaturated fatty acids (ω-6
PUFA) and oxidative stress caused by metal storage dis-
eases. The most common method for evaluating oxidative
DNA damage is the measurement of oxidized DNA base 8-
oxo-deoxyguanosine, however, uncertainties exist on the
use of this biomarker due to artifact formation. The mea-
surement of more stable secondary DNA damage such as
etheno-DNA adducts proved to be more reliable to assess
the DNA damage caused by increased  oxidative stress
and lipid peroxidation (LPO). The following investigations
are accomplished in order to link increased etheno adduct
formation as a result of enhanced lipid peroxidation due to
inflammation and intake dietary ω-6 PUFA.

1.  Formation of etheno adducts 1,N6-ethenodeoxyadeno-
sine (εA) and N3,4-ethenodeoxycytidine (εdC) were in-
vestigated in diseases, prone to develop into colon can-
cer such as familial adenomatous polyposis(FAP), ul-
cerative colitis (UC) and Crohn’s disease (CD). εdA and
εdC were elevated in both FAP and CD where as in UC
εdC alone was elevated. The increased etheno-DNA
adducts in FAP may resulting from increased arachi-
donic acid metabolism due to overexpression of phos-
pholipase A2 and cyclooxygenase 2. In case of CD and
UC the increased adduct formation may be due to in-
creased oxidative stress/lipid peroxidation as a conse-
quence of chronic inflammation and overproduction of
nitric oxide .[3]

2.  Formation of etheno adducts were found to be higher in
DNA of pancreatic tissues obtained from chronic pan-
creatitis patients compared to normal pancreas.

3.  Detection of 1,N6-ethenodeoxyadenosine (εdA) in hu-
man urine by immunoaffinity-HPLC-fluorescence.
In order to investigate the mechanism of formation and
repair of these lipid peroxidation induced ε-base
adducts in human, which appear to be a complex one
due to the influence of dietary factors, hormonal meta-
bolism, inflammatory processes etc., a non-invasive as-
say is desirable. For this purpose we have developed a
specific and sensitive urinalysis assay for 1,N6-etheno-
deoxyadenosine (εdA) using immunoaffinity-HPLC-fluo-
rescence. Using urinary εdA as biomarker it is now pos-
sible to study the DNA damage due to oxidative stress
and lipid peroxidation in human caused by different eti-
ology such as high dietary fatty acid and low antioxidant

intake, inflammatory process etc. using this non-inva-
sive and easily available biological samples [9].

4.  An immunohistochemical method has been developed
for the measurement of εdA at the cellular level and
successfully applied in rat liver exposed to vinyl chloride
and iron overload.[5]

Ongoing  Activities and Future Plans:
1. Elucidation of role of etheno adducts in
chronic inflammation /infection induced oxidative
stress
The role of nitric oxide synthase on the formation of
etheno DNA adducts is being further investigated in p53
knock out mice  which were infected with C. parvum
(in Collaboration with Dr. C. Harris and Dr. P. Hussain, NIH,
Bethesda, USA).

2. Investigation of formation of etheno DNA
adducts in mitochondrial DNA and comparison
with the nuclear DNA
DNA damage in mitochondrial DNA  has recently received
enhanced attention as mitochondria play a major role in
apopotosis. It is proposed to investigate the relative
etheno-DNA adduct formation  in mitochondrial and
nuclear DNA in animal models (LEC rats) in response to
oxidative stress.

3. Investigation of etheno-DNA adducts in  brain
and liver DNA of Oxyrats which attain premature
aging due to increased oxidative stress
The result obtained in this study is expected to determine
the DNA damage due to oxidative stress/lipid peroxidation
in the brain DNA, (Supported by INTAS, in collaboration
with Dr J. Laval. CNRS, Villejuif, France).

4. Investigation of the role of COX-2 and LOX on
the formation of etheno DNA adducts.
Studies on DMBA-TPA mouse skin carcinoma revealed a
close correlation of etheno DNA adducts and   8- and 12-,
HETES; the products of LOX pathways of arachidonic acid
metabolism (Nair et al 2000)[1]. Increased etheno DNA ad-
ducts were detected in the polyp epithelia of  FAP patients
(Schmid et al 2000)[3]. It is further planned to investigate
the relative roles of COX-2 and  LOX using cell lines ex-
pressing high levels of these enzymes (In collaboration
with Dr. G. Fürstenberger, DKFZ Heidelberg)

5. Method development for the analysis of εεεεεdG
Inspite of existing evidence for the in vitro and in vivo for-
mation of εdG, no sensitive methods are currently avail-
able for its analysis. It is proposed to develop and validate
an ultrasensitive method for εdG based on immunoaffinity
cleanup, 32P-postlabelling TLC/HPLC methods similar to
that developed for εdA and εdC. For this purpose, hybri-
doma cell lines that produce antibodies against εdG  were
kindly provided by Dr. S.S. Hecht (Cancer Center, Univer-
sity of Minnesota Hospital and Clinics, Minneapolis, USA).
Antibody will be coupled with Protein A-Sepharose to pre-
pare immunoaffinity columns which will be characterized
for the specificity and retention capacity of the adducts.
Reference compounds, [3H]-εdG, 3’-and εdG monophos-
phate will be synthesized.
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6. Investigations on the formation of εεεεε-DNA
adducts  in humans in relation to fatty acid intake
and hormonal metabolism
Although high incidence and mortality rates for breast can-
cer are reported across Europe, these differ according to
geographical location within the EU (~120 and
~60/100,000 in Western-Northern and  Southern Euro-
pean countries, respectively.  The variation can be attrib-
uted to  difference in  the types of dietary fat intake. The
most established risk factor for breast cancer is length of
free estradiol exposure during the life time. It is been
shown in the past that diet rich in ω-6 fatty acid induce
high but variable levels of ε-DNA adducts in female volun-
teers. Studies described here propose to investigate the
role of fatty acid intake and estradiol metabolism and the
role of redox-cycling on the formation of ε-DNA adducts in
pre-menopausal female subjects. Fatty acids are known to
modulate the oxidative pathway of estradiol and 4-hydroxy
estradiol, a rodent carcinogen, acts as a pro-oxidant  that
could initiate redox-cycling [6]. Selection of samples from
humans: Buffy coat and serum samples from premeno-
pausal adult women, who participated in the EPIC study
from one EU country, are available for study.  Additionally,
breast adipose tissue, blood and urine samples will be
collected from cancer patients. Control samples will be
obtained from healthy women, either undergoing reduction
mammoplasty, or presenting with an unclear mammogram
and/or who undergo a diagnostic breast operation with a
possible benign outcome. These samples will be used to
establish a correlation between fatty acid intake, estradiol
metabolites and etheno DNA adducts in European women.
Analyses of ε-DNA adducts, fatty acid content and estra-
diol-metabolites: These samples will be used to establish
correlation between fatty acid intake, estradiol metabolites
and ε-DNA adducts in European women. ε-DNA adducts
(εdA and εdC) in white blood cells and breast epithelial
cells will be measured by immunoaffinity/32P-postlabelling
[9] and εdA in urine will be measured by immunoaffinity-
HPLC-fluorescence detection [9]. Fatty acids will be ana-
lyzed in adipose tissue and erythrocytes by GC-MS. Estra-
diol and its metabolites 2- and 4- hydroxy estradiol and 2-
and 4-methoxy estradiol will be analyzed by (GC-MS) (un-
der EU-Contract n° QLK4-2000-00286).

7. The role of etheno-DNA adducts in the etiology
of atherosclerosis
Cardiovascular diseases and cancer are both character-
ized by uncontrolled proliferation of cells, share common
risk factors and autopsy studies demonstrated that athero-
sclerosis and cancer tend to occur in the same individuals.
These observations led to the hypothesis that atheroscle-
rosis may develop like a benign tumor according to an ini-
tiation-promotion mechanism. Indeed, there is evidence for
mechanistic similarities between the carcinogenic and the
atherogenic process, but the etiology of atherosclerosis
still needs to be further elucidated. Oxidative stress and
lipid peroxidation are known to play a key role in the onset
and progression of atherosclerosis and cancer. Lipid
peroxidation products can bind covalently to cellular DNA
to form etheno-DNA adducts. These etheno-DNA adducts
were found to be highly promutagenic lesions if not re-

paired by specific glycosylases, and are therefore promis-
ing candidates to test the hypothesis, whether DNA dam-
age is involved in the pathogenesis of atherosclerosis. En-
hanced oxidative stress has been found in apolipoprotein
E knock-out mice (ApoE-KO mice), which develop severe
spontaneous atherosclerosis. ApoE-KO mice offer an ex-
cellent model to investigate the role of oxidative stress and
subsequent formation of etheno-DNA adducts in the etiol-
ogy of vascular diseases. The role of etheno-DNA adducts,
induced by lipid peroxidation, in the etiology of atheroscle-
rosis will be further elucidated in this forthcoming project.
For this, the ApoE knock-out animal model will be ex-
plored. In this project the German Cancer Research Cen-
ter (Division of Toxicology and Cancer Risk Factors) will
collaborate with Prof. Dr. M. Daemen (Dept. of Cardiology
and Pathology) and Dr. F.J. Van Schooten (Dept Health
Risk Analysis and Toxicology) at the Maastricht University
in the Netherlands.

8. Development and validation of a new immuno-
enriched 32P-postlabelling assay for the detection
of O4-ethyl-dT.
Among about a dozen different alkylation products induced
in genomic DNA by N-nitroso carcinogens, O4-ethyl-thymi-
dine (O4-etdT) can be considered as a major premutational
lesion causing AT�GC transition mutations. Although O4-
etdT is initially formed at far lower amounts than other
alkylation products in cellular DNA, it accumulates be-
cause of its inefficient repair and may thus play an impor-
tant role in carcinogenesis. We established a sensitive and
specific immuno-enriched 32P-HPLC assay with which
sub-femtomolar levels of O4-etdT can be detected. First,
DNA is enzymatically digested to 2’-deoxynucleoside-3’-
monophosphates, and O4-etdT is subsequently immuno-
precipitated by saturated ammonium sulfate using specific
monoclonal antibodies (ER-01). The precipitate is redis-
solved and desalted using a centrifugation filter, which re-
tains the O4-etdT-antibody interaction product. After recov-
ery by inversion of the filter, O4-etdT is simultaneously 5’-
radiolabeled with [γ−32P]ATP and 3’-dephosphorylated by
T4-polynucleotide kinase at pH 6.8 to yield a 5’-mono-
phosphate-O4-etdT. Separation of O4-etdT from residual
normal nucleotides and an internal standard (1,N6-
ethenodeoxyadenosine, εdA) can be performed by re-
versed-phase HPLC with online detection of radioactivity.
The recovery of the adduct dependent predominantly on
the antibody concentration and was found to be >80%. Us-
ing this method, O4-etdT levels were determined in calf
thymus DNA treated with N-ethyl-N-nitrosourea (ENU) at
concentrations ranging from 0.01 to 100 mM, and a repro-
ducible dose dependent formation of O4-etdT was ob-
served. Theoretically, this newly developed assay is suffi-
ciently sensitive to detect O4-etdT in human samples and
is also applicable to other types of DNA adducts.
External Funding: Marie Curie Fellowship Program from EU; EU
Contract MCFI-2000-01241. EU-Contract QOL-2000-4.2.1 Oxida-
tive Stress and Chronic Diseases: Exocyclic DNA Adducts as
Markers for Disrupted Genomic Integrity and Risk (awarded in
March 2001).
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Genetic Polymorphisms as Cancer Risk
Markers (C0207)

B. Spiegelhalder

Worldwide, lung cancer has a very high incidence for men,
and its incidence is increasing among females. Lung can-
cer has a bad prognosis, as therapeutic measures have
only limited success. While tobacco smoking is strongly
associated with lung cancer risk, only 20% of all heavy
smokers develop lung cancer. Many genetic and molecular
biological studies point towards a polygenic heritable pre-
disposition for lung tumors. Xenobiotic metabolism of envi-
ronmental carcinogens and DNA-repair processes are two
important ways in which individual susceptibility to environ-
mental carcinogenesis can be affected [2]. Genetic poly-
morphisms in enzymes involved either in detoxification of
procarcinogens, such as CYP1A1, CYP2A6, CYP2E1,
GSTM1, GSTT1, GSTP1, NAT1 or NAT2 or in repair of
DNA-damage incurred as a result of exposure, may affect
lung cancer susceptibility. The combination of homozygous
mutated CYP1A1 and the GSTM1*0/*0 genotypes, for in-
stance, has been shown to lead to a stronger increase of
anti-benzo(a)pyrene diol-epoxide DNA adduct levels than
CYP1A1 and GSTM1 wild-type, in individuals with similar
exposure levels [1], and in smokers an association has

also been observed with the combined NAT and GST
genotypes [8]. At-risk genotypes can therefore be used as
susceptibility markers, with the aim of identifying high risk
individuals. There are indications that interindividual differ-
ences as a result of genetic polymorphisms may be of
particular importance to cancer risk at low dose expo-
sures. Among a group of smokers with low cigarette con-
sumption (low nicotine-cotinine levels in blood) those with
the slow NAT2 genotype had higher adduct levels than
fast acetylators, while this difference was much less
marked in heavier smokers (Vineis et al 1994 Nature 369:
154-156). Similar results were observed in smokers in
Japan in connection with CYP1A1 and GSTM1 polymor-
phisms and lung cancer. The better characterization of the
relevance of gene-environment interactions in the context
of carcinogenesis is of great importance for preventive
measures such as the setting of exposure threshold val-
ues, public health campaigns, and chemopreventive ap-
proaches.

1. The relevance of enzyme polymorphisms in
lung cancer risk

A. Risch, H. Wikman, H. Dally, S. Thiel, K. Gassner,
P. Schmezer, N. Rajaee-Behbahani,
B. Spiegelhalder, H. Bartsch

In cooperation with Prof. Dr. med. Peter Drings, Prof. Dr. med.
Hendrik Dienemann, Prof. Dr. Dr. med. Klaus Kayser, Prof. Dr.
med. V. Schulz, Thoraxklinik, Heidelberg-Rohrbach and Dr. Lutz
Edler, DKFZ.

In a hospital based case-control study the frequency of dif-
ferent genetic polymorphisms in xenobiotic metabolising
enzymes and of differences in DNA-repair capacity is be-
ing investigated. Occupational and smoking history of lung
cancer patients and cancer free hospital controls is re-
corded, and blood and tissue samples are collected.
Samples are genotyped for different genetic polymor-
phisms by PCR/RFLP based assays. These include:
NAT1, NAT2, GSTM1, GSTT1, GSTM3, GSTP1, CYP1B1,
CYP1A1, hOGG1 and MPO. Genotyping for further ge-
netic polymorphisms of possible relevance is planned. A
modified alkaline microgel electrophoresis assay [5] was
used to determine mutagen sensitivity and DNA repair ca-
pacity after bleomycin-induced DNA damage and showed
a significant positive correlation (p<0.005) between in-
creased lung cancer risk and mutagen sensitivity and a
negative correlation with repair capacity (p< 0.005) [7].
Over 1000 samples have been collected, and over 700
have been genotyped for N-acetyltransferases [6] and glu-
tathione-S-transferases, where it could be shown that it is
important to distinguish between the different histological
subtypes of lung tumors, to evaluate the risk associated
with different genotypes. Genotyping for hOGG1 revealed
no increased risk associated with any allele our Caucasian
population, and studies on LOH in lung tumors at the
hOGG1 site showed that this gene located at 3p21 fre-
quently does display LOH, however, preferential loss of a
certain allele was not observed [4].
This study is/was funded by the Deutsche Krebshilfe (H.D), the
Verein zur Förderung der Krebsforschung (A.R.), the EU-Marie-
Curie Fellowship Program (H.W.) and the Gottlieb Daimler und
Karl Benz Stiftung (H.W.)
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2. The relevance of enzyme polymorphisms to
the risk of developing lung cancer at a young age

A. Risch, B. Spiegelhalder, H. Bartsch

In cooperation with Prof. Dr. Dr. H.-Erich Wichmann, Dr. Irene
Brüske Hohlfeld, Dr. Michaela Kreuzer, GSF, München

55 young lung cancer patients (age < 45) were compared
to a similarly sized group of older (aged 55-69) lung can-
cer patients matched for smoking exposure and another
similarly sized control group of age matched population
controls. All patients and controls were recruited as part of
a larger epidemiological study. Individuals were genotyped
for known polymorphisms in NAT2, GSTM1, GSTT1 and
CYP1A1. Statistical analysis did not reveal an association
between any of the examined polymorphisms and risk of
developing lung cancer at a young age.

3. Development of high-throughput genotyping
methods, and identification of new alleles

A. Risch, B. Spiegelhalder, H. Bartsch

In order to identify the role that genetic polymorphisms
may play in individual risk assessment, large case-control
studies need to be conducted. PCR-RFLP methods are
state of the art for the screening of large sample numbers
for known genetic polymorphisms, however, as the num-
ber of polymorphisms to be investigated increases, even
larger studies, and higher throughput genotyping are re-
quired. Methods employing fluorescence-based capillary
PCR followed by melting curve analysis for the detection
of mutations (Roche, LightCycler) have been developed
for NAT2 [6], CYP1A1 and CYP1B1. Further such meth-
ods, as well as those for the identification of new previ-
ously unknown alleles are under development.

4. Exposure to cigarette smoke and genetic
polymorphisms as risk markers for breast cancer
in the general population

A. Risch, B. Spiegelhalder, H. Bartsch

In cooperation with Dr. Jenny Chang-Claude, Silke Kropp, DKFZ-
Div. Clinical Epidemiology

Four possible susceptibility markers, N-acetyltransferases
1 and 2 (NAT1 and NAT2), cytochrome P450 2A6
(CYP2A6) and glutathione-S-transferase T1 (GSTT1) may
be relevant for breast cancer in identifying high risk sub-
jects. NAT1 and NAT2 metabolise aromatic heterocyclic
amines, which are found in cigarette smoke at relatively
high concentrations. CYP2A6 metabolizes several nitro-
samines found in tobacco smoke, including 4-(methyl-
nitrosamino)-1-(3-pyridyl)-1-butanone (NNK), which is be-
lieved to be one of the major human lung carcinogens and
possibly causes tumors also at other sites. GSTT1 is re-
sponsible for the detoxification of ethylene oxide formed
from ethene in cigarette smoke as well as for glutathione-
dependent activation of certain halomethanes also present
in cigarette smoke. A significantly increased risk of breast
cancer in women who actively smoke and are slow (NAT2)
acetylators has been shown. There are also indications
that enzyme polymorphism may have a particular impact
on cancer risk at low-level carcinogen exposure. Given

that one in twelve women in the Federal Republic of Ger-
many will suffer from breast cancer in her lifetime and the
prevalence of smoking in the population is high, the asso-
ciation of smoking with breast cancer is of both etiologic
and public health importance.

The objectives of this study are to determine if genetic
polymorphisms in NAT1, NAT2, CYP2A6, and GSTT1 alter
the ability of women to detoxify or activate tobacco-related
carcinogens and thereby increase their susceptibility to
breast cancer. Questionnaire data on active cigarette
smoking and blood samples collected and stored for sub-
sequent molecular genetic analysis were already available
from a recently completed population-based case-control
study of breast cancer diagnosed by the age of 50. Data
on exposure to environmental tobacco smoke have now
been collected for an overall assessment of active and
passive smoke exposure of the study subjects. Genotyping
for NAT2, NAT1, CYP2A6 and GSTT1 has been carried
out using PCR-RFLP and fluorescence based PCR meth-
ods on breast cancer patients and age-matched controls
from the general population. Genotyping for NAT1 is still
under way. The concomitant analysis of smoking exposure
data and genetic susceptibility markers will allow i) investi-
gation of the extent of gene-environment interactions and
ii) clarification of the association between smoking and
breast cancer risk in genetically defined subgroups of the
general population.
This study is funded by the Deutsche Krebshilfe.

5. Investigation of the potential role of GSTM1,
GSTT1 and GSTP1 polymorphisms, as
modulators of antioxidative capacity, in
modifying telomere length and as possible risk
factors for vascular dementia

A. Risch, H. Bartsch

In cooperation with T. von Zglinicki, University of Newcastle, UK,
Dept. of Gerontology, Institute for the Health of the Elderly.

Progressive cerebrovascular atherosclerosis and consecu-
tive stroke are among the most common causes of demen-
tia. However, specific risk factors for vascular dementia are
still not known. Human telomeres shorten with each cell
division in vitro and with donor age in vivo. In human fibro-
blasts in vitro, the telomere shortening rate decreased with
increasing antioxidative capacity. A good intra-individual
correlation between the age-corrected telomere lengths in
fibroblasts and peripheral blood mononuclear cells has
been observed. In 186 individuals including 149 geriatric
patients (age range, 55-98 yr), leukocyte telomeres in pa-
tients with probable or possible vascular dementia were
significantly shorter than in three age-matched control
groups, namely in cognitively competent patients suffering
from cerebrovascular or cardiovascular disease alone, in
patients with probable Alzheimer’s dementia, and in appar-
ently healthy control subjects. No correlation with either
telomere length or diagnosis was found in a random sub-
group of 75 patients to polymorphisms in the apolipo-
protein E and glutathione-S-transferase GSTM1, GSTT1
and GSTP1 genes. Telomere length may be an indepen-
dent predictor for the risk of vascular dementia [3].
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Genotype Dependence of Carcinogen DNA
Adduct Levels (C0207)

B. Spiegelhalder

1. Modulation of benzo(a)pyrene diolepoxide –
DNA adduct levels in human white blood cells by
CYP1A1, GSTM1 and GSTT1 polymorphism

M. Rojas, K. Alexandrov

In cooperation with I. Cascorbi, I. Roots, Charité, Humbolt Univer-
sity, Berlin ; G. Auburtin, L. Mayer, Institut National de
l’Environnement et des Risques, France

The modulation of benzo(a)pyrene diol-epoxide (BPDE)
DNA adduct levels by polymorphisms in the CYP1A1,
GSTM1 and GSTT1 genes was assessed in leukocytes of
Caucasian males. BPDE-DNA adducts were detected in
52 % samples  with a 100-fold variation. All samples with
the GSTM1 active genotype showed non-detectable ad-
ducts and the subjects with GSTM1*0/*0 had detectable
adducts. Among the GSTM1- deficient individuals , the
CYP1A1*1/*1 genotype showed a lower adduct level com-
pared with heterozygous mutated CYP1A1 *1/*2 geno-

types. When all variable were dichotomized, statistical
evaluation showed that CYP1A1 status, PAH exposure
and smoking had significant effects on adduct levels which
increased in order : CYP1A1*1/*1 < CYP1A1(*1/*2 or *2A /
*2A); environmental exposure < occupational exposure < ;
nonsmokers < smokers. Higher levels of BPDE-DNA ad-
ducts in individuals with the combined CYP1A1(*1/*2 or
*2A/*2A)-GSTM1*0/*0 genotype suggest that these geno-
type combinations are at increased risk for contracting
lung cancer when expose to PAH.
In a review we have summarized the results of case-con-
trol studies published since 1990 on the effects of genetic
variants of CYP1A1, 1A2, 1B1, 2A6, 2D6, 2E1, 2C0,
2C19, 17 and 19 alone or in combination with detoxifying
enzymes as modifiers of the risk for tobacco-related can-
cers.

CYP polymorphisms were found to be moderate in terms
of penetrance and relative risk, with odds ratios ranging
from 2 to 10. Some CYP1A1/GSTM1 0/0 genotype combi-
nations seem to predispose the lung ,esophagus, and oral
cavity of smokers to an even higher risk for cancer or DNA
damage , requiring, however, confirmation.

Publication (* = external co-author)
[1] Rojas, M., Cascorbi, I.*,Alexandrov, K., Kriek, E*., Auburtin,
G*:, Mayer, L*.,Koop-Schneider, A.,  Roots, I*, Bartsch, H: . Modu-
lation of  benzo(a)pyrene diolepoxide DNA adduct levels in human
white blood  cells by  CYP1A1, GSTM1*0/*0 and GSTT1 polymor-
phisms, Carcinogenesis 21 (2000) 35-41.

[2] Bartsch, H., Nair, U., Risch, A., Rojas, M., Wikman, H.
*Alexandrov, K. Genetic polymorphism of CYP genes , alone or in
combination, as a risk modifier of tobacco-related cancers.
Cancer epidemiology, Biomarkers and Prevention 3 (2000) 3-28

2. Benzo(a)pyrene diolepoxide-DNA adduct levels
in human bronchial layer and lung parenchyma ;
the role of CYP1A1, GSTM1, MPO genotypes and
their expression

M. Rojas,  K. Alexandrov

In cooperation with J.M. Vignaud, Laboratoire d’Anotomie patho-
logique, Centre Hospitalier Universitaire de Nancy, France; I.
Cascorbi, Ernst Moritz Arndt University of Greifswald Medical Fac-
ulty, Greifswald

In this ongoing study we compared the formation of
benzo(a)pyrene diolepoxide-DNA adduct levels in human
bronchial epithelial cells and lung parenchyma from lung
cancer patients. All samples showed the presence of this
adduct. Higher formation of the adduct was found in DNA
from bronchial layer in comparison to the lung paren-
chyma. Also high variation was observed between the dif-
ferent samples. These results are being correlated with the
CYP1A1, GSTM1 and MPO genotypes and their expres-
sion.
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3. Myeloperoxidase –463A variant strongly
reduces benzo[a]pyrene diol-epoxide
DNA adducts in skin of coal tar treated patients.

M. Rojas, R. Godschalk, K. Alexandrov

In cooperation with : I. Cascorbi, Ernst Moritz Arndt University of
Greifswald Medical Faculty, Judith Ostertag, University Hospital
Maastricht (AzM). Department of Dermatology, The Netherlands

The skin of atopic dermatitis patients provides an excellent
model to study the role of inflammation in benzo[a]pyrene
(BaP) activation, since these individuals are often topically
treated with ointments containing high concentrations of
BaP. In this study [1], we determined by HPLC-fluores-
cence detection (Alexandrov et al., Cancer Res., 52
(1992), 6248-6253) the BaP-diolepoxide (BPDE)-DNA ad-
duct levels in human skin after topical treatment with coal
tar and their modulation by the -463G → A myelo-
peroxidase (MPO) polymorphism, which reduces MPO
mRNA expression. BPDE-DNA adduct levels were 2.2 and
14.2 adducts per 108 nucleotides for MPO-463AA/AG and
-463GG, respectively. The predominant BaP tetrol ob-
served was tetrol I-1, which is derived after hydrolysis of
the anti-BPDE-DNA adduct. The tetrol I-1/ II-2 ratio
corresponding to the anti/ syn ratio was 6.7. The 32P-post-
labelling assay was also performed and thin layer chro-
matograms showed a major spot with the chromatographic
location corresponding to BPDE-DNA. The mean values of
the BPDE-DNA adduct spots were 3.8±2.4 per 108 nucle-
otides for MPO-463AA/AG (n=3) and 18.4±11.0 per 108

nucleotides for MPO-463GG (n=7), respectively (P=0.03).
One individual with the homozygous mutant genotype (-
463AA) even had a 13-fold lower adduct level (1.4 per 108)
as compared to MPO-463GG subjects. In conclusion,
these data showed for the first time (i) the in vivo formation
of BPDE-DNA adducts in human skin treated with coal tar
and (ii) that the MPO-463AA/AG genotype strongly re-
duced BPDE-DNA adduct levels in human skin.

Publication (* = external co-author)
[1] M. Rojas, R. Godschalk , K. *Alexandrov, I. *Cascorbi, E.
*Kriek, J. *Ostertag, F.-J. *Van Schooten and H. Bartsch:
Myeloperoxidase-463A variant reduces bento (a) pyrene
diolepoxide DNA adducts in skin g coal far treated patients.
Carcinogenesis (in press).

4. Efficacy of new chemopreventive cigarette
filter to reduce benzo[a]pyrene-DNA adducts in
MCF-7 and LH-60 cells

M. Rojas, K. Alexandrov, H.R. Scherf, I. Cascorbi*,
I. Emami**

Co-operation Research Project: DKFZ, *Ernst-Moritz-Arndt-
Universität Greifswald, **Biosyntec (France)

Cigarette smoking is the major risk factor for lung cancer.
While it is crucial to prevent addiction to tobacco, and to
enhance the efficacy of smoking cessation and reduction
programs, these approaches have had limited impact.
Chemoprevention is one approach to decreasing lung can-
cer risk in addicted smokers. Polycyclic aromatic hydrocar-
bons (PAH), examplified by benzo[a]pyrene (B[a]P), to-
bacco-specific nitrosamines (e.g. NNK) and free radicals /
reactive oxygen species (ROS) are considered to be im-

portant carcinogens involved in lung cancer induction in
smokers.

A new cigarette filter was developed by Biosyntec, France,
which can trap ROS and thus can interfere with the meta-
bolic activation of inhaled lung carcinogens. This filter con-
taining a specific galenic formulation of a rosemary extract,
can significantly reduce the free radicals concentration in
cigarette smoke. We studied the efficacy of this new
chemopreventive filter to block initiation of carcinogenesis
by benzo[a]pyrene in MCF-7 and LH-60 cells. MCF-7 cells
have high CYP1A1 enzyme activity and little myeloper-
oxidase activity, while LH-60 cells have high myeloper-
oxidase activity and low level of CYP1A1 enzyme activity.
Cells treated with tobacco smoke solution obtained from
cigarettes with the new filter showed a strong inhibition
(40-50%)of B[a]P-DNA adducts formation in comparison to
cells treated with tobacco smoke obtained with a conven-
tional filter. These results lead to the assumption that it
should be possible using this filter to reduce the capacity
of tobacco smoke to form the critical tumorigenic adduct
between B[a]P and DNA. This effect is now confirmed in in
vivo experiments in smoking human volunteers
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The main focus of research of the Division of Molecular
Toxicology is in two fields, namely biomonitoring of envi-
ronmental pollutants and drug development for tumour
therapy.
Biomonitoring is a means to determine exposure to carci-
nogenic xenobiotics of an individual or a group of people.
The aim is to develop methods to measure the biologically
effective dose of a xenobiotic to thereby determine differ-
ences in the pharmacokinetics of the compound in ques-
tion between individuals or species. Genotoxic substances
form covalent adducts with the DNA or proteins. Such DNA
adducts can be used both as markers of the biologically
effective dose and of cancer risk, because they reflect ex-
posure and the individual ability to metabolise carcinogens
and repair DNA damage. We concentrate on determining
DNA adducts, since these are mutagenic and their levels
and patterns can be directly compared to DNA adducts
found in animal experiments. The ”Chinese Herbs Nephr-
opathy” (CHN) is an illness which has affected patients
who by mistake ingested products containing carcinogenic
aristolochic acid. In the kidneys of these patients the same
DNA adducts were identified as in rats, which had devel-
oped tumours after being treated with aristolochic acid.
One of the adducts persisted in the DNA for 7 years after
the patient had stopped ingesting aristolochic acid.
The ³²P-postlabelling method is by far the most sensitive
method to detect many kinds of covalent DNA adducts, but
has the disadvantage that high levels of radioactivity have
to be handled. Furthermore chemically labile bonds in the
adducts may be broken by the drastic conditions used to
isolate and separate the adducts. A novel method is under
development, whereby fluorescence labelling of DNA
bases was employed followed by separation by capillary
electrophoresis and laser-induced fluorescence detection.
With this method 5‘-methylcytosine can be detected and
separated from normal DNA bases. This base is implicated
in epigenetic processes. This method shall be applied to
DNA adducts generated by endogenous as well as exog-
enous factors like environmental pollutants.
The energy loss of distinct elements is used for their de-
tection in a method developed from electron microscopy,
namely electron spectroscopic imaging. High densities of
boron atoms can be visualised by this method and there-
fore make molecules visible to which boron clusters were
bound. The problem was the synthesis of molecules with
high boron contents. We have developed a synthetic pro-
cedure starting from carborane (10 boron and 2 carbon at-
oms) and have generated a molecule containing 63% bo-
ron. This molecule can be linked to biomolecules such as
saccharides and nucleotides.
The targeting of drugs to tumours by linking them to sac-
charides or human serum albumin is the second focus of
research of the division. We developed a new anti-tumour
drug by linking ifosfamid mustard to glucose. The drug
glufosfamid has now entered clinical phase II trial and is
being tested in patients with pancreas, lung, brain and

Division Molecular Toxicology (C0300)

Head: Prof. Dr. Manfred Wießler
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mammary tumours. In the phase I study an effect on tu-
mour growth was observed in 10% of the patients.
From results obtained in collaboration with H. Koeppsell
we deduce that the uptake of radioactively labelled
glufosfamide into the brain, observed in our earlier studies,
occurs by sodium-glucose cotransporters at the blood-
brain barrier. Glucose conjugates of some antioxidants
may also be substrates for these carriers. If indeed such
glucose conjugates can cross the blood-brain barrier, they
could be used in the prevention and therapy of brain dis-
eases. The glucosilation of antisense oligonucloetides did
not enhance their cellular uptake but made them much
more resistant to enzymatic degradation without changing
their hybridisation properties. Repair of DNA lesions par-
ticularly by O6-methylguanine-methyltransferase (MGMT)
is important in the development of resistance against alky-
lating cytostatic agents. Conjugates of such novel inhibi-
tors with monosaccharides were taken up into cells and
showed good inhibitor activity if the spacer between the
inhibitor and the saccharide was long enough.
Complex oligosaccharides linked to drugs may be taken
up into tumour cells by interacting with cell surface lectins,
if such lectins are preferentially expressed on tumour cells.
To isolate and characterise such lectins from plasma mem-
branes of tumours, we synthesised complex carbohydrates
and used them as ligands in affinity chromatography. They
were also used to modulate adhesion of cells to the extra-
cellular matrix. Libraries of complex oligosaccharides can
be synthesised using combinatorial chemistry. These li-
braries are tested in adhesion assays of bacteria on hu-
man skin, since these processes are also mediated by lec-
tin-oligosaccharide interactions.
The cells in a tumour, because of their rapid growth, have
a high requirement for energy and amino acids, which they
cover by endocytosis of plasma proteins. This property is
the basis of linking drugs to human serum albumin as a
shuttle to the tumour cell. The first drug in this group,
methotrexate-albumin is currently in clinical phase II trial.
The binding of methotrexate to albumin results in a much
longer plasma half-life than that of methotrexate, and the
cellular uptake by endocytosis can overcome transport re-
sistance in cell culture. We are currently investigating the
intracellular fate of albumin conjugates with the aim to find
a basis for further development of macromolecular drug
conjugates.

Ingredients of Aristolochia plants are risk factors
for cancer

H.H. Schmeiser, C.A. Bieler, V.M. Arlt, M. Stiborova
and M. Wießler

In cooperation with: Dr. Joelle L. Nortier and Prof. Jean-Louis
Vanherweghem, Nephrology Department, Hopital Erasme,
Universite Libre de Bruxelles; Dr. Jean-Pierre Cosyns and Prof.
Charles van Ypersele de Strihou, University of Louvain, Medical
School, Brussels, Belgium.

Chinese herbs nephropathy (CHN) is a novel form of
nephropathy first described in 1992 and causally related
with the intake of Chinese herbs during a weight-reducing
cure [Schmeiser, H.H. et al. Cancer Research 56 (1996)
2025-2028; Bieler, C.A. et al. Carcinogenesis 18 (1997)

1063-1067]. Today about 110 CHN cases have been iden-
tified half of whom need renal replacement therapy, due to
terminal renal failure. After the diagnosis of neoplastic le-
sions in the native urinary tract of some CHN patients 39
patients agreed on the prophylactic removal of their native
kidneys and ureters. Among them there were 18 cases of
urothelial carcinoma (prevalence 46 %).

Chemical analyses of the pills used for the slimming cure
revealed that Stephania tetrandra one of the prescribed
herbs was inadvertently replaced by Aristolochia fangchi,
because both are commonly used and substituted in Chi-
nese folk medicine under the same name, Fangji. It is well
known that the major alkaloid of A. fangchi, aristolochic
acid (AA), is nephrotoxic for humans and animals when
given in high doses. Moreover, AA a mixture consisting es-
sentially of the nitro phenanthrene carboxylic acids aristo-
lochic acid I (AAI) and aristolochic acid II (AAII) is a geno-
toxic mutagen and carcinogen. These mutagenic and car-
cinogenic properties are associated with the formation of
AA-DNA adducts whose chemical structures were identi-
fied by us [Pfau, W. et al. Carcinogenesis 11 (1990) 313-
319]. In animal studies 4 specific DNA adducts were de-
tected by the ³²P-postlabeling method in various organs af-
ter oral administration of AA in rats [Stiborova, M. et al.
Carcinogenesis 15 (1994) 1187-1192]. Using this ultra
sensitive detection method we unambiguously showed
that all CHN patients tested so far had indeed ingested AA
presumably derived from A. fangchi. As shown in Figure 1,
3 AA-specific DNA adducts were detected in DNA from kid-
neys and ureters of each CHN patient (dA-AAI (7-
(deoxyadenosin-N6-yl)-aristolactam I), dG-AAI (7-
(deoxyguanosin-N2-yl)-aristolactam I) and dA-AAII (7-
(deoxyadenosin-N6-yl)-aristolactam II) [Bieler, C.A. et al.
Carcinogenesis 18 (1997) 1063-1067; [1]].

Quantitative DNA adduct analysis demonstrated that in hu-
mans exposure to AA can be measured by ³²P-postlabel-
ing even more than seven years later through the detec-
tion of the dA-AAI adduct. Control experiments with kidney
DNAs from patients with other kidney diseases did not
show such characteristic AA-DNA adduct spots
[Schmeiser, H.H. et al. Cancer Research 56 (1996) 2025-
2028]. Cochromatographic analyses in two independent
separation systems (high performance liquid chromatogra-
phy, HPLC and thin layer chromatography, TLC) with au-
thentic reference compounds demonstrated the identity of
the 3 DNA adducts observed.

Fig.1: Autoradiograms of 32P-postlabeling analyses of A, DNA from
renal tissue of CHN patients; B, DNA from ureter of CHN patients
and C, DNA from renal tissue of patients with other nephropathies

A B C

kidney ureter kidney from other
nephropathies
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Statistical analyses between CHN patients with urothelial
carcinoma and those whithout urothelial carcinoma re-
vealed that the mean ingested dose of Chinese herbs was
the only significant factor (P=0.046) for cancer risk (Fig. 2).

This means that the high risk for developing cancer of the
ureter is directly related with the intake of Chinese herbs
and thus with A. fangchi and its ingredient aristolochic
acid. Other risk factors like the mycotoxin ochratoxin A,
which is also a strong nephrotoxin and often found as a
contaminant of food from plant origin could be excluded
[2]. Our findings reinforce the idea that the use of natural
herbal medicine may not be without risk. An attempt to es-
tablish an animal model for the development of CHN in
rats by oral administration of A. fangchi or pure AA failed.
However, this study confirmed the known toxic properties
exerted by AA namely genotoxicity (AA-DNA adduct forma-
tion) and tumor formation [3]. Concerning the molecular
mechanism of tumor formation by the plant carcinogen AA
an excellent relationship for the transferability of results
obtained in animal studies and the human situation exists.
Because AT→→→→→TA transversion mutations were found with
high frequency in activated H-ras oncogenes in AAI in-
duced tumors of rats [Schmeiser, H.H. et al. Cancer Re-
search 50 (1990) 5464-5469] the persistent adenine ad-
duct (dA-AAI) appears to be the critical adduct in the car-
cinogenesis of AA in humans too. Likewise the ureteric tu-
mors observed in CHN patients might be a consequence
of the proven mutagenic activity of this AA-DNA adduct.

Publications (* = external co-author):
[1] Stiborova, M.; Frei, E.; Breuer,A.; Bieler, C.A.; Schmeiser,
H.H.: Aristolactam I a metabolite of aristolochic acid I upon activa-
tion forms an adduct found in DNA of patients with Chinese herbs
nephropathy. Exp. Toxic. Pathol. 51 (1999) 421-427.

[2] Nortier, J.L.*; Muniz, M.-C.;* Schmeiser, H.H.; Arlt, V.M.; Bieler,
C.A.; . Petein, M.*; Depierreux, M.F.*; DePauw, L.*; Abramowicz,
D.*; Vereerstraeten, P.*; Vanherweghem J.-L.*: Urothelial carci-
noma associated with the use of Chinese herb (Aristolochia
Fangchi). New England Journal of Medicine 342 (2000) 1686-
1692.

[3] Cosyns, J.-P.*; Goebbels, R.-M.*; Liberton, V.*; Schmeiser,
H.H.; Bieler, C.A.; Bernard, A.M.*: Chinese herbs nephropathy-
associated slimming regimen induces tumours in the forestomach
but no nephropathy in rats. Arch. Toxicol., 72 (1998) 738-743.

Development of an analytical procedure for the
qualitative and quantitative determination of DNA
adducts by capillary electrophoresis

O.J. Schmitz, D. Stach, C.C.T. Wörth and M. Wießler

DNA adducts represent early biomarkers in cancer etiol-
ogy and are suitable internal dosimeters for the exposure
assessment of genotoxic compounds. Thus, measure-
ments of DNA adducts can be used in genotoxicity tests
and epidemiological studies to identify relevant preventive
measures. We are in the process of developing a proce-
dure for DNA adduct analysis which replaces the fre-
quently used 32P-postlabeling method by a non radioactive
procedure. In order to handle the large sample numbers of
analyses that accumulate in epidemiological studies such
a method has to be automated for a high sample through-
put. Furthermore it should enable the simultaneous analy-
sis of a broad range of diverse DNA adducts. Moreover,
the levels of DNA adducts found in vivo are very low, thus
the analytical method requires a high selectivity and an
enormous sensitivity.

To reach these objectives nucleoside 3’-monophosphates
obtained after DNA hydrolysis are labeled by flourescent
markers instead of γ-32P-ATP used for the 32P-postlabeling
method. Analysis is then performed by capillary electro-
phoresis (CE) and laser induced fluorescence (LIF) moni-
toring which delivers the needed sensitivity. By addition of
micelle formers to the electrolyte (micellar electrokinetic
chromatography,MEKC) a high efficiency is obtained al-
lowing the simultaneous analysis of diverse adduct
classes along with a high excess of unmodified nucle-
otides.

As reference compounds specifically adducted oligonucle-
otides are used. These oligonucleotides are synthesized
by phosphoramidite chemistry and contain besides the 4
common nucleotides (adenosine, guanosine, thymidine
and cytidine) modified nucleotides like 5-methyl cytidine,
etheno-adenosine or 8-oxo-guanosine. After hydrolysis of
these oligonucleotides and derivatization with the fluoro-
phore the reaction mixture is separated by capillary elec-
trophoresis. The electropherograms obtained by on-line
monitoring of laser-induced fluorescence are qualitatively
and quantitatively evaluated. The electropherogram shown
in scheme 1 illustrates the analysis of human kidney DNA
indicating that about 3 % of all cytidines are methylated as
5-methyl-2’-deoxycytidines.

Scheme 1

Fig.2. Statistical rela-
tion by logistic re-
gression analysis be-
tween the probability
(risk in per cent) to
develop urothelial
carcinoma and mean
cumulated dose (in
gram) of ingested
Aristolochia fangchi.
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Scheme 2

Synthesis of boron clusters for electron
spectroscopic imaging

S. Raddatz, E. Mark, M. Wießler

In cooperation with: Prof. Michael Trendelenburg, Biomed. Struct.
Res., DKFZ, and Prof. D. Gabel, Dept. of Chem., University of
Bremen.

Gaining information about cellular structures became
easier with the development of electron microscopy (EM)
in the 1940s. The optical resolution was improved by 2-3
orders of magnitude compared to classical microscopy. Up
to now, an optical resolution up to 0.7 nm (molecular level)
is achieved, which theoretically is sufficient to detect or
identify discrete molecules in a cell. Unfortunately, the im-
aging system of EM does not allow to do so. More re-
cently, new EM techniques combined with computational
methods in the imaging process allow the observation of
element distribution in a sample. This method is called
electron spectroscopic imaging (ESI). Some physical pre-
requisites limit the number of elements detectable by
these means. So far, colloidal gold labelling is highly de-
veloped, the availability of alternative labelling substances
would be helpful as this method bears some difficulties.

With respect to ESI, further candidates are silicon, boron
and iron. We intended to design a chemical synthesis
aimed at an enrichment, as high as possible, of the detect-
able element in the labelling molecule. This substance en-
ables us to subsequently visualise a specific and spot-like
signal by ESI and thus a labelled molecule. From the
chemical point of view, the preferred labelling substance is
a so called dendrimer, a highly branched regular three-di-
mensional monodisperse macromolecule. Dendrimer
chemistry offers a large variety of functionalities to incor-
porate the detectable element in high amounts.

Based on carborane, a cluster bearing ten boron atoms
and to carbon atoms, the desired structure eventually will
contain up to 40 or even 80 boron atoms. This is the deci-
sive alteration in comparison to previous boron-labelling
experiments for ESI which resulted in a coupling of the at-
oms to the surface of macromolecules, thereby spreading
the number of element atoms over large area units and
concomitantly reducing their potential to be detected as
single label molecules. One synthetic pathway suggested
to start from carborane itself and attach it to framework
structures. We followed a different route. Poly-acetylenes
were synthesised in a first step. Starting from oxoglutarate

esters, a tetraacetylene was synthesised by reaction with
propargyl bromide. Long chained alkinyl bromides are suit-
able for this reaction as well. A simple reaction of alkynes
with decaborane  results in carborane clusters.

The presence of a carbonyl group was essentially for a
proper four-fold reaction of the tetravalent alkyne structure.
The result was the tetracarboranyl ketone 1 which exhibits
the highest boron content of 63% of all so far known
soluble boron compounds containing 40 or more boron at-
oms.
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The keto functionality can be easily transformed into a hy-
droxyl group, which then can undergo reaction to result in
a phosphoramidite function. This compound was turned
into a thymidine derivative with 40 boron atoms designed
for 5‘ labeling of single-stranded deoxyribonucleic acids in
standard automated synthesis. ESI tests have not been
carried out yet with this substance. Since water solubility
of these compounds is low, efforts were made to arrange
hydrophilic groups (e.g. saccharides) on their surface.

Structure 2
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Thus compound 2 was prepared from oxoglutarate esters
with spacer-coupled saccharides. Following the described
synthetic routes, by coupling of 1 and 2 with a linker re-
sults in the desired target structure 3.
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Another suitable candidate element for ESI techniques is
silicon. Carbosilane dendrimers are known for about ten
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years now, bearing the detectable element as building
block of the framework itself. Structural variations and dif-
ferent functional groups on the molecule surface are pos-
sible. This offers the possibility to design a carbosilane
dendrimer suitable for this application: rich silicon, water
soluble and linked to a biomolecule of interest.

Utilisation of oligosaccharide-lektin interactions
in the therapy of cancer and infectious diseases

B. Schmauser, M. Grothus, D. Seimetz, E. Frei,
E. Kim, B. Sauerbrei, H.-C. Kliem, M. Wießler

In cooperation with: C.-W. von der Lieth, W. E. Hull, Zentrale
Spektroskopie, DKFZ; P. Grunwald, Physikalische Chemie, W.-M.
Kulicke, Technische und makromolekulare Chemie, T. Lindhorst,
Universität Hamburg; P. Schmutzler, Technische Universität
Braunschweig; B. Kutscher, ASTA Medica; C. Meier, Beiersdorf
AG Hamburg (BMBF Verbundprojekte).

Lectins are a heterogeneous protein family with the prop-
erties to recognise carbohydrate structures, to bind them
and to decode them. These properties are mediated by
distinct highly conserved amino acid sequences the carbo-
hydrate recognition domains (CRD). The binding specifici-
ties and binding affinities for different sugars to these CRD
are adapted to the large variability of carbohydrate struc-
tures in biological systems. Lectins are involved in many
biological processes, they are receptors in endocytosis,
they are involved in the adhesion processes of cells during
metastasis and of micro-organisms to host tissues. This
specific recognition of carbohydrates by lectins shall be
used in the therapy of cancer and in the prevention of in-
fections of the skin.

In a drug targeting approach we use synthetic branched
oligosaccharides and oligosaccharide mimetics to isolate
lectins from tumour tissue by affinity chromatography. The
isolated lectins may be characterised by MALDI-TOF
analyses of the tryptic fragments and by other methods.
Carbohydrate mimetics shall then be custom designed to
target specifically lectins in tumours.

As central building block we used tris-hydroxymethyl-cy-
clohexane (TMC) and generated several diantennary oli-
gosaccharide mimetics with terminal galactose or fucose
and linked to affinity matrices. In comparison various
mono- and disaccharides were synthesised or purchased
and linked to the activated affinity matrix.

The commercial ligand fucosyl-BSA (heavily fucosylated
bovine serum albumin) showed higher affinity for two im-
munologically relevant proteins, namely the macrophage
mannose receptor and the mannose-binding protein A in
human pancreas tumours. The affinity of these proteins to
fucose were much weaker and the synthetic TMC-difuc-
osid did not bind to the mannose receptor. Two proteins
with molecular weights of 20 and 30 kDa were however
isolated from colon tumours with the branched fucose
ligand and with fucosylamine. These experiments showed
us that the geometry of the carbohydrate branches is very
critical for their binding to lectins.

Similar binding properties were observed with galectin-3
and galectin-4. These soluble galactose binding lectins
were isolated with lactose, a disaccharide, but did not bind
to TMC-digalactoside. The same was true for the asialo-
glycoprotein receptor (ASGPR), a hepatic lectin which me-
diates the removal of  partially degraded glycoproteins,
having lost their terminal sialic acids, by endocytosis.
ASGPR was isolated in a single step with affinity chroma-
tography on lactose, but did not bind to TMC-digalactoside
[1].

Several proteins with molecular weights in the range of 40-
100 kDa, which did not bind to lactose, were however iso-
lated from xenografts of a human ovary cancer with the
TMC-digalactoside. With these experiments the proof of
principle was made that oligosaccharide mimetics can be
used to bind and isolate lectins from tumour tissue.

We further compared the pattern of lectins isolated from
human colon tumours and healthy tissue from the same
patient on two different matrices, namely 3‘fucosyllactose,
and TMC-digalactoside. The pattern of lectins isolated on
the two columns was very similar, but the binding affinity of
some proteins to fucosyl-lactose was much higher than to
the digalactoside.

Moreover a protein with 205 kDa was more abundant in
the cytoplasm of tumours than in normal colon tissue.
Here again the binding affinity of the protein was selective
for a ligand. With TMC-fucose-galactose a protein with 205
kDa and one with 67 kDa were found at considerably
higher yields in plasma membranes from tumours than in
normal tissue. This selectivity was not observed with the
other ligands 3‘fucosyllactose or a mixture of TMC-digalac-
toside with lactose. These results showed us that the de-
sign of a carbohydrate ligand enables us to target specifi-
cally lectins in tumour tissue and that drug targeting with
carbohydrates has a realistic basis.

To prevent infections of the skin we are generating sac-
charide clusters containing mannose, which shall be inves-
tigated for their ability to inhibit the adhesion of micro-or-
ganism to human skin.

The aim of this project is to develop strategies for the syn-
theses of small libraries of carbohydrate dendrimeres with
combinatorial chemistry. To date no information on the de-
tailed structures of those lectins which mediate adhesion
of micro-organisms onto human skin are available. It has
however been shown that the binding affinity between
sugars and lectins increases overproportionally with the
number of bound saccharides , which is called a cluster ef-
fect. The binding affinity e.g. of a trisaccharide with the
right geometry to the ASGPR is 1000 times stronger than
that of a monosaccharide. In the case of the lectins of
these micro-organisms the geometry of the CRD is how-
ever not known and we therefore follow an empirical ap-
proach to synthesise multiantennary oligosaccharides.
Also for this project the mimetic TMC is used as core mol-
ecule to which spacers are attached. In these spacers sul-
phur, ester and amide bonds are avoided for toxicological
reasons and to make the molecules stable under physi-
ological conditions. As links ether bonds are used exclu-
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sively and the terminal hydroxyl groups of the spacers are
then linked to the saccharides (see scheme 3).

Scheme 3: Synthesis of trisaccharide libraries

Klinikum, Mannheim; P. Kremer, Kopfklinik Heidelberg

The plasma protein albumin is the most important source
of energy and nitrogen for tumours and it accumulates in
tumours. Albumin is taken up by endocytosis and de-
graded in the lysosomes. This property of albumin make it
a natural shuttle for cytotoxic drugs in drug targeting.

Methotrexate (MTX), a folate antagonist is one of the most
active tumour therapeutic agents and effectively used in
the treatment of leukaemia and chorioncarcinoma. But
very often resistance, particularly in solid tumours, is ob-
served, which is based on reduced uptake of methotrexate
into the tumour cell. We could show that by conjugating
MTX to albumin (MTX-HSA) as shuttle, MTX reaches the
cell by a different mechanism, namely by endocytosis. Re-
sistance caused by defects in the active transport of MTX (
Bertino et al. Stem Cells 14 (1996) 5) can thus be over-
come.

MTX-HSA was tested in a phase I clinical trial and 3 out of
17 patients showed response [1]. One patient with a me-
sothelioma of the pleura and one with kidney tumour me-
tastasis are in remission since 4 years. The third patient
with the same ailment had stable disease for 14 months,
but has hitherto deceased. Side effects of MTX-HSA are
very moderate. MTX-HSA has a plasma half-life similar to
native albumin of 16-19 days [2], free MTX is however
eliminated rapidly.

We investigated the cellular metabolism of MTX-HSA in
the pro-B leukaemia line Nalm-6 and in the T-cell leu-
kaemia line CCRF-CEM. To imitate the nutritional situation
in a tumour and to entice them to take up albumin these
cells were adapted to a medium containing only 50% of
the usual amino acid content and 2.5% human serum.
With radioactively labelled MTX-HSA we determined the
intracellular liberation of MTX and the formation of MTX-
polyglutamates. Polyglutamates of folates are formed after
their uptake by the reduced folate carrier and are the intra-
cellularly persistent forms.

We could show that MTX is liberated from MTX-HSA by
both cell lines. In CCRF-CEM cells low amounts of MTX
with one additional glutamic acid were formed. This cell
line also forms only short chain polyglutamates if incu-
bated with free MTX. This might be the reason of its lower
sensitivity to MTX or MTX-HSA than the Nalm-6 line. MTX
polyglutamates are also formed to a very low extent in
Nalm-6 cells from MTX liberated from MTX-HSA, but most
of the polyglutamates result from residual free MTX in the
MTX-HSA preparation. In the media of these cells we de-
tected considerable amounts of free MTX. These cells
therefore digest MTX-HSA and liberate amounts of MTX
which are in excess of the binding capacity of
dihydrofolate reductase. MTX is then exported from these
cells.

The reason for the low levels of polyglutamates formed
from liberated MTX in these cells could be a close asso-
ciation of the enzyme folylpolyglutamate synthase with the
carrier for reduced folates on the cell membrane. MTX lib-
erated from endocytosed MTX-HSA in the lysosomes
would not be easily accessible for this enzyme.

With this synthetic scheme small libraries of glycoclusters
containing different spacers and carbohydrates can be
generated. These are then tested for their binding to
lectins on micro-organisms. The first generation library,
which is synthesised with combinatorial chemistry contains
spacers of the same length and flexibility but different sac-
charides. With the data thus obtained a second generation
library is then generated with spacers of different lengths
and flexibility. This again is tested biologically.

This iterative process between synthesis and biological
testing is accompanied by molecular modelling to obtain
data on the geometry of the binding sites. In the end we
would like to synthesise glycoclusters in which each sugar
moiety binds with the highest possible affinity to a CRD
and thereby inhibits the attachment of the micro-organism
to human skin.

Publication
[1] Seimetz, D., Frei, E., Schnölzer, M., Kempf, T., Wießler, M.:
One step isolation of bovine asialoglycoprotein receptor and ist
characterization by sequence analysis and MALDI mass
spectometry. Biosci. Rep. 19: 115 - 124 (1999)

Drug conjugates with albumin- a promising new
type of tumour therapy

E. Frei, M. Weigand, C.A. Bieler, A. Breuer, I.
Kiprianová, T. Fritsche, M. Wolf

In cooperation with: Dr. H. Sinn FS Radiologische Diagnostik und
Therapie, DKFZ; Dr. G. Hartung, Onkologisches Zentrum im

O

HO

HO

OH

OH

OHHO

OH

HO Br

OO

O

HO

HO OH

OO

O

O

O

HO

HO

OH

O

OH

O

HO

HO

OH

O

OH

+

Core Spacer

Spacer-Core



140

Research Program
Cancer Risk Factors and Prevention

Division
Molecular Toxicology

DKFZ 2001: Research Report 1999/2000

The close association of the carrier with the synthase was
shown in our earlier experiments, where free MTX which is
taken up into the cells by the carrier is rapidly converted to
polyglutamates, so that the intracellular levels of
polyglutamates are higher than of free MTX  [Buchholz B.
et al. EJC 32A (1996) 2101-2107; [3]]. In a solid tumour
with its poor flux of nutrients MTX liberated from one cell
into the interstitial space could be taken up by another cell
and kill it.

The postulated uptake of MTX-HSA by endocytosis was
proven in experiments with cells whose lysosomal pro-
teases were inhibited by methylamine treatment. In such
cells intact MTX-HSA was detected intracellularly by
immunprecipitation and Western blot analyses with an
anti-MTX antibody. In untreated cells intact MTX-HSA was
only barely detectable. We are currently trying to identify
receptors on the cell surface which may be responsible for
albumin binding and its endocytosis.

The uptake mechanism, the metabolism and the mode of
action of the model compound MTX-HSA is a general prin-
ciple which we want to apply to other albumin conjugates
in tumour therapy.

Figure 3 shows the uptake and the intracellular metabolism of
methotrexate-albumin and methotrexate. MTX-HSA is bound to a
hypothetical receptor, internalised by endocytosis and degraded in
the lysosome (arrow = receptor, scissors = lysosomal enzymes).
MTX is liberated and transported into the cytoplasm of the cell.
Here it inhibits the folate-dependent enzymatic reactions, binds
tightly to dihydrofolate reductase and the rest is exported. Only a
very small portion is metabolised to MTX-polyglutamates. This
also occurs with free MTX, which is taken up into the cell by the
carrier for reduced folates. The MTX-polyglutamates which are
formed extensively also inhibit folate-dependent enzymes. They
are cleaved in the lysosomes and liberated MTX is exported from
the cell.

Publications (*= external co-author):
[1] *Hartung G., *Stehle G., Sinn H., Wunder A., Schrenk H.H.,
*Heeger S., *Kränzle M., Edler L., Frei E., *Fiebig H.H., *Heene
D.L., Maier-Borst W., *Queisser W. Phase I Trial of Methotrexate-
Albumin in a Weekly Intravenous Bolus Regimen in Cancer Pa-
tients. Clin Cancer Res 5 (1999) 753-759.

[2] *Hartung G., *Heeger S., Bertsch T., Frei E., Wunder A.,
*Kränzle M., *Stehle G., Weigand M., Schrenk H.H., Sinn H.,
*Queisser W. Adaptation and clinical evaluation of a homogenous
multiplied immunoassay technique (EMIT) for drug monitoring of a
methotrexate-albumin conjugate (MTX-HSA) in humans.
Onkologie (2000) 23, 352-357.

[3]Weigand M., Frei E., Graf N., *Buchholz B., *Wolfrom C.,
Breuer A., Wießler M.. Mechanisms of resistance to methotrexate
in childhood acute lymphoblastic leukemia: circumvention of
thymidylate synthase inhibition. J. Cancer Res.Clin.Oncol. 125
(1999) 513-519.
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Research aims. The research activities of the division pri-
marily aim at elucidating the role of impaired DNA replica-
tion and DNA repair in carcinogenesis. The underlying
concept implies that DNA damage caused by chemical
carcinogens or irradiation with UV light or γ-rays may
i) interfere with the accurate copying of DNA and ii) over-
strain DNA repair. Human colon carcinoma and rat liver
cancers serve as models for these studies. Analytical tools
of biochemistry and molecular biology are utilized to sub-
stantiate causal links between impaired DNA replication or
DNA repair on the one hand and carcinogenesis on the
other.

1.Analysis of DNA Polymerases and
Replication Factors in Tumor Cells

O. Popanda, T. Flohr, J. Dai, Q. Sun, J. Büttner,
R. Magdeburg, C. Zheng, H.W. Thielmann

In cooperation with: Prof. Dr. E. Hagmüller, Kreiskrankenhaus am
Plattenwald, Bad Friedrichshall

According to the mutator hypothesis proposed by
L. A. Loeb, the multistep process of tumor development
might be caused by mutations arising in genes that play a
key role in maintaining genomic integrity. Significant
groups of genes causing mutations and promoting cancer
would be those which encode proteins involved in genome
replication and repair. For example, mutations in genes
coding for DNA polymerases might impair their catalytic
functions, particularly their copying fidelity. In conse-
quence, a large number of mutations would be introduced
into replicated genes, thus contributing to the stepwise de-
velopment of cancer.

We are investigating several aspects of the mutator hy-
pothesis using i) sporadic human colon cancers and ii)
malignant Novikoff hepatoma as a model system.

1.1. Comparison of DNA polymerase genes from
sporadic colon cancers with those from normal
mucosa
To establish a causal link between mutated genes and im-
paired DNA polymerase function, we examined the entire
coding regions of the catalytic subunits of DNA poly-
merases α, δ, and ε in sporadic human colorectal cancers.
Normal colon mucosae served as controls. The surgical
specimens were provided by our clinical cooperation part-
ner Prof. Dr. E. Hagmüller, Kreiskrankenhaus Bad
Friedrichshall. Furthermore, we scrutinized six colon can-
cer cell lines, three of them exhibiting defects in mismatch
repair genes (cell lines DLD-1, HCT116, SW48), the other
three without such a defect (HT29, SW480 and SW620).
In addition, subunits of replication factors A and C were
analyzed.

The following methods were used: first-strand cDNA syn-
thesis using reverse transcription of mRNA and amplifica-
tion of cDNA by polymerase chain reaction (RT-PCR),
analysis of PCR products using single-strand conformation
polymorphism (SSCP) and DNA sequence analysis of all
PCR products with deviating SSCP pattern. Mutation
analyses were carried out at least twice using independent
RT-PCRs. For mucosae and tumors from four patients, se-
quence analysis of the complete cDNAs of DNA poly-
merases α and δ was performed despite normal SSCP re-
sults.

DNA polymerase δδδδδ. cDNAs from colon cancers and nor-
mal mucosae of 19 patients were analysed. Sequence de-
viations were found in the tumors of four colon cancer pa-
tients (see Table 1, [1, thesis of J. Dai]). The deviations in-
cluded missense mutations (two cases) and silent muta-
tions (two cases). The missense mutations and one of the

Division Interaction of Carcinogens with Biological Macromolecules (C0400)

Head: Prof. Dr. Dr. Heinz Walter Thielmann
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silent mutations were found in normal mucosa as well.
Wild-type sequences and altered sequences were present
simultaneously.

In five out of the six colon cancer cell lines investigated,
nine mutations leading to changes of the amino acid se-
quence of DNA polymerase δ were found. Most mutations
were detected in the DLD-1 cell line which exhibited a de-
fect in the mismatch repair gene hMSH6. Mutations were
also found in cell lines SW480 and SW620 (which are mis-
match repair proficient). Seven of the nine mutations de-
tected (in the above-mentioned cell lines) were missense
mutations. In two cell lines (HCT116 and SW48), a single-
nucleotide deletion occurred at an identical position. This
deletion resulted in a premature termination codon by
which the DNA interaction domain of the enzyme was
eliminated. In the majority of cases, wild type and mutated
sequences were present.

Conclusion. Since most of the mutations detected are
likely to alter the structure of the DNA polymerase δ pro-
tein, the enzyme is expected to be functionally impaired. In
particular, copying fidelity might be lowered, thus contribut-
ing to the high mutation rate observed in colorectal cancer.
Currently, we are in the process of cloning the mutated
genes in order to study their catalytic properties.

DNA polymerase ααααα. Colon cancers and mucosae from 10
patients and six colon cancer cell lines were investigated
[2, thesis of C. Zheng]. Two mutations were found, one in
the cell line HCT116 and one in a colon carcinoma. As the
mutation that was detected in the carcinoma was not
present in the normal mucosa of the patient we conclude
that this mutation must have been caused by carcinogens

acting upon the colon. However, the mutation revealed in
the tumor did not change the amino acid sequence and,
thus, cannot confer mutator properties to DNA polymerase
α. The mutation found in HCT116 was also silent. The
other tumors and cell lines investigated were free from mu-
tations in the DNA polymerase α gene according to SSCP
criteria. To check the correctness of SSCP results, the en-
tire coding region of DNA polymerase α cDNA was se-
quenced for tumors as well as mucosae from four patients.
No mutations, however, were found. As a further result, we
established the cDNA sequence of DNA polymerase α
from normal mucosa tissue.

Replication factors A and C. In extensive analyses of six
colon carcinoma cell lines and tumors from 10 patients, no
mutations were found in the cDNA of the large subunit of
replication factor C [2, thesis of R. Magdeburg]. Even the
mismatch repair-deficient cell lines (DLD-1, HCT116,
SW48) were found to be free from mutations. Only in the
large subunit of replication factor A, which encodes the hu-
man single-stranded DNA binding protein, an amino acid
change from threonine to alanine (ACA → GCA) in codon
374 was detected in two tumors. In two other tumors, a si-
lent mutation in codon 375 was found. Both mutations
were also present in the normal mucosae of the patients.
We consider these changes to be polymorphisms.

To gain an independent measure of mutation frequencies
in colon cancer cells, we sequenced the mutation clus-
tered regions of the APC and p53 genes. In the APC
gene, 15 mutations were found in the tissue of 15 patients
and six cell lines, five of them changed the amino acid se-
quence. The p53 gene was analyzed in the surgical speci-

Table 1: Sequence variations detected in the DNA polymerase δ cDNA from 19 colon cancer patients
Carcinoma (CC), Nucleotide Codon Nucleotide Type of sequence Amino acidb) Nearest catalytic domaind)

adenoma (CA) or positiona) number alterationb) present in the (amino acids)

normal mucosa (NM) sequencing gelc)

CC1MAe) 1485 495 ACC → ACT wt. + mut. Thr → Thr exonuclease domain III  (504-519)

CC5MAg) 2969 989 CGC → CTC wt. + mut. Arg → Leu DNA interaction domain I (1012-1029)

CC6MA 2969 989 CGC → CTC wt. + mut. Arg → Leu DNA interaction domain I (1012-1029)

NM6MA 2969 989 CGC → CTC wt. + mut. Arg → Leu DNA interaction domain I (1012-1029)

CC7MA   810 270 GCT → GCC wt. + mut. Ala → Ala exonuclease  domain I  (310-326)

1275 425 GCC → GCT wt. + mut. Ala → Ala exonuclease  domain III  (504-519)

2244 748 AGT → AGCh) wt. + mut. Ser → Ser nucleotide binding domain I  (751-758)

CA7MA   810 270 GCT → GCC wt. + mut. Ala → Ala exonuclease  domain I  (310-326)

1275 425 GCC → GCT wt. + mut. Ala → Ala exonuclease  domain III  (504-519)

2244 748 AGT → AGCh) wt. + mut. Ser → Ser nucleotide binding domain I  (751-758)

NM7MA   810 270 GCT → GCC wt. + mut. Ala → Ala exonuclease  domain I  (310-326)

1275 425 GCC → GCT wt. + mut. Ala → Ala exonuclease  domain III  (504-519)

2244 748 AGT → AGCh) wt. + mut. Ser → Ser nucleotide binding domain I  (751-758)

CC22HN 1665 555 GCT → GTT wt. + mut. Val → Val exonuclease  domain III  (504-519)

NM22HN 1665 555 GCT → GTT wt. + mut. Val → Val exonuclease  domain III  (504-519)

CC24HN 1029 343 CGC → CGT wt. + mut. Arg → Arg exonuclease  domain I  (310-326)

NM24HN 1029 343 CGC → CGT wt. + mut. Arg → Arg exonuclease  domain I  (310-326)

Tumors from further 13 patients did not show mutations in the DNA polymerase δ cDNA

 a)The first nucleotide of the ATG start codon is designated +1 (reference sequence reported by Chung et al. (1991); accession no.
M80397).  b)Nucleotide and amino acid deviations are shown in boldface letters.   c)wt.,  wild-type sequence; mut.,  mutated sequence
d)Positions of domains according to Chung et al. (1991).   e)The  corresponding normal mucosa was not available.   f)n. f.,  No sequence
alterations were found.  g)Only an insufficient quantity of mucosa was available.   h) This codon corresponds to that reported by Yang et
al. (1992) for the enzyme from HeLa cells.
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mens of eight patients and in sthe six colon cancer cell
lines. Seven mutations were discovered which altered the
amino acid sequence. Type and frequency of mutations
corresponded for both genes to the mutation spectra al-
ready published for these genes. The results for both
genes indicate that mutations occurred in our tumor speci-
mens.

Conclusion. We are presuming that tumor cells contain-
ing mutations in the genes of the large subunits of DNA
polymerase α or replication factor C are not represented in
tumor cell populations because the mutation may confer
growth retardation. If so, clonal expansion and selection of
mutated cells will be hampered in comparison with the
unmutated cells. Growth disadvantage may particularly ap-
ply for the gene of DNA polymerase α which is located on
the X-chromosome. As expression of the gene is mono-
allelic, mutations in DNA polymerase α gene cannot be
compensated for by the gene product of a normal second
allele.

1.2. Identification of DNA polymerases with
mutator properties in Novikoff hepatoma cells
During our earlier research we obtained sufficient experi-
mental proof that DNA polymerases of Novikoff hepatoma
cells differ from the enzymes of normal rat liver and that
these differences result in reduced fidelity of DNA synthe-
sis. According to the mutator hypothesis, the reasons for
reduced fidelity have to be sought in mutations of DNA
polymerase genes acquired early in tumor development.
Consequently, we compared the mRNA sequences of DNA
polymerases and their accessory proteins from Novikoff
hepatoma cells with those from normal rat liver and .

1.2.1. Comparison of the DNA polymerase genes
from Novikoff hepatoma cells and normal rat liver
Using SSCP and sequence analysis, the cDNAs encoding
the four subunits of a) DNA polymerase α, b) the catalytic
subunit of DNA polymerase δ and c) the proliferating-cell
nuclear antigen were scrutinized up to now.

a) DNA polymerase ααααα is a protein complex composed of
four subunits which are encoded by four different genes. In
Novikoff tumor cells, sequence deviations were not de-
tected in the cDNA of the catalytic subunit which carries
the catalytic domains for polymerase activity although
catalytic anomalies had been observed in biochemical
analysis. In subunit B from Novikoff cells, however, a GTG
→ ATG transition in codon 288 was found that caused the
exchange of methionine for valine.

The wild type and the mutated sequences of subunit B
were cloned and expressed in vitro. Sedimentation analy-
sis of both polypeptides revealed different sedimentation
constants indicating that the amino acid exchange in sub-
unit B from Novikoff cells indeed affected its properties.
Thus, we conclude that this mutation might be causally re-
lated to the observed changes in biochemical parameters
of the DNA polymerase α-primase complex.

In the two subunits which encode primase activity, no mu-
tations were detected. This result is in agreement with our
biochemical data according to which the primase activities

of purified DNA polymerases α from rat liver and hepa-
toma cells did not differ. No differences either were found
when the primase activities of the same enzymes were
scrutinized using unprimed single-stranded DNA and spe-
cific primase inhibitors (gifts from Prof. Dr. G. Wright, Mas-
sachusetts, USA).

b) The cDNAs of DNA polymerase δδδδδ were sequenced for
both normal rat liver and Novikoff hepatoma cells [3]. We
identified a heterozygous point mutation in codon 648
(CGG → CAG) in the cDNA from Novikoff cells, resulting in
a change of arginine to glutamine. Codon 648 lies close to
the nucleotide binding domain VI. Therefore, we conclude
that the point mutation may be causally related to the ob-
served changes in biochemical parameters of DNA poly-
merase δ from Novikoff cells. The changes apply to K

i val-
ues for specific inhibitors characterizing the nucleotide
binding site and reduced copying fidelity.

1.2.2. Identification of an anomalous DNA
polymerase γγγγγ and a mitochondrial DNA helicase
in Novikoff hepatoma cells
Hypothesis. Decreased fidelity of replication of the mito-
chondrial genome might be a characteristic of tumor cells.
Impaired fidelity of replication might arise from mutations
in critical genes of the mitochondrial replication machinery,
for example mitochondrial DNA polymerase γ and mito-
chondrial DNA helicase.

To test this hypothesis, the catalytic properties of DNA
polymerase γ and mitochondrial DNA helicase from both
Novikoff hepatoma cells and normal rat liver were deter-
mined and compared [thesis of Q. Sun]. In particular, opti-
mal catalytic conditions, physical chemical constants and
sensitivity to inhibitors of polymerase γ and of cell prolif-
eration were analyzed. In addition, the cDNAs encoding
the catalytic subunit of DNA polymerase γ from the same
biologic sources were sequenced to identify possible mu-
tations.

The analysis of both enzymes revealed mostly similarities
but also important differences. When DNA polymerases γγγγγ
from Novikoff hepatoma cells and normal rat liver were pu-
rified about 500-fold, the enzyme from normal rat liver
eluted at lower salt concentrations than its counterpart
from malignant cells. In addition, the enzyme from malig-
nant cells showed a significantly lower K

i value for the spe-
cific inhibitor dideoxy-TTP, indicating changes in the affin-
ity to the corresponding dTTP and, possibly, proof-reading.
DNA polymerase γ was preferentially inhibited by the inter-
calating drugs doxorubicin, daunorubicin and m-AMSA,
the minor groove-binder netropsin, and the DNA topoiso-
merase I inhibitor topotecan. In contrast, DNA polymerase
g from normal rat liver was preferentially inhibited by the
topoisomerase II inhibitor etoposide. The nucleotide se-
quence of the cDNA of DNA polymerase γ from Novikoff
hepatoma cells differed from that of normal rat liver in one
nucleotide. The mutation (CGC →CAC) found in position
818 of DNA polymerase γ from tumor cells resulted in the
amino acid change from arginine to histidine in codon 273.
This sequence change is likely to be responsible for the
observed physico-chemical abnormalities of DNA poly-
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merase γ from Novikoff hepatoma cells. In addition, fidelity
of mitochondrial DNA replication might be affected.

Mitochondrial DNA helicase from Novikoff hepatoma
cells, when compared to the helicase from normal rat liver,
again showed similar but also deviating properties. The
enzyme eluted at higher salt concentrations during chro-
matography than its normal counterpart, and differed in
MgCl2 requirements and pH optima. Both enzymes differed
considerably in their sensitivity to various inhibitors of cell
proliferation. The features found strongly suggest struc-
tural alterations in mitochondrial DNA helicase of Novikoff
hepatoma cells.

2.  Subnuclear distribution of DNA topoisomerase
I and the Bax protein in normal and xeroderma
pigmentosum fibroblasts after irradiation with UV
light and γγγγγ-rays or treatment with topotecan

H.W. Thielmann, O. Popanda

In cooperation with: Prof. Dr. Dr. H.-J. Staab (SmithKline
Beecham GmbH, München)

Immunohistochemical methods were used to determine
abundance and subnuclear distribution of DNA
topoisomerase I and the Bax protein in normal and exci-
sion repair-deficient xeroderma pigmentosum (XP) fibro-
blasts after irradiation of cells with γ-rays or UV light, or ex-
posure to the topoisomerase I inhibitor topotecan [4]. DNA
topoisomerase I and Bax were monitored using antisera
raised against the human proteins. In addition,
topoisomerases IIα and IIβ were visualized using specific
antibodies.

In untreated cells, DNA topoisomerase I was found to oc-
cur in the cytoplasm and in nucleoli. Irradiation with γ-rays
(2-12 Gy) or UV light (0.3-1.2 mW/cm2) changed the stain-
ing pattern in nuclei such that a multitude of small
topoisomerase I-rich centers occurred, which were evenly
distributed over the karyoplasm. Simultaneously nucleoli
disintegrated.

Treatment of fibroblasts with topotecan (6-100 µM concen-
trations) resulted in similar alterations although the
changes were much more pronounced. Combinations of
topotecan and γ-irradiation caused additive effects. We
conclude that the increase in the number of topoisomerase
I-positive spots and the high fluorescence intensity of the
latter may reflect three biological processes: i) enhanced
transcriptional activity (e. g. of DNA damage response
genes), ii) tagging of damaged DNA sites for repair, or iii)
initiation of apoptosis.

In separate assays using normal and XP cells, a dose-de-
pendent increase in protein reacting with Bax antibody
was observed in nuclei, following treatment with γ-rays or
topotecan. In addition, topotecan induced a netlike ar-
rangement of this Bax protein in nuclei. The meshes of the
net structure resembled vesicles. DNA staining with 4',6-
diamidino-2-phenylindole revealed that the vesicle-type
structures contained DNA. Upon further incubation with
topotecan, cells showing the netlike Bax arrangement
eventually died. We conclude that topotecan-induced

changes visualized by nuclear Bax protein are associated
with apoptosis.

XP cells when treated with topotecan responded more
readily than normal cells with both an increase in nuclear
Bax protein and rearrangement of Bax, indicating that UV
repair functions may be required to process DNA damage
inflicted by topotecan.

Monitoring of DNA topoisomerases IIα and IIβ in γ-irradi-
ated cells with antibodies revealed a dramatic increase in
the IIα form and a redistribution of the IIβ form represent-
ing fragmentation of nucleoli.

3.  Activity for the Commission for the
Investigation of Health Hazards of Chemical
Compounds in the Work Area

H.W. Thielmann

Since 1996 H. W. Thielmann is a member of the Commis-
sion for the Investigation of Health Hazards of Chemical
Compounds in the Work Area (“MAK Commission”) of the
Deutsche Forschungsgemeinschaft.

The most important practical results of the Commission’s
work are scientific recommendations for the establishment
of MAK values (“Maximale Arbeitsplatzkonzentration”) and
BAT values (“Biologischer Arbeitsstoff-Toleranz-Wert”), for
the classification of carcinogenic substances and for the
evaluation of embryotoxic and fetotoxic effects and of
germ cell mutagens as well as the investigation and evalu-
ation of analytical methods for controlling exposure and for
examining observance of threshold values for health pro-
tection at the workplace. In addition, the Commission in-
vestigates further current problems of hazards to health
caused by occupational exposures and proposes possible
appropriate solutions.

The sole object of the Commission’s work is to protect, as
far as possible and necessary, and in line with the most
up-to-date scientific information, the health of workers and
of their offspring. Only scientific arguments regarding
health at the workplace are considered in discussions and
decision-making. Other aspects such as competitive socio-
political, economic, technological and other nonscientific
reasons are excluded.

The results of the Commission’s work are published by the
Deutsche Forschungsgemeinschaft. By publishing its
work, the Commission contributes to fulfilling the constitu-
tional obligation of the Deutsche Forschungsgemeinschaft
to provide advice on scientific matters to parliaments and
public authorities. The recommendations of the Commis-
sion are handed to the Bundesminister für Arbeit und
Sozialordnung who examines them, also taking nonscien-
tific viewpoints into account, and who then makes them le-
gally binding in an appropriate form, altered or unaltered,
as a basis for health protection.

During 1999 and 2000 mor than 200 chemical compounds
were newly evaluated or reevaluated with the intention to
establish MAK and BAT values and to categorize them
with regard to carcinogenic or germ-cell mutagenic effects.
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Decisions were published in the List of MAK and BAT Val-
ues 1999 and 2000 [5, 6], and handed to the Ministerium
für Arbeit und Sozialordnung. For each compound, de-
tailed scientific documentations were elaborated, which in-
cluded 1730 pages. These documents were published in
the monograph “Gesundheitsschädliche Arteitsstoffe –
Toxikologisch-arbeitsmedizinische Begründungen von
MAK-Werten”[7, 8]. It is the policy of the Deutsche
Forschungsgemeinschaft to assign authors’ names only
collectively to both the List of MAK and BAT Values and
the Scientific Documentations, in order to protect authors
(particularly those working in the industry) from being at-
tacked for having recommended unwanted threshold limits
(MAK or BAT values).

H. W. Thielmann is also a member of the Subcommittee
“Classification of Carcinogens” of the MAK-Kommission
which develops and applies guidelines for the evaluation
and classification of occupational carcinogens. This Sub-
committee shaped the new Classification System for Car-
cinogens in the Work Area. The new system has been
adopted by the Deutsche Forschungsgemeinschaft and
has been published in original and revised forms in scien-
tific journals [9, 10].

Selected examples of chemicals that were categorized in
1999 and 2000 as carcinogens may be given here [7, 8,
11, 12].

Category 1 (substances that cause cancer in man): quartz
(including cristobalite and tridymite).

Category 2 (substances that are considered to be carcino-
genic for man): acrylonitrile, Michler’s ketone, glycidol.

Categories 3A and 3B (substances that cause concern
that they could be carcinogenic for man but cannot be as-
sessed conclusively): tetrahydrofuran, cresol (all isomers),
mercury and its anorganic compounds, diethanolamine,
laurinic acid, turpentine, 4-nitroaniline, toluene-2,4-diiso-
cyanate, toluene-2,6-diisocyanate, xylidines (various iso-
mers), benzoquinone, methyl-tert-butyl ether, molybdenum
trioxide, 2,4,6-trinitrophenol.

Category 4 (substances with carcinogenic potential for
which genotoxicity plays no or at most a minor part): sulfu-
ric acid (MAK value was lowered to 0.1 mg/m3),
2,3,7,8-tetrachlorodibenzo-p-dioxin (MAK value: 10 pg/m3),
polyacrylic acid (0.05 mg/m3), chloroform (2 mg/m3), form-
aldehyde (MAK value was lowered to 0.3 ml/m3), tri-n-
butylphosphate, tetrachloromethane.

Category 5 (substances with carcinogenic or genotoxic ef-
fect, the potency of which is considered to be so low that,
provided the MAK and BAT values are observed, no sig-
nificant contribution to human cancer risk is to be ex-
pected): none.

Four joint meetings were held between the MAK Commis-
sion and its American counterpart, the Threshold Limit
Value Committee (which is an organization of the Ameri-
can Conference of Governmental Industrial Hygienists) in
order to harmonize classification criteria for carcinogens
and to collaborate on the evaluation of hazardous sub-
stances. These meetings took place in München, Salt

Lake City, Seattle and Washington DC. As a result of the
harmonization efforts, the American Threshold Limit Value
Committee modified its classification system. The modified
American system and the new German classification sys-
tem are now being published back-to-back in Cancer Re-
search.

Publications (* = external co-author)
[1] Flohr, T., Dai, J.-C., Büttner, J., Popanda, O., *Hagmüller, E.,
and Thielmann, H. W.: Detection of mutations in the DNA poly-
merase δ gene of human sporadic colorectal cancers and colon
cancer cell lines. Int. J. Cancer 80, 919-929 (1999).

[2] Popanda, O., Zheng, C., Magdeburg, J. R., Büttner, J., Flohr,
T., *Hagmüller, E., and Thielmann, H. W.: Mutation analysis of
replicative genes encoding the large subunits of DNA polymerase
α and replication factors A and C in human sporadic colorectal
cancers. Int. J. Cancer, 86, 318-324 (2000).

[3] Popanda, O., Flohr, T., Fox, G., and Thielmann, H. W.: A muta-
tion detected in DNA polymerase δ cDNA from Novikoff hepatoma
cells correlates with abnormal catalytic properties of the enzyme.
J. Cancer Res. Clin. Oncol., 125, 598-608 (1999).

[4] Thielmann, H. W., Popanda, O., and H. W., *Staab, H.-J.: Sub-
nuclear distribution of DNA topoisomerase I and Bax protein in
normal and xeroderma pigmentosum fibroblasts after irradiation
with UV light and γ-rays or treatment with topotecan. J. Cancer
Res. Clin. Oncol. 125, 193-208 (1999).

[5] List of MAK und BAT Values 1999; Maximum Concentrations
and Biological Tolerance Values at the Workplace.
Deutsche Forschungsgemeinschaft, Commission for the Investi-
gation of Health Hazards of Chemical Compounds in the Work
Area. Report no. 35; Wiley-VCH, Weinheim.

[6] List of MAK und BAT Values 2000; Maximum Concentrations
and Biological Tolerance Values at the Workplace. Deutsche
Forschungsgemeinschaft; Commission for the Investigation of
Health Hazards of Chemical Compounds in the Work Area. Re-
port no. 36; Wiley-VCH, Weinheim.

[7] *Greim, H. (Hrsg.): Gesundheitsschädliche Arbeitsstoffe.
Toxikologisch-arbeitsmedizinischen Begründungen von MAK-
Werten (Maximale Arbeitsplatzkonzentrationen). 28. and 29. edi-
tion, 1999, Wiley-VCH, Weinheim.

[8] *Greim, H. (Hrsg.): Gesundheitsschädliche Arbeitsstoffe.
Toxikologisch-arbeitsmedizinischen Begründungen von MAK-
Werten (Maximale Arbeitsplatzkonzentrationen). 30. and 31. edi-
tion, 2000, Wiley-VCH, Weinheim.

[9] *Neumann, H.-G., Thielmann, H. W., *Filser, J. G., *Gelbke,
H.-P., *Greim, H., *Kappus, H., *Norpoth, K. H., *Reuter, U.,
*Vamvakas, S., *Wardenbach, P., and *Wichmann, H.-E.: Pro-
posed changes in the classification of carcinogenic chemicals in
the work area. J. Cancer Res. Clin. Oncol. 124, 661-669 (1998).

[10] *Neumann, H.-G., Thielmann, H. W., *Filser, J. G., *Gelbke,
H.-P., *Greim, H., *Kappus, H., *Norpoth, K. H., *Reuter, U.,
*Vamvakas, S., *Wardenbach, P., and *Wichmann, H.-E.:
Changes in the classification of carcinogenic chemicals in the
work area. Int. Arch. Occup. Environ. Health 71, 566-574 (1998).

[11] Thielmann, H. W. (with other authors): Occupational Toxi-
cants, Critical Data Evaluation for MAK Values and Classification
of Carcinogens. Vol. 12. Edit. H. Greim, Deutsche Forschungsge-
meinschaft, Commission for the Investigation of Health Hazard of
Chemical Compounds in the Work Area. Wiley-VCH, Weinheim,
1999.

[12] Thielmann, H. W. (with other authors): Occupational Toxi-
cants, Critical Data Evaluation for MAK Values and Classification
of Carcinogens. Vol. 14. Edit. H. Greim, Deutsche Forschungsge-
meinschaft, Commission for the Investigation of Health Hazard of
Chemical Compounds in the Work Area. Wiley-VCH, Weinheim,
2000.
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Dr. Silke Hermann
Jutta Kneisel
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Gisela Kynast-Wolf (0,5) (until 31.08.99)
Dr. Jakob Linseisen
Dr. Gerhard Lotze
Christine Martinsohn
Dr. Alexandra Nieters
Dr. Irene Reinisch
Klaus Schlaefer (September 1999 - C0600)
Dr. Brigitte Schlehofer (0,25) (September 1999 - C0600)
Dr. Hans Wiebelt

Doctoral students
Lars Beckmann (0,5)
Ulrike Bussas (0,5)
Klaus-Georg Deck (0,5)
Silke Kropp (0,5)
Heribert Ramroth (0,5)
Sabine Rohrmann (0,5)
Keyvan Tadjalli Mehr (until 31.03.99)
Thomas Scheuchenpflug (until 31.08.99)
Silke Schmidt (until 31.05.99)
Dorothee Twardella

Technical assistants
Elke Bauer (0,5) (until 29.02. 2000)
Heike Behmann (until 30.04 2000)
Renate Birr
Evelin Deeg
Ursula Eilber
Patrizia Feldner (0,5) (until 30.09.99)
Erika Fisch
Petra Galmbacher
Ulla Gromer
Volker Herrmann
Evelyin Kludt (September 1999 - C0600)
Ina Kögel
Waltraud Kröner (0,75)
Yvonne Küster
Martha Menz (until 31.08.2000)
Dorothea Niehoff
Jutta Schmitt
Kati Smit
Margot Villhauer-Lehr
Christa Windeler (until 30.06.99)
Dorothee Zoller

Secretaries
Petra Rössler
Heike Weis

The mission of the Division of Clinical Epidemiology is to
conduct studies of high quality to further our understand-
ing of the determinants of the development, prevention,
early detection, diagnosis, and treatment of cancer, and to
evaluate the impact of cancer control activities in these ar-
eas.
The Division of Clinical Epidemiology is the inheritor of a
tradition of excellence in epidemiologic research, con-
ducted over the last two decades. The conduct of classic
epidemiology studies is the fundamental mission of the Di-
vision. The Division is well placed, within DKFZ, to collabo-
rate with scientists in a number of Divisions in DKFZ, as
well as epidemiologists, oncologists and basic scientists,
within Germany, Europe, and the World as a whole.
In terms of exposures, the Division is primarily interested
in genetic, nutritional, hormonal and occupational risk fac-
tors. The studies involving genetic risk factors are also de-
signed to assess gene-environment interactions. Other as-
pects of aetiology, including social, economic and medical,
are also included in all projects. Apart from the search for
risk factors or causes in the studied groups, descriptive
epidemiology, including cartographic presentation of can-
cer mortality, and evaluation of new statistical approaches
to problems particular to observational epidemiology stud-
ies, complement the scope of activities in the Division. In
Clinical Epidemiology, studies are planned relating to the
evaluation of screening for several cancer sites, and dis-
cussions are being held over investigations of approaches
to improve the outcome of cancer treatment.

Currently there are three major units:
Fundamentals in Cancer Prevention
Nutrition and Cancer
Genetic Epidemiology

Division Clinical Epidemiology (C0500)

Head: Prof. Dr. Anthony B. Miller
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Fundamentals of Cancer Prevention (C0501)

N. Becker, A.B. Miller, S. Brems, E. Deeg, A. Nieters,
Z. Stupar, K. Tadjalli Mehr, H. Wiebelt

Poor progress of cancer treatment and the basic rule that
prevention of disease is preferential to its treatment pose
high priority to research on cancer prevention. The already
now perceivable high costs of promising future molecular
genetically-based treatment approaches underline the
long-term relevance of cancer prevention.

The Unit Fundamentals of Cancer Prevention promotes
projects which investigate or evaluate new issues or im-
proved strategies of cancer prevention. Another focal point
is secondary prevention (especially screening) because
from this area the fastest effects in terms of reduction of
cancer mortality, and partially cancer incidence (including
costs of treatment), can be expected.

Further activities are directed towards the identification of
new risk factors for specified cancers and their quantifica-
tion. Another focal point is set to gene-environment, espe-
cially immune response-environment (virus) interactions in
order (a) to get a mechanistic understanding, and (b) to
identify possible genetically-determined high risk groups in
the population. A research platform for the investigation of
these factors in the field of malignant neoplasms of the he-
matopoietic system is being established by our participa-
tion in the European multicenter study on the etiology of
lymphoma EPILYMP (see below).

A third activity of the Unit is the regular update of the can-
cer mortality data of Germany and its presentation in the
Internet presentation of the dkfz. Various evaluations are
being conducted with these data.

In cooperation with: Prof. Joshua Muscat, Prof. Ernest L.
Wynder†, American Health Foundation, New York, USA; Prof. Dr.
Rainer Frentzel-Beyme, Bremer Institut für Präventionsforschung
und Sozialmedizin, Bremen; Dr. Rengsawami Sankaranarayanan,
Dr. Paolo Boffetta, International Agency for Research on Cancer,
Lyon, France; Prof. Dr. J.F. Riemann Städtisches Krankenhaus
Ludwigshafen; Prof. Dr. Maria Blettner, Faculty for Public Health,
University of Bielefeld; Prof. Dr. Jürgen Berger, University of Ham-
burg; Prof. Dr. Stefan Meuer, Institute of Immunology, University
of Heidelberg; Prof. Dr. Dietrich v.Fournier University of Heidel-
berg; Prof. Dr. Volker Diehl, University of Cologne; Prof. Dr. W.
Hiddemann, Dr. M. Dreyling, Klinikum Großhadern University of
München; Prof. Dr. H.K. Müller-Hermelink, University of
Würzburg; Dr. Malte Bahner, University of Heidelberg; Numerous
hospitals and practitioners as partners of the lymphoma and dif-
ferent screening projects

Quality-controlled mammography screening in
Germany
Breast cancer is one of the few cancer sites for which the
UICC and other institutions recommended the implemen-
tation of population-based screening, at least for a speci-
fied age-range (50 – 69 years). The recommendation was
based on seven prospective randomized trials which
showed a mortality reduction of up to 30 %.

Several authors proposed clinical parameters which permit
the quantification and control of the performance of the en-
tire screening process during routine operation. On this
basis, the European Union released quality guidelines for

the running of newly implemented screening programmes
which comprise clinical, radiological and epidemiological
parameters with acceptable or desirable values.

In Germany, mammography screening is not yet an official
part of the health care system. However, millions of „op-
portunistic“ screening mammograms are carried out with-
out quality control, paid by the health insurances. In a for-
mal agreement between the federal boards of the associa-
tions of the general practitioners and the health insur-
ances, so called „model projects“ have been established
within which centers for mammography screening are
implemented, partially organized by, or at least in coopera-
tion with the practitioners of the region, and following
strictly the mentioned EU quality guidelines. The scope is
to get experience with this system of quality-controlled
screeening, and to expand the system after a three-years
period successively to larger areas and the entire country.
The division is member of the scientific board of one of
these model projects (Wiesbaden area) and supports its
implementation as a consultant for epidemiological issues.
Furthermore, epidemiological quality control of all model
projects will be advised by the division.[37]

Statistical issues of quality control in organized breast
cancer screening

European guidelines for breast cancer screening recom-
mend an integrated approach of mammography screening
with subsequent assessment and biopsy, if required, in
one screening unit under permanent quality control for
which target values are released. While the calculation of
the respective rates (e.g., participation rate, assessment
rate, biopsy rate, cancer detection rate) appears trivial, the
statistical assessment of their compatibility with the target
values is less obvious. This is especially true if subjects
with a positive mammogram leave the screening-assess-
ment chain prematurely, and information about further di-
agnostic results outside the organized screening is lack-
ing. In this project, statistical models for the basic situation
of complete information about screening and assessment
outcome as well as for the mentioned situation of incom-
plete information have been developed, and the statistical
methods for getting confidence limits, statistical tests and
sample sizes needed to obtain a desired power of tests for
the process parameters of interest summarized. The
sample size calculations indicate that large numbers of en-
rolled subjects are required to obtain reasonably narrow
confidence limits, and that incomplete information about
outcome of diagnostic procedures among screening posi-
tives worsens the feasibility of quality control considerably.
Though the methodology is specified for breast cancer
screening, it should easily be transferrable to other screen-
ing issues.

Spiral CT Scanning for the early detection of lung
cancer
Every year 35 000 – 40 000 people in Germany die from
lung cancer and approximately 40 000 - 45 000 people are
newly diagnosed with the disease. Unfortunately, only 10 -
15% of those diagnosed with lung cancer do not die of the
disease, though the 5-year-survival is dependent upon
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stage of diagnosis. Up to 70% of those diagnosed and
confirmed to have stage Ia-disease will survive 5 years.
Early detection of lung cancer theoretically should improve
the outcome of the disease.

Recently, evidence has occurred from uncontrolled studies
in Japan and the United States that low-dose helical (spi-
ral) computerised tomography of the lung is capable of de-
tecting approximately four times as many small stage I
lung cancers and chest x-rays, and that these appear
likely to have a good prognosis. A large-scale randomised
controlled screening trial of spiral CT-scanning in Germany
has been proposed. The principal aim of the study is to
seek new approaches that will reduce the morbidity and
mortality from lung cancer. Specifically, it shall evaluate
the role of annual low-dose spiral CT-scanning in the de-
tection of and reduction in mortality from lung cancer in
comparison with annual chest x-ray-screening. The trial
will also provide the opportunity to evaluate other preven-

tive prognostic and therapeutic approaches to lung cancer.

Randomized screening trial comparing once-only
colonoscopy with annual faecal occult blood
tests
The results of three large screening trials confirm earlier
indications that a reduction of colorectal cancer mortality
by up to 30 % can be achieved using the fecal occult
blood test (FOBT) as the sole screening method. On the
other hand, theoretical considerations based on the avail-
able knowledge about the biological development of intes-
tinal tumours and the effectiveness of colonoscopy give
rise to the conclusion that with screening by colonoscopy
once in a lifetime a reduction of colorectal cancer mortality
by 50 – 80 % should be achievable. However, the latter
suggestion has never been proven by a randomized pro-
spective screening trial.

In the last few years advances in imaging technology us-
ing computerised tomography or magnetic resonance im-
aging have raised the possibility that radiologic screening
of the whole colon (virtual colonoscopy) can substitute for
endoscopic colonoscopy. Currently, these approaches can
not detect flat adenomas. As failure to detect flat adeno-
mas (now avoided by high resolution colonoscopy) may
have been the explanation for past failures of colonoscopy,
it seems probable that once in a lifetime virtual colonoscpy
would not suffice.

A study protocol has been developed which summarizes
the available knowledge on FOBT and colonoscopy (high
resolution and virtual) as screening methods and de-
scribes a possible approach for a randomized prospective
screening trial which compares the effectiveness of FOBT
and colonoscopy to reduce colorectal cancer mortality with
an additional view on applicability of virtual colonoscopy
as a possible further alternative.

Trial of CINtec in comparison with cervical
cytology in screening for precursors of cancer of
the cervix
Cervical cytology screening programs are effective in re-
ducing the incidence and mortality from the disease. Al-
though some benefit in reduction in mortality probably

arises from the early detection of invasive cancer, reduc-
tion in incidence is due to the detection and treatment of
obligate precursors of invasive cancer, especially those
classified histologically as carcinoma in situ or severe dys-
plasia. It is unclear what contribution to this reduction in in-
cidence is derived from the earlier detection of moderate
dysplasia, as the majority of these lesions regress sponta-
neously, while those that progressed to CIN 3 can be
readily detected and treated at that stage. However, it now
seems clear that little benefit derives from the treatment of
the large numbers of mild dysplasias that can be detected,
especially in young women. Recently, a test specific for
evidence of infection with oncogenic types of HPV has
been marketed, and it has increasingly been evaluated for
screening. A major difficulty with this test is that it has no
ability to discriminate between transitory infections and
those that are likely to be persistent, only the latter likely to
be relevant to the occurrence of the cervical cancer. What
is now required to overcome the disadvantages of both
conventional cervical cytology and the Hybrid Capture 2-
test is a test that indicates that an oncogenic HPV virus
has already been integrated into the genome of the rel-
evant cells of the host. It is believed that a new test that
can be applied to both standard pap-smears and Thin
Prep  specimens which may have these desirable char-
acteristics is CINtec. This test identifies a protein marker of
persistent HPV infection, that studies to date suggest is
not expressed in normal epithelium, normal proliferating
cells, inflammatory lesions, metaplastic lesion and low-
grade CIN lesions not infected with high risk HPV. A study
protocol has been developed to compare this new test with
standard pap-smear cervical cytology.

Etiologic Studies
Case-control study on the etiology of lymphoma
Lymphoma is one of the few cancer sites for which mortal-
ity is still increasing in Germany. Previous studies indicate
that responsiveness of the immune system and infectious
agents (viruses: EBV, HBV, HCV; Helicobacter pylori)
might be involved in the causation of lymphoma. These
will be focal points for a case-control study which has been
planned during the year 1997 and started in this year.
Other factors which will be considered in the study are ex-
posure to pesticides, and occupational exposures to
chemicals or to asbestos. A further motivation to conduct
this study is that modern molecular biologically based
methods of diagnosis and classification have been estab-
lished and are going to be accepted internationally (REAL-
classification). They allow to investigate associations be-
tween specific exposures and specific subentities of lym-
phoma.

The study is conducted in three regions of Germany
(Heidelberg, Ludwigshafen and Würzburg). It is popula-
tion-based and includes the age range of 18-80 years. A
one to one sex- and age-matched control group is drawn
from the general population. In order to carry out virologi-
cal analyses and analyses of genetic polymorphisms
which potentially interact with viruses, from each case and
each control blood sample are drawn and frozen. Besides
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that, tissue material of the lymph nodes of the cases are
stored to look for viral material. For this purpose, proce-
dures are applied which allow to screen entire classes of
viruses (Papilloma- and Polyomaviruses).

Cross-sectional study on cytokine poly-
morphisms, cytokine production after T-cell
stimulation and clinical parameters in a random
sample of a German population
In a random sample of a German population, we investi-
gated the association of polymorphisms in the genes en-
coding the cytokines interleukin 2 (IL-2), interleukin 4 re-
ceptor (IL-4R), interleukin 6 (IL-6), interleukin 10 (IL-10),
interferon gamma (IFN-γ), tumor necrosis factor (TNF) and
intercellular adhesion molecule 1 (ICAM-1) with (a) se-
creted levels of the respective proteins after T-cell stimula-
tion and (b) data on selected diseases obtained from a
questionnaire. The scope of this investigation was to fur-
ther the understanding of the genetic background of aller-
gies and common colds and the observed heterogeneity of
many immune responses in the human population.

In contrast to previous reports which showed associations
of promoter polymorphisms of cytokine genes with the pro-
duction of the corresponding protein, we did not find asso-
ciations with protein release after T-cell stimulation in vitro.
Among the correlations with the clinical parameters, we
observed a significantly increased risk of allergies
(OR=4.1, CI: 1.6-10.4), particularly hay fever (OR=5.6, CI:
1.8-17.1) in individuals homozygous for interferon gamma
(IFNG) 13 CA-repeats. In combination with tumor necrosis
factor (TNF) wildtype the risk for hay fever increased to
OR=8.4 (CI: 2.7-25.6). Furthermore, individuals with a
combination of IL2, IL6 and ICAM1 polymorphisms tended
to have higher frequencies of reported common colds than
individuals with the alternate genotypes.

As results of an explorative investigation, these findings
need confirmation from different material. If confirmed,
these relationships could contribute to a better character-
ization of the genetic component of allergies.

Cancer mortality in a German cohort of male iron
foundry workers
The purpose of the study was to examine whether occupa-
tional exposure in iron foundries increases the risk of can-
cer.

A historical cohort study was carried out comprising
17.708 male German production workers in 37 iron found-
ries who were first employed in 1950-1985 with a minimum
employment period of one year. Employment and occupa-
tional histories were collected. Mortality was compared
with that of the German general population during 1950-
1993.

General mortality was higher than expected. Statistically
significant excesses were found for lung cancer and can-
cer of the liver and bile ducts; elevations of mortality for
cancer of mouth and pharynx and larynx were not signifi-
cant. Mortality was highest among those who had termi-
nated the work with short exposure period. The elevation
persisted decades after termination of work. Only lung

cancer mortality showed an upwards trend with increasing
duration of employment.

The results provide further evidence for an increased lung
cancer risk among foundry workers but not of mortality
from other cancers of the aerodigestive tract. Detailed
analyses regarding specific workplaces and particular
technologies are under way.

Mortality in rotogravure printing plant workers
exposed to toluene
Since the beginning of the 1960s, toluene has been used
as solvent in all german rotogravure printing plants in a
high degree of purity. These particular exposure conditions
allow the investigation of a potential carcinogenicity of a
longterm toluene exposure.

A historical cohort study has been carried out comprising
6830 german men from 11 plants having been exposed
during the years 1960 - 1992 in different work areas with
different exposure levels. 466 deaths were identified which
provided a SMR = 92.0 for the overall mortality. Deaths
from alcohol abuse was strongly increased. Mortality was
significantly elevated from cancers of the bone and con-
nective tissue [32].

Cancer mortality among arc welders exposed to
fumes containing chromium and nickel
For the historical follow-up study among arc welders ex-
posed to chromium and nickel which was started in the
year 1980 in Germany, a third follow-up was carried out
extending the observation period to the years 1989-1995.
From the 1213 welders and 1688 turners (control group)
which have originally been included into the study, 274
welders and 448 turners deceased in the meantime. Can-
cer mortality was significantly increased compared to the
general population and to the control group by about 35
%. Mortality from cancers of the respiratory tract was sig-
nificantly elevated by about 50 or 60 % The increase was
predominantly due to mesothelioma, which is known to be
asbestos related. Lung cancer mortality was increased
only by about 20-30 %. An indirect quantitative assess-
ment of asbestos indicated that the observed increase of
mortality of also lung cancer and total cancer might mainly
be due to asbestos exposure. No indication to an elevated
cancer risk specifically associated to the exposure to chro-
mium and nickel containing welding fumes could be deter-
mined [3].

Descriptive Epidemiology, Methodological
Work and Miscellaneous
Internet version of the Cancer Atlas of Germany
The data of the third edition of the German Cancer Atlas
(published in 1997) have been presented partially in the
Internet presentation of the dkfz. They will now regularly
be updated by co-workers of the Unit and used for various
descriptive-epidemiologic investigations which will not be
enumerated in detail.[33,34,35]
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Smoking prevalence and lung cancer mortality in
Germany
Germany is internationally known for low activity on the
field of primary prevention of smoking-related cancers. In
order to (a) explore trends of smoking habits and lung can-
cer mortality, and (b) to support preventive actions with
data, we extrapolated from inquiries on smoking habits
which included information about onset of smoking, gen-
der- and age-specific smoking prevalence in Germany
back until the 1920s. The exploration of these data to-
gether with analysis of lung cancer mortality by age-pe-
riod-cohort models shows that the increase of smoking
and lung cancer is modulated by factors of the country-
specific socio-economic environment and proceeds in
waves. Though recent data indicate a decline of smoking
prevalence among both sexes, Germany is now on the
way to have a similar smoking-related cancer mortality as
those countries in the world which previously experienced
a much higher rate, but intervened vigorously. The refusal
of actions as having been carried out in these countries
and saved lives there, exposes the German population to
avoidable risks whose effects can be counted by thou-
sands of non-saved lives per year [14].

Bayesian modelling of spatial heterogeneity in
disease maps with application to German cancer
mortality data
Bayesian approaches, in combination with recent ad-
vances in statistical computing, have proven to be ex-
tremely useful for the purpose of accounting for spatial
correlation of data in disease mapping. In particular the
development of Markov chain Monte Carlo (MCMC) meth-
ods in the last decade made it possible to adopt realisti-
cally complex model formulations without strong simplify-
ing assumptions. Improved estimates of disease risk and
of the uncertainty associated with it can now be calculated
quite easily and are not based on asymptotic assumptions.
In the project, two alternative Bayesian models were ap-
plied to data from the Atlas of Cancer Mortality in Ger-
many, and similarities and differences between the meth-
ods were pointed out [44].

SMR-Analysis of historical follow-up studies with
missing death certificates
The evaluation of epidemiologic follow-up studies is fre-
quently based on a comparison of the number O of deaths
from a specified cause which are observed in the cohort
with the expected number E calculated from person years
in the cohort and mortality rates from a reference popula-
tion. The ratio SMR = 100 x O / E is called ‘standardized
mortality ratio’ (SMR). While person years can easily be
calculated from the cohort and reference rates are gener-
ally available from the statistical offices or the WHO, prob-
lems can arise with the accessibility of the causes of death
from the deceased study participants. However, the infor-
mation that a person has died may be available, because
it may be obtained, e.g., from population registers. In this
paper, a statistical model for this situation is presented in
order to derive a ML-estimator for the true (but unknown)
number O* of deaths from a specified cause which uses
the known number O of deaths from this cause and the

proportion p of all known causes of death among all de-
ceased participants. It is shown that the standardized mor-
tality ratio based on this estimated number SMR* is just
SMR* = SMR / p. Easily computable confidence limits can
be obtained by dividing the usual confidence limits of the
SMR by the opposite limit of the proportion p. However,
the confidence level α has to be adjusted appropriately
[52].

Nutrition and Cancer (C0503)

A.B. Miller

Nutritional Epidemiology

H.-P. Altenburg, N. Becker, H. Behmann,
B. Brandstetter, U. Bussas, J. Kneisel, A. Korfmann,
G. Kynast-Wolf, J. Linseisen, G. Lotze,
C. Martinsohn, A.B. Miller, A. Nieters, S. Rohrmann,
J. Wahrendorf.
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Background
The fundamental role of nutrition in the development of
cancer is well established. About two decades ago, Doll
and Peto suggested that about 35% of deaths from cancer
might be avoidable through alterations in diet. According to
a report of the World Cancer Research Fund (WCRF) and
the American Institute for Cancer Research (AICR) (WCRF
and AICR, Food, Nutrition and Prevention of Cancer: a
Global perspective, 1997) convincing evidence for de-
crease or increase of risk exists only for few dietary factors
and cancer sites. For instance there is convincing evi-
dence for the protective effect of high intake of vegetables
for cancer of the mouth, pharynx, oesophagus, lung, stom-
ach and colorectum. However, our knowledge of the etio-
logical importance of individual components of the diet and
their quantitative contribution to cancer risk remains insuf-
ficient.

Examples of open questions include the influence of fat
consumption on the occurrence of cancer, and the effect of
vitamin intake. In order to obtain reliable knowledge, it is
necessary to study and record the entire complex picture
of nutritional habits in the population. Prerequisites for this,
however, are the use of an appropriate and valid tool for
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the measurement of dietary intake and the additional study
of biological markers.

The cohort study “Health, Nutrition and Cancer”.
A component of EPIC (European Prospective
Investigation into Cancer and Nutrition)
The study “Health, Nutrition and Cancer” has been in
progress since 1994 and is being run by the Department of
Clinical Epidemiology of the German Cancer Research
Centre (DKFZ – Deutsches Krebsforschungszentrum) in
Heidelberg as part of the European long-term study EPIC
(European Prospective Investigation into Cancer and Nu-
trition). It is a multi-centre prospective cohort study and in-
volves working groups from ten European countries and
now includes a total of about 500,000 participants. Another
German EPIC-centre is located in Potsdam at the German
Institute for Nutrition Research (DIFE – Deutsches Institut
für Ernährungsforschung). Co-ordination of the project is
the task of the unit of Nutrition and Cancer of the Interna-
tional Agency for Research on Cancer (IARC), based in
Lyon.

The aim of EPIC is to shed further light on the relation be-
tween diet and cancer. EPIC is trying to overcome limita-
tions of earlier epidemiological studies in the precision and
validity of traditional dietary intake measurements and lim-
ited use of biological markers.

Since EPIC is a long-term study involving several Euro-
pean countries with differing nutritional habits and signifi-
cant variations in the incidence of specific types of cancer,
it should provide an excellent set of data for evaluation.
The potential usefulness is further increased by the fact
that biological specimens were collected from study sub-
jects and stored in a - for its size - unique biological
databank. Thereby, the fractionated blood samples contain
DNA and thus molecular investigations also form part of
the scientific programme of the EPIC study.

Thus EPIC is expected to make an important contribution
to a better understanding of the relation between diet and
cancer. The expected results of EPIC will also enable us to
give better recommendations for a healthy diet.

Actual stage of the study in Heidelberg
Recruitment
In Heidelberg the recruitment and basic assessment was
completed in October 1998. This initial collection of data
involved 25,544 participants from Heidelberg and the sur-
rounding region. Of these, 53% are women and 47% men;
57% live in the town of Heidelberg and 43% in the sur-
rounding region. A total of 24,466 (95.7%) subjects pro-
vided blood samples and these are being stored in liquid
nitrogen.

For a valid measurement of dietary intake a food fre-
quency questionnaire asking for 148 food items, portion
sizes, and frequency of consumption was developed.
Apart from these extensive questions about eating habits,
the participants were also asked to provide information
about their smoking habits, physical activity, subjective
well-being, medical history and use of medications. As well
as completing the questionnaire and a personal interview,

the participants also gave blood samples and their blood
pressure, height and weight were recorded.

First Follow-up
The future analyses of the EPIC study will depend deci-
sively on achieving a comprehensive record of all new
cancer cases, and all deaths, together with the corre-
sponding cause of death, within the study population. An
essential element of the study is thus the subsequent fur-
ther questioning of all participants at regular intervals.

The first round of follow-up questioning has already been
completed in Heidelberg.
All data of first follow-up of EPIC-Heidelberg were entered
by December 2000. The participation rate was 93,5%.

Second Follow-up
New questionnaires for the second follow-up in Heidelberg
have been developed during the year 2000 including a
questionnaire for a second measurement of diet and use
of different food preparation methods. These question-
naires were tested. The second follow-up in Heidelberg
will start in January 2001.

This survey will also involve renewed questioning about
medical condition, participation in examinations for cancer
screening, smoking habits, physical activity, intake of
drugs, hormone preparations and food supplements.

Verification of cancer cases
All self-reported incident cancer cases are verified by com-
paring them with pathology reports and hospital records.
They are then coded according to the coding list for the In-
ternational Classification of Diseases (ICD-O2) issued by
the World Health Organisation (WHO).

In the long-term it will be possible to obtain information
about new cases of cancer via the Cancer Registry of
Baden-Württemberg. For this purpose, a procedure has
been developed for performing an anonymous linkage of
the EPIC data with the data of the Cancer Registry. Simul-
taneously, our data about new cancer cases among the
Heidelberg study participants will be passed on to the
Cancer Registry, thus helping to make this more complete.

Analyses:
Descriptive analyses of the German EPIC recruitment was
already carried out and published together with scientists
of the Potsdam EPIC-centre.

Estimates of risks associated with the various exposure
factors will become possible when a sufficient number of
new cases of a particular cancer have been recorded. For
Germany, it is expected that, together with DIFE in
Potsdam, we will be able to present such estimates in ap-
proximately 2004.

Analyses at the European level for the pooled data of all
EPIC-countries have already begun for food group intake
and the most common cancer types (breast, lung, colo-
rectum and prostate). The head of the Heidelberg part of
EPIC is leading the analyses of lung cancer. First results
will be presented at the International EPIC-Conference at
IARC in 2001.
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Furthermore the nutritionist of the Heidelberg EPIC-group
has a leadership role within the EPIC working group on di-
etary patterns for the following areas:
•   dietary fat and oil intake

•   dietary meat intake

•   intake of meat and meat products as classified by etio-
logical hypotheses of cancer development

•   food preparation methods applied to meat and fish

    Some pilot-studies have been initiated such as:
•  Study on the relationship between cholesterol oxidation

and lung cancer

•  Study on lipid oxidation and breast cancer risk

   Other analyses of EPIC-data in Heidelberg in 1999/
2000:

•   Continuation of descriptive analyses of food and nutrient
intake as measured by the German FFQ at recruitment
in Heidelberg and Potsdam.

•   Descriptive analyses of cancer prevalence within the
Heidelberg study population.

•   Analyses of participation and reasons for withdrawal
from the EPIC-Study in Heidelberg

Furthermore we are actively supporting the development
of a Standardised European Food Composition Table.

Unit of Genetic Epidemiology (C0505)

J. Chang-Claude, L. Beckmann, R. Birr, K.-G. Deck,
U. Eilber, P. Galmbacher, I. Helmbold,  I. Kögel,
S. Kropp, I. Reinisch, K. Smit, D. Twardella

In Cooperation with: Prof. Dr. Helmut. Bartsch, PD Dr. Jürgen.
Debus, Dr. Angela Risch, Dr. Peter Schmezer, Prof. Dr. Dr.Heinz
Thielmann; DKFZ; Prof. Dr. Heiko Becher Institut für Tropenme-
dizin, Universität Heidelberg;Prof. Dr. Gunther Bastert, Prof. Dr.
Dietrich. von Fournier Universitäts-Frauenklinik Heidelberg; Prof.
Dr. Ingo Runnebaum Universitäts-Frauenklinik Freiburg; PD Dr.
Marion Kiechle Universitäts-Frauenklinik Kiel; Prof. Dr. Rolf.
Kreienberg, Dr. Shan Wang-Gohrke Universitäts-Frauenklinik
Ulm; PD Dr. Bickeböller, Dr. Heidi Hahn, Prof. H.-E- Wichmann
GSF, München; Prof. Dr. Thomas Wienker Universität Bonn; Prof.
Timothy Bishop Imperial Cancer Research Fund, Leeds, England,
UK; Dr. Alison. Dunning, Prof. Douglas Easton, Prof. Bruce Pon-
der Medical Research Council, Cambridge, England, UK; Prof.
Mike Stratton Institute of Cancer Research, Sutton, England, UK;
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IARC, Lyon, France; Dr. K.-H. Guldner Berufsgenossenschaft,
Würzburg; Sämtliche Kliniken der Studienregionen “Rhein-
Neckar-Odenwald” und “Freiburg”; Breast Cancer Linkage Con-
sortium

The research activities of this unit aim at the elucidation
and quantification of the joint effects of genes and environ-
mental factors in the aetiology of cancer in the general
population. In this endeavour, modern molecular genetic
methods will be incorporated in the studies in order to em-
ploy biomarkers for the quantitative assessment of expo-
sure and the characterisation of genetic susceptibility.

Inherited susceptibility can be due both to genes which
confer a high degree of risk (major genes) and those
which have a smaller effect on disease risk (polygenes).
Population-based genetic epidemiologic studies of breast
cancer and of ovarian cancer have been carried out to pro-

vide the basis for identifying relevant genetic variants con-
ferring low to moderate disease risk and studying their in-
teraction with environmental factors, such as between
polymorphisms in metabolising enzymes and passive or
active exposure to tobacco smoke. Larger population-
based studies in combination with high throughput tech-
nologies are planned to allow efficient identification of as-
sociation between allelic variability in candidate genes, ex-
posures, such as hormone replacement therapy, and can-
cer risk. To better understand the risks conferred by the
highly penetrant BRCA1/2 genes, collaborative studies on
familial breast and ovarian cancer with several European
centres will be used both to further develop risk assess-
ment of familial breast and ovarian cancer and to identify
modifiers of risk. For genetic mapping of further predispos-
ing genes for breast and colorectal cancer, we will exploit
the stronger linkage disequilibrium generated by genetic
drift and/or founder effect in isolated populations and em-
ploy novel methods of “haplotype sharing analysis” to
identify disease associated haplotypes. Genetic suscepti-
bility can influence the extent of clinical radiation reaction
and the success of radiotherapy. The impact of constitu-
tional radiosensitivity to ionizing radation needs to be
quantified in prospective studies in which simultaneously
the usefulness of bioassays to predict constitutional radi-
osensitivity can be established.

Projects
Genetic-epidemiologic studies of breast cancer
The long-term objectives are the study and characteriza-
tion of genes involved in the etiology of breast cancer and
the investigation of gene-environment interactions using
data from two subprojects: (i) family study of hereditary
breast and ovarian cancer and (ii) population based case-
control family study of breast cancer in women under 51
years of age.

Families with at least 3 cases of breast or ovarian cancer
recruited from all over the country in Germany were ini-
tially studied to establish the involvement of the BRCA1
and BRCA2 loci. In collaboration with the Breast Cancer
Linkage Consortium, linkage studies were then performed
to map further high penetrance genes.

Newly diagnosed breast cancer patients up to the age of
50 were recruited from two study regions in Germany, in-
cluding about 2.2 million inhabitants “Rhein-Neckar-
Odenwald” (from 1992 to 1995) and “Freiburg-Breisgau-
Emmendingen-Ortenau” (from 1993 to 1995). Two sets of
controls were enrolled for each case: a) an unaffected sis-
ter and b) two unaffected age-matched women from the
same study region. Data on known and suspected exog-
enous risk factors were collected and biological material
(blood sample and paraffin-embedded tumour samples)
for molecular genetic analysis. Questionnaire information
has been analysed to quantify risk factors, in particularly
focussing on breastfeeding and alcohol consumption. The
prevalence of BRCA1/2 mutations was determined by mu-
tation screening in a small series of unselected young pa-
tients under 40 years old. Epidemiologic data and blood
samples from this study are being used for association
studies to identify genetic susceptibility factors for breast
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cancer in collaboration with national and international part-
ners.

Genetic-epidemiologic studies of ovarian cancer
Newly diagnosed ovarian cancer patients up to the age of
75 were recruited from two study regions “Rhein-Neckar-
Odenwald” and “Freiburg-Breisgau-Emmendingen-Orten-
au” from 1993 to 1995. Two unaffected age-matched con-
trols from the same study region were enrolled for each
case. Data on known and suspected exogenous risk fac-
tors and blood samples for molecular genetic analysis
were collected. Questionnaire information is being ana-
lysed to quantify risk factors. Mutation screenings for
germ-line BRCA1 mutations are on-going in patients with
a family history of breast or ovarian cancer and in patients
diagnosed under 45 years of age. Association studies are
being planned to identify genetic susceptibility resulting
from genetically determined variance in the metabolism of
hormones.

Data management and genetic epidemiological
studies in the Deutsche Krebshilfe Programm on
familial breast cancer
The Deutsche Krebshilfe e.V. has funded 12 centres to
provide multidisciplinary clinical services for familial breast
cancer. The unit is responsible for the coordination and
monitoring of central data collection by establishing an in-
tegrated common data base. In the long term, the col-
lected data on clinical, epidemiological and molecular ge-
netic aspects will provide empirical data to establish a
state-of-the-art standard for counselling, diagnosis and
management of women at high genetic/familial risk of
breast cancer.

Familial breast cancer: Audit of a new
development in medical practice in European
centers: EU Biomed 2 Demonstration Project
This EU Project aims to demonstrate the benefit of new
clinical approaches for identifying women at high risk of
suffering from breast and related cancers using clinical,
epidemiological and molecular technologies and further-
more, from the current clinics demonstrate the outcomes
of these approaches to inform purchasers and providers of
medical care in Europe. Our unit documented and evalu-
ated molecular genetic laboratory services for familial
breast cancer in different European countries. Different
methods for risk estimation of familial breast cancer were
employed and their usefulness for identification of families
with mutations evaluated.

Genetic predisposition as risk indicator for breast
cancer after exposure to active and passive
smoking
Different genotypes respond differently to exposure to
recognised environmental factors. The effect of genetic
polymorphism of relevant metabolising enzymes, N-acetyl
transferase 1 and 2 (NAT1, NAT2), glutathione transferase
T1 (GSTT1) and cytochrom-P450-enzymes on the risk of
breast cancer associated with active and passive smoking
will be studied. Additional detailed information on exposure
to cigarette smoke (active and passive) were collected
from subjects of the completed case-control study of

breast cancer. The genotyping are carried out by the Divi-
sion of Toxicology and Cancer Risk Factors. The effect of
active and passive smoking on breast cancer risk has
been quantified and the modifying effect of the NAT2
genotype has been analysed. Further analysis will focus
on gene to gene interactions and gene-environmental in-
teractions.

Genetic mapping of breast cancer suszeptibility
genes using „haplotype sharing analysis“ in
isolated populations
Haplotype sharing analysis is a statistical tool to identify
regions on the genome which are associated with specific
diseases. This method will be employed to map breast and
colorectal cancer susceptibility genes in the Sorb popula-
tion an ethic group living in the Oberlausitz in Saxony.
Breast and colorectal cancer patients as well as their par-
ents (or surrogates for haplotyping) are recruited for the
study and epidemiologic data collected using a question-
naire. A 6 cm genome screen will be conducted in coop-
eration with the Gene Mapping Center and the haplotype
sharing statistic will be used to evaluate shared segments
for disease associated haplotypes.

Available statistical methodology for haplotype sharing
analysis will be initially established. Haplotype sharing
analysis will be examined in the context of complex dis-
eases and further development of the statistical methods
will be conducted to more efficiently determine haplotype
sharing and take covariates into consideration.

The impact of constitutional radiosensitivity on
the estimation of the individual health hazard
caused by occupational exposure to ionizing
radiation under given exposure conditions
Individual radiosensitivity is defined as a genetic predispo-
sition which modifies the severity of symptoms caused by
exposure to ionizing radiation. The two prospective studies
performed in this research area aim to
(1) estimate the population of radiosensitive persons in the

population,

(2) establish in vitro essays to identify these individuals,

(3) identify underlying genetic patterns responsible for ra-
diosensitivity, and

(4) identify other factors modifying the severity of symp-
toms.

The studies are implemented in radiotherapy patients
(breast cancer and leukemia/lymphoma) using radio-
therapy side effects as indicator for radiosensitivity. Epide-
miologic data are collected using questionnaires as well as
patients records and a colored sample for the laboratory
analysis.

Other epidemiologic studies
(1) Nested case-control study of a cohort of man-
made mineral fiber workers
In cooperation with P. Boffetta, IARC, Lyon, France and other Eu-
ropean collaborators

Within the international cohort study coordinated by the
IARC on man-made mineral fiber workers, a nested case-
control study was carried out to assess lung cancer risk
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associated with fibre exposure, taking into account pos-
sible confounders such as smoking, alcohol and other oc-
cupational factors. Exposure assessment was carried out
incorporating both information from next-of-kin and from
an expert panel of foremen and engineers of the plant.

(2) Extension of follow-up of the cohort study of
german vegetarians (11 years mortality)
The lifestyle characteristics of a cohort of 1904 Germans
adhering mainly to a vegetarian diet have been examined
in relation to their mortality since 1978. The level of physi-
cal activity, the duration of vegetarianism and the vegetar-
ian status (strict versus moderate) were found to be deter-
minants of total mortality, cancer mortality and/or mortality
from cardiovascular diseases. A collaborative analysis of
five prospective cohort studies comparing the mortality of
vegetarians and non-vegetarians identified a lower risk of
dying from ischaemic heart disease. A significantly re-
duced mortality of the cohort persisted in the extended fol-
low-up of the German cohort to the end of 1999. Based on
larger number of deaths analyses will be performed to
identify determinants of the mortality from some specific
cancer sites.

Future
The unit plans to conduct large scale population-based
epidemiologic studies with standardized data and blood
sample collection, focussing on HRT and breast cancer,
smoking and colorectal cancer. These studies will provide
the basis for association studies to identify multiple genetic
susceptibility factors, gene-gene interactions and gene-
environmental interactions for breast cancer and colorectal
cancer associated with exposure to hormones and chemi-
cal carcinogens. Particular patient populations, such as
early onset breast cancer, will be targeted for the identifi-
cation of modifying factors of genetic susceptibility in effi-
cient case-only studies. Collaboration on relevant studies
will be sought within DKFZ and with national and interna-
tional partners to make full use of the resources.
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Radiation Epidemiology

B. Schlehofer, K. Schlaefer

Cooperations: Prof. Dr. Maria Blettner and Dr. Gabriele Berg, Epi-
demiology and Medical Statistics, University of Bielefeld; Prof. Dr.
Jörg Michaelis and Dr. Joachim Schüz, Institute for Medical Sta-
tistics and Documentation, University of Mainz; Dr. Elisabeth
Cardis, Unit of Radiation, IARC, Lyon, France, International
Interphone Study Group; Prof. Dr. Stefan Kunze, Neurosurgical
Clinic, University of Heidelberg; Prof. Dr. Peter Schmiedek, Neu-
rosurgical Clinic, Klinikum Mannheim.

Health-endangering effects of non-ionising, high frequency
radiation are extremely controversially discussed, since
there are no significant epidemiological studies to this
topic so far. A requirement for a study in this field results
from both, the public concern, and from a strong increase
of the exposure.

On this basis the International Agency for Research on
Cancer (IARC), Lyon, promoted by the V. Framework of
the EU, started in 2000 an International, Multi-centred,
Population-based Case Control Study of Tumours of the
Head and Neck Area (Gliomas, Meningiomas, Acusticus
neurinomas and Parotid gland Tumours). Germany is one
of the participating countries besides Australia, Canada,
Denmark, France, Great Britain, Israel, Italy, Japan, New
Zealand, and Sweden. The aim of this study is to check
whether health risks are caused by the cellular/mobile
phones and other exposures of high frequency electro-
magnetic fields (RF-EMF) as well in the private, as also in
the occupational sector. In Germany three study regions
(Heidelberg, Bielefeld and Mainz) are participating in this
International Case Control Study.

In all participating countries during a pilot phase it was
checked in 1999  whether such a study is feasible and
which instrument is adequate to investigate this question.
At a Workshop at the DKFZ in the end of 1999, the feasi-
bility was accepted [1,2]. However the set-up of a com-
puter-assisted personal interview (CAPI), which will be in-
stalled identically for all study centres by IARC, took longer
than originally intended. This means that the intended start
of the study, January 2000, had to be postponed. The in-
strument will be available for all study centres  probably in
April 2001. Parallel to the development of the CAPI in
2000, the participating countries had to translate the inter-
view and  all accompanying documents from English into
the languages of the respective centres to be prepared for
the beginning of the study.

To force the beginning of data collection, a paper version
of the CAPI was performed by the three German study
centres for Germany in parallel to the translation of the
computer version.

In the middle of October 2000 the German Study Group
has started with the collection of data using the paper ver-
sion of the questionnaire. It is expected that in a three year
collection phase about 700 incident patients, aged be-
tween 30 and 59 years and diagnosed with primary brain

Unit Environmental Epidemiology (C0600)
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The Unit of Environmental Epidemiology was formed in
September 1999 from parts of the still existing Division of
Epidemiology. It is the task of the unit to investigate the in-
fluence of different environmental factors, e.g. electromag-
netic fields, ionising radiation and occupational hazards on
the development of various cancer types. The current
main emphasis is on investigations of electromagnetic field
emissions which arise with the use of mobile phones and
their impact on the development of brain tumours. In the
context of these research tasks large investigations con-
cerning the relation between possible risk factors and per-
son-specific conditions are performed with classical epide-
miological procedures (case control studies, cohort studies
etc.), in which the method of interviewing with question-
naires is used. Furthermore, extended investigations on
the relationship between presumed risk factors and so-
matic conditions, i.e. biomarkers, host factors, genetic pre-
dispositions and co-morbidity are performed. Likewise the
influence of other environmental factors e.g. nutrition and
smoking are analysed. Due to the population-based ap-
proach, the application and improvement of statistical
methods in epidemiology are of special importance.
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tumours (Gliomas, Meningiomas and Acoustic Neurino-
mas) from four participating neurosurgical clinics can be
recruited in the three German study regions. Parallel to
this, control persons  from the population of the study re-
gions (total number of inhabitants of approx. 5.5 million),
matched 2:1 by age and sex to the cases, will be inter-
viewed. The study region Heidelberg will contribute to the
study approx. 250 cases and 500 control persons during
this collection phase (until 2003), Financially supported by the

Ministerium für Umwelt und Verkehr Baden-Württemberg.

Emphasis of the study lies on direct interviews of the par-
ticipants in regard to their phoning habits, in particular the
use of mobile phones. In addition, details of exposure on
selected workplaces and occupations are asked. Ques-
tions on possible confounding factors like smoking and
specific aspects of their medical history  are raised. A vali-
dation study of these specifications and the histological di-
agnoses of the cases is intended for a sample of the study
users.

Quantitative Risk Assessment

K. Steindorf

Cooperations: Prof. Maria Blettner, Epidemiology and Med. Statis-
tics, University of Bielefeld; Prof. Jörg Michaelis and Dr. Joachim
Schüz, Institute for Medical Statistics and Documentation at the
University of Mainz.

A key role of cancer epidemiology and environmental epi-
demiology consists of identifying factors which lead to an
increased or reduced cancer risk. In general it is not only
of interest, whether a factor is carcinogenic, but also to
quantitatively assess the cancer risk under specific expo-
sure scenarios [3]. The latter question is the main task of
this working group. Such risk estimations are of eminent
importance, since due to such evaluations recommenda-
tions for prevention strategies can be derived, suggestions
for limit values within the environmental context can be es-
tablished and prognoses for the development of cancer in-
cidences are possible.

The main focus of our research activities is centered on:
(1) support of epidemiological studies which are directly
designed for quantitative risk estimations, (2) transfer and
interpretation of study results and data, which are exter-
nally available or which need to be surveyed, for the risk
derivation and (3) extension of the biostatistical methodol-
ogy for risk estimations.

The relevance and possible implications of quantitative
risk estimations require that available knowledge about a
risk factor is taken into account as extensively as possible.
It follows that frequently meta analyses form the basis for
risk estimations. An ongoing project consists of analysing
benefits and risks of meta analyses in the context of quan-
titative risk estimations [4]. A valid estimation of dose re-
sponse relations from epidemiological studies is of central
importance for a risk estimation and a following limit value
definition. Therefore, an emphasis is placed on the differ-
ent biostatistical methods for meta analyses of dose re-
sponse relations. In addition, it becomes increasingly clear

that the main issues of meta analyses within this area are
to be assigned rather to the epidemiological than to the
statistical methodology. Thus, also this range of topics is
examined on the basis of different examples, specifically
from the field of radiation epidemiology.

For years the working group is active in the area of quanti-
tative risk estimations for the naturally occurring, radioac-
tive gas radon. The focus is on health risks of the general
population due to indoor radon. The effects of different risk
models on the risk estimations and their accuracy are ex-
amined. Beyond that high risk groups need to be explored
in order to identify meaningful starting points for preven-
tion programs and to thus scientifically support the com-
mittees and authorities which are responsible for the regu-
lation of these risks [5].

Morphological Defects of Newborns

K. Schlaefer, J. Wahrendorf

Cooperation: PD Dr. Annette Queißer-Luft, Children’s Clinic of the
University of Mainz

Morphological defects are the most frequent cause of
deaths of children in the Federal Republic of Germany
(approx. 1/4 of all children’s deaths). Therefore the pre-
vention of morphological defects is a substantial function
of paediatric research.

Morphological defects or malformations are understood as
structural defects of prenatal origin which are present at
birth. While major malformations impair the vitality and/or
quality of life substantially and interventions are needed,
minor morphological defects and anomalies do not require
medical care. While 5% - 8% of all newborns present ma-
jor malformations, minor malformations and morphological
anomalies are observed in somewhat more than 1/3 of all
children [6].

The causes of morphological defects are still not known in
at least 60% of all cases. In approximately 20% mono-
genic inherited disturbances, in 5% - 10% chromosomal
aberrations and in 2% - 10% virus infections are the un-
derlying causes. The intrauterine development of the child
can be influenced and impaired by external factors (e.g.
chemical and physical factors; drug intake during preg-
nancy, malnutrition, ecosocial factors, occupational expo-
sures) and may result in malformations. Epidemiological
data can supply starting points for primary, secondary or
tertiary prevention of malformations and thus be an under-
lying base for political measures in health care and public
health [7]. Furthermore a systematic registration of mor-
phological defects can set up a base for scientific research
and cause control.

In the sense “ of a promotion and dissemination of epide-
miological methods in Germany “ the Division of Epidemi-
ology of the DKFZ started a cooperation with the paediat-
ric clinic of the University of Mainz in 1993, in order to in-
vestigate the above mentioned questions. This includes
the computer storage of the data and their descriptive and
analytic analysis with methods and programs used in epi-
demiology. Data analysis is performed as univariate analy-
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ses, multiple logistic regressions, as well as trend analy-
ses. This task is continued by the Unit of Environmental
Epidemiology. Now after more than ten years a renewed
total analysis of the data will be done. New research and
work areas to be investigated are (1) the effect of folic acid
for the reduction of neural tube defects, (2) the prediction
of rare malformations, and (3) international comparisons.
The study and registry leader are located at the University
of Mainz.

Occupational Risk Factors

B. Schlehofer

Cooperations: Prof. Dr. Maria Blettner, Unit of Epidemiology and
Medical Statistics, University of Bielefeld, International Brain Tu-
mour Study Group, co-ordinated by Anni Aslan, IARC, Lyon,
France

Within the framework of the SEARCH program, the IARC,
Lyon, established in 1986 an International multi-centred
case control study to investigate possible risk factors for
Brain Tumours in Adults. In this study about 1500 cases
and 2500 controls were involved. Not all areas of this
pooled data set could be sufficiently analysed so far.

In the study centre Heidelberg risk factors associated with
the medical history of the participants were analysed and
the results were published in 1999 [8]. Together with Prof.
Dr. M. Blettner from the Unit of Epidemiology and Medical
Statistics, University of Bielefeld, the Unit of Environmental
Epidemiology of the DKFZ decided to analyse the data for
occupational risk factors for brain tumours of this study as
well as of electromagnetic fields, which possibly influence
the development of brain tumours [9]. All 1500 cases and
2500 controls of the International Brain Tumour Study for
Adults are included into these analyses. To what extent
also other areas of this International Study may be ana-
lysed by these two centres, must be still agreed upon with
the remaining cooperation partners.

Viral Risk Factors

B. Schlehofer

Cooperation: Prof. Dr. med. Jörg R. Schlehofer, ATV, DKFZ; Dr.
med. Gernot K. Beisler, Gynaecologist, Bad Wildbad

In this virologic-epidemiological study the influence of the
infection with Adeno-associated viruses (AAV) in preg-
nancy will be investigated. In previous investigations  AAV
DNA and AAV infectious particles were found in 25% of
samples from amniocentesis and trophoblast cultures.
There were hints to premature labour and premature rup-
ture of membranes as well as to reduced birth weight of
children born to mothers in whose amnion fluid AAV had
been detected. Therefore a prospective case-control study
has been started in 1999 to clarify whether AAV infection
during pregnancy has an influence on the development of
placenta or foetus.

Amnion fluid/cells of 405 pregnant women have been col-
lected routinely by a gynaecologist, who is covering a de-
fined area in South-Western Germany. The samples will

be tested for AAV-DNA and virions as well as for the pres-
ence of AAV helper viruses (Cytomegalie -, Papilloma -,
Herpes simplex viruses). In serum samples of the mother
and the newborn child (chord-blood) the immune response
(serum antibodies) against AAV infection will be analysed.
In parallel, clinical data on the course of pregnancy (dura-
tion of pregnancy, eclampsia, gestosis, premature amnio-
rhexis etc.) are collected , in order to check the possible
influence of  AAV infection (or co-infection with helper-vi-
ruses). In addition, data on the development of the child
(e.g. height, weight, maturity, malformation) will be investi-
gated.

Publications (* = external co-author):
[1] *Blettner M, *Michaelis J, Wahrendorf J (2000) Workshop on
research into the health effects of cellular
telephones.Epidemiology 11: 609-611.

[2] *Blettner M, *Michaelis J, Wahrendorf J (2000) Mobilfunk und
Gesundheit. Deutsches Ärzteblatt 97: A847 – A850.

[3] *Becher H., Steindorf K. (1998): Krebsrisiko durch Dioxin. In
Krebsforschung heute - Berichte aus dem Deutschen
Krebsforschungszentrum 1998, Steinkopff Verlag, Darmstadt, 69 -
73.

[4] Steindorf K., Becher H. (1998): Absolute risk and loss-of life-
time estimates for quantitative risk assessment. Biometrical Jour-
nal 40: 355-378.

[5] Steindorf K. (1998): Risikoabschätzung und Grenzwertfest-
legung. In : D. Rasch, G. Herrendörfer, J. Bock, N. Victor, V.
Guiard (Hrsg.): Verfahrensbibliothek Versuchsplanung und -
auswertung - Band II. Oldenbourg Verlag, München, D., 795-800.

[6] *Queißer-Luft, A., *Stopfkuchen, H., *Stolz, G., Schlaefer , K.,
*Merz, E. (1998) Prenatal Diagnosis of Major Malformations:
Quality Control of Routine Ultrasound Examinations based on a
Five-Year Study of 20,248 Newborn Fetuses and Infants. Prenatal
Diagnosis 18: 567 - 576.

[7] *Queißer-Luft, A., *Kieninger-Baum, D, *Menger, H., *Stolz, G.,
Schlaefer, K., *Merz, E. (1998) Erhöht mütterliche Adipositas das
Risiko für kindliche Fehlbildungen? Ultraschall in der Medizin 19:
40 – 44.

[8] Schlehofer B,* Blettner M, *Preston-Martin S,* Niehoff D,
Wahrendorf J, *Arslan A, *Ahlbom A, *Choi WN, *Giles GG,
*Howe GR, *Little J, *Menegoz F, *Ryan P (1999) Role of medical
history in brain tumour development. Results from the interna-
tional adult brain tumour study. International Journal of Cancer,
82: 155-160.

[9] *Blettner M, Schlehofer B (1999): Gibt es ein erhöhtes Risiko
für Leukämien, Hirntumoren oder Brustkrebs nach Exposition
gegenüber Hochfrequenzstrahlung? Methoden und Ergebnisse
epidemiologischer Studien. Medizinische Klinik 94: 150-158
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Technical assistants:
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Over the past decade, a wealth of information on genetic
and phenotypic differences between normal and tumour
cells has accumulated.   A major  research objective of the
Division of Genetic Alterations in Carcinogenesis,
established in the year 2000, is to define pivotal changes
characterizing a particular type of cancer, and  determine
how this knowledge can be  used to improve early diagno-
sis, prognosis, treatment,  and primary prevention. Eluci-
dation of quantitative relationships in gene expression
networks, and of post-transcriptional and posttranslational
regulation of cellular macromolecules governing tissue
homeostasis and cell growth will promote our
understanding of the essential principles of normal growth
and development and how they go awry during carcino-
genesis.  Precise information on disrupted pathways in tu-
mors is a prerequisite for development of new therapeutic
drugs targeting  specific anomalies.  In addition to charac-
terizing the molecular  alterations of potential use in the
clinical setting, we are working to find new approaches for
determining which and to what extent alterations are in-
duced primarily by exposure to external agents, and on the
other hand which are largely inevitable or spontaneous
consequences of the carcinogenic process, or of inherited
genetic variants responsible for  cancer susceptibility syn-
dromes.

1.  Gene expression analysis in tumors, cell lines,
and primary mammalian cells:  implications
for diagnosis and chemoprevention

M. Hergenhahn, H. Seker, W. Beerheide,
G. Werle-Schneider

In collaborations  with H-J Groene, DKFZ; AL Cheng, CH Hsu,
Taiwan; in cooperation with BASFLynx AG, Heidelberg

A primary long-term goal of our group is to define the gene
expression profiles  and protein fingerprints associated
with neoplastic progression of  human cancers.  In addi-
tion, we are exploring how these patterns are modulated
by tumor promoters  on the one hand, and chemopreven-
tive  substances on the other. With respect to Epstein-Barr
Virus (EBV)-associated  malignancies, this work encom-
passes investitation of molecular mechanisms involved in
EBV reactivation.  A new B-lymphoid cell line, Raji-DR-
LUC carrying the luciferase reporter gene, was used to ex-
amine modulation of mRNA and protein synthesis of ZE-
BRA, a key regulator of viral reactivation, by the chemo-
preventive compound curcumin.  Using commercial DNA
microarrays, further experiments were conducted with this
cell line to define cellular genes involved in EBV reactiva-
tion, gene expression  changes induced by the tumor pro-
moter TPA, and  the inhibitory effects of curcumin  on gene
induction.

Within the framework of an external cooperation project  to
develop  microarrays for toxicology, we  have  defined
gene expression patterns in primary rat hepatocytes and
rat liver slices following exposure to the  barbiturate phe-
nobarbital using membrane and glass chip microarrays.

2.  Mutation profiling of  tumor suppressor genes
in human tumors

F. Biramijamal, Q. Yang

In cooperation with:  A. Allameh, Tehran, Iran; A. Mandard, Caen,
France; P. Hainaut, IARC, Lyon, France; H-J Groene, H. Wesch,
DKFZ

Although overall more than half of all human cancers har-
bor a p53 mutation compromising gene function, there is
great variability in the  prevalence of mutation,  and  in the
mutation spectrum in distinct sets of tumors [1]. The fluctu-
ations, in frequency, timing  and  base change pattern are
related to many factors, including  the histopathology of
the cancer, and  risk factors characterizing the patient
groups [2]. Specific signature mutations have been linked
to specific carcinogens,  suggesting a molecular epidemi-
ology approach to investigation of cancers for which the
causes have remained elusive.   For example, while it is
well-established that tobacco and alcohol are major
causes of esophageal squamous cell carcinomas (ESCC)
in the USA in Europe [3], neither is thought to be of major
importance in the etiology of this cancer in Iran, a country
that experiences one of the highest ESCC mortality rates
in the World.   In a recently completed study we showed

Genetic Alterations in Carcinogenesis (C0700)

Head: Dr. Monica Hollstein
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that the prevalence of p53 mutations is over 60 % in
ESCC from Iran, and  that the mutation profile differs
significantly from ESCC in other parts of the World [4].
Studies in Tehran on the endogenous/environmental
factors associated with the  distinctive profile  will be
pursued.

Point mutational inactivation, gene silencing by methyla-
tion, and loss of  genetic material have been the focus of
research on the mechanisms of  tumor suppressor gene
inactivation  in the development of human tumors.   It is
conceivable, however, that disruption of suppressor func-
tion occurs by  additional mechanisms.  Human DNA con-
tains mobile elements that remain capable of  transposi-
tion, which can lead to insertional mutagenesis  at the site
of integration.  We  developed  a method to monitor retro-
transposition in a human breast cancer cell line, and
showed that even single copy genes are capable of  spon-
taneous de novo retrotransposition  [5].  This  assay can
be used for exploring endogenous and environmental fac-
tors that influence host cell-mediated retrotransposition of
unbiased cellular sequences in  human cells.

3.  Development of humanized rodent models for
pre-clinical testing of pharmaceuticals
targeting human oncoproteins and mutant
tumor suppressor proteins.

JL Luo, M. Hergenhahn, M. Hollstein

In cooperation with:  ZQ Wang, IARC, Lyon, France

Although the p53 gene is highly conserved throughout
evolution, there are differences between the DNA binding
domain (DBD) of the murine p53 tumor suppressor gene
and the DBD of the human p53 gene.  The precise DNA
and amino acid sequences  influence mutation spectra
and macromolecular structure.  We designed and gener-
ated a human knock-in mouse (hupki) mouse by gene-tar-
geting technology in which sequences encoding the DNA
binding domain of the endogenous mouse p53 gene have
been replaced by the homologous segment of the human
p53 gene [6,7].  In a series of biochemical studies we
showed that the chimeric human/mouse p53 gene  is tran-
scribed normally, and  that in the hupki mouse, multiple
functions  of the wild-type protein are preserved [7]. Expo-
sure of mice to UVB, and screening  for induced p53 muta-
tions within a population of largely unmutated epidermal
cells have yielded the expected base change pattern typi-
cal of human skin cancers from sun-exposed individuals.
Molecules designed to target the p53 tumor suppressor
protein (either to restore DNA binding activity of the com-
mon human tumor missense mutations, or conversely to
block wild-type protein function temporarily in order to re-
duce side effects of chemo- or radiation therapy) can be
investigated with this strain.

Selected Publications  (* = external co-author)
[1] *Hainaut, P.; Hollstein, M.: p53 and human cancer: The first
ten thousand mutations. Adv. Cancer Res. vol. 76 (2000) 81 -
137.

[2] Yang, Q., Wesch, H., *Mueller, K-M., Bartsch, H., *Wegener,
K., Hollstein, M.  Analysis of radon-associated squamous cell car-
cinomas of the lung for a p53 gene hotspot mutation.  Br. J. Can-
cer 82 (2000) 763-766.

[3] *Mandard, A.M., *Hainaut, P., Hollstein, M.  Genetic steps in
the development of squamous cell carcinoma of the esophagus.
Mutation Res. 462 (2000)  335-342.

[4] Biramijamal, F., *Allameh, A., *Mirbod, P., Groene, H-J.,
Koomagi, R., and Hollstein, M. Unusual profile and high preva-
lence of p53 mutations in esophageal squamous cell carcinomas
from Northern Iran.  Cancer Res.  (2001) in press.

[5] Werle-Schneider, G.; von Brevern, M.-C.; *Sylla, B.S.;
Hollstein, M.C.  De novo retrotransposition of unbiased se-
quences in a human breast cancer cell clone.  Genes Chromo-
somes & Cancer   26 (1999)  84 – 91.

[6] Hollstein, M; Hergenhahn, M; Yang, Q.; Bartsch, H.; *Wang, Z-
Q.; *Hainaut, P.  New approaches to understanding p53 gene tu-
mor mutation spectra.  Mutation Res.  431 (1999)  199 – 209.

[7] Luo, J-L., Yang, Q., *Tong, W.M.,  Hergenhahn, M., *Wang, Z-
Q., and Hollstein, M.  Knock-in mice with a chimeric human/mu-
rine p53 gene develop normally and show wild-type p53 re-
sponses to DNA damaging agents: a new biomedical research
tool.  Oncogene 20 (2001) 320-328.

[8]  Figueroa, R., Lindenmaier, H., Hergenhahn, M., Vang Nielsen,
K., and Boukamp, P. Telomere erosion varies during in vitro aging
of normal human fibroblasts from young and adult donors.  Can-
cer Res., 60 (2000) 2770-2774.

[9]  Yang, Q.Hergenhahn, M., Weninger, A., Bartsch, H.   Ciga-
rette smoke induces direct DNA damage in the human B-lymphoid
cell line Raji. Carcinogenesis 20 (1999) 1769-1775.
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Project Coordinator: Susanne Schunk
Project Quitline: Dipl. Psych. Peter Lindinger (since 11/98)
and volunteer counsellors
Project Healthy Workplaces: Elke Treml (09/99-10/00)

Trainees for Office Communication:
Hürü Emre (10/98-01/99), Diana Steiner (02–05/99),
Vanessa Obländer (06–08/99), Lucia Weber (09–11/99),
Nicole Helker (12/99–03/00), Nina Edelmann (04-06/00),
Madeleine Marquetant (07-09/00), Simone Burkhard (09-
12/00)
College Students/Trainees for Business Management:
Elke Treml (7-10/98, 2-3/99), Stephanie Kretz (09-12/00)

In 1999/2000 the Executive Office Cancer Prevention par-
ticipated to establish the WHO Partnership Project on To-
bacco Dependence, a project of WHO Copenhagen, car-
ried out in Germany, France, United Kingdom and Poland.
The aim of the project is to reduce smoking prevalence in
these countries. The office chaired the German working
group smoking cessation and developed guidelines for the
treatment of tobacco dependence. In these 2 years a big
step forward succeeded: ”German Guidelines for the
Treatment of Tobacco Dependence” were established, a
”Counselling Concept for Clinics and Practice” was pub-
lished in a booklet of the DKFZ and a ”Curriculum for
Health Professionals” concerning tobacco dependence
and treatment was developed.
Capacity building in health professionals to treat smokers
who want to quit was carried out in many meetings, semi-
nars and congresses, at the DKFZ and other institutions.

In close cooperation with Tobacco Free Initiative of WHO,
Geneva and Public Health Institute, Helsinki the first big
smokeout-campaign in Germany ”Smokefree until May -
Quit&Win 2000” was carried out in spring 2000. Under the
patronage of the German Health Minister Andrea Fischer
and with financial support of the Federal Center for Health
Promotion and on behalf of the Ministry of Health, the Co-
alition against Smoking was the acting organisation. As
member of the Coalition the DKFZ coordinated the cam-
paign. Quit & Win was running mainly through German
pharmacies, but also with participation of doctors, hospi-
tals, health organisations, health insurance’s, national
health services, German centers on addiction problems,
companies and many others. Media advocacy was one of
the most important parts of the campaign. Never before a
cooperation between the DKFZ, NGO’s and governmental
organisations with media of different types (TV, radio pro-
grams, print media) was conducted in this dimension.
Press reactions were documented in more than 100 pages
paper. Quit&Win 2000 will be evaluated 12 months later by
a survey with 1000 participants.

Counsellors at the quitline provide motivational support
and information on evidence based treatment. Every call
to the quitline was registered by an evaluation-sheet
detailing demographic and smoking-related data.
The data showed that smokers who call are highly depen-
dent smokers. Two out of three callers received the leaflet
and every second caller was recommended to use NRT.

40% agreed to set a quit date immediately or within the
next two weeks. Nearly 20% asked for more intensive sup-
port and were referred to experts or clinics.
Three months after their first call 200 callers were asked
about their current smoking status. The results showed
that 16.5% of callers quit, 20% continued to smoke but
had made at least one serious quit attempt and had ”cut
down”. At 12 months follow-up 12% of the 200 smoking
callers remained abstinent.
The Heidelberg children health study was finished in 2000.
In this survey 4000 children aged 11, 13 and 15 years
were asked about their health behaviour and knowledge
about healthy lifestyle. Half of the children participated in
the tobacco prevention program “Be smart! Don’t start”, so
that the Heidelberg Children Study is also a randomised
intervention study in tobacco prevention. The results will
be published in 2001.
The Executive Office Cancer Prevention participated in
discussions around the Framework Convention on To-
bacco Control of World Health Organization, Geneva and
is preparing the German Strategy Paper on Tobacco Con-
trol.
Cooperations in Germany:
Prof. Dr. Hermann Brenner, Abt. Epidemiologie, Deutsches Zent-
rum für Altersforschung Heidelberg; Dr. Reiner Hanewinkel, Insti-
tut für Therapie- und Gesundheitsforschung, Kiel; Dipl. Psych. Pe-
ter Lang, Bremer Institut für Präventionsforschung und Sozialme-
dizin; Dr. Christoph Kröger, Institut für Therapieforschung
München; Dr. Uwe Helmert, Universität Bremen, Zentrum für
Sozialpolitik; Prof. Dr. Klaus Hurrelmann, Universität Bielefeld,
Fakultät für Gesundheitswissenschaften; Prof. Dr. Ulrike
Maschewsky-Schneider, Technische Universität Berlin, Institut für
Gesundheitswissenschaften; Burckard Junge, Robert Koch-
Institut, Berlin; Prof. Dr. Jürgen Bengel und Dipl. Psych. Jürgen
Barth, Universität Freiburg, Psychologisches Institut, Abt. für
Rehabilitationspsychologie; PD Dr. Dieter Borgers, Landesinstitut
für den öffentlichen Gesundheitsdienst, Bielefeld; Klaus Riemann,
Gesellschaft für sozialwissenschaftliche Forschung in der Medi-
zin, Freiburg; Gisela Marsen-Storz, Bundeszentrale für gesund-
heitliche Aufklärung, Köln; Dr. Uwe Prümel-Philippsen, Bundes-
vereinigung für Gesundheit e.V., Bonn; Volker Beck, Deutsche
Krebsgesellschaft, Frankfurt; Dr. Frank Lehmann, Bundesärzte-
kammer, Köln; Dr. Anke Kopelke, Deutsche Herzstiftung e.V.,
Frankfurt; Prof. Dr. Friedrich Wiebel, Ärztlicher Arbeitskreis
Rauchen und Gesundheit e.V., Eching; Malte Wittwer, Deutsche
Krebshilfe, Bonn; Dr. Christiane Blass, Deutsche Lungenstiftung,
Braunschweig; Raphael Gassmann, Dt. Hauptstelle gegen die
Suchtgefahren, Hamm, Dr. Welteke, Landesinstitut für den öffent-
lichen Gesundheitsdienst NRW, Bielefeld; Prof. Haustein, Institut
für Nikotinforschung und Raucherentwöhnung, Dr. Anil Batra, Uni-
klinik für Psychiatrie und Psychotherapie, Tübingen; Dr. Pal
Bölcskei, Institut für Präventive Pneumologie, Nürnberg; Prof. Karl
Mann, Zentralinstitut für Seelische Gesundheit, Mannheim;
Jürgen Hasler, Koalition gegen das Rauchen, Bonn; Dr. Robert
Stracker, Medizinische Universitätsklinik, Hamburg

International cooperations:
Peter McCabe, QUIT, London, England, UK; Ann McNeill und
Martin Raw, Advisors of World Health Organization, London, En-
gland, UK; Pekka Puska, Departement of Epidemiology and
Health Promotion, Helsinki, Finland; Margaretha Haglund, Public
Health Institute, Stockholm, Sweden; Patsy Harrington and Cees
Goos, World Health Organization, Copenhagen, Denmark; Dr.
Derek Yach, World Health Organization, Geneva, Switzerland;
Prof. Gérard Dubois, Hôpital Nord, Amiens Cedex1, France; Luc
Joossens, CRIOC, Brussels, Belgium; Prof. Witold Zatonski,
WHO Collaborating Centre, Warsaw, Poland

Executive Office Cancer Prevention (S0103)

Head: Dr. Martina Pötschke-Langer, M.D.
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In the period of this report, the bilingual documentation of
the first 20 years (1976-1996) of the DKFZ cooperation
program with Israel has appeared [1]. In it e.g. the scien-
tific and organizational development of cancer research in
Israel and Germany in the first 100 years of the fight
against cancer is acknowledged [2]. It comprises the foun-
dation of the DKFZ (1964) under the leadership of the
Deutsche Forschungsgemeinschaft as well as, indepen-
dently but almost simultaneously, of corresponding re-
search institutes in the former DDR [3].
On March 24, 1999, the scientific contributions to the gen-
eration of melanoma by the Japanese cancer researcher
of outstanding merit, His Imperial Highness Prince Hitachi,
upon proposal by the DKFZ, was honored by the Deutsche
Krebsgesellschaft (DKG) as its first foreign honorary mem-
ber. Upon this occasion a special issue of the Journal of
Cancer Research and Clinical Oncology was issued com-
prising the scientific papers dedicated by reputed interna-
tional cancer researchers to the new honorary member of
DKG H.I.H. Prince Hitachi [4]. - The establishment of a
new and modern, permanent exhibition on pharmacy at
the Deutsches Museum, München, comprising important
topics of biomedicine, was comprehensively advised. Un-
der the motto “You are chemistry”, the exhibition displays
i.a. aspects of cancer prevention and therapy and is in-
tended to highlight the 100 year Anniversary of the world
famous Museum in 2003 [5].

Publications (* = external co-author)
[1] *Glasmacher, S., *Degani, Y. and Hecker, E. (Hrsg.): Krebs-
forschung und Kooperation – Cancer Research and Cooperation,
mit Supplement und ausführlicher Zusammenfassung in
hebräisch, zum 20-jährigen Jubiläum der DKFZ-MOS Kooperation
in der Krebsforschung mit biomedizinischen Forschungsstätten in
Israel, Selbstverlag (ISBN 3-00-004602-X) Deutsches Krebs-
forschungszentrum (DKFZ) und Ministerium für Wissenschaft
(MOS, Israel), Heidelberg und Jerusalem 1999.

[2] Hecker, E. *Schlesinger, M.: Krebsforschung – weltweite
Herausforderung der Biomedizin, in S. Glasmacher et al. (Eds.),
Krebsforschung und Kooperation - Cancer Research and Coop-
eration, mit Supplement und ausführlicher Zusammenfassung in
Hebräisch, zum 20-jährigen Jubiläum der DKFZ-MOS Koopera-
_______________

*) Note: The founding director and former head of the division of
Mechanisms of Tumorigenesis as Emeritus was asked by the
Stiftungsvorstand to take care of certain tasks at the management
board level, without a DKFZ-budget of his own. They comprise
coordination e.g. of the Israel Cooperation Program, of the Find-
ing Commission for the Dr. Emil-Salzer-Prize; advice regarding
certain aspects of regulatory toxicology of certain innovative, ex-
ternal research projects; finishing up e.g. of certain important sci-
entific activities of the former division; advising and editing of sci-
entific journals or institutions etc.

tion in der Krebsforschung mit biomedizinischen Forschungs-
stätten in Israel, Selbstverlag (ISBN 3-00-004602-X) Deutsches
Krebsforschungszentrum (DKFZ) und Ministerium für Wissen-
schaft (MOS, Israel), Heidelberg und Jerusalem 1999, pp 40-51,
bzw. 88-98.

[3] Hecker, E. Historical essay on the general scientific and of an
organized national approach to the fight against cancer, In: 100
Years of Organized Cancer Research - 100 Jahre organisierte
Krebsforschung, eds. Wolfgang U. Eckart, A.W. Bauer, Georg
Thieme Verlag Stuttgart 2000, pp. 5-10.

 [4] Hecker, E., *Höffken, K., *Fujiki, H. (Hrsg.) Research on Can-
cer - Papers collected and dedicated to His Imperial Highness
Prince Hitachi on the occasion of the Honorary Membership
Award Ceremony Heidelberg, March 1999 by Deutsche Krebs-
gesellschaft e.V. Frankfurt/Main, Germany, J Cancer Res Clin
Oncol 125, No. 3/4 (1999).

[5] Pharmazie-Museumsführer, Redaktion A. Klubertanz,
Selbstverlag (ISBN 3-924183-56-2) Deutsches Museum,
München 2000.

Main emphasis of publication of scientific results in the re-
porting period was laid onto the areas mechanisms of ac-
tion (S0109-1/2) as well as environmental relevance of tu-
mor promoters as risk factors of cancer (S0109-3). In the
first area the hypothesis was investigated that activation of
receptors of the diterpene ester (DTE) promoters in the
proteome of target cells, i.e. of certain protein kinases C
(PKC) of this multi enzyme family, leads to stimulation in
the genome of these cells of biosynthesis of peptides or
low molecular weight proteins regulating processes of cel-
lular growth. In the second area, for quantitative estimation
of the cancer risk introduced into the human environment
by tumor promoters, based upon the general testing strat-
egy developed previously (see Research Report 1997/98
and preceeding reports), special testing schedules were
developed for defined doses of exposure, typical of certain
utilizations of the suspicious environmental materials. In
this way the tumor promoting risk of cancer may be esti-
mated by quantification of the cancer risk factors con-
tained in the actual exposure dose of an environmental
material. Techniques were used to achieve this goal
quickly and at low cost and the corresponding cancer risk
may be expressed as scientifically sound so called “tox-
prognoses” for the experimental animal. The validity of
toxprognoses of this kind and thus of the testing schedule
employed, may be controlled by independent testing of the
cancer risks of the suspicious materials in the two-stage-
model (initiation/promotion-protocol) on mouse skin. Valid
toxprognoses of the cancer risk by tumor promoters (con-
ditional cancerogens) in experimental animals achieved in
this way, e.g. for purposes of regulatory toxicology, may be
extrapolated to the risk of human beings in a similar way
as it is long standing practice for the case of the classical
solitary cancerogens. For areas of occupational, of alimen-
tary or of iatrogenic cancer risks by tumor promoters in the
human environment a few first toxprognoses were
achieved in the reporting period (see also below and previ-
ous Ergebnisberichte or Research Reports).

Division Mechanisms of Tumorigenesis (S0109)

Head: Prof. em. Dr.rer.nat. Erich Hecker*)

Phone: 06221-424500; Fax:  06221-424498; e-mail: E.Hecker@dkfz.de
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Metabolism and Biochemical Mechanism of
Action of Promoters of the Polyfunctional
Diterpene Ester type (S0109-1,2)

E. Hecker, G. Krauter, R. Gminski, K. Schlatterer

In cooperation with: W. v.d. Lieth, Zentrale Spektroskopie, U.
Zillmann, Zentrales Tierlabor, L. Edler, Biostatistik, all DKFZ; P.
Chandra, Gustav-Embden-Zentrum der biologischen Chemie,
Universität Frankfurt.

As a plausible hypothesis on the molecular primary effects
at the cellular level of tumor promoting diterpene esters
(DTE) of the TPA-activity type the activation of certain pro-
tein kinases C (PKC) in the proteome of an initiated cell
(hypothetical target cell of tumor promoters) may be con-
sidered. They may stimulate in the genome of the cells in-
duction of certain peptides or of small molecular weight
proteins regulating cellular growth, such as growth factors
or transcription factors. An experimental approach to
check this hypothesis would require demonstration of the
appearance of new protein entities in murine epidermis
before and after (in the I/P-protocol) tumor promoting sin-
gular TPA doses (e.g. Ergebnisbericht 1990/91, there page
87). In the period of this report by high resolution two-di-
mensional SDS polyacrylamid gel electrophoreses (2D-
PAGE) in extracts of mouse skin before and after TPA ap-
plication appearance of about seven new proteins was
shown to be present in the molecular weight region up to
44kd for the first time [1]. Of these a protein with 10kd
(p10) was isolated and its sequencing was started [2]. - On
the tumor promoters of the okadaic acid-activity type inhib-
iting the activity of protein phosphatases,  independent in-
vestigations were reported by Japanese authors to show
that okadaic acid stimulates the expression of the well-
known cytokine tumor necrosis factor α (TNFα) [3]. They
hypothesize that a membrane attached form of TNFα may
control cellular growth by an interkrine mechanism and in-
dicate that also TPA induces expression of TNFα.

Publications (* = external co-author)
[1] *Schlatterer, K., *Krauter, G., *Schlatterer B., Hecker, E. and
*Chandra P.: Mechanistically different acting tumor promoters in-
duce consistent qualitative and quantitative changes in protein
expression patterns of murine epidermis, Anticancer Research,
19, 385-396 (1999).

[2] *Schlatterer, K., *Krauter, G., *Schlatterer B., Hecker, E. and
*Chandra P.: A novel protein (p10) induced by 12-O-
Tetradecanoylphorbol-13-Acetate (TPA) and other
hyperplasiogenic tumor-promoting and non-promoting agents in
murine epidermis, Anticancer Research, 19, 397-402 (1999).

[3] *Fujiki H. and *Suganuma M.: Unique features of the okadaic
acid activity class of tumor promoters, J Cancer Res and Clin
Oncol 125, 150-55 (1999).

Tumorpromotors of the Diterpene Ester Type
as Risk Factors of Cancer in Man (S0109-3)

E. Hecker, R. Gminski, H. Kretschmer, P. Zahn,
G. Krauter

In cooperation with: L. Edler, Biostatistik DKFZ; M. Nawito,
S.M.A.D. Zayed, National Research Center, Kairo, Egypt; H.J.P.
Marvin, Centre for Plant Breeding and Reproduction Research
(CPRO-DLO) Agricultural Research Dpt., Wageningen, The Neth-
erlands; H. Metelmann, Fa. Heel Biologische Heilmittel GmbH,

Baden-Baden; Martin Froment, Fa. ADAS Consulting Ltd.
Bridges, Winchester, England, UK.

Research projects on the innovative utilization of species
of spurge (Euphorbiaceae) aiming at renewable industrial
raw materials are stimulated and indeed supported by the
EC as well as by national granting agencies [e.g. by Fach-
agentur für Nachwachsende Rohstoffe (FNR), 18276
Gülzow, Germany]. In the period of this report, after the
wild type of E. lathyris (see previous research reports), as
a further innovative utilization of species of spurge that of
the wild type Euphorbia lagascae was analyzed regarding
aspects of regulatory toxicology [1,2]. It is considered as
another model case of human exposure by occupation
to tumor promoters of the DTE-type. E. lagascae is
known as a weed, growing preferentially in arid areas of
Spain (e.g. around the city and in the region of Murcia). Its
agricultural breeding at the experimental level aims at an
innovative renewable source of vernolic acid (13-epoxy-9-
octadecen-acid) or of corresponding seed oil lipids, and
was part of a shared EC project. In the frame of this Dutch
VOSFA project [Vegetable oils with specific fatty acids,
(AIR-CT93-1817)], it was shown that the seed oil is a
strong skin irritant. As main active principles, DTE of 12-
deoxy-phorbol were demonstrated. In the two-stage-model
on mouse skin [standardized initiation promotion (I/P) pro-
tocol 16] seed oil was shown to be a tumor promoter of
medium degree activity (see Ergebnisbericht 1998/99).
Also all other parts of the plant of E. lagascae turned out
to be skin irritant. In a subsequent EC supported “Con-
certed Action” led by ADAS Consulting Ltd. Wolverhamp-
ton, UK, as a partner of the activity, chemical analytics and
toxicologic determinations of DTE promoters in the seed
oil were developed [2-5]. Moreover, relatively simple mea-
sures of protection in handling and processing of the
plants to be harvested, of the seed oil and of the waste
materials (press cake, straw) were devised. As a conclu-
sion it was recommended further for future activities to
grow and select or to obtain by gene technological means
special plant types of E. lagascae with low or no content at
all of DTE-toxins, maintaining, however, simultaneously
high yields of the product desired (vernolic acid) [6]. First
trials of breeding, guided toxicologically, analogous to
those suggested above for E. lagascae, in case of the wild
type of E. lathyris (see above) were successful with regard
to ecologically and economically innovative special types
of the plant [6].

As a model case of alimentary exposure tumor pro-
moters of the DTE type milk of cattle fed on fodder con-
taining admixtures of skin irritant species of spurge is in-
vestigated. In the DKFZ cooperation project P513 (with the
National Research Center in Cairo, Egypt) it was shown
that e.g. in Egypt in fodder of goats frequently the herba-
ceous, skin irritant and hyperplasiogenic Euphorbia spe-
cies E. peplus, E. helioscopia and E. nubica occur. The
transfer into the milk of mother goats of DTE promoters
contained in E. peplus admixed to the fodder was already
demonstrated (see Research Report 1998/99). In develop-
ing this model of alimentary exposure, in a further protocol
mother goats were held on fodder contaminated by E.
helioscopia and E. nubica, respectively [7]. Feeding of the
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contaminated fodder  for four weeks (30 g/day/goats), re-
sulted in definite appearances of intoxication in the mother
goats, analogous to that seen in case of E. peplus con-
taminated fodder. Also, by the milk of the mother goats
their suckling kids were intoxicated, causing death of the
kid in singular cases. By use of microchemical techniques
(HPLC) it was found [8], that the plant materials fed in the
present protocol contained skin irritant promoters of the
ingenane type (E. helioscopia) or skin irritant promoters of
the tigliane type (E. nubica). In a further step the contami-
nated goat milk will be investigated to see determine the
amount of DTE promoters originating from the contaminat-
ing plants. In a testing schedule to be developed (following
our general testing strategy, see above) for such milk, the
risk of carcinoma of the esophagus associated with its
consumption may be estimated by an appropriate toxpro-
gnosis to be obtained.

As model case for drug associated exposure to tumor
promoters of the DTE type, certain phytomedicinal prepa-
rations from Euphorbiaceae (spurge) and Thymelaeaceae
(mezereon) may be used. In the period of the report, for
commercial homeopathic mother tinctures of the prove-
nience above, following our general testing strategy (see
also Ergebnisbericht 1998/99) special testing schedules to
determinean inherent tumor promoting risk  by toxpro-
gnoses were started [1].
By the well known and wide-spread utilization of
Euphorbiaceae (spurge) and Thymelaeaceae (mezereon)
in the human environment, in the period of the report, a
new internal cooperation project was stimulated together
with the group of bioinformatics at the DKFZ as a partner.
It is aiming at displaying in a systematic manner the quali-
tative and quantitative data on tumor promotion by materi-
als and compounds determined by us in the last 30 years,

which rest in the archives of the DKFZ. Such systematics
may allow to make available the data for science and
regulatory toxicology at the national and international
level, over and above our 33 monographs published in
Hager’s Handbuch der Pharmazeutischen Praxis (see
Ergebnisbercht 1998/99). Corresponding work, aiming at
an extension of the home page of the DKFZ in the internet
in English were started in the period of the report.

Publications (* = external co-author)
[1] Gminski, R.: Tumorpromotoren des Diterpenester-Typs als
pflanzliche Umweltschadstoffe - Abschätzung ihres promovieren-
den Risikopotentials durch experimentelle “Toxprognosen” und
deren Bewertung bezüglich des Krebsrisikos für den Menschen,
Dissertation Fakultät für Pharmazie in der naturw. Gesamtfak.
Univ. Heidelberg, 16.12.1999. Ref./Corref. Prof. Dr. E. Hecker/
Prof. Dr. J. Reichling.

[2] Hecker, E. and Gminski, R.: Occupational toxicology in novel
industrial crops of wild-type species of the spurge (Euphorbia-
ceae) family, in: “Nachwachsende Rohstoffe” Band 14, Sixth Sym-
posium on Renewable Resources for the Chemical Industry to-
gether with the Fourth European Symposium on Industrial Crops
and Products, edited by Fachagentur Nachwachsende Rohstoffe
e.V., Landwirtschaftsverlag GmbH, D-48165 Münster, Germany,
1999, p.514-516.

[3] Hecker, E., *Cromack, H.T.H., *Janssens, R., *Luther, R.,
*Pascual-Villalobos, M.J., *Witzke-Ehbrecht, S.: Preventive toxi-
cology aiming at occupational safety and cancer prevention in
workplaces of production of seed oil from the innovative industrial
crop of wild-type E. lagascae, in The development of Euphorbia
lagascae as a new oil crop within the European community (FAIR
CT 98/4460): EC-Concerted Action (PL 98/4460), Proceedings
Workshop I, Winchester, UK, eds. S.K. Cook, M.A. Froment and
D. Turley, published by ADAS, Boxworth, Boxworth, Cambridge
1999, S. 91-97.

[4] Hecker, E. and Gminski, R.: Bioassays and microchemical
methods to analyse skin-irritant and tumor promoting diterepenes
ester toxins in Euphorbia species, in The development of Euphor-
bia lagascae as a new oil crop within the European community
(FAIR CT 98/4460): EC-Concerted Action (PL 98/4460): Proceed-
ings Workshop II, Cambridge, UK, eds. S.K. Cook, M.A. Froment
and D. Turley, published by ADAS, Boxworth, Boxworth, Cam-
bridge 2000, S. 6-22.

[5] Hecker, E.: Overall summary of safety issues, in The develo-
pment of Euphorbia lagascae as a new oil crop within the Euro-
pean community (FAIR CT 98/4460), EC-Concerted Action (PL
98/4460): Proceedings Workshop II, Cambridge, UK, eds. S.K.
Cook, M.A. Froment and D. Turley, published by ADAS, Boxworth,
Boxworth, Cambridge 2000, S. 44.

[6] Hecker E. and Gminski R.: Toxicology and Occupational
Safety, in Development of Euphorbia lagascae as a new industrial
oil crop (FAIR CT 98/4460), EC-Concerted Action (PL98/4460):
Handbook, eds. D. Turley, M. Froment and S. Cook, ISBN
189923608x, published by ADAS Consulting Ltd. Wolverhampton
UK 2000, S. 25-26.

[7] *Nawito, M., *Ahmed, Y.F., *Shalaby, S.I., *Nada, A., *Zayed,
S.M.A.D. and Hecker, E.: IV. Toxicologic and pathophysiologic ob-
servations in lactating goats and their suckling kids fed on the irri-
tant herbs Euphorbia nubica and Euphorbia helioscopia: an etio-
logic model for investigations on the putative risk of cancer by
consumption of food polluted with tumor promoters, J Cancer Res
and Clin Oncol, 127, 34-39 (2001).

[8] *Zayed, S.M.A.D., *Farghaly, M., *Soliman, S.M., *Gotta, H.,
Sorg, B. and Hecker, E.:  V. Skin irritant and tumor promoting
diterpene ester toxins of the tigliane and ingenane type in the
herbs Euphorbia nubica and Euphorbia helioscopia contaminating
fodder of livestock. J Cancer Res and Clin Oncol, 127, 40-47
(2001).

Fig. 1: Euphorbia lagascae SPRENG: a) entire plant, b) leave of the
main stem, c) small leave of the flower, d) flower e) capsule with
small leaves, f) ripe capsule, g) seed with karunkula, view from in
front and from the side
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The Research Program aims to develop novel therapeutic
and diagnostic tools by coordinated activities in basic re-
search and clinical activities. There are 3 clinical coopera-
tion units and 3 basic research units, a fourth basic re-
search unit on experimental therapy is likely to be re-es-
tablished in 2001. Both the clinical cooperation units and
the basic research units are interconnected inasmuch as
basic questions are also dealt with in the clinical coopera-
tion units and the basic research groups are also engaged
in applied research either in animal models or clinical tri-
als.

The Division of Cellular and Molecular Pathology
(D0100) started its activities in 1999. The main area of re-
search are mechanisms of graft and tumor rejection, which
are defined at the cellular and molecular level. Additional
research fields are the histomorphological analysis of
transgenic animals and special diagnostic procedures for
human tumor tissue. The central repository of tumor lines
and tumor tissue is an integral part of the division.

The Unit Pharmacology of Cancer Treatment (D0200)
investigates: a) retroviral transfer of the multidrug resis-
tance-1 gene into hematopoietic cells, b) adeno-associ-
ated virus (AAV)-based gene transfer into tumor cells, c)
pharmacokinetic models for drug distribution in tissues,
and d) clinical applications of population pharmacokinet-
ics/dynamics.

The Division of Experimental Therapy (D0300) has been
vacant during the report period, but likely will be started
again in 2001.

The Research Group Recombinant Antibodies (D0500)
is developing new methods and reagents for the experi-
mental therapy of cancer based on recombinant antibod-
ies. Bispecific antibodies, human immunotoxins and tumor
vaccines have been successfully employed in several ani-
mal model systems. Human antibodies against both
known and as yet unidentified tumor antigens are being
selected by phage display from large antibody libraries.

The Division of Tumor Progression and Tumor Defense
(D0600) mainly deals with two subjects, the functional
characterization and connectivity of newly defined me-
tastasis-associated molecules and the immunological
analysis of molecular based immunotherapeutic protocols
with the goal to develop improved vaccination strategies.

The Clinical Cooperation Unit Molecular Hematology/On-
cology (D0700) has been restarted in February 2000.
Strong effort is being put into the genomic analysis of he-
matological malignancies, the study of stem cell biology
and into exploring immunotherapeutic approaches in the
context of allogeneic stem cell transplantation.

Cellular and Molecular Pathology (D0100)
Prof. Dr. med.  Hermann-Josef Gröne
� 06221 42-3243, FAX 06221 42-3262
e-mail: H.-J.Groene@DKFZ.de

Pharmacology of Cancer Treatment (D0200)
Prof. Dr. med. Jens Zeller
� 06221 42-3312, FAX 06221 42-3346
e-mail: J.Zeller@DKFZ.de

Experimental Therapy (D0300)
N. N.

Recombinant Antibodies (D0500)
N. N.
� 06221 42-3450, FAX 06221 42-3462

Tumorprogression and Immune Defense (D0600)
Prof. Dr. med. Margot Zöller
� 06221 42-2454, FAX 06221 42-4760
e-mail: M.Zoeller@DKFZ.de

Clinical Cooperation Unit Molecular Hematology / On-
cology (D0700)
Prof. Dr. med. Radek Skoda (02/2000 - )
� 06221 42-3351, FAX 06221 42-3352
e-mail: R.Skoda@DKFZ.de

Clinical Cooperation Unit Pediatric Oncology (D0800)
Prof. Dr. med. Klaus-Michael Debatin
� 06221 42-3363, FAX  06221 42-3362
� 0731 502-7700, FAX  0731 502-6681 (Ulm)
e-mail: klaus-michael.debatin@medizin.uni-ulm.de

Clinical Cooperation Unit Skin Cancer (D0900)
Prof. Dr. med. Dirk Schadendorf
� 0621 383-2127, FAX 0621 383-2163
e-mail: D.Schadendorf@DKFZ.de

Research Program Diagnostics and Experimental Therapy

Coordinator: Prof. Dr. med. Margot Zöller
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The Clinical Cooperation Unit Pediatric Oncology
(D0800) connects basic research at the DKFZ to clinical
problems in pediatric oncology. Research topics include
analysis and implication of gene-transfer strategies for sui-
cide genes. The aim is the selective activation of apoptosis
genes in human tumors to minimize cytotoxic side effects
of classical cancer therapy.

The main fields of interest pursued by the Clinical Coop-
eration Unit Skin Cancer(D0900) are tumor immunology
(especially T-cell immunology), gene and immunotherapy,
tumor antigens and drug resistance. Special emphasis is
placed on finding new approaches for the treatment of ma-
lignant melanoma and cutaneous lymphoma by develop-
ing vaccination strategies and exploring the possibilities of
in-vivo gene transfer.
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Scientists:
Richard Jennemann Dr. sc. hum. Yanhua Li
Dr. rer. nat. Roger Sandhoff Dr. rer. nat. Qiang Sun

Visiting scientists:
Dr. med. Fritz Eitner, TUH Aachen, 09/00
Dr. med. Hans Mengel, MHH Hannover 12/98 - 3/99
Dr. rer. nat. Peter Nelson, LMU München, 8/99 - 10/99, 10/00
Dr. med. Gerhard Rüster, Universität Jena, 1/99 – 6/99
Dr. med. Michael Schömig, Universität Heidelberg 2/00 - 5/00
Dr. Svetlana Vinokourova, University Moscow, Russia,
3/99 - 6/99
Prof. Dr. rer. nat. Herbert. Wiegandt, Universität Marburg,
1/99 - 12/00

Graduate students:
Nelson Brown-Vega Thomas Ernst
Stefan Porubsky Kai Sun

Technicians:
Mahnaz Bonrouhi Ina Bortfeld
Rebekka Hauck Ute-Lore Kiesewetter
Iris Moll Ursula Naab
Elisabeth Röbel Claudia Schmidt
Gabriele Schmidt Benita von Tümpling-
Radosta Martina Volz

Secretary:
Andrea Holzmann Anita Meeske-Ferrai

Tumor bank (D0101)
Dr. med. dent. Elisabeth F. Gröne

Technicians:
Mariana Enulescu Tim Obert

Human histopathologic diagnostic service:
Prof. Dr. med. H.-J. Gröne
Dr. med. habil. Irina Berger

Technician:
Roswitha Knopf

The division has been founded at the beginning of 1999. It
is supposed to function as an intermediary between basic
science and application oriented research in clinical diag-
nosis and therapy.
The division tries to fulfill this task by 1. studying clinically
oriented problems in close cooperation with basic sience
divisions, 2. performing a detailed histopathologic analysis
of animal experiments specifically transgene animals, 3.
offering a specialized human surgical and biopsy pathol-
ogy service and 4. establishing a human tissue and tumor
repository (tumor bank) as a prerequisite for human ge-
nomic and proteomic studies in different divisions of the
DKFZ.
The scientific focus of the division is the analysis of
mechanisms of rejection of tumor tissue and allogenic and
xenogenic transplant organs. The rejection of allogenic
transplant organs is taken as a model system for the rejec-
tion of malignant tumors. The analysis of the interaction of
monocytes/macrophages with endothelial cells and tumor
cells is the primary aim of these investigations.

Role of Immuno-competent Cells Specifically
Monocytes/Macrophages in Tissue Rejection
One major aim is the elucidation of cellular and molecular
mechanisms that are contributing to rejection of tissues.
Experimental allogenic transplantations of solid organs are
regarded as relevant model systems as the start of the re-
jection and the quality and the severity of the rejection pro-
cess can be exactly defined. The interaction of monocytes
with endothelial cells is of foremost interest. Monocytes
are immunocompetent cells which are able to synthesize
inflammatory substances that cause the rejection of tissue.
Monocytes are therefore regarded as the essential effector
cells of a rejection process. Endothelial cells are the pri-
mary cell type affected by the rejection in solid transplant
organs. Endothelial cells are the first cells of the rejecting
organ to be involved in a humoral and cellular rejection re-
sponse. We hope that by analysis of the interaction of
monocytes and endothelial cells in allogenic transplant or-
gans data and knowledge will be gained that may lead to
new diagnostic procedures and therapeutic applications.

Chemokines as essential modulators of the early
phase of allogenic rejection

H.-J. Gröne, E.F. Gröne, Y. Li

In co-operation with: Peter Nelson Ph.D., PD Dr med. C. Weber,
Dr. med. K. Weber Medizinische Poliklinik, Arbeitsgruppe Klini-
sche Biochemie der LMU München und Amanda Proudfoot, Ph.D,
Serono Genf, Switzerland

The transplantation of allogenic solid organs in the rat is a
suitable system to analyze mechanisms that are neces-
sary for the generation and the propagation of a rejection
process or the induction of tolerance. As MHC-loci of do-
nor and recipient are known, the severity of the allograft-
rejection can be determined; the start and the course of
the transplant rejection as well as the morphologic phe-
nomena are well characterized. An induction of tolerance
in allogenic organ transplants or an induction of rejection
in malignant tumors would be of great clinical value. Ani-
mal experiments and clinical data indicate that a short and
early inhibition of vascular alloreactivity may significantly
contribute to long term acceptance of an allograft. Chemo-
kines could be shown to be important pathogenetic factors
in transplant rejection as a blockade of chemokine recep-
tors was inhibiting the arrest of T-cells and monocytes on
the endothelial surface. Chemokines are chemotactic pep-
tides with a molecular weight of 6 to 15 kDa and are pro-
duced by several cells e.g. endothelical cells, leukocytes
and fibroblasts. The ß-Chemokine-RANTES is a potent
chemokine for the chemotaxis of monocytes, dendritic
cells and T-cells. As an expression of the ß-Chemokine-
RANTES could be documented in tubular epithelial cells of
rejecting renal allografts and in atherosclerotic plaques of
coronary arteries of transplanted hearts, our group has
studied the role of the chemokine RANTES in acute rejec-
tion of allogenic transplants. The intravenous administra-
tion of the antagonistic chemokine-analog Met-RANTES

Division Cellullar und Molecular Pathology (D0100)

Head: Prof. Dr. med. Hermann-Josef Gröne
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led to a reduction of acute inflammation and rejection. We
were able to show that Met-RANTES can effectively in-
crease the immunosuppressive effect of low dose cyclo-
sporin. In order to clarify the mechanism of these phenom-
ena we performed in vitro studies. In an in vitro flow sys-
tem the arrest of monocytes to activated microvascular en-
dothelial cells could be suppressed by a blockade of
RANTES-associated chemokine receptors. These investi-
gations have for the first time shown that chemokines are
functionally important in the early rejection phase of an al-
logenic transplant.

The transcription of several chemokines can be induced
by the transcription factor NFκB. The transcription factor
NFκB also regulates the expression of adhesion mole-
cules. Perfusion of a kidney prior to allogenic transplanta-
tion with an NFκB-Decoy oligodeoxynucleotide in cationic
liposomes led to a significant decrement of the early post-
ischemic endothelialitis of a transplant. This effect of cat-
ionic liposomes to attach only to endothelial cells is prob-
ably due to the preferential uptake of liposomes by hypoxic
peritubular endothelial cells. The oligodeoxinucleotide spe-
cifically inhibited the adhesion of monocytes to microvas-
cular endothelial cells and also the infiltration of mono-
cytes into the interstitium. These experiments support the
assumption that chemokines significantly influence the in-
teraction of endothelial cells and immunocompetent cells
during alloreactivity. We plan further experiments in order
to analyze the role of chemokines in rejection by 1. taking
knock-out mice and 2. by performing experiments that use
virokines (analogs of chemokines produced by viruses)
which have antagonist functions on chemokine receptors.

Analysis of the role of reactive oxygen species
and nitric oxide in tissue rejection

K. Sun, Q. Sun, H.-J. Gröne

In co-operation with: Dr. med. Tomislav Stojanovic, Chirurgische
Klinik der Universität Göttingen, Prof. Dr. rer. nat. Ernst Malle,
Klinische Biochemie der Universität Graz, Dr. med. Mathias
Simon, Medizinische Poliklinik der LMU München, Dr. med. Ton J.
Rabelink, Dr. med. W. C. Joles, Klinik für Innere Medizin, Univer-
sität Utrecht, The Netherlands

The activity of endothelial cells will determine the interac-
tion of the endothelium with leukocytes. An important
modulator of endothelial function is nitric oxide (NO). NO is
constitutively synthesized by endothelial cells and has sev-
eral cytoprotective features: inhibition of thrombocyte ad-
hesion/aggregation, reduction of endothelial permeability,
inhibition of proliferation of vascular smooth muscle cells
and vasodilatation. We could show that inhibition of consti-
tutive endothelial NO-synthase triggers and propagates
vascular rejection leading to a loss of transplant function.
These experiments were done in an allogenic rat-kidney-
transplantation model. In extension of these results we
demonstrated that by selective inhibition of inducible NO-
synthase a reduction of interstitial rejection phenomena
could be achieved; this can be explained by the cytotoxic
effects of the large amounts of NO-synthesized by induc-
ible NO-synthase in monocytes/macrophages that are infil-
trating an allogenic transplant during rejection. In addition

NO synthases also generate relevant amounts of superox-
ide anion (O

2-) which is a highly cytotoxic substance. Fur-
thermore it was shown by us that supplementation of
L-arginine - a substrate for constitutive NO-synthase - sig-
nificantly improved renal function and morphology after al-
logenic transplantation. Also by increasing the bioavailibi-
lity of tetrahydrobiopterin a co-factor of NO-synthase, di-
recting the synthetic capacity of NO-synthase solely to NO,
superoxide anion generation and monocyte infiltration into
the allograft could be reduced.

Ungoing experiments are testing if by selective inhibition
of the superoxide anion producing xanthinoxidoreductase,
a modulatory benificial effect can be achieved on the re-
jection process of an allogenic graft.

Reactive oxygen species, renal senescence and
renal atrophy

Y. Li, U.-L. Kiesewetter, M. Bonrouhi, H.-J. Gröne

In co-operation with: Dr. med. Wilfried Gwinner, Abteilung
Nephrologie Medizinische Hochschule Hannover, Prof. Dr. rer.
nat. Ernst Malle, Klinische Biochemie Universität Graz, Austria

It has been shown by us that hypercholesterolemia and
hyperlipidemia may contribute to premature renal aging
and renal degeneration by increased generation of reac-
tive oxygen species and oxidatively modified proteins and
lipids. We have documented that in kidneys with and with-
out glomerular disease hyperlipidemia increased reactive
oxygen species concentrations mainly by an induction of
xanthinoxidoreductase protein and activitiy. In addition our
group has localized enzymes that are important for oxida-
tive processes in the kidney: myeloperoxidase, cyclooxy-
genase2. We are now testing the acute and chronic effects
of oxidative stress on senescence of renal proximal tubular
epithelia in culture.

New glycoinositolphophosphingolipids, in higher
mushrooms

R. Jennemann, R. Sandhoff, H. Wiegandt

In co-operation with Prof. Dr. Rudolf Geyer, Universität Gießen,
Dr Ruth Gschwing, Universität Marburg

New glycoinositolphosphosphingolipids (GIPSL) so called
„basidiolipids“ have been isolated out of higher mush-
rooms. These basidiolipids show immunomodulatory ef-
fects. After having shown their immunological action the
glycolipids were extensively structurally characterized. The
structure of all basidiolipids is based on a ß-Manp-2Ins1-
[PO4]-Cer basic structure; the lipophilic ceramide parts
consist of C18-phytosphingosin and long chain hydroxy-
fatty acids. These basic structures are extended by differ-
ent sugars depending on mushroom species. The basi-
diolipids may be used as adjuvants in vaccination pro-
grams.
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Role of sulfated glycosphingolipids in
immunologic processes

R. Sandhoff, B. von Tümpling-Radosta, M. Enulescu,
R. Jennemann, H. Wiegandt, H.-J. Gröne

Sulfatides are sulfo-glycosphingolipids (S-GSL). Immuno-
histologic investigations have shown that sulfatides are
strongly expressed in tumor infiltrating mononuclear cells.
Blood monocytes seem to express these sulfatides only
after they are activated and have adhered to cell or matrix
surfaces. In order to further analyze these phenomena
also with regard to their physiologic meaning we will study
the mechanisms of regulation of glycolipids synthesis and
degradation in monocytes and their effects on monocyte
function.

Histopathologic analysis of transgene animals

I. Berger, H.-J. Gröne

The division has established a consultative histopathologic
diagnostic service for transgene and knock-out animals. A
detailed morphologic analysis is quintessential for the in-
terpretation of the phenomenal relevance of an overex-
pressed or non-expressed gene. Besides conventional
morphologic methods modern histologic techniques are
offered: immunohistologic techniques with different amplifi-
cation-procedures, in situ hybridization, laser guided
microdessection and quantitative PCR of microdessected
cells, ultrastructural investigations.

Specialized human surgical and biopsy
pathology

I. Berger, H.-J. Gröne

The division does surgical and biopsy pathology on human
tissue in selected areas of pathology. One major aim of the
service will be to introduce modern expression profiling
and mutation studies into surgical pathology to enhance
the precision of diagnosis and prognostic evaluations.

Pathologists of the division will also keep their competence
in surgical pathology and can provide human material to
different divisions. The division itself uses this human ma-
terial in correlative investigations between human and ani-
mal experiments. The DKFZ and the division have gained
status as an officially recognized institution for pathology
residency training.

Human Tissue and Tumor Repository
(Tumor Bank)

E.F. Gröne, M. Enulescu, T. Obert

In cooperation with: Klinikum Aschaffenburg, Klinik für Gynäko-
logie und Geburtshilfe (Prof. Dr. Teichmann); Nordwestkranken-
haus Frankfurt, Institut für Pathologie (Prof. Dr. Altmannsberger);
Klinikum Göppingen, Institut für Pathologie (Frau Prof. Dr.
Sorger); Universitätskliniken Heidelberg: Urologische Klinik Prof.
Dr. Stähler; Universitätskliniken Mannheim, Chrirugische Klinik
(Prof. Dr. Post), Institut für Pathologie (Prof. Bleyl); Universitäts-
kliniken Marburg, Klinik für Urologie (Prof. Dr. Hoffmann)

The tumor bank is a service institution of the DKFZ
primarely to store under controlled circumstances non-
fixed tumorous and non-tumorous human material. We
aim to collect the tissue in a state that allows to conduct
genomic and proteomic studies on these tissues.

Publications (* = external co-author)
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Secretary:
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The unit consists of the working groups of W. Jens Zeller
and Rüdiger Port.

Principal research topics of W.J. Zeller are sensitizing and
protective factors in cancer chemotherapy.

Close cooperation exists with Priv.-Doz. Dr. S. Fruehauf
and Prof. Dr. A.D. Ho of the Department of Internal Medi-
cine V of the University of Heidelberg; the aim of this coop-
eration is an optimization of high-dose chemotherapy with
blood stem cell support using preclinical models (stem cell
expansion, cytostatic drug resistance gene transfer) and
experimental therapy of chronic myelogenous leukemia.

R. Port’s work focusses on pharmacokinetic and pharma-
codynamic modelling.

Retroviral transfer of the human multidrug
resistance-1 gene in human mobilized peripheral
blood progenitor cells engrafting in NOD/SCID
mice can confer chemoprotection

S. Laufs, B. Schiedlmeier**, E.C. Buss, A.J. Schilz*,
K. Kühlcke*, C. Baum**, H.G. Eckert*,
S. Fruehauf***, W.J. Zeller

*EUFETS GmbH, Idar-Oberstein; **Heinrich-Pette-Institut, Ham-
burg, ***Medizinische Klinik und Poliklinik V, Universität Heidel-
berg,

Mobilized peripheral blood progenitor cells (PBPC) are the
main source for autologous transplantation in cancer pa-
tients to support the rapid reconstitution of mature blood
cells after chemotherapy. The transfer of the multidrug re-
sistance-1 (MDR1) gene into hematopoietic stem (HSC)
and progenitor cells (HPC) extends the concept of sup-
portive care by protecting the bone marrow (BM) of cancer
patients from myelotoxicity, the main adverse and often
dose-limiting effect of most cytostatic drugs. In mice, trans-
plantation of BM cells from MDR1 transgenic animals as
well as transplantation of retrovirally transduced primary
HPC resulted in chemoprotection in vivo. However, pilot
clinical trials with murine retroviral vectors, so far have
failed to demonstrate the feasibilty of this gene therapy ap-
proach due to low transduction efficiencies of human HSC
and insufficient expression of the MDR1 gene in vivo.
Therefore, more extensive preclinical characterization and
the use of more adequate preclinical models, such as the
non-obese diabetic/severe combined immunodeficient
(NOD/SCID)-human assay for stem cell gene therapy are
necessary. Transplantation of human HSC into NOD/SCID
mice provides a valuable in vivo assay to assess the gene
transfer efficiency and the repopulating capacity of HSC
subsequent to ex vivo retroviral infection, allowing optimi-
zation of infection protocols and retroviral vectors prior to
human clinical trials. Using an improved FMEV-based vec-
tor, SF-MDR (SF91m3), designed for high expression in
HSC and myeloid progenitor cells, we performed a series
of in vitro and in vivo experiments to develop optimized
methods for retrovirus-mediated gene transfer into CD34+ -
selected PBPC from tumor patients and to create the basis
for testing the concept of myeloprotective gene therapy.

Clinical scale human PBPC cell grafts transduced with the
new retroviral vector SF91m3 that contains the human
MDR1 gene were transplanted into NOD/SCID mice. We
showed that, in this setting, retroviral transfer of the MDR1
gene to human mobilized PBPC with marrow repopulating
ability can confer resistance to MDR1-dependent chemo-
therapy in vivo. Furthermore, an expansion of MDR1-
transduced NOD/SCID-engrafting cells with high-level P-
glycoprotein expression after a chemotherapy challenge
was demonstrated.

The median level of long-term human leukocyte chimerism
in NOD/SCID mouse BM was 56%-78%. The PBPC were
used from normal donors during G-CSF mobilization.

Unit Pharmacology of Cancer Treatment (D0200)

Head: Prof. Dr. med. W. Jens Zeller
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The level of human cell engraftment was similar in mice
receiving MDR1-transduced cells and mock-transduced
cells, suggesting that with the transduction protocol used
and the improved SF91m3 vector no myeloproliferative
syndrome (MPS) had occurred during the six to seven
weeks observation period. Longer observation periods are
being investigated.

The median gene transfer rate to NOD/SCID mice-repopu-
lating human cells derived from PBPC (SRCs) ranged be-
tween 9.4%-12.3%.

In this study, a median of 59% (33%-92%) of SF91m3
transduced repopulating cells contributed to the Rh-123dull

phenotype. These data suggest that approximately one
vector integration had occurred in any MDR1-transduced
NOD/SCID engrafting cell with the transduction protocol
used, thus limiting the risk of insertional mutagenesis as
much as it is possible with retroviral vectors.

The high level of engraftment, gene transfer and gene ex-
pression allowed to study in vivo chemoprotection. We
chose paclitaxel treatment (total dose 40 mg/kg), the high-
est dose at which all NOD/SCID mice survived in a dose-
finding study until day 24 after drug administration. This
dose allowed to follow human leukocytes not only in the
nadir period of mouse body weight, which occurred on
days four to eight after start of therapy, but also after re-
covery on day 15.

In the BM of chemotherapy-naive mice we found values
equivalent of 0,45x109/l to 0,81x109/l highly P-glycoprotein
expressing human white blood cells (WBC) above back-
ground levels. Despite encouraging engraftment rates of
MDR1-transduced cells in recent clinical trials such high,
myeloprotective levels of MDR1-transduced leukocytes
have not been observed before.

After paclitaxel therapy, MDR1-gene marking and P-glyco-
protein expression increased significantly. It was possible
to demonstrate a significant chemoprotection of MDR1-
transduced human marrow engrafting leukocytes in one
cohort (P<0.05) and a similar trend in the other cohort,
thus supporting the rationale for conducting clinical trials
with optimized retroviral vectors containing the human
MDR1 gene to prevent chemotherapy-induced myelo-
suppression.

Publications (* = external co-author)
[1] E.C. Buss, B. Schiedlmeier B, A.D. Ho*, W.J. Zeller, S.
Fruehauf*. The FBMD-1 stroma cell line secrets a unique moiety
which can increase retroviral transduction of lineage-committed
and primitive human peripheral blood progenitor cells. Cancer
Gene Therapy, in press.

[2] B. Schiedlmeier, K. Kühlcke, H.G. Eckert, C. Baum, W. J.
Zeller, S. Fruehauf*. Quantitative assessment of retroviral transfer
of the human multidrug resistance 1 gene to human mobilized pe-
ripheral blood progenitor cells engrafted in nonobese diabetic/se-
vere combined immunodeficient mice. Blood 95, 1237-1248,
2000.

[3] A.J. Schilz, K. Kühlcke, B. Schiedlmeier, S. Fruehauf*, W. J.
Zeller, C. Lindemann, M. Grez, A.A. Fauser, C. Baum, H.G.
Eckert. MDR1 Gene expression in NOD/SCID repopulating cells
after retroviral gene transfer under clinically relevant conditions.
Mol. Ther. 2(6), 609-618, 2000.

[4] B. Schiedlmeier, E.C. Buss, M.R. Veldwijk, W. J. Zeller, S.
Fruehauf*: Soluble bone marrow stroma factors improve the effi-
ciency of retroviral transfer of the human multidrug-resistance 1
gene to human mobilized peripheral blood progenitor cells. Hum.
Gene Ther. 10: 1443-1452, 1999.

[5] S. Fruehauf*, K. Wermann, E.C. Buss, P. Hundsdoerfer, M.R.
Veldwijk, R. Haas, W.J. Zeller. Protection of hematopoietic stem
cells from chemotherapy-induced toxicity by multidrug-resistance
1 gene transfer. Rec. Results in Cancer Res. 144: 93 115, 1998.

New strategies for human solid tumor suicide
gene therapy using recombinant adeno-
associated virus 2 vectors

M.R. Veldwijk, J. Topaly*, S. Fruehauf* and
W.J. Zeller
* Medizinische Klinik und Poliklinik V, Universität Heidelberg

Adeno-associated virus 2 (AAV-2) vectors are used for
clinical gene therapy of hemophilia and at this stage for
preclinical cancer gene therapy. In previous experiments
[1, 2], we could show a high susceptibility of some solid tu-
mor cells for a rAAV-2 vector containing the humanized
green fluorescent protein (hGFP) gene. Among a series of
primary cells and eight solid tumor cell lines infected with
these AAV supernatants, we observed the highest infec-
tion rates (functional titer: 200 iu/cell) in soft tissue sar-
coma cells (HS1; mean: 95.97%) and in breast cancer
cells (T47D; mean: 82.52%, MCF-7; mean: 85.35%), the
other cell lines (1 ovarian tumor, 1 germ cell tumor, 1 os-
teosarcoma and 2 small cell lung cancer) were less per-
missive (2.82% - 11.94%), while CD34+ peripheral blood
progenitor cells showed the lowest transduction rates
(mean: 4.39%). These data suggest that sarcoma and
breast cancer cells are the most suitable candidates for
further development of AAV-2 tumor suicide gene therapy.
The first requirement for using these vectors in cell kill ex-
periments was the construction of new rAAV-2 vectors
containing a suitable suicide gene. The thymidine kinase
(TK) gene was chosen in combination with the prodrugs
aciclovir and ganciclovir. Three new vectors were cloned
containing either the TK gene, the TK and the hGFP gene
connected by an IRES-sequence or a TK/eGFP fusion pro-
tein, each under control of the cytomegalovirus promoter/
enhancer sequences. For all the cell lines to be used in
further experiments (T47D, MCF-7, HS-1 and an additional
sarcoma cell lines HT1080) dose-effect curves for both
aciclovir and ganciclovir were established to determine the
cytotoxicity induced by cellular kinases and the optimal
therapeutic index for further experiments. The TK gene in
the new vectors did not allow fluorescence-based titration.
Therefore, a new titration method based on the quantita-
tive TaqMan real-time polymerase chain reaction (qPCR)
was established so that an easy, quick, safe, accurate and
high-throughput titering of AAV-2 stocks with and without
selectable marker genes became possible. Final require-
ments before testing the rAAV-2 suicide system in a NOD/
SCID mouse model are in vitro cell kill experiments with
the AAV-TK vectors in the two human breast cancer and
the two human sarcoma cell lines which are currently be-
ing performed. The xenotransplantation tumor model for
the human breast cancer and sarcoma lines has already
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been established, optimized and tested in our lab for both
the intraperitoneal and subcutaneous transplantation
route. In proof of principle experiments we should thus be
able to show the effectiveness of our AAV-TK suicide gene
therapy approach in the treatment of breast cancer and
sarcoma.

Publications (* = external co-author)
[1] Veldwijk MR, Schiedlmeier B, Kleinschmidt JA, Zeller WJ and
Fruehauf S*. Superior gene transfer into solid tumour cells than
into human mobilised peripheral blood progenitor cells using
helpervirus-free adeno-associated viral vector stocks. Eur J Can-
cer 1999;35:1136-1142.

[2] Veldwijk MR, Fruehauf S*, Schiedlmeier B, Kleinschmidt JA
and Zeller WJ. Differential expression of a recombinant adeno-
associated virus 2 vector in human CD34+ cells and breast can-
cer cells. Cancer Gene Ther. 2000;7:597-604.

[3] Veldwijk MR, Topaly J*, Fruehauf S* and Zeller WJ. Rapid de-
termination of adeno-associated virus 2 vector titers using a novel
one-step quantitative real-time polymerase chain reaction
method. Blood 2000; 96:385b.

Experimental therapy of chronic myelogenous
leukemia employing tyrosine kinase inhibition

J. Topaly*, W.J. Zeller, B. Kasper, A.D. Ho*, and S.
Fruehauf*
* Medizinische Klinik und Poliklinik V, Universität Heidelberg

Increased tyrosine kinase (TK) activity of the bcr/abl
oncoprotein results in a reduced apoptosis and thus pro-
longed survival of chronic myelogenous leukemia (CML)
cells. Inhibition of the BCR-ABL tyrosine kinase pathway is
a promising approach for systemic therapy of chronic my-
elogenous leukemia (CML) patients. STI571 (formerly
known as CGP57148B), a novel 2-phenylaminopyrimidine
derivative, was reported to selectively inhibit the BCR-ABL
tyrosine kinase and induce apoptosis in BCR-ABL -positive
cells. We and others showed that STI571 inhibits colony
formation of CML progenitor cells sparing the normal pro-
genitors [1]. The recently initiated multicenter clinical trials
showed high response rates at all stages of CML. How-
ever, patients in the advanced and blast phases frequently
relapse. Combination therapy employing STI571 and clas-
sical chemotherapeutic agents represents a promising
concept for this group of patients.

We tested whether STI571 would act synergistically in
combination with a number of cytotoxic drugs or γ-irradia-
tion on BCR-ABL positive cells [2,3]. A tetrazolium based
MTT assay was used to quantify growth inhibition after 48
hrs of exposure to cytotoxic drugs alone and in simulta-
neous combination with STI571. Irradiation was applied
prior to 48 hrs of exposure to STI571. The agent interac-
tions were analysed using the median-effect method of
Chou and Talalay. The combination index (CI) was calcu-
lated according to the classic isobologram equation.
Cytarabine, etoposide, mafosfamide, mitoxantrone and γ-
irradiation proved to be clearly and significantly synergistic
at growth inhibition levels over 50%.

At therapeutic concentrations no relevant toxicity of
STI571 on BCR-ABL negative (HL-60, KG1a) leukemic cell
lines and normal CD34+ selected peripheral blood stem

cells was observed. STI571 did not potentiate the effects
of cytotoxic agents in BCR-ABL negative cells. In sum-
mary, combinations of these classical chemotherapeutic
agents or γ-irradiation with STI571 are expected to result
in a higher therapeutic index when administered to CML
patients. The results of our studies form the basis for the
design of a multicenter Phase I/II clinical trial for myeloid
blast crisis CML patients.

Publications (* = external co-author)
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AD*,  Zeller WJ. (1999) Favorable therapeutic index of a
p210(BCR-ABL)-specific tyrosine kinase inhibitor; activity on lin-
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[2] Topaly J*, Zeller WJ, Fruehauf S*. (2001) Synergistic activity of
the new ABL-specific tyrosine kinase inhibitor STI571 and chemo-
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[3] Topaly J*, Zeller WJ, Fruehauf S*. (2000) Synergistic activity of
STI571 with chemotherapeutic drugs and irradiation. Abstract
#3180. Blood 98(11): 736a
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Pharmacokinetics/dynamics (D0201)

R.E. Port

In cooperation with: PD Dr. Peter Bachert, PD Dr. Gunnar Brix,
PD Dr. Michael Knopp, FS 05, DKFZ; Dr. Thomas Bouillon*, Dept.
of Anaesthesiology, University of Bonn; Prof. Dr. O. Mehls, Pediat-
ric Hospital, University of Heidelberg.

One of the major problems in treating cancer with drugs is
the achievement of sufficiently high drug concentrations
within solid malignant tumors for a sufficient length of time.
Actual drug concentrations in human tumors are largely
unknown. Noninvasive measuring procedures like positron
emission tomography (PET), nuclear magnetic resonance
spectroscopy (MRS) in vivo and dynamic magnetic reso-
nance imaging (dMRI) allow one to monitor absolute or
relative drug concentrations in tissue. A better understand-
ing of pharmacokinetics in solid malignant tumors will
hopefully contribute to the development of more effective
ways of drug treatment.

Special kinetic models, taking into account the individual
arterial input function during the time when tissue concen-
trations are monitored, were developed for the analysis of
PET data from patients with liver metastases of colorectal
carcinomas [1] and of dMRI data from patients with malig-
nant and benign mammary tumors [2]. Heterogeneity in
the sense of two or three different kinetic compartments in
the same tumor was found in almost all malignant mam-
mary tumors while it was an exception in mastopathic nod-
ules; fibroadenomas seem to range in between.

The tissue pharmacokinetics of floxuridine was monitored
locally at the injection site upon intratumoral and subcuta-
neous injection by MRS in vivo [3]. Pharmacokinetics is
more variable in malignant tumors than in subcutaneous
tissue and, in tumors, always has a slow component of
disposition with half-life between 30 min and several
hours; this demonstrates the effect of variable and partly
insufficient vascularization which is one of the major ob-
stacles to successful drug therapy by systemic administra-
tion. Drug elimination from the site of a subcutaneous in-
jection is invariably rapid with half-life between 6 and 9
min; the combination of subcutaneous injection with local
MRS in vivo appears to be a promising tool for the in vivo
testing of controlled-release drug preparations designed
for interstitial application.

Population modelling was applied to the pharmacokinetics
of piritramide in surgical patients [4]. Ongoing population
analyses deal with the arterial pharmacokinetics of the
MRI contrast agent gadopentetate and the pharmacody-
namics of erythropoietin in children with renal anemia.
Grants: Intratumoral pharmacokinetics of floxuridine (Deutsche
Krebshilfe); Pharmacodynamics of erythropoietin in children
(DFG)
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Dr. Spiro M. Konstantinov (10/98 - 04/99, 07-09/99,
02-04/00, 07-09/00, 12/00-02/01)
Dr. Milka Georgieva (08-12/99, 03-06/00, 10-12/00)

Graduate students:
Carl Christoph Schimanski (- 3/99)
Tobias Stein (- 3/99)
Axel Wittmer (- 3/99)
Cristina Voß (2/99 - )
Michael Conzelmann (7/99 -)
Christoph Dieterle (9/99 -)
Hassan Adwan (10/99 -)
Jan Sänger (9/00 -)
Maike Leible (9/00 -)

Technicians:
Helmut Opitz (-9/00)
Aysen Danisman
Birgit Kaiser (part time, 10/00 -)

Aims and scope of the Unit
The Unit of Toxicology and Chemotherapy originated in
1993 from the former Division of Carcinogenesis and Che-
motherapy.
The objective of this unit is to better understand mecha-
nisms of toxicity and carcinogenesis of drugs and chemi-
cals and to develop improved methods for diagnosis and
treatment of cancer.
In this context the mechanism of action of the carcinogenic
cytostatic agent 5-aza-2'-deoxycytidine was investigated.
In addition, the spectrum of anticancer and anti-protozoan
activities of alkylphosphocholines was studied and, more-
over, colorectal micro-metastases as well as isolated tu-
mor cells derived from K-ras mutated colon carcinoma
were identified by using a sensitive assay specific for K-
ras mutations.

Sensitive detection and quantitation of colon
carcinoma cells

M.R. Berger, C.C. Schimanski,  M. Conzelmann,
C. Dieterle, A. Wittmer, T. Stein

Cooperation with: Dr. Ulrich Linnemann, Klinikum Nürnberg Nord,
Nürnberg; Dr. Matthias Seelig, Klinikum Ludwigshafen,
Ludwigshafen

A PCR-RFLP assay was established for detecting muta-
tions of codons 12 and 13 of the K-ras gene in tissue
samples from patients with colorectal carcinoma. The as-
say is sensitive enough to detect one mutant in 106 wild
type cells. Based on this assay, a K-ras mutation rate of
46% was found in 146 colorectal cancer patients. The
most prevalent mutation at codon 12 was a G→C transver-
sion, followed by a G→A transition which resulted in amino
acids alanine and asparagine, respectively, instead of gly-
cine. At codon 13 G→A transitions were found only, result-
ing in amino acid asparagin instead of glycine. Concomi-
tantly investigated tissues with potential metastatic spread
(lymph nodes, liver) were found positive for K-ras mutants
even if histologic examinations failed to detect any metas-
tases. Thus, it was demonstrated that K-ras mutated iso-
lated tumor cells can be detected earlier than with conven-
tional diagnostic means by using the PCR-RFLP assay for
tissue samples from critical organs such as the liver [1,2].

In a separate approach on quantitating colon cancer cells,
human [3] and rat [4] colon cancer cells were grown in
nude and normal rats, respectively. Human colon cancer
cells were quantitated by using a nested PCR assay and
an external standard, the number of rat colon cancer cells
was determined by assaying the activity of β-galactosidase
after transfecting the cell line with this marker gene. The
latter model will be used for therapy experiments.

Chemical carcinogenesis

M.R. Berger

5-Aza-2’-deoxycytidine (5-AdC) is a cytostatic agent which
after incorporation into DNA prevents methylation of cy-
tosine residues. This property has been used to reverse
the malignant growth of cancer cells which contain tumour
suppressor genes silenced by hypermethylation. However,
epigenetic changes of DNA might well harbour a carcino-
genic risk due to the activation of silenced oncogenes. To
assess the long term toxicological risk of 5-AdC the cyto-
static was administered to Sprague Dawley rats in a carci-
nogenicity study. Administration of 5-AdC was well toler-
ated but caused significant reductions in mean survival
time due to the induction of malignant tumours. The per-
centage of rats with malignant tumours was doubled in
treated animals. Histological examination revealed the he-
matopoietic system, skeleton, nervous tissue, skin and
mammary gland (females only) to be target organs of
5-AdC’s long-term toxic action. From these results it is
concluded that 5-AdC is a multipotent carcinogen in rats.

Unit Toxicology and Chemotherapy (D0301)

Head: Prof. Dr. Martin R. Berger
Tel.: 06221-423310; Fax: 06221-423313; E-mail: M.Berger@DKFZ-Heidelberg.de
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To investigate a possible relationship between imprinting
or loss of imprinting due to demethylation caused by
5-AdC and its target organs of carcinogenesis, polymor-
phisms of imprinted rat genes (IGF2 and H19) were identi-
fied. Ongoing studies focus on differences in the imprinting
status between control and treated animals for normal and
tumour tissues.

Pharmacological characterisation of
antineoplastic alkylphosphocholines

M.R. Berger, S.M. Konstantinov, M. Georgieva

Cooperation with: Prof. Dr. Hansjörg Eibl, Max Planck Institut für
Biophysikalische Chemie, Göttingen; Prof. Dr. Clemens Unger,
Klinik für Tumorbiologie, Freiburg; Dr. Uwe Zillmann, Zentrales
Tierlabor des DKFZ

High anti cancer activity in methylnitrosourea-induced pri-
mary rat mammary carcinoma, as first described by our
group (Berger et al., Cancer Treat. Rev., 1987, Muschiol et
al., Lipids, 1987) and then by others (Hilgard et al. Eur. J.
Cancer, 1988), prompted the clinical use of hexadecyl-
phosphocholine (HPC; INN: miltefosine) in the topical
treatment of skin metastases of locally recurring breast
cancer. Corresponding to our pre-clinical results, anti-can-
cer activity was observed in patients, leading to remissions
or stable disease in 50% of treated women. Systemic ad-
ministration of HPC, however, failed to result in tumour re-
sponses since gastrointestinal toxicity prevented the ad-
ministration of sufficient dose levels. Nevertheless, the low
dose levels administered caused significant increases in
platelet and leukocyte counts. Alkylphosphocholines have
been a main topic of interest since then and were followed
to establish dose/response and structure/activity relation-
ships as well as new pharmacological effects and the
mechanisms of action.

a) Structure activity relationships of alkylphosphocholines
in mammary carcinoma
Studies on the structure/activity relationships of alkylphos-
phocholines concentrated on the length of the alkyl chain,
the introduction of double bonds into the alkyl chain and
on modifications of the polar phosphocholine head. We
demonstrated that an elongation of the alkyl chain was
associated with increased toxicity, but introduction of a
double bond reduced toxicity. A completely different physi-
cal property was obtained with an alkyl chain length of 22
carbon atoms since this structure no longer forms micelles
in solution and can be administered i.v. due to the absence
of haemolytic properties. Compounds of this chain length,
like erucylphosphocholine, have a superior therapeutic ra-
tio and are considered to be second generation alkylphos-
phocholines [5].

b) Structure activity relationships of alkylphosphocholines
in hematopoietic cells
In spite of its antineoplastic and anti viral effects, HPC was
shown by us to have no toxic influence on mouse bone
marrow cells. In contrast to this effect on normal hemato-
poietic cells, alkylphosphocholines inhibited effectively the
growth of a panel of leukemic cell lines (HL60, U937, Reh,
Molt4, Jurkat, Ramos, Raji, except K562) and their cyto-

toxic activity depended on the length of the respective
alkyl chain. In addition, they induced apoptosis in HL60
and U937 cells, but not in the other cell lines. The expres-
sion of BCR-ABL in chronic myeloid leukemia cell lines in-
fluences the activity of alkylphosphocholines negatively,
with the least antineoplastic activity observed in the cell
line expressing the highest BCR-ABL level [6]

c) Activity of alkylphosphocholines in urinary bladder can-
cer cells
Alkylphosphocholines showed high antineoplastic activity
in two urinary bladder cancer cell lines. The activity was
based, at least in part, on induction of apoptosis. The dis-
tinct anti-cancer activity led us to predict that the respec-
tive topical treatment in man (instillation of solutions con-
taining alkylphosphocholines into the urinary bladder)
might be of therapeutic benefit for patients suffering from
urinary bladder neoplasia [7].

Publications (* = external co-author)
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Erucylphosphocholine is the prototype of i.v. injectable
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Dr. Björn Cochlovius
Dr. Sergey Kipriyanov (- 04/00)
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Dr. Peter Röttgen (01/99 – 11/00)
Dr. Michaela Arndt (07/99 - 08/00)
Dr. Fabrice Le Gall (- 09/00)
Dr. Timo Kürschner (10 - 11/00)

Guest scientists:
Giselle Tan (Los Angeles, USA, 07 - 12/99)

PhD students:
Michaela Arndt (- 04/99)
Petra Rohrbach (- 04/00)
Timo Kürschner (- 09/00)
Wolfgang Schmitt
Ingrid Choi.

Diploma students:
Alexandra Bähre (05/00 -)

Technical assistents:
Iris Klewinghaus (- 06/00)
Ingrid Hermes (- 03/00)

Experimental Cancer Therapy with
Recombinant Antibodies
To isolate human antibodies against targets on tumor
cells, we have made large human antibody libraries either
by amplifying the antibody gene repertoire from lympho-
cytes or by gene sythesis using randomised sequences for
the theantigen binding domains. The binding domains of
several mouse monoclonal antibodies against tumor mark-
ers and surface molecules on effector cells of the immune
system have also been cloned and expressed in bacteria.
The antibody binding domains are being used to construct
bispecific antibodies in so-called diabody and tandem
diabody formats as well as for the construction of immune
toxins and tumor vaccines.

Generation and screening of a large antibody
library

P. Röttgen, P. Rohrbach, T. Kürschner, I. Hermes,
A. Keller, M. Braunagel, S. Schmidt, M. Little

In cooperation with: Dr. Peter Terneß, Dr. Martin Welschof und
Christian Kleist (Institute of Immunology, University of Heidel-
berg).

We have amplified the antibody gene repertoire from the
lymphocytes of a large number of donors and succeeded
in generating a library of more than 109 independent
clones. We were able to isolate antibodies to a wide vari-
ety of antigens including small haptens, peptides and pro-
teins from this library.

Diabodies and tandem diabodies for lysing tumor
cells

S. Kipriyanov, M. Arndt, F. Le Gall, M. Little

In cooperation with: Prof. Michael Pfreundschuh (Univ. Klinik
Homburg); Dr. Gerd Moldenhauer, Dr. Gudrun Strauss, Dr. Jochen
Schumacher, Dr. Claus-Wilhelm von der Lieth, Dr. E. Ronald
Matys (DKFZ).

We have made bispecific antibodies in a so-called diabody
format. They consist of two molecules: one comprises a
heavy chain variable domain of specificity A linked by a
short linker to a light chain variable domain of specificity B;
the other comprises a heavy chain variable domain of
specificity B linked by a short linker to a light chain variable
domain of specificity A. The two molecules dimerise to
form a bivalent bispecific molecule. A more advanced tet-
ravalent molecule was made by combining the latter four
variable domains in a single chain construct that dimerises
with itself to form a tandem diabody. These molecules
were particularly effective for coupling effector cells such
as cytotoxic T cells and natural killer cells with targeted tu-
mor cells for their destruction. We were able, for example,
to achieve a complete cure of a Burkitts lymphoma in an
animal model system using a tandem diabody for recruit-
ing cytotoxic T cells together with T cell costimulation.

Development of tumor vaccines

C. de Inés, B. Cochlovius, M. Hoffman, H.-J. Rode,
S. Schmidt, M. Arndt, M. Little

In cooperation with: Dr. Ulrich Moebius, University Heidelberg;
Dr. Gerd Moldenhauer, Prof. Volker Schirrmacher, DKFZ

To increase the immunogenicity of tumor cells, we have
used retroviral expression vectors to introduce genes cod-
ing for immune stimulatory anti CD3 and anti CD28 single
chain antibodies fused to a membrane binding domain into
a human melanoma cell line. After a two step incubation of
peripheral blood lymphocytes with a mixture of cells that
presented one or other of the two antibodies, we suc-
ceeded in inducing a specific T cell response against the
unmodified tumor cells. Instead of using retroviral vectors,
we are also developing bispecific antibodies which com-

Recombinant Antibodies (D0500)

Head: Prof. Dr. Melvyn Little
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prise immune stimulatory antibodies linked to a second an-
tibody that binds to a cell surface antigen. For example, in
one procedure, the targeted antigen is a viral coat protein
expressed after infection with Newcastles Disease Virus.
In a quite different approach, we have used mRNA iso-
lated from bladder tumor cells to elicit a specific T cell re-
sponse by using dendritic cells to present antigens.

Targeting and lysing thromboses with
recombinant antibodies

M. Zewe-Welschof, S. Kipriyanov, M. Little

In cooperation with: Prof. Dr. Christof Bode, Dr. Karl-Heinz Peter
und Justin Gräber (Ludolf Krehl Klinik, Univ. Heidelberg)

In a cooperation with the group of Prof. Dr. Bode, a fusion
protein was created comprising a single chain antibody
against fibrin linked by a peptide to hirudin. A factor Xa
cleavage site was positioned just in front of the N-terminus
of hirudin which facilitates the release of hirudin at the site
of the blood clot. This construct was able to efficiently lyse
an artificially produced blood clot.
Grants: BMBF (1 scientist), Mildred Scheel Stiftung (1 scientist),
EU (1 scientist).
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We hypothesize that tumor progression proceeds by the
uptake of physiological programs, which in connection with
the preexisting malignant transformation of the tumor cell
suffices for metastasis formation. To substantiate the hy-
pothesis we concentrate on the identification of new me-
tastasis-associated molecules, their functions and the con-
nectivity. We assume that by elucidating physiological
functions of metastasis-associated molecules, mainly in
hematopoiesis and lymphocyte activation, the process of
metastasis formation may be unraveled, which is an es-
sential prerequisite for the development of new therapeutic
concepts.
We are also concerned with the identification of immuno-
genic tumor-associated antigens and their utilization in
vaccination protocols as a means of initiating a potent anti-
tumor response.

Metastasis-associated Molecules: Functional
Analysis with Respect to Concerted Activity

M. Herlevsen, T. Jegou, M. Rösel, M. Zöller

In cooperation with Prof. Dr. Manfred Schwab, Division of Cytoge-
netics, DKFZ, Prof. Dr. Magnus von Knebel-Döberitz, Department
of Experimental Surgery, University Hospital, Heidelberg, Prof. Dr.
Wolfgang Tilgen. Department of Dermatology, University of the
Saarland, Prof. Dr. Keld Dano and Prof. Dr. Mikael Ploug, Finsen
Laboratory, Kopenhagen, Denmark

Starting with monoclonal antibodies which recognized a
number of membrane molecules selectively on metas-
tasizing rat tumors, we were interested to identify these
molecules and to elucidate their function. Besides of vari-
ant isoforms of CD44, which we have already described
before, we isolated four additional metastasis-associated
molecules, a tetraspanin molecule (D6.1A) [1], i.e. a mole-
cule which spans the cell membrane four times, D5.7A, a
panepithelial molecule [2], B5.5A, the rat α6β4 integrin
(Herlevsen et al., in prep) and a molecule with a low de-
gree of homology to the receptor for the plasminogen acti-
vator (C4.4A) [3]. Except for C4.4A the human homo-
logues of these molecules are known and have been as-
sociated with tumor progression. In the rat model, we
could show by the transfer of the cDNAs in non-metas-
tasizing tumor lines that 4 of the 5 molecules contribute to
the metastatic phenotype, although at distinct steps of the
metastatic cascade and without inducing the full-fledged
phenotype of the parental metastasizing line. Transfection
of the α6β4 integrin cDNA did by itself not suffice for me-
tastasis formation (Herlevsen et al., in prep). Meanwhile,
we also have cloned the human homologue of C4.4A [4].
The molecule is hardly expressed on non-transformed
cells, but frequently on tumor cell lines. In a small study
with malignant melanoma we obtained evidence for upre-
gulation during tumor progression, i.e. all metastases were
C4.4A positive, while expression on primary tumors was
rather infrequently observed. Finally, depending on condi-
tioning, expression of the molecule becomes strongly
upregulated [5].

The concerted appearance of these 5 molecules has been
observed on several metastasizing rat tumor lines and we
consider the concerted appearance as important for the
appearance of the full-fledged metastatic phenotype [6,7].
There are at least 2 possibilities to explain the concerted
appearance of these 5 molecules on metastasizing tumor
lines. Expression of these molecules is regulated by one
gene or co-expression of these five molecules is neces-
sary for a tumor cell to proceed through the metastatic
cascade, but their expression is regulated independently.
Independent of whether the concerted appearance of the
5 molecules results from activation of a master gene or
from a selection process, there exists the possibility that
functional activity of the 5 molecules is interrelated, e.g.
the function of the individual molecules is altered through
physical association. There are several evidences to sup-
port a concerted action: i. Tetraspanins are known to be
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clustered in defined membrane domains, where they are
associated with other tetraspanins, integrins, CD44 and
additional, not yet defined molecules. Considering D6.1A,
we know that it co-immunoprecipitates with several inte-
grins. It also (weakly) associates with D5.7A. ii. The uPAR
(homology to C4.4A) localizes in the same membrane
clusters and also associates with integrins. iii. The func-
tional activity of C4.4A by itself, i.e. in transfected cells, dif-
fers from its functional activity in spontaneously metasta-
sizing cells which express the whole set of molecules. iv.
The same observation holds true for D6.1A which initiates
a consumption coagulopathy only when third party trans-
fected cells, but not when the original metastasizing tumor
cell is transplanted. Furthermore, B5.5A, the α6ß4 integrin
can be part of hemidesmosomes and as such be involved
in cell - matrix adhesion. Within the hemidesmosomes
B5.5A is not associated with D6.1A, but it may do so when
driven out of the hemidesmosomes, a process which is ac-
companied by morphological changes and gain in motility
(Herlevsen et al., in prep.)

To gain further information on the multistep process of me-
tastasis formation, we are currently engaged in answering
in particular the following question. Are these newly de-
fined metastasis-associated molecules connected and do
these molecules exert distinct functions when being part of
a membrane complex? The question, whether the concer-
ted expression of the 5 molecules is incidental or dictated
by the activation of a single (master) gene will be addres-
sed in dependence on the results to the above mentioned
queries.

CD44 Variant Isoforms in Hematopoiesis

O. Christ, P. Engel, M. Zöller

In cooperation with Prof. Dr. Anthony Ho, Medizinische Klinik V,
Universität Heidelberg; Prof. Dr. Rainer Haas, Medizinische Klinik,
Düsseldorf; PD Dr. Ursula Günthert, Basel Institute for Immuno-
logy, Basel, Switzerland.

In support of our hypothesis that metastasis-associated
molecules are physiologically involved in programs of mul-
ticellular organisms, we have explored, so far, special fea-
tures of CD44 isoforms in hematopoiesis [8]. Two exam-
ples may be selected for demonstration, the influence of
anti-CD44 on stem cell homing and on the maturation of
hematopoietic progenitor cells.

Transplantation of hematopoietic progenitor cells provides
in many instances of malignant tumors an ultimate chance
of curative therapy, whereby the transfer of peripheral
blood stem cells (PBSC) may even be advantageous as
compared to bone marrow cells. Yet, the transfer of PBSC
requires mobilization of stem cells into the periphery,
which is mostly achieved via hematopoietic growth factors
like G-CSF. Though G-CSF has been found to efficiently
mobilize stem cells in most instances, some patients do
not or insufficiently respond to G-CSF treatment. In addi-
tion, G-CSF treatment may by accompanied by maturation
of the most primitive progenitors and may have impact on
stem cell homing and recovery of hemopoiesis. Therefore,
additional approaches for stem cell mobilization have been

searched for, in particular mobilization via a blockade of
adhesion molecule expressed by CD34-positive cells, like
VLA-4 (CD49d) and CD44.

We recently could demonstrate that a combined treatment
with G-CSF and anti-VLA4 (CD49d) / anti-CD44 is, indeed,
advantageous as compared to treatment with the individ-
ual components [9]. Mobilization by anti-CD44 had a
strong effect on expansion of early progenitor cells in the
bone marrow, while the recovery in the spleen was poor.
Anti-CD49d mobilized non-committed and committed pro-
genitors, progenitor expansion was less pronounced, but
settlement in the spleen was quite efficient. Thus, anti-
CD44 and anti-CD49d differently influenced mobilization.
Accordingly, mobilization and recovery after transfer were
improved by combining anti-CD44 with anti-CD49d treat-
ment. Mobilization by G-CSF was most efficient with re-
spect to recovery of progenitor cells in the spleen. How-
ever, when transferring G-CSF-mobilized cells, regain of
immunocompetence was strongly delayed. This disad-
vantage could be overridden when progenitor cells were
mobilized via blockade of adhesion, and when expansion
of these mobilized progenitor cells was supported by low
dose G-CSF only during the last 24 hours before transfer.

Though this study had been done with an antibody which
recognizes all CD44 isoforms, a detailed analysis of CD44
variant isoforms provided evidence that it is particularly
CD44v10 expression on progenitor cells [10,11] and,
above all, CD44v7 expression on stromal cells [12] which
accounts for stem cell mobilization. The latter was proven
by the use of mice with a targeted deletion of the CD44v7
exon. When mice were treated with a CD44v7-specific
antibody, increased numbers of progenitor cells were re-
covered in the spleen and the marrow repopulating ability
(MRA) was significantly improved, indicating that the mo-
lecule is important for progenitor cell adhesion. To differ-
entiate between an impact of CD44v7 expression on stro-
mal versus progenitor cells, CD44v7+/+ BMC were trans-
ferred into CD44v7-/- mice and vice versa. CD44v7+/+ BMC
homed poorly in the bone marrow of CD44v7-/- mice and
their MRA was severely impaired. CD44v7-/- BMC, instead,
exhibited an improved MRA when transferred into the
CD44v7+/+ host, although their MRA remained below that
of CD44v7+/+ BMC. Thus, it is predominantly, but not exclu-
sively, expression of CD44v7 on stromal cells which sup-
ports progenitor cell homing.

Besides of stem cell homing, acceptance of the graft (host
versus graft reactivity, HvG) and graft versus host (GvH)
diseases are of major concern especially in allogeneic
bone marrow cell transplantation after a non-myeloablativ
pretreatment, the latter being well tolerated even by
severely sick patients. We had suggested before that
CD44v6 may be of importance in T cell maturation and
probably could be advantageous for the establishment of
hematopoietic chimerism after allogeneic stem cell trans-
plantation. When lethally irradiated syngeneic, CD44v6/v7
competent (CD44v6/v7+/+) mice were reconstituted with
syngeneic BMC higher numbers of CD44v6/v7-/- than of
CD44v6/v7+/+ BMC were required to guarantee survival,
the period of reconstitution was prolonged and regain of
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immunocompetence was delayed. Similar findings were
observed when the lethally irradiated syngeneic CD44v6/
v7+/+ host was treated with a CD44v6-specific antibody.
However, reconstitution of the non-lethally irradiated al-
logeneic CD44v6/v7+/+ host with BMC of CD44v6/v7-/- mice
or anti-CD44v6 treatment of the allogeneically recon-
stituted CD44v6/v7+/+ host had no negative impact on sur-
vival rates. Furthermore, when the non-lethally irradiated
CD44v6/v7-/- host received an allogeneic graft, the survival
rate was improved as compared to the wild type host. Both
phenomena are likely due to the same underlying mecha-
nism. Maturation of CD44v6/v7-/- thymocytes, whether do-
nor or host derived, was severely impaired. This resulted
in reduced GvH reactivities and a dominance of host de-
rived T cells in the periphery, when the donor was
CD44v6/v7 deficient and in reduced HvG reactivities and
dominance of donor derived T cells in the periphery, when
the host was CD44v6/v7-/-. There was no evidence for an
involvement of CD44v6/v7 in the process of negative
selection, i.e. at 6-8 weeks after reconstitution, donor T
cells were tolerant towards the host irrespective of whether
the host was CD44v6/v7 competent or deficient [Christ O,
et al. submitted]. Thus, CD44v6 is involved in intrathymic
maturation of T cells, which feature could well allow for
therapeutic interference in episodes of GvH and HvG re-
actions after allogeneic bone marrow cell reconstitution of
the non-myeloablatively pretreated patient.

CD44 Variant Isoforms in Lymphocyte
Activation

M. Bourouba, D-S. Schmidt, M. Zöller

In cooperation with: PD Dr. Ursula Günthert, Basel Institute for
Immunology, Basel, Switzerland

The initiation and progression of autoimmune diseases are
complex processes that depend on a selective breakdown
of tolerance and additional factors like genetic susceptibil-
ity and environmental factors, e.g. drugs, infections, toxins
and UV light. The causative failure of the immune system
to tolerate self can be initiated by molecular mimicry or
polyclonal activation with the consequence of a break-
down of anergy or a failure of activation induced cell
death. It presents itself in multiple forms including a distur-
bed balance between TH1 and TH2, alterations in the
cytokine milieu and unduly modulation of the expression of
costimulatory molecules. Although all these features may
vary between patients and within the individual patient de-
pending on the state of disease, recent years have pro-
vided convincing evidences that particularly disease pro-
gression is markedly influenced by the expression profile
of costimulatory molecules. Since in many forms of au-
toimmune diseases the causative self-antigen(s) are un-
known, therapy largely depends on anti-inflammatory
agents or in severe cases on a general immunosuppres-
sion. Increasing knowledge on functional activities of costi-
mulatory molecules in autoimmune disease now provides
a new and promising therapeutic modality, which in a more
selective way interferes with the pathological activities of
immune cells [13]. We are particularly interested in the in-

volvement of CD44 variant isoforms in autoimmune dis-
eases and their possible use as a therapeutic target. Due
to the regulated and restricted expression of these mol-
ecules, therapeutic interference should not be burdened
by severe side effects.

By the high incidence of autoimmune reactions of the skin
it became of special interest to evaluate the CD44 isoform
expression profile in autoimmune reactions of the skin. Bi-
opsies of patients with a variety of skin-associated autoim-
mune diseases did not contain CD44v5-, CD44v6-,
CD44v7- or CD44v7-v8-positive leukocytes. Staining with
anti-CD44v10 was seen in some autoimmune diseases. All
biopsies contained CD44v3+ leukocytes. CD44v3 was ex-
pressed by CD4+ cells as well as by part of CD8+ cells,
Langerhans cells and monocytes. Vascular endothelium
also contained CD44v3+ cells. Instead, CD44v10 was ex-
pressed only by monocytes [14]. We assume that CD44v3
and CD44v10 may be targeting leukocytes towards the
skin or allow for their retention and expansion via binding
of cytokines and chemokines harbored by activated, skin-
associated endothelium or provided by cells surrounding
the infiltrate. The absence of CD44v6, frequently associ-
ated with lymphocyte activation, appears to be a peculiar-
ity of skin infiltrating leukocytes.

Because vessel endothelium, too, is brightly stained with a
CD44v3-specific antibody, it became of importance to de-
fine whether expression of CD44v3 on the endothelial
cells or on the leukocytes or on both is of functional im-
portance. Since expression of CD44v3 in the mouse on
activated endothelium and on subpopulations of activated
CD4+ cells, B cells and monocytes was similar to the ex-
pression in the human, we answered the question in a
mouse DTH model. The effect of anti-CD44v3 was com-
pared to the effect of anti-CD44s and anti-CD44v10, both
known to suppress DTH reactions. Anti-CD44v3 mitigated
the DTH reaction in DNFB sensitized and challenged mice
comparable to anti-CD44s and anti-CD44v10. However,
the seemingly similar effects of CD44 isoform-specific anti-
bodies resulted from a distinct modulation of response.
Anti-CD44s mainly suppressed T cell activation and IL-2
as well as IFNγ expression. Anti-CD44v10 inhibited the ac-
tivation of monocytes in the draining lymph nodes and in
the infiltrate, which led to a strong reduction in the proin-
flammatory cytokines TNFα and IL-12 and in edema for-
mation. Anti-CD44v3 had only a weak effect on cytokine
expression by isolated subpopulations of leukocytes, but
suppressed cytokine production by helper T cells when co-
cultured with antigen presenting cells, i.e. blocked an inter-
action between antigen presenting cells and helper T cells.
The dominating effect of anti-CD44v3, however, relied on
a blockade of leukocyte extravasation. Since leukocytes
transferred into DNFB sensitized, anti-CD44v3-treated and
lethally irradiated mice did not infiltrate the sensitized skin,
anti-CD44v3 most likely prevented leukocyte extravasation
by blocking CD44v3 on endothelial cells [15].

With respect to the therapeutic efficacy of a blockade of
CD44 variant isoforms we could demonstrate that the de-
velopment of alopecia areata can be prevented by a block-
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ade of CD44v10 [16]. The influence of a blockade of
Cd44v3 is currently being investigated.

Our initial studies had shown that CD44v3 and CD44v10
are of major importance in leukocyte traffic and skin hom-
ing, while in organ-specific autoimmune diseases not af-
fecting the skin CD44v6 and CD44v7 appeared to be of
functional importance. . Thus, we have described recently
that anti-CD44v6 and anti-CD44v7 interfere with delayed
type hypersensitivity (DTH) reactions. Yet, TNBS-induced
colitis can be cured only by anti-CD44v7. To clarify the
mechanisms underlying the divergent functional activities
of CD44v6 and CD44v7 we explored their contribution to
lymphocyte activation in vivo and in vitro.

CD44v6 and CD44v7 are distinctly expressed on subpopu-
lations of activated lymphocytes. Expression of CD44v6 is
mainly restricted to T cell blasts. CD44v7 has been de-
tected on CD4+ cells, B cells and monocytes. Mitogenic
and antigenic stimulation of lymphocytes in vitro was im-
paired in the presence of anti-CD44v6 and anti-CD44v7.
Accordingly, anti-CD44v6 and anti-CD44v7 mitigated the
DTH reaction in 2,4-dinitro-1-fluorobenzene (DNFB) sensi-
tized and challenged mice. However, the seemingly similar
effects of CD44v6 and CD44v7 specific antibodies re-
sulted from different activities. Anti-CD44v6 treatment led
to a down-regulation of IL-2 and IFNγ production pre-domi-
nantly by CD8+ cells. In anti-CD44v7 treated mice expres-
sion of IL-12 was decreased. Elevated levels of IL-10
accompanied this reduction. The latter resulted from an
anti-CD44v7-mediated blockade of interactions between
CD4+ cells and monocytes as well as an active triggering
of B cells. Thus, anti-CD44v6 and anti-CD44v7 interfere
with lymphocyte activation at very specific points. CD44v6
functions predominantly at the T cell level. CD44v7 in-
fluences production of proinflammatory cytokines by B
cells as well as an interaction between CD4+ cells and an-
tigen presenting cells [17]. As CD44 isoforms do not differ
in their intracytoplasmatic tail, the distinct activities must
result from expression on different leukocyte subsets and
interactions with distinct ligands.

Yet, CD44v7 exerts an additional function. We have de-
scribed recently that TNBS-induced colitis, an animal
model of chronic inflammatory bowel disease (IBD), can
be cured by treatment with anti-CD44v7. Controlling this
finding in mice with a targeted deletion of the CD44v7
exon [18] confirmed that CD44v7 is an essentially com-
ponent in IBD, i.e. these mice did not develop colitis. Fur-
thermore, by adoptive transfer experiments it could be
demonstrated that the pathogenic origin resides on hema-
topoietic cells expressing the CD44v7 exon product. The
failure of CD44v7 knockout mice to develop colitis could
be assigned to a significantly higher rate of apoptosis in
these mice. This implies that the CD44v7 exon product
provides an anti-apoptotic stimulus, which is essential for
the survival of the autoreactive T cells in the inflamed gut.

Since we had proven in several mouse models that
CD44v7 appears to be of utmost importance in IBD, it was
important to clarify whether this may be true also for pa-
tients with IBD [19]. Expression of CD44 variant isoforms

(CD44v) has been evaluated on PBMC of patients with
IBD, patients with autoimmune diseases not affecting the
gastrointestinal tract and several control groups. In all
groups, expression of CD44v on freshly harvested PBMC
was not or borderline above background levels. After in
vitro stimulation, expression of CD44v6 was strongly
upregulated. Exclusively on PBMCs of patients with au-
toimmune disease, high expression of CD44v3 and
CD44v7 was observed. Considering functional activity,
CD44v7 apparently exerted a dual effect. After culturing
PBMCs in the presence of anti-CD44v7, a higher percent-
age of cells produced IL-10. This was irrespective of
whether the PBMCs were derived from healthy donors or
from patients with autoimmune disease including IBD. In-
stead, costimulatory activity of CD44v7 was seen only in
PBMCs of patients with autoimmune disease and IBD.
Since expression and function of CD44v7 in patients with
systemic autoimmune disease and IBD have been much
alike the ones in mice suffering of TNBS-induced colitis, it
is tempting to speculate that blockade of CD44v7 could be
of therapeutic relevance in the human diseases.

Costimulatory Function of CD44 and Signal
Transduction

N. Föger, R. Marhaba, M. Zöller

The above mentioned findings that CD44 isoforms are po-
tent costimulatory molecules which exert functional activity
at defined stages of leukocyte activation create interest in
the underlying mechanisms of signal transduction. As a
matter of fact CD44 isoforms, though exerting distinct
functional activities, differ in the extracellular domains, but
share the intracytoplasmatic domain. Therefore it is likely
that signaling via CD44 is either directed by the associa-
tion with membrane molecules and that distinct CD44
isoforms associate with different membrane molecules. Al-
ternatively, but not mutually exclusive, CD44 isoforms sig-
nal via the ligand(s) bearing cell.

T cell activation is supposed to require two signals via the
TCR and a costimulatory molecule. However, the signaling
cascade of costimulatory molecules has remained elusive.
Here we provide evidence that CD44, which is constitu-
tively associated with lck and fyn, supports proliferation as
well as apoptosis mainly, if not exclusively, by enhancing
signal transduction via the TCR/CD3 complex.

Antigenic stimulation of a T helper line in the presence of a
CD44 receptor globulin was accompanied by a significant
decrease in IL-2 production. To evaluate the underlying
mechanism, CD44 was cross-linked via an immobilized
antibody. Cross-linking of CD44 induces proliferation of
peripheral T cells and apoptosis of thymocytes and a T
helper line in the presence of subthreshold levels of anti-
CD3. Several proteins are rapidly tyrosine phosphorylated;
erk and c-jun are strongly activated; expression of CD69
and CD25 is upregulated on mature T cells and expres-
sion of CD95 and CD95L on the T helper line. All these
phenomena become less dependent of CD44 in the pres-
ence of high amounts of anti-CD3. Furthermore, cross-
linking of CD44 is only effective when supporting co-locali-
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zation of CD44 with the TCR/CD3 complex, since mixtures
of beads coated with either anti-CD3 (low dose) or anti-
CD44 do not induce T cell activation. These findings imply
the rearrangement of adhesion molecules with apposition
of protein kinases as a critical event for the initiation of sig-
naling via the TCR/CD3 complex [20].

Since T cell activation is accompanied by reorganization of
membrane microdomains resulting in the formation of the
so called immunological synapse, it became tempting to
speculate that the above described costimulatory function
of CD44 may be initiated by or be based on a CD44-in-
duced reorganization of the cytoskeleton, which is a pre-
requisite for the membrane reorganization in T cells.

Cross-linking of CD44 on a T helper line was accompanied
by adhesion, spreading and actin bundle formation. These
processes were energy dependent and required an intact
actin and microtubule system. They involved the small
GTPase Rac as evidenced by the absence of spreading in
cells overexpressing a dominant negative form of Rac.
The CD44 initiated reorganization of the cytoskeleton was
associated with the recruitment of CD44 and the associa-
ted tyrosine phosphokinases p56lck and p59fyn into glyco-
lipid enriched membrane microdomains (GEM) [21]. We
interpret the data in the sense that CD44 functions as a
costimulatory molecule in T cell activation by inducing ac-
tin cytoskeletal rearrangements and membrane protein
and lipid reorganization including its association with
GEMs. Due to the association of CD44 with lck and fyn
this colocalization with the TCR allows an abundant provi-
sion of these kinases, which are essential to initiate the
TCR signaling cascade.

Functional Activity of Neutral
Spingomyelinase in Inflammation

E. Amtmann, K. Chlichlia

In cooperation with Gerhard Schilling, University of Heidelberg.

Sphingomyelinases are enzymes that digest sphingo-
myelin. One product of this enzyme reaction, ceramide
can act as a second messenger. It has been know, that
two classes of sphingomyelinases exist. Enzyme activity
was described at the acidic and at the neutral pH. Little
has been known of the function of neutral sphingomyelin-
ase (nSMase) . We could show that at least two iso-forms
of n-SMase exist in most cells. In T-cells only one iso-form
exists. The nSMase from T-cells was cloned by us. We
could show, that this enzyme is connected with the regula-
tion of sensitivity of T-cells to CD95 induced apoptosis.
Overexpression induces resistance to apoptosis, while the
expression of an anti-sense construct leads to higher vul-
nerability.

In cooperation with Gerhard Schilling we could identify a
specific inhibitor of nSMase from T-cells. Treatment of T-
cells with this inhibitor reduced expression of anti-apopto-
tic proteins. Furthermore the cells became more sensitive
to CD95 induced apoptosis. In an experimental mouse
model of rheumatic arthritis we could show that treatment
with  the nSMase inhibitor induced apoptosis in autoreac-

tive T-cells. Concomitantly, symptoms were ameliorated.
We could show that inhibitors of nSMase can be used for
a completely new approach for the treatment of autoim-
mune diseases.

Searching for Renal Cell Carcinoma-
associated Antigens

M. Brosius, G. Dewitt, M. Stassar, M. Zöller

In cooperation with Dr. Stefan Stevanovic, Institute for Cell Biol-
ogy, Tübingen, Prof. Dr. Richard Hautmann, Department of Urol-
ogy, University of Ulm, Ulm

Renal cell carcinoma (RCC) accounts for approximately
3% of adult malignancies and 1.4% of cancer-related
deaths. The prognosis of RCC remains poor, because
RCC are radioresistant and mostly chemoresistant. Thus,
there is an urgent requirement for alternative therapeutic
modalities. The current strategy is to design therapeutic
approaches based on specific biological features of each
tumor type. These include i. the aberrant expression of
genes which can be recognized by the immune system as
foreign; ii. gene products related to the formation of new
blood vessels (neoangiogenesis), since they are essential
for tumor expansion and metastatic settlement and iii. the
altered expression of adhesion molecules, matrix degra-
ding enzymes, their receptors and inhibitors, which are a
further requisite of metastatic spread. Several techniques
enable the identification of tumor markers. Subtractive
hybridization, differential display reverse transcription-poly-
merase chain reaction (RT-PCR) and hybridization of
cDNA microarrays are frequently used to compare the ex-
pression patterns between tumor and normal tissue. Other
approaches, such as serological screening (SEREX),
screening of cytotoxic T lymphocyte activity against an au-
tologous tumor cell line and peptide elution from MHC
molecules, are especially focused on the identification of
immunogenic tumor molecules.

In a first set of experiments we made use of DD-RT-PCR.
The most interesting gene identified which is downregu-
lated in RCC as compared to normal kidney was the TNF
receptor-associated protein-2/p97 (TRAP-2). TRAP-2 is a
subunit of the proteasome, a multisubunit complex impor-
tant for protein degradation and the generation of peptides
to be presented by MHC class I molecules [25]. The find-
ing is well in line with several report describing down-
modulation of several of the proteasome subunits, like
LMP-2 or LMP-7, which is considered to be an important
pathway of tumor escape from an immune attack.

We also performed suppression subtractive hybridization
(SSH) on patient matched normal renal and RCC tissue to
identify variably regulated genes [Stassar M, et al. submit-
ted;  26]. Eleven genes, two of which were novel, were
strongly upregulated or selectively expressed in more than
one RCC tissue or cell line. Screening of filters containing
cancer-related cDNAs confirmed overexpression of 3 of
these genes and 3 additional genes were identified. These
14 differentially expressed genes, only 6 of which have
previously been associated with RCC, are related to tumor
growth / survival (EGR, cyclin D1, insulin-like growth fac-
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tor-binding protein-1 and the novel MLRQ subunit homo-
logue of the NADH ubiquinone oxidoreductase complex),
angiogenesis (vascular endothelial growth factor, endothe-
lial PAS domain protein-1, ceruloplasmin, angiopoietin-re-
lated protein 2) and cell adhesion / motility (protocadherin
2, cadherin 6, autotaxin, vimentin, lysyl oxidase and the
novel semaphorin G). Since some of these genes were
overexpressed in 80%-90% of RCC tissues, it is important
to evaluate their suitability as therapeutic targets.

While proceeding with SSH, we have started to screen for
immunogenic RCC-associated antigens by the SEREX
method and by peptide elution from MHC molecules of
RCC tumor lines.

Immunotherapy of Malignant Melanoma and
Renal Cell Carcinoma

O. Christ, R. Weth, M. Zöller

In cooperation with Prof. Dr. Siegfried Matzku, Merck AG,
Darmstadt, Prof. Dr. Reinder Bolhuis, University Hospital Rotter-
dam, Rotterdam, Netherlands, Prof. Dr. Jürgen Hammer, La
Roche Inc, Nutley, NJ, USA.

The mortality due to cancer is still high, for some types of
cancer even increasing. This implies that conventional
therapies, despite of a steady and stepwise improvement
require additional and complementary therapeutic ap-
proaches. These will mainly be based on biological fea-
tures of tumor cells other than dysregulated proliferation,
one of the most highly disputed approaches being based
on atypical expression of certain proteins and the induc-
tion of immune response against those. Although many tu-
mors express putative target molecules for a therapeutic
immune reaction, tumor cells are missing the prerequisites
for appropriate antigen presentation and - hence - the im-
mune system does not respond. This can probably be cir-
cumvented when tumor antigens are processed by con-
ventional antigen presenting cells. Thus, by the improve-
ment of vaccination protocols a fourth and hopefully pow-
erful weapon to surgery, radiation and chemotherapy
might be added in the fight against cancer [27-29]. At
present, several concepts are discussed: transfer of ge-
netically modified tumor cells or bystander cells, the trans-
fer of activated effector cells and active vaccination. With
respect to the latter, it remains to be explored - besides of
other unanswered problems - whether vaccination with
DNA or protein may be advantageous.

Vaccination with tumor cells genetically modified to sup-
port induction of an immune response by either production
of cytokines or by expression of costimulatory molecules
provides a promising therapeutic approach. We used the
tetracycline-regulated system as described by Gossen and
Bujard (1992) to evaluate the possibility of controlled gene
expression in vivo. Human melanoma cells were trans-
duced by two modified retroviral vectors containing the
transactivator regulatory unit and the IL-2 gene driven by
the tet/promoter, respectively. In the absence of tet, IL-2
expression was stable over several months. Most impor-
tantly for clinical application, IL-2 expression by the trans-
duced melanoma cells could also be regulated in vivo: Nu/

nu mice inoculated with the transduced human tumor cells
failed to develop tumors. Instead, when the mice received
tetracyclin with the drinking water, IL-2 expression in the
subcutaneous tumor was suppressed and the tumor grew.
This finding demonstrated for the first time the applicability
of the tet regulated system in cancer gene therapy, i.e. the
regulation of gene expression in the periphery (subcutane-
ously) by oral application of tetracyclin [30].

We also achieved good therapeutic responses in a murine
lymphoma model when either the tumor or “bystander” fi-
broblast were transfected with the IL-1α gene, which suf-
ficed for a significant retardation of tumor growth [31]. Un-
fortunately, the very same setting proved to be inefficient
in a rat lymphoma model. We suspect that the target anti-
gen in the latter model may be a thymus homing receptor.
As a consequence of the presence of this particular anti-
gen in the thymic environment, T cell become tolerant to-
wards the tumor (Weth and Zöller, in prep). We want to
stress these opposing result obtained while using the
same vaccination strategy as it points out that cancer
immunotherapy most likely has to become rather individu-
alized. At least, the optimal vaccination strategy has to be
explored for every tumor-associated antigen.

We were more lucky using a third approach of genetically
modified tumor cells. In this setting a rat pancreatic adeno-
carcinoma had been transduced with the cytosine deamin-
ase (CD) suicide gene. As could have been expected, CD
expressing tumor regressed after 5-fluorocytosine treat-
ment. Surprisingly, rat were also protected against the
parental tumor after vaccination with CD transformed tu-
mor cells. Thus, expression of the CD suicide gene helped
to initiate an efficient immune response against natural tu-
mor-associated antigens, which by themselves did not dis-
play a measurable immunogenic potential [32]. This kind
of bystander activation has been propagated for long in tu-
mor vaccination. Yet, there are few examples showing
such a convincing effect. Exploration of whether this is a
general feature of the CD gene is under investigation.

Though the efficacy of a transfer of genetically modified tu-
mor cells has been demonstrated in several tumor sys-
tems, there are a variety of inherent limitations and, so far,
strongest hope is given to the transfer of dendritic cells
(DC) as the classical antigen presentors, which are ex-
pected to induce a systemic response. Until now, strate-
gies for immunotherapy of cancer frequently make use of
the transfer of DC loaded or transfected with peptides,
which bind to MHC class I molecules and as such are
suited for the activation of CTL. Although it is well appre-
ciated that induction of a helper T cell response is a critical
element in the generation of anti-tumor immunity, because
of technical difficulties this aspect could be taken into ac-
count only recently. As gp100 is a strongly immunogenic
melanoma-associated antigen, we focussed on generating
gp100 specific T

H cells. Recombinant gp100 presented to
dendritic cells (DC) led to proliferation of TH cells in vitro
and, most importantly, induced proliferation of autologous
TH cells in the SCID mouse. This is one of the first demon-
strations that it is indeed possible to induce an efficient
MHC class II-restricted TH response by vaccination with
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DC which have been loaded with purified tumor-associ-
ated antigen [33]. Encouraged by this finding, we asked
whether we could define peptides of gp100 potentially be-
ing presented by the most frequent MHC class II haplo-
types of the caucasian population. In cooperation with
J.Hammer, Hoffmann la Roche, Nutley, NJ, USA, poten-
tially MHC class II presented peptides have been selected.
DC of healthy donors loaded with these peptides sufficed
for inducing a potent gp100-specific TH response. Notably,
the predicted hit rate was surprisingly high. The evaluation
of the in vivo efficacy of peptide-loaded DC to induce a tu-
mor rejection response confirmed our expectation [Stassar
M, et al. submitted].

Finally, it should be mentioned that a corresponding analy-
sis has been performed with the RCC-associated RAGE
antigen. In this system, too, predicted binding to MHC
class II molecules was very reliable and individual donor’s
response was stable over a period of several months [34].

As mentioned above, vaccination protocols are quite vari-
able until now and optimization for individual tumors re-
mains to be evaluated. We used the murine renal cell car-
cinoma line RENCA transfected with the lacZ gene
(RENCA-ß-gal) to compare the efficacy of vaccination ei-
ther with naked lacZ DNA or with attenuated Salmonella
typhimurium transformed with lacZ DNA or with dendritic
cells (DC) loaded with the ß-galactosidase protein or with
both DNA and protein. Although all regimen led to a pro-
longation of survival time, oral vaccination with transfected
Salmonella typhimurium followed by intravenous transfer
of protein loaded DC provided the optimal schedule. In this
setting over 50% of mice remained tumor free after chal-
lenge with 10-times the lethal tumor dose of RENCA-ß-gal.
As explored in transfer experiments, the superior efficacy
of combining DNA and protein vaccination is due to the
facts that i. optimal protection depends on both, activated
CD4+ and CD8+ cells and ii. CD8+ CTL are most strongly
activated by vaccination with transformed Salmonella,
whereas vaccination with protein loaded DC is superior for
the activation of Th. The latter induced sustained activa-
tion of CTL and recruitment of non-adaptive defense
mechanisms [Weth R, et al. submitted]. The data demon-
strate the strength of DNA vaccination, particularly by the
oral route, and provide evidence that a combined treat-
ment with protein-loaded DC can significantly increase the
therapeutic efficacy.

Using the murine B16F1 melanoma, we compared a CTL
versus helper T cell (TH) directed vaccination approach
using in both instances the oral route of vaccination with
transformed Salmonella typhimurium. To achieve presen-
tation preferentially in either MHC class I or class II mole-
cules Salmonella typhimurium (SL) were transformed with
the murine gp100 cDNA (SL-gp100) or with a fusion con-
struct of gp100 and a fragment of invariant chain cDNA
(SL-gp100/Ii) to target the translation product into the
MHC class II loading compartment. Retardation of B16F1
growth was more efficiently achieved by vaccination with
SL-gp100/Ii than with SL-gp100. Aiming at preferential
presentation by MHC II molecules provided improvement
due to a stronger expansion of TH and CTL [35]. Notably,

prophylactic as compared to therapeutic vaccination had
no additional impact on survival time / rate. This was due
to a striking decrease in frequencies of gp100-specific TH,
CTL and cytokine expressing cells during tumor growth.
Thus, the efficacy of vaccination was limited by tumor-in-
duced immunosuppression. Despite this system-inherent
drawback, our data demonstrate the oral route of vaccina-
tion via Salmonella as a most convenient transfer regimen
and confirm the superiority of protocols aiming at prefer-
ential activation of TH.

As already pointed out and despite promising results with
several vaccination startegies particularly in animal mod-
els, some notions of caution should be added explicitly.
Two major obstacles are escape mechanisms by the tumor
and immunosuppressive features of tumor cells [36]. Con-
sidering the latter, we recently noted that some RENCA
cell derived clones effectively interfere with the activation
of RENCA-specific T cells, although RENCA cells are not
immunosuppressive by themselves. Instead, they initiate
production of immunosuppressive factor(s) by lympho-
cytes, which trigger a special subset of NK1.1+ T cells to
kill CD4+ and CD8+ lymphoblasts. Thus, initiation of activa-
tion induced T cell death by the tumor can be a major ob-
stacle in immunotherapy of cancer. These data also dem-
onstrate that the first contact between elements of the im-
mune system and the tumor cell may be of utmost impor-
tance for tuning immunoregulatory circuits [37].

The question of a sufficient recruitment of activated effec-
tor cells remains another important question, particularly
because it is well known that lymphocytes infiltrating the
tumor frequently become anergic. Thus, a local stimulus,
which combines targeting of lymphocytes to the tumor and
a concomitant activation stimulus should be favorable, if
not essential. In this respect antibodies and cytokines
have been taken into consideration, but both approaches
have not met expectations in the first instance. Antibodies
by themselves frequently appeared rather ineffective.
Application of cytokines can be quite effective, yet is bur-
dened by the danger of side effects. Therefore, several
concepts are currently being propagated to efficiently di-
rect effector cells towards tumor target cells, while hope-
fully avoiding toxic effects on normal tissues. One is based
on bispecific antibodies which bind the tumor cell, the
TCR/CD3 complex and a costimulatory molecule. T cells
endorsed with chimeric receptors are another means of
targeting and focusing effector cells. A rather interesting
approach is based on fusion proteins, which consist of an
antibody recognizing a surface molecule of the tumor cell
and either a superantigen or an appropriate cytokine. In
the latter case, it is expected that the localization of a cyto-
kine at the surface of the tumor cell suffices to replace the
second signal in T cell activation, which otherwise requires
ligation of a costimulatory molecule.

We first asked, whether the therapeutic efficacy of adop-
tively transferred in vitro generated tumor-specific cyto-
toxic T-lymphocytes (CTL) could be improved by the con-
comitant application of two bispecific monoclonal anti-
bodies (bAB) using the SCID mouse which carried a hu-
man malignant melanoma and had been treated with
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gp100-specific CTL. To maintain the cytotoxic potential of
the transferred CTL, two bAb were generated which bound
with one arm either CD3 or CD28, the combination being
known to support the activation of CTL. For targeting the
CTL to the tumor, both bAb contained the F(ab’) part of an
antibody recognizing the melanoma-associated surface
molecule p97. In animals treated with CTL plus both bAb
the primary tumor did not grow and none of the mice
developed metastases. Thus, this set of bispecific antibody
fragments proved to target effector cells in the tumor-bear-
ing host and to efficiently support the in vivo clonal expan-
sion and cytolytic activity of in vitro generated CTL [38].

We next explored whether it would be possible to activate
effector cells in vivo by appropriate targeting molecules.
This has been done with immunocytokines (FuP) consis-
ting of a chimeric antibody - cytokine fusion protein. We
also asked whether the intratumoral versus the systemic
application may be of greater efficacy. IL2 or TNF coupled
to an anti-EGFR monoclonal antibody (IL2-FuP or TNF-
FuP) were tested in the SCID mouse bearing a human
EGFR-positive melanoma transplant and being reconstitu-
ted with human HLA-matched peripheral blood leukocytes
(PBL). Whole body autoradiography revealed a stronger
accumulation and a prolonged retention of intravenously
or intratumorally applied IL2-FuP or TNF-FuP as com-
pared to the antibody. Even with low doses of FuP, tumor
growth was significantly retarded with the survival time be-
ing further prolonged by the intratumoral application. Fur-
thermore, outgrowth of the tumor was prevented in about
50% of mice as long as they received concomitantly with
the FuPs weekly injections of PBL, which confirmed that it
was the donor leukocytes activated in vivo which retarded
tumor growth. Further analyses revealed that the number
of draining lymph node cells (LNC) and tumor infiltrating
leukocytes (TIL) increased continuously, the yield of drain-
ing LNC being significantly improved when the FuPs were
applied locally. In IL2-FuP treated mice the majority of
draining LNC and TIL expressed T cell activation markers
and IL2, thus being classified as T helper type 1 cells
(TH1). These cells displayed strong proliferative activity
and initiated activation of lymphokine activated killer cells
(LAK) and cytotoxic T cells (CTL). TNF-FuP supported ac-
tivation of CTL and of monocytes as revealed by TNF ex-
pression and cytostatic activity. Neither the antibody, nor
IL2, nor TNF, nor the mixture of antibody and cytokines ex-
hibited the full-fledged activational potency of the FuPs.
Notably, activation of immune effector mechanisms was
much stronger when the FuPs were applied intratumorally.
This actually is the first report to show that FuPs are effi-
cient immunostimulants in vivo for native leukocytes. While
IL2-FuP induced a TH1 response with recruitment of LAK
and CTL, TNF-FuP efficiently recruited and activated
monocytes and, less pronounced, CTL [39].
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Throughout adult life, all blood cells are constantly regen-
erated from a small pool of hematopoietic stem cells. A
single purified stem cell injected into a lethally irradiated
host is sufficient to reconstitute all lineages, demonstrating
pluripotency and an enormous regenerative potential. This
process is regulated by genes encoding secreted growth
factors, signal transduction molecules and nuclear pro-
teins. The hierarchy between these components remains
to be established. The helical cytokine family comprises
structurally related secreted proteins that play an important
role as hematopoietic growth factors. Their cognate recep-
tors are single transmembrane proteins that signal through
the Jak/STAT pathway and constitute the so-called
cytokine receptor superfamily. We focused on one such
ligand-receptor pair, thrombopoietin (TPO) and its receptor
(TPO-R), and examined their role in hematopoiesis.

TPO and the maintenance of a constant platelet
count

S. Besson and R.C. Skoda

TPO is primarily secreted by the liver and stimulates for-
mation of megakaryocytes, the precursors of platelets. In-
jection of TPO protein can increase platelet levels in vivo
up to five fold without affecting other lineages. The liver
constitutively produces constant amounts of TPO mRNA.
Serum TPO protein levels are thought to be directly regu-
lated through absorption of TPO protein by platelets, which
express the TPO-R. We found that TPO biosynthesis is
strongly inhibited by the presence of multiple upstream
open reading frames (uORFs) in the 5’ untranslated region
(5’-UTR) of the TPO mRNA. Mutational analysis revealed
that one of these uORFs (uORF7) strongly inhibits transla-
tional initiation at the physiological start site. This uORF7
is highly conserved in TPO from all 5 species sequenced
to date. Loss of this inhibition leads to a disease called
thrombocythemia (see below).

The pathogenesis of myeloproliferative disorders

S. Padosch, T. Schomber and R.C. Skoda

Hereditary thrombocythemia (HT) is an autosomal domi-
nant blood disease characterized by sustained prolifera-
tion of megakaryocytes resulting in elevated platelet
counts and thrombotic or hemorrhagic complications. The
clinical features of HT are indistinguishable from those of
sporadic essential thrombocythemia (ET), a chronic myelo-
proliferative disorder (MPD). In a Dutch HT family we
found a splice donor mutation in the human TPO gene that
causes overproduction of TPO protein. this mutation
causes aberrant splicing and leads to TPO mRNA with
shortened 5'-UTR that is more efficiently translated than
the normal TPO transcripts. This HT family represented
the first case of a mutation leading to systemic overpro-
duction of a cytokine. In an unrelated Japanese family with
HT, we found a TPO nonsense mutation that truncates the
main inhibitory uORF in the TPO 5’-UTR. Analysis of a
third independent TPO gene mutation also showed in-
creased efficiency of TPO mRNA translation. Thus, all
three known TPO gene mutations cause TPO overproduc-
tion by improving TPO translation. These examples illus-
trate the physiological importance of the translational re-
pression for TPO and platelet homeostasis. We are now
studying a large Spanish pedigree with MPD where we ex-
cluded TPO by negative linkage. This pedigree should al-
low us to map the disease gene to one of the human chro-
mosomes and open the possibility of positional cloning.
Furthermore, we are extending these studies to patients
with sporadic MPD by comparing gene expression profiles
with cDNA arrays in blood cells taken from patients and
normal controls.
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Cytokine receptor signaling and hematopoietic
cell fate decisions: in vivo analysis of TPO-R
mutants

S. Ziegler, S. Karakhanova, J. Coers and R.C. Skoda

In collaboration with: Dr. F.J. de Sauvage, Genentech Inc. South
San Francisco, CA, USA

The question of whether extracellular signals act by in-
structing hematopoietic stem cells to commit to a specific
lineage (instructive model) or solely permit the survival and
proliferation of predetermined progenitors (permissive
model), continues to stir controversy. To study the role of
cytokine receptors in hematopoietic cell fate decisions, we
generated knock-in mice and replaced the TPO-R with a
chimeric receptor consisting of the extracellular domain of
TPO-R and the cytoplasmic domain of the granulocyte
colony-stimulating factor receptor (G-CSF-R) in vivo. This
chimeric receptor binds thrombopoietin but elicits the G-
CSF-R signals. We found that homozygous knock-in mice
had almost normal platelet count, indicating that in vivo
the cytoplasmic domains of TPO-R and G-CSF-R are func-
tionally interchangeable. This finding is compatible with
the permissive model, in which cytokine receptors provide
an unspecific survival or proliferation signal and argues
against an instructive role of cytokine receptors in hemato-
poietic cell fate decisions. To dissect the contribution of in-
dividual downstream signaling pathways to platelet forma-
tion in vivo, we have analyzed mutant mpl receptors.
Structure function studies of mpl signaling have identified
two tyrosine residues (Y) in the cytoplasmic domain, which
can serve as docking sites for downstream signaling path-
ways involved in differentiation or proliferation of mega-
karyocyte progenitors. To analyze the contribution of these
docking sites to mpl signaling in vivo, we generated trans-
genic mice that express mpl mutants that carry phenyl-
alanines (F) in place of tyrosines under the control of the
mpl promoter. Surprisingly, these mice display increased
platelet counts and hyperproliferation of megakaryocytes
in the bone marrow and spleen resembling human MPD.
We are currently studying the mechanism causing hyper-
proliferation in these mice.
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of the Unit in bold)
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The clinical cooperation unit pediatric oncology aims to
connect basic research at the DKFZ to clinical problems in
pediatric oncology and haematology. Research topics in-
clude the analysis and implication of apoptosis signaling
pathways in lymphoproliferative diseases, HIV-infection,
chemo- and radiotherapy-induced apoptosis and cell
death following ischemia.

Clinical Implications Apoptosis Regulation

I. Herr, C. Beltinger, T. Böhler, C. Friesen,
K.-M. Debatin

The department is involved in translational research with
respect to the clinical implications of basic findings on
regulation of apoptosis. Therefore our research program is
concentrated on specific aspects in which the develop-
ment of this research may help in the diagnosis and treat-
ment of diseases such as leukemias and solid tumors, he-
matologic disorders, bone marrow transplantation and
neuroprotection of the neonate. Research programs over
the past years have been focused on the following topics:
1.  Identification of key apoptosis pathways determining

sensitivity or resistance towards established anti-tumor
therapies (chemotherapy and irradiation) in particular in
leukemia, pediatric tumors and brain tumors.

2.  Development of novel therapeutic strategies based on
selective apoptosis induction in tumor cells including
new anticancer drugs (e.g. betulinic acid) and gene
transfer strategies using active caspase fragments,
death-inducing ligands of the TNF-family and death
sensitizers (stress pathway molecules).

3.  The role of apotosis pathways in hypoxia/ischemia-in-
duced apoptosis with special emphasis on the develop-
ment of therapeutic intervention strategies.

4.  Identification of apoptosis gene defects in hematologic
disorders, lymphoproliferation and tumors.

5.  Modulation of T cell apoptosis in immunodeficiency
(HIV infection) and immunosuppression.

In the following paragraphs a brief outline is given on the
status of specific research projects in each topic:

1.  Research over the past few years has shown that acti-
vation of apoptosis pathways contributes and is required
for cell death induced by anticancer therapy. This includes
damage to mitochondria with the subsequent release of
apoptogenic factors and death receptor signaling (e.g.
CD95) at least in some cases. As a consensus, activation
of caspases downstream to initiator and amplifier events is
considered to be crucial for cell death following cancer
therapy. We have investigated several aspects of apop-
tosis pathways involved in drug-induced apoptosis. While
we found that CD95 ligand receptor/interaction may con-
tribute to cell death in some cases, death receptor signal-
ing is not always involved in drug-induced apoptosis. We
also identified activation of mitochondrial apoptogenic
function as a key event in drug-induced apoptosis. Activa-
tion of mitochondria may be a primary event or secondary
to receptor-initiated signals or unknown initiators. Death
receptor signaling and mitochondrial perturbation may si-
multaneously be triggered such as in cytotoxicity mediated
by suicide gene transfer. In this case death receptor sig-
naling involves even ligand independent aggregation of
CD95, initiating the formation of a death inducing signaling
complex. Drug resistance seems to be associated with a

Clinical Cooperation Unit Pediatric Oncology (D0800)

Head: Prof. Dr. Klaus-Michael Debatin  Assistant Head: Dr. Ingrid Herr



193

Research Program
Diagnostics and Experimental Therapy

Clinical Cooperation Unit
Pediatric Oncology

DKFZ 2001: Research Report 1999/2000

lack of activation of caspases due to defects in the apop-
tosis cascade. Current projects focus on the role of mito-
chondrial damage including damage to mitochondrial DNA
in initiation of the apoptosis response. In addition, we in-
vestigate the link between DNA damage and DNA repair
mechanisms and activation of apoptosis pathways. Our
previous studies on apoptosis systems have focused on
the CD95 ligand receptor system. In the future, more em-
phasis will be given on identification of other pathways that
activate downstream caspases such as caspase-3 or
caspase-9. The experiments done in vitro on activation of
apoptosis by chemotherapeutic agents will be extended to
ex vivo and possibly in vivo studies of patients receiving
chemotherapy for leukemia or solid tumors. The aim of
these projects will be the identification of early prognostic
parameters that determine therapy response and should
help to perform individualized therapies.

Since drug-induced apoptosis depends on activation of
downstream caspases, we have started to investigate the
expression of the molecules of the IAP family (Inhibitors of
Apoptosis Proteins) which may directly interfere with
caspase activation in human tumors. This study is particu-
larly focused on neuroectodermal tumors of childhood
since neuroblastoma have been found to express high
level of IAPS such as survivin.

2. Based on the finding that key elements of apoptosis
pathways are crucially involved in execution of apoptosis
following cancer therapy, we have used caspases or
death-inducing molecules such as death-inducing ligands
(TRAIL, TNF, CD95L) or sensitizing molecules such as c-
myc and c-jun kinase to sensitize chemoresistant cells for
apoptosis induction. The genes encoding these molecules
are used in retroviral or adenoviral vectors. These vectors
will also be used in experimental tumor systems in vivo for
the therapy of established tumors. This will include human
neuroblastoma and, most importantly, brain tumors where
new therapeutic approaches are desperately needed.

To identify mechanisms which can be used to induce cell
death in brain tumors will be a particular focus of our
group over the next years. Along this line we will extend
our program on betulinic acid and related compounds, a
new class of anticancer agents with specificity for neuroec-
todermal cells which seem to directly target mitochondria
and mitochondrial release of apoptogenic factors thereby
inducing cell death. The projects performed currently in-
clude a preclinical evaluation in human neuroblastoma
and medulloblastomas in nude mice.

3.  In recent studies we found that hypoxia/ischemia-in-
duced cell death in the brain and heart tissue also involves
increased expression of death-inducing ligands, at least in
certain areas of the damaged tissue. The contribution of
apoptosis systems to hypoxia-induced tissue damage may
provide new molecular targets for therapeutic intervention
in situations of acute or chronic ischemia. To this extend
we will collaborate with laboratories interested in neuronal
damage to study mechanisms that can be used for early
intervention in patients. In this respect our primary focus
will be on perinatal hypoxia/asphyxia with the specific aim

to develop strategies that may protect the neuronal cells of
the baby. As first line strategy, one could envisage using
drugs such as FK506 which we found to protect from neu-
ronal damage in the rat brain and to downregulate expres-
sion of death-inducing ligands.

4.  Mutations of the CD95L and CD95 have been identified
as the first genetic defects in apoptosis systems. These
defects are associated with a syndrom of lymphopro-
liferation and autoimmunity (ALPS). We and others have
studied patients with ALPS and performed a mutation
analysis of CD95 in patients with acute lymphocytic leuke-
mia. An increasing number of reports have identified muta-
tions of CD95 in several other hematologic malignancies.
However, in most patients with the clinical phenotype of
ALPS no CD95 mutation is found. Therefore, we are cur-
rently studying mutations in the CD95 ligand and will ex-
tend this mutation analysis also to other members of the
signal pathway such as FADD and caspase-8.

5. Activation-induced death (AICD) is a key physiological
mechanism for elimination of activated peripheral T cells
during immune responses. AICD involves triggering of
CD95 ligand/receptor interaction and subsequent activa-
tion of the CD95 pathway. While genetic defects in mol-
ecules of the CD95 pathway (CD95, CD95L, caspase 10)
lead to lymphoproliferation and autoimmunity, increased
expression of CD95, CD95L and accelerated AICD is seen
in HIV-1 infection. Our studies suggest that the gradual
loss of T cell during progression of HIV-infection is associ-
ated with a constant activation of CD95 driven apoptosis.
Future studies will use assays to monitor apoptosis activity
of patient T cells during antiretroviral therapy. In addition to
diseases such as HIV infection, accelerated AICD, espe-
cially of antigen specific T cells, may be therapeutically
used for immunosuppressive therapy. Ongoing studies in
our laboratory suggest that different classes of immuno-
suppressive drugs interfere at different levels with activa-
tion and AICD of normal peripheral T cells.
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The Clinical Cooperation Unit Skin Cancer  is a division of
the DKFZ located in the Dermatology Clinic of the Univer-
sity of Heidelberg in Mannheim. The Skin Cancer Unit is
focussed on the prevention, diagnosis and treatment of
skin tumors. This includes squamous cell carcinomas of
the skin and the skin appendages, lymphoma of the skin
as well as malignant melanomas which account for ¾ of all
deaths caused by skin disease.
Optimal care of tumor patients requires interdisciplinary
cooperation with other clinical departments such as sur-
gery, pathology, radiology and hematology/oncology. The
fact that we are part of a university medical school pro-
vides especially favorable conditions for such cooperative
efforts. The goal of the Skin Cancer Unit is to achieve a
closely coordinated interlocking between the newest ex-
perimental developments in the laboratory and clinical
practice. The unit (established 1997) includes a modern,
spacious laboratory and a special dermato-oncological
out-patient clinic in which chemotherapy as well ultra-
sound scans of the lymph nodes can be performed. An im-
portant service provided by the unit is a special program
for the aftercare of tumor patients. In addition, as provided
for by the cooperation contract between the DKFZ, the
University of Heidelberg and the Mannheim Clinics, the

unit also maintains 4 beds in the dermatology ward for in-
patient treatment.
Patients with malignant melanoma in all stages will be the
main focus of our efforts, but our unit also provides com-
prehensive in- and out-patient care for patients with ad-
vanced squamous cell carcinomas and lymphomas of the
skin. Furthermore, the unit offers an opportunity for con-
cerned doctors to present their patients (case histories)
and receive additional advice and analysis in the dermato-
oncological conferences which are held every Wednesday
afternoon (appointments should be made in advance: Tel.
+49-621-383-2127).
Melanoma is a curable disease if it is diagnosed on time
and properly removed surgically. The treatment of choice
for a primary malignant melanoma is surgical excision with
a wide safety margin, depending on the tumor penetration
depth and the anatomical location. Surgical treatment is
also preferred and recommended for in-transit and satellite
metastases. In cases where surgical methods cannot be
applied, treatment is very problematic and patients and
physicians are confronted with difficult choices. In the ad-
vanced stages of the disease there are only limited possi-
bilities for therapy, since conventional methods such as ra-
diation and chemotherapy are not very effective. Conse-
quently, new treatment methods are urgently needed. Al-
though there have been promising reports on new bio-
modulating and immunological therapeutic approaches to
treatment of the malignant melanoma, chemotherapy still
plays a major role. Response rates are generally low. This
well-known resistance to chemotherapy is generally con-
sidered to be the main obstacle to successful treatment of
melanoma patients. On the other hand, experimental im-
munotherapeutic approaches are steadily gaining more
ground.
Since in recent years so much progress has been made in
tumor immunology in general and especially in melanoma
research, it has been possible to identify a number of
melanoma-associated tumor antigens which are recog-
nized by specific T-lymphocytes. Furthermore, a great deal
of knowledge has been gained on the immunological
mechanisms which are involved in the recognition and de-
struction of tumor cells. These discoveries have, in turn,
led to the development of several new and interesting ex-
perimental therapy concepts for the treatment of melano-
mas. Some of these have already reached the clinical test-
ing stage.

Homepage: http://www.dkfz-heidelberg.de/melanom

Clinical Cooperation Unit Skin Cancer  (D0900)

Head: Prof. Dr. med. Dirk Schadendorf
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Chemoresistance
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B. Wasser

In cooperation with: Dr. Hermann Lage, Prof. Manfred Dietel
(Charité, Pathology Berlin) und Prof. Dr. Pranav Sinha (Charité,
Clinical Chemistry, Berlin), Prof. Bernd Kaina (Applied Toxology,
Mainz), Prof. Annemarie Poustka (DKFZ, Div. H0600), Prof. Peter
Krammer (DKFZ, Div. G0300), Prof. Peter Lichter (DKFZ, Div.
H0700), Dr. Martina Schnölzer (DKFZ, R0800).

Chemotherapy is an extremely ineffective and unsatisfac-
tory means of treating malignant melanoma due to the
drug resistance which is characteristic of this disease and
is either intrinsic at onset or develops with application of
cytostatic drugs. Alternative treatment methods are pres-
ently being developed, but have not reached the stage
where they could routinely be applied in clinical practice.
For this reason, chemotherapy will continue to be a pri-
mary treatment method and urgently needs to be improved
and made more effective. This could be achieved if the
mechanisms underlying drug resistance could be discov-
ered and examined in order to develop strategies for coun-
teracting them. An important step in this direction is a de-
tailed analysis of the reasons for the fact that the same
drug is able to effectively kill sensitive tumor cells but is in-
effective against others. When this phenomena can be ex-
plained it will be possible to improve existing treatment
methods and to develop new therapeutic strategies.

We want to contribute to this effort by studying drug-resis-
tant and drug-sensitive melanoma cell lines in an in vitro
model system (Table 1) (Kern et al. 1997). The mecha-
nisms brought to light by these comparative studies will
then have to be pursued further in regard to their rel-
evance and means of functioning. This knowledge, in turn,
can be applied to improving chemotherapeutic regimens.

The following cytostatic drugs with different working
mechanisms were used:
I. cisplatin: DNA-damage, induces cross-links
II. etoposide:  Inhibits DNA-Topoisomerase II, induces

DNA-strand breaks
III. fotemustin: DNA-alkylating agent; which induces DNA

strand-breaks
IV. vindesin: Mitosis inhibitor, inhibits polymerization of

microtubuli.

Table 1: In vitro Model System for Analysis of Drug Resis-
tance in Melanoma. The drug-resistant cell lines are given along
with the corresponding cytostatic drugs which were used for se-
lection. The cells were cultured continuously in the presence of
the given cytostatic drug and the various concentrations of the
drugs used represent the various grades of resistance (Kern et al.
1997).

Cell Line Cytostatic Drug Levels of Resistance (µg/ml)
used for Selection

MeWo
CIS

Cisplatin 0.01 0.1 0.5 1
MeWo

ETO
Etoposid 0.01 0.1 0.5 1

MeWo
FOTE

Fotemustin 1 16 40 100
MeWo

VIND
Vindesin 0.05 1 2.5 5

Once the cell culture models have been established, the
search begins for differential expression of genes and pro-

teins in studies comparing sensitive and resistant cell lines
which possibly point to specific mechanisms.

A. Apoptosis deficiency
A number of studies have implicated apoptosis (pro-
grammed cell death) as an important mechanism by which
chemotherapeutic agents kill susceptible cells. Tremen-
dous progress has been made in understanding apoptosis
as a result of molecular identification of the key compo-
nents of this intracellular suicide program. Here it has
been suggested that inhibition or dysregulation of
apoptosis might be responsible for resistance to antican-
cer drugs (Eliopoulos et al. 1995; Los et al. 1997). It has
been shown in some tumor-systems that induction of
apoptosis by several cytostatic drugs was mediated either
by death-receptor/ligand-systems (such as the CD95-sys-
tem) or by mitochondrial processes. There is very little
known about drug-induced apoptosis in human melanoma
and deficiency in apoptotic pathways leading to drug resis-
tance.

We have analyzed the apoptotic pathway in cisplatin- and
etoposide-induced cell death in sensitive MeWo cells in
comparison to pathways leading to cell death in resistant
melanoma cells derived from MeWo [1]. Etoposide and
cisplatin induced apoptotic cell death in drug-sensitive
MeWo cells as indicated by dose-dependent DNA-frag-
mentation and cleavage of poly(ADP-ribose) polymerase
(PARP). Further detailed investigations of the pathway re-
vealed that apoptosis is mediated by mitochondrial pro-
cesses and death-receptor/ligand-systems do not play an
essential role. Analog analysis in etoposide-resistant cells
demonstrated marked apoptosis-deficiency associated
with a block in the signal transduction between Bcl-2 and
cytochrome c. Cell death in cisplatin-resistant cells is char-

DNA-cleavage

cleavage of nuclear targets
e.g. PARP

procaspase-9

caspase-9 activity

effector-caspase (3; 7; ..)

Cell death trigger

apoptosome

Bcl-2 family

cytochrome c 
release /Apaf1

modulation in 
cisplatin-resistance

block in etoposide-resistance
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acterized by an altered apoptotic pathway which results
also in final apoptotic features (DNA-fragmentation,
caspase-activity), but not however, by the same mecha-
nism (Helmbach et al., 2001, submitted) (Fig. 1).

B. Identification of differentially expressed genes
by DDRT-PCR

It is reasonable to assume that various resistance mecha-
nisms do exist which have not yet been discovered. Sev-
eral molecular biological approaches were chosen in order
to identify so far unknown molecules possibly associated
with a drug-resistant phenotype. By applying CGH-analy-
sis (comparative genomic hybridization) to drug-resistant
and sensitive MeWo cells a high number of additionally ac-
quired genetic imbalances were detected [7]. In order to
get further insight, we characterized the sensitive and re-
sistant MeWo cell variants by differential display reverse
transcription-polymerase (DDRT-PCR).

In two independent DDRT-PCR approaches differential ex-
pression of 114 mRNA fragments could be detected. After
at least two independent Northern blot analyses on all
MeWo variant cell lines 11 cDNA clones have been con-
firmed as differentially expressed genes. These cDNA
clones DSM-1-DSM-11 (Drug-Resistance- associated Se-
quence in Melanoma) include 3 Gene (DSM-1, DSM-3,
DSM-5) of known function, 4 previously sequenced genes
(DSM-2, DSM-4, DSM-6, DSM-7) of uncharacterized func-
tion and four novel genes (DSM-8 - DSM-11) without
match in Gene Bank. All 11 genes showed altered mRNA
expression in high-level etoposide-resistant cells, whereby
seven genes (DSM-1-6, DSM-8) were found to be de-
creased in their transcription rate in these cells. The
mRNA-expression of the remaining genes (DSM-7, DSM-
9-11) was enhanced in etoposide-resistant cells. The ex-
pression of 5 of the genes (DSM-5, DSM-7-10) was modu-
lated in various independently established resistant cells
suggestive of an association with drug resistance [5]. How-
ever, functional assays need to be performed to prove the
concept.

All genes found to be associated with drug-resistance
need to be characterized concerning their functional rel-
evance for drug-resistance. For some of the genes plas-
mids with the corresponding nucleotide-coding sequences
and relevant antibodies are already available. By transfec-
tion of appropriate plasmids stable cell lines will be gener-
ated which allow functional testing regarding drug-resis-
tant phenotype. Studies have already started at the DKFZ.

For all 11 genes found to be associated with drug-resis-
tance a patent application was filed.

C. Identification of novel proteins by
2-dimensional - gel electrophoresis

In order to expand the investigations on unknown mecha-
nisms in drug-resistance of human melanoma, we ana-
lyzed the global protein-expression using two-dimensional
gel electrophoresis. This method combines the separation
of proteins according to charge and mass. For the analysis
of the gels we used the PDQuest Systems. Proteins of in-
terest were excised, purified and identified by mass spec-
trometry (MALDI-TOF-MS) and microsequencing [6].

By 2-D-gel analysis we detected over 70 differentially ex-
pressed proteins (pH 2,8-pH 10) comparing sensitive and
resistant MeWo-Melanoma- cell lines. The identification of
the proteins has begun and a marked up-regulation in re-
sistant cells has been detected for the following proteins:

 TCTP (translationally controlled tumor protein)

 hEF-1-δ (human Elongation Factor 1-δ)

 TRP (tetratricopeptide repeat protein)

 14-3-3-γ ( isoform of the 14-3-3 family).

None of the identified proteins have been associated with
chemoresistance up to now. Their function and relevance
in the development of drug-resistance is going to be inves-
tigated by inhibitor studies and transfection of the corre-
sponding genes. Furthermore, the identification of the re-
maining proteins should be continued. This will be per-
formed by analyzing existing 2-D-protein-data bases of
other cell types or by excision of protein spots and further
microsequencing. Subsequent functional assays will re-
quire most of the time calculated for these studies.

Publications (* = external co-author)
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The work of our project group is centered around identify-
ing and characterizing specific tumor antigens, in particular
those specific to cutaneous T-cell lymphomas (CTCL) with
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the more far-reaching goal of applying this knowledge to
improving existing or developing new therapeutic and di-
agnostic methods. In the process of characterization the
tumor antigens (TA) are examined at the following levels:

Screening and expression analyses (Topic I)
By employing the SEREX method, a serological screening
procedure, and by means of DNA hybridization using
cDNA phage libraries, new tumor antigens or homologues
of previously discovered TA are identified and then exam-
ined more closely in regard to their serological specificity
(reaction against antibodies from the blood sera of pa-
tients and control persons) as well as in regard to their ex-
pression in various tissues (RT-PCR and Northern blot
analysis). We have been able to identify a number of TAs
which reveal serologically interesting aspects. Further-
more, we were able to show that one of these TAs which
had previously been identified (SCP-1) and a newly dis-
covered TA (cTAGE-1) display an expression pattern in tis-
sue which is tumor-specific [1]. In order to draw an antigen
profile of CTCL which is as comprehensive as possible we
also studied the expression of known TAs, especially those
belonging to the “cancer-germline-antigen” group, in vari-
ous CTCL tissues and cell lines. In this manner, for ex-
ample, LAGE-1 could be identified as a TA which is also
expressed in CTCL. Particularly the newly discovered TAs
are subjected to extensive RT-PCR analysis in order to
study their expression in the tissue and cell lines of various
tumors so that their relevance for these tumor entities can
be evaluated.

Synthesis and evaluation of new tumor markers
(Topic II)
All of the new TAs which in the described screening pro-
cesses (Topic I) proved, at least in their serological reactiv-
ity, to be tumor-specific are  subjected to further analysis at
the protein level. For this purpose proteins are synthesized
recombinantly and isolated (His-Tag) so that, on the long
term, an ELISA can be established. Tumor-specific anti-
gens, such as the cTAGE-1, are presently being examined
in regard to their immunological relevance by means of
epitope-mapping experiments in an cooperative effort with
Dr. Stefan Dübel (University of Heidelberg).

Generation of cytotoxic T-Cells against CTCL
tumor antigens (Topic III)
In a final step, tumor-specific TAs are examined in view of
their possible usefulness as a target structure for cytotoxic
CD8 T-cells. The cytotoxic T-cells generated in this man-
ner are then tested to see if they can be used to kill spe-
cifically HLA-matched, TA-positive CTCL lines. For this
purpose, TAs are selected which either have been found
and described by our group (see Topic II) or which have
previously been identified and are known to be expressed
in CTCL. In the first series of experiments the generally
established and recognized computer programs were used
to predict HLA-dependent peptides for LAGE-1 and then
to synthesize them and test their binding affinities so that
the peptides with strong binding qualities could be used to
generate cytotoxic T-cells. These experiments are being
performed in cooperation with Dr. Sun of our unit (sub-
group “Cellular Immunity”)

Publications (* = external co-author)
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Dr. Reinhard Dummer, PD Dr. Frank O. Nestle (Dermatology,
Zürich, Switzerland), PD Dr. Carmen Scheibenbogen, Prof. Dr.
Ulrich Keilholz (FU Berlin); PD Dr. Harald Kropshofer (Basel
Institute of Immunology, Switzerland).

Over the last decade, the incidence and mortality of malig-
nant melanoma have increased continuously throughout
the world. One of the major challenges to clinicians in or-
der to cure this disease is to early detect and eliminate it,
since once disseminated, melanoma is incurable due to its
high resistance to conventional therapies. Thus, it is im-
perative to develop new therapeutic strategies to treat or
prevent from the micrometastasis. Previous attempts of
immunotherapy employing biological reagents (e.g. cyto-
kines, BCG) alone or in combination with the intact tumor
cell-based vaccine therapy have not shown any clinical
benefit for the patients. Depending on tumor volume im-
munosuppression might differ from clinical stage to stage
and thus it might be difficult (if not impossible) cured (ad-
vanced) melanoma by immune therapy solely. This dem-
onstrates that more than one method is needed to treat
melanoma in all different clinical stages.

The project group “Cellular Immunity, Immune Therapy &
Gene Therapy” is therefore striving to develop a combina-
tion of immune- and gene-therapeutic methods with the
main focus on experimental work towards improving al-
ready established methods, developing new treatment
strategies and evaluating their safety and effectiveness for
general clinical application.

A therapy method which we want to improve is the vacci-
nation of melanoma patients with peptide-pulsed, autolo-
gous dendritic cells [*Nestle FO et al. Nat. Med. (1998) 4:
328-332] [8, 9]. So far this treatment can only be applied
to a limited range of patients with a defined HLA-haplotype
for which antigenic peptides derived from tumor associ-
ated antigens have already been characterized. In order to
widen this spectrum it is necessary to identify more of the
relevant protein epitopes that can be integrated into
therapy methods. Therefore the primary goal of our work is
to identify as many of these peptide epitopes as possible
[3]. The studies performed thus far have concentrated on
characterizing HLA-class I binding peptides which arise
from the processing of the differentiation antigens TRP1,
TRP2 and tyrosinase and from the cancer-testis antigen
LAGE 1.

A number of in vitro studies have shown that cytotoxic T-
lymphocytes (CTL) are able to lyse melanoma (tumor)
cells with certain variations depending on the HLA and tu-
mor antigens in question [1-3,5]. The goal of palliative as
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well as curative adjuvant melanoma therapies is to
achieve a specific stimulation of the immune system
through the induction of CTLs. This approach is currently
being evaluated in preliminary experimental therapy
studies and will also be applicable to other tumor types
[2,4,7]. The prerequisites and conditions which determine
the success of this kind of therapy approach are manifold
and, at this time, not completely understood. The following
steps, among others, are important for achieving a better
understanding of these phenomena:

1. It is still not known what kind of immunization is the
most effective for achieving an efficient CTL induction in
vivo. Along with determining the “right” antigen, the follow-
ing questions must be answered: What is more effective;
the peptide (which one?) by itself or the peptide + the ad-
juvant (which one?) or the peptide + dendritic cells (DC/
generated how?) or gene-modified DC or the whole pro-
tein etc.? These questions will be addressed in small clini-
cal studies in cooperation with the EORTC (European Or-
ganization for Research and Therapy of Cancer) and with
the “ADO” (project group for dermatological oncology).

At present a large, multi-center prospective randomized
clinical study is being carried out in which patients with
metastasized melanoma are either immunized with pep-
tide-loaded dendritic cells or receive the standard chemo-
therapy with DTIC. The study was initiated in December
2000 and is financed by a grant from the German Cancer
Aid Society (Deutsche Krebshilfe). The treatment and sta-
tistical evaluation of 240 patients will take from 2 to 3
years.

2. Monitoring the reaction to vaccination: Here great deal
of work is necessary to establish and standardize the opti-
mal method of monitoring the immune response during
and following immunization. As yet, there are no simple
and reliable techniques available for this purpose. Compli-
cated and time-consuming analysis procedures - such as
T-cell frequency analysis by means of limited dilution - are
not feasible for larger numbers of patients. Several differ-
ent monitoring procedures are now being - and will also in
the future be - evaluated in cooperation with the EORTC
Melanoma Cooperative Group and with other immunologi-
cal research groups.
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Experience in the treatment of melanoma patients with IL-
7- and IL-12-gene-modified tumor cells has already been
gained in pilot studies in Berlin [2, 3]. Studies are now be-
ing planned in which the immunization of melanoma pa-
tients with gene-modified tumors cells will be carried out in
a manner analogous to the pilot studies.

Furthermore, in vitro work is now being done on develop-
ing a concept for performing in vivo gene transfers. Before
this can be done, a vector has to be developed which
takes into consideration the safety measures which are
necessary for it to be applied directly in vivo. For this pur-
pose, the tentative plan is to integrate several safety steps
which include, among others, tissue-specific promoter ele-
ments, pharmacologically inducible regulator elements
and so-called suicide genes. The development of the vec-
tor in cooperation with competent research groups here in
the Heidelberg area will be tested in various cell culture
models in vitro and then, subsequently, in tumor animal
models which have already been established.

In addition, different methods for applying the nucleic acids
will be tested in the animal model in order to achieve an
efficient transduction and expression in the tumor cells. In
addition to the evaluation of various viral vehicles, non-vi-
ral systems such as liposomes will also be tested. This ef-
fort should be supported as far as possible by know-how
which is already available here in the DKFZ.

Although impressive clinical results have been achieved
with immune therapies based on peptide-pulsed dendritic
cells in early clinical phase I/II studies, the in vitro genera-
tion of autologous DC and synthesis of peptides are ex-
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pensive and time-consuming. Consequently an alternative
vaccination strategy should be developed by which the
anti-tumor vaccine can be delivered directly in vivo to the
immune system’s antigen-presenting cells. This effort com-
prises the work of our group on the topic area “Immune
Therapy”, concentrating on the development of new vac-
cine vectors for in vivo tumor therapy. We focus on the use
of bacteria as live vector systems capable of infecting den-
dritic cells, thus bringing the vaccine directly to its ideal tar-
gets. The live vectors we use are attenuated variants of
gram-positive and gram-negative bacteria: Listeria mono-
cytogenes (gram+) is employed as a vehicle for synthesis
and transfer of melanoma-associated antigens to DC
whereas Salmonella typhimurium (gram-) serves as carrier
system for an anti-tumor DNA vaccine. At the moment,
most of the work is being done on two main subjects:
(1) study of the general interaction of bacteria with in vitro
generated human DC; (2) analyses of bacteria-mediated
vaccine transfer to in vitro generated hDC. This will be fol-
lowed by in vivo experiments in order to estimate the effi-
cacy of the bacterial vaccine vectors in mouse models
transgenic for HLA-class I and HLA-class II, respectively.

As mentioned at the beginning, immune therapeutic treat-
ment modalities seem to be rarely effective in inducing an
effective anti-tumor immunity in the disease stage of a
high tumor load. For this reason, our research on the topic
area “Gene Therapy” is aimed towards developing a gene
therapeutic method to reduce tumor mass. This strategy is
based on the principle of a self-destruction of tumor cells
which is achieved through the endogenous expression of
“suicide genes”. Therefore corresponding DNA sequences
encoding these therapeutic genes must be efficiently deliv-
ered into and selectively expressed by the tumor cells. So
far our on-going laboratory experiments mainly focus on
the last aspect: we want to achieve a high rate of tumor
cell restricted “suicide gene” expression by employing spe-
cific regulatory DNA elements (promoters and enhancers)
controlling gene transcription. These therapeutic DNA con-
structs will then be packaged into a viral vector system
which will allow an efficient transfer of the genetic material
into the tumor cells and will finally be tested in the mouse
system for their capability to induce a reduction of tumor
mass in a transplantable melanoma tumor model.

In the course of our work we will use bacteria (L. mono-
cytogenes and S. typhimurium aroA) as vector systems for
in vivo delivery of antitumor vaccines to dendritic cells. L.
monocytogenes variants will be employed for synthesis
and transport of melanoma-associated antigens and an
attenuated auxotrophic mutant of the bacterial strain
S. typhimurium (S. typhimurium aroA) will be applied as a
carrier for DNA vaccines. While in the first application
bacterially synthesized antigens (no post-translational
modification) should induce an anti-tumor immune
response, in the second one induction should be brought
about by an antigen which, after vaccine uptake, is
synthesized by the infected host cell itself (antigen in the
“native state”). Consequently, we have the possibility to
test two different bacterial vector systems in combination

with two alternative vaccine forms for their efficiency to tar-
get dendritic cells.

Although Listeria was successfully used as a carrier for
model tumor antigens in the mouse system, these bacte-
ria, unfortunately, have a negative effect on the process of
antigen presentation by murine dendritic cells to CD4+ T-
cells (induction of apoptosis and T-cell-anergy through in-
fections). For this reason the interaction of Listeria with hu-
man DC generated from peripheral blood monocytes was
tested first. It could be shown that immature dendritic cell,
in contrast to mature DC, were able to efficiently phagocy-
tose Listeria and that bacterial infection induced matura-
tion of the DC. Most important, under the experimental
conditions used infection of hDC with Listeria did not have
any negative effect on antigen presentation to specific
CD4+ T-cells [1]. These results further contribute to the
conception of employing Listeria as vaccine vector for tar-
geting dendritic cells. In order these bacteria particularly
suitable as carrier for melanoma-associated differentiation
antigens (TRP1, TRP2) listeria-specific expression plas-
mids were constructed which regulate antigen expression
through bacterial DNA control elements. These expression
plasmids were electroporated into the L. monocytogenes
EGD wild strain as well as into 2 other attenuated variants.
These mutants are restricted in their ability to infect neigh-
boring cells and are therefore optimized vaccine carriers.
After plasmid electroporation bacterial transcription of the
heterologous genes could be demonstrated by means of
RT-PCR

Publications (* = external co-author)
[1] Paschen A., *Dittmar K. E. J., *Grenningloh R., *Rohde M.,
Schadendorf D., *Domann E., *Chakraborty T., *Weiss S. (2000)
Human dendritic cells infected by Listeria monocytogenes: induc-
tion of maturation, requirements for phagolysosomal escape and
antigen presentation capacity. Eur J Immunology 30: 3447-3456.

[2] *Möller, P., Sun, Y.S., *Dorbic, T., *Alijagic, S., *Makki, A.,
*Jurgovsky, K., *Schroff, M., *Henz, B.M., *Wittig, B. and
Schadendorf, D. (1998) Vaccination with IL-7-gene modified au-
tologous melanoma cells can enhance the anit-melanoma lytic
activity in peripheral blood of patients with a good clinical perfor-
mance status - A clinical phase I study. British Journal of Cancer
77: 1907-1916.

[3] Sun, Y., *Jurgovsky, K., *Möller, P., *Alijagic, S., *Dorbic, T.,
*Georgieva, J., *Wittig, B. and Schadendorf, D., Vaccination with
IL-12-gene modified autologous melanoma cells - Preclinical re-
sults and a first clinical phase I study -. Gene Therapy, 5: 481-490
(1998).
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Animal experiments play an important role at the DKFZ
despite an increasing development of alternative methods.
References to the use of animal cells can be found in
more than 30% of all publications. Experiments are often
carried out in fields like basic research, research or the
test of methods for diagnostics, prophylaxis or therapy of
oncology diseases.
The main part of our central service is obtaining as well as
keeping laboratory animals of different species in specified
conditions. Another task involves the support of animal ex-
periments. At present (as beginning at January 2001)
there are 108 authorized and 75 indicated experiments
run. In addition to that, the CAL (Central Animal Labora-
tory) has its own scientific projects or project participations
which are described in detail either below or in another
place.
Our institution is headed by two veterinarians who have
gained among other things qualifications in fields like labo-
ratory animal science and microbioiogy. A third veterinar-
ian supports the management of the CAL. Among our
technical staff there are jobs like animal caretakers, bio-
logical laboratory assistants and biological technical assis-
tants. The major part of the animal caretakers have even
completed its apprenticeship in the CAL.
In contrast to a number of other laboratory animal keeping,
do we get our experimental animals from a few national
and international suppliers. The share of self-bred animals
nearly only consists of transgenic mice and is in the mean-
while at approximately 66%. Our stock of animals in the
CAL amounts to approximately 28, 000 animals on the an-
nual average. On the total population the share of mice is
at approximately 95% and of rats at 4%. Amphibians,
mastomys, guinea pigs, rabbits and fowls are kept in con-
siderable fewer quantities. The keeping of laboratory ani-
mals is carried out in 5 barriers, 3 container units, in isola-
tors or individually ventilated cages (IVC) and in conven-
tional keeping.
Our laboratory animals possess a so-called SPF-status
(“specific-pathogen-free”), which means that they are free
from viruses, bacteria and parasites that are specific for
animal species. The microbiological routine control is ef-
fected by the CAL’s own laboratory.
The CAL is able to faciliate the continuation of the educa-
tion as a specialist in laboratory animal science and/or mi-
crobiology. At present there is one veterinarian in continu-
ation of her education. For further imparting of laboratory
animal studies as well as knowledge of the subject for ani-
mal experiments, the CAL has offered a 20, then 48-hour
“introductory course in animal experimentations” since
1989, supported by several committed employees of the
DKFZ as well as outside experts (every other year, up to a
maximum of 30 participants: Individuals working towards
their diploma or doctoral degrees and interested employ-
ees. In terms of contents the regulations of the Federation
of European Laboratory Animal Science Associations
(FELASA) category B are covered.
Further, a 2-day course unit is offered which exclusively
deals with practical issues an their translation into action.

Central Animal Laboratory (R0200)

Head: Dr. med. vet. Uwe Zillmann; Deputy: Dr. med. vet. Werner Nicklas
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Microbiological Monitoring of Laboratory
Animals and Influences of Rodent
Pathogens on Animal Experiments (R0200-2)

W. Nicklas

In cooperation with: Prof. Angel Alonso, ATV, DKFZ; Axel Benner,
Biostatistic Unit, DKFZ; Dr. Hans-Jürgen Busse, University of
Vienna, Austria; Dr. Lothar Rink, University of Lübeck; Dr. Martin
Ryll, Vet. School, Hannover

The principal duty of the working group is microbiological
quality control of laboratory animals and biological materi-
als. The aim is to provide microbiologically standardised
animals for use in experimental studies at the DKFZ. The
number of animals monitored has been constant during
the last years. Sera of 1500-2000 animals (rats and mice)
per year were tested for antibodies to 12-15 pathogens (i.
e. about 30000 serological tests). A minimum of two sero-
logic test systems is available in our laboratory for the de-
tection of antibodies to the most relevant pathogens. Com-
bination of results obtained by different serologic methods
helps to reduce the risk of false-positive or false-negative
results. In addition to serological monitoring, aprox. 1000
animals per year were necropsied and monitored bacterio-
logically and parasitologically. Our investigations revealed
that most of our colonies of barrier-housed rodents have
been free of murine viruses, mycoplasmas, and parasites.
However, detection of rotavirus infection and endopara-
sites in some of our units during the last two years stress
the need of an efficient health monitoring programme for
the detection of agents that have the potential to influence
results of animal experiments. Therefore, the panel of
agents that are detected during routine health monitoring
or in cases of diseased animals is permanently adapted to
the needs. For example, methods were established to de-
tect different Helicobacter species or Pneumocystis carinii.
An endemic with this opportunistic agent in a population of
immunodeficient mice showed that immediate detection
and elimination of pathogenic agents is an important pre-
requisite for the conduction of standardised animal experi-
ments.

In addition to animals from our own colonies, animals from
external sources are regularly checked by our laboratory
upon arrival. The microbiological quality of animals from
commercial breeders is usually in agreement with our re-
quirements. Transgenic animals from experimental colo-
nies, however, are frequently infected with unwanted mi-
croorganisms (including various rodent viruses). This
shows that there is still a high risk of introducing patho-
gens with animals coming from experimental units. This
risk is increasing due to the increasing world-wide ex-
change of genetically modified animals between research
institutes.

The still ongoing monitoring of transplantable tumours and
other biological material like, e.g. ES cells, shows that
most samples used in our centre are free from rodent vi-
ruses. None of more than 50 lines of embryonic stem cells
(ES cells) tested were contaminated with murine viruses
[1]. However, contamination with lactate dehydrogenase
elevating virus (LDV) was detected in several transplant-

able mouse tumours which, like all other biological materi-
als, must therefore be considered as important sources of
infection.

Bacteriological monitoring of mice and rats reveals that
various members of the Pasteurellaceae are widespread.
We regularly isolate organisms from rats and to a lesser
extend from mice which are dependent on NAD (nicotina-
mide adenine dinucleotide) and are therefore not detect-
able by commonly used culture media. Like all
Pasteurellaceae, they are considered to be obligate para-
sites due to their high and specific nutritional require-
ments. We frequently isolate such bacteria from pathogen-
free animals coming from commercial breeders. Only little
is known on the prevalence and importance of these mi-
croorganisms. We are therefore further characterising
these bacteria.

Information on characteristics of all Pasteurellaceae of ro-
dent origin (primarily Pasteurella pneumotropica) available
from the literature is often contradictory. This is one reason
why such organisms are frequently misidentified and not
declared in health reports. We therefore defined biochemi-
cal characteristics for these bacteria and got clear criteria
to distinguish between various ‘biotypes’. Surprisingly,
various phenotypic groups were isolated from either mice
or rats which might indicate that they are species-specific.
Our studies revealed that additional hitherto
uncharacterised Pasteurellaceae species exist in rodents
which are therefore not detected by most diagnostic labo-
ratories. Meanwhile, an organism provisionally called
‘Haemophilus influenzaemurium’ has been characterised
in our laboratory by phenotypic and genetic methods. This
organisms infects mice and has been mentioned in the lit-
erature only once. It has repeatedly been isolated in our
laboratory from transgenic animals originating from various
experimental colonies.

Our laboratory has been involved in the organisation of a
microbiological quality assurance programme since 1991.
At present, about 30 labs dealing with microbiological
quality control of laboratory animals from 9 European
countries (Sweden, Denmark, The Netherlands, France,
Switzerland, Austria, Czech Republic, Spain, Germany)
are included. This programme was initiated and formerly
conducted by the Rockefeller University (New York) in co-
operation with our laboratory. Since January 2000 our
laboratory is the sole organiser. As a part of this
programme, bacterial cultures are regularly shipped to par-
ticipating laboratories. The results of identification and an-
tibiotic sensitivity testing are collected and submitted to
participating labs after compilation. It is the goal of these
programme to serve animal diagnostic laboratories as an
internal self-control and to determine the quality of their
performance. In addition, it will contribute to an improve-
ment of microbiological quality control and an improved
quality of animals used in experiments.

Publications (* = external co-author)
[1] Nicklas, W., J. Weiss*. Survey of embryonic stem cells for mu-
rine infective agents. Comparative Medicine 50 (2000), 410-411.
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Albumin as Multidrug Carrier System in
Diagnosis and Treatment of Malignant
Tumors of SD Rats (R0300-3)

P. Kremer*, H. Sinn, A. Wunder, Th. Haase,
U. Zillmann
*Neurosurgical Clinic, University of Heidelberg

Albumin was studied as multidrug carrier system for selec-
tive fluorescence tumor detection and for selective admin-
istration of chemotherapeutic drugs in animal tumors.

Albumin labeling was performed in 1:1 molar ratio in a
specific manner to preserve the biological function of Se-
rum Albumin (SA). In a C6-glioma model (n=25) 5-amino-
fluorescein labeled to albumin (AFLc-SA) was intrave-
neously applied for fluorescence tumor detection by laser
light. Brain sections were inspected 24 h after AFLc-SA
administration compared to injections of unlabeled AFL. In
a Walker-sarcoma model (n=70) Methotrexat labeled albu-
min (MTX-SA) and Aminopterin labeled albumin (APT-SA)
were intraveneously injected 3 times to study their efficacy
and tolerability.

All albumin labeled protein conjugates demonstrated un-
changed biodistribution and plasmaclearence compared to
unlabeled albumin. In the C6-glioma study AFLc-SA clearly
stained the tumors under laser light activation. Using laser-
scanning microscopy the dye could be localized at the ly-
sosomal compartment [1]. At the Walker-sarcoma study
the tumor-cure-rate using unlabeled MTX was 55%, using
MTX-SA 60% [2], using unlabeled APT 66% and using
APT-SA 83%. Albumin labeled chemotherapeutic drugs
unequivocally presented much lower side effects.

This design of compounds demonstrates enhanced and
selective intracellular tumor uptake using SA as multidrug
carrier system as basis for ongoing clinical phase-I/II and
phase-II studiies in fluorescence tumor detection and che-
motherapy of malignant tumors [2].

Publications (* = external co-author)
[1] *Kremer, P., Wunder, A., Sinn, H., Haase, Th. Rheinwald, M.,
Zilmann, U., *Albert, F.K., *Kunze, S.: Laser-induced fluorscence
detection of malignant gliomas using fluorescein-labeled serum
albumin: experimental and first clinical result. Neurol. Res. 22
(2000) 481-489.

[2] *Hartung, G., *Stehle, G., Sinn, H., Wunder, A., *Schrenk, H.
H.,Heeger, S., *Kränzle, M., *Fiebig, H. H., Frei, E., Edler, L.,
Maier-Borst, W., *Heene, D. L., *Queisser, W.: Phase I trial of a
methotrexate-albumin (MTX-HSA) conjugate in a weekly
intraveneous bolos regimen in cancer patients. Clin. Cancer Res.
5 (1999) 753-759.

Fluorescence Diagnostics and
Photodynamic Therapy of Human Squamous
Cell Carcinoma in a Mouse Tumour Model
(R02000-4a)

A.C. Kübler*, U. Zillmann, T. Reuther**, Ch. Staff**
*Dept. of Cranio-Maxillo-Facial Surgery, University of Köln
**Dept. of Cranio-Maxillo-Facial Surgery, University of Heidelberg

In cooperation with: H.J. Sinn, Th. Haase, M. Rheinwald, U.
Bauder-Wüst, H. Eskerski, DKFZ; C. Flechtenmacher, Dept. of
Pathology, University of Heidelberg

The most frequent malignant neoplasia of the oral cavity is
the squamous cell carcinoma. Besides traditional therapy
concepts as surgery, chemotherapy and radiation therapy,
photodynamic therapy (PDT) is emerging as a minimal-in-
vasive possibility with excellent esthetic and functional re-
sults in the treatment of head and neck squamous cell car-
cinoma since the early eighties. All clinical investigations
so far suggest, that the therapeutical success mainly de-
pends on tumor selectivity of the applied photosensitizer.

The aim of this research project is the introduction of new,
more favourable sensitzers into clinical use for the therapy
of the squamous cell carcinoma of the oral cavity and to
optimise their therapeutical outcome.

Immunodeficient transgenic mice (strain: RAG-2) were
choosen as animal model due to precourse experiments.
Tumor growth in vivo was achieved by subcutaneous in-
jection of a human SCC cell line (XF 354), which was culti-
vated in vitro. Within 2-6 weeks tumors grew to sizes of up
to 0.3 cm3 at left hind leg without any signs of metastasis.
Thereafter photosensitizers of the first, second and third
generation (Photofrin II, m-THPC , m-THPC-PEG, m-
THPCnPEG, TCPP-HSA, Bacteriochlorin-PEG) were ap-
plied by intraperitoneal injection. Most of these sensitizers
were developed at the DKFZ by Sinn and Schrenk.

By coupling the photosensitzers to macromolecules like
PEG (polyethylen glycol) or HSA (human serum albumin)
a decrease of their metabolism and an increase of their tu-
mor uptake was intended to be achieved.

The photosensitizers were applied in various drug dos-
ages and time intervals prior to PDT followed by trans-
dermal activation of the photosensitizer by light of sub-
strate specific wavelength. The animals were checked ev-
ery other day for any sign of therapeutic effect or side ef-
fects for up to 6 weeks (44 days). Tumor response was
measured by tumor size, signs of tumor necrosis and func-
tional disability. For an objective documentation a tissue
damage score and a functional damage score was devel-
oped and used. The tumorvolume was measured trans-
cutaneously by a calliper. Six weeks after the performance
of PDT all mice were sacrificed and the treated area was
checked by histological examination.
As therapeutical success a macroscopic and /or micro-
scopic tumor remission or a significant reduction of the tu-
mor volume was defined.
The RAG-2-tumor model could be established with a tu-
mor take rate of more than 95% [1].
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Photofrin II and m-THPC showed the best therapeutic out-
come, while m-THPC achieved better functional results
than photofrin II. The only macromolecular-linked sensi-
tizer with a very promising therapeutic potential was m-
THPCnPEG. The chemical conjugation of the photoactive
agent m-THPC and the macromolecule PEG was done in
two different ways: m-THPC-PEG was produced by linking
m-THPC to PEG by cyanurchloride, m-THPCnPEG was
created by linking m-THPC to PEG by nitrophenyl-
carbonate.
The results of the other macromolecular coupled sensitiz-
ers were disappointing with their therapeutical outcome
being just slightly different from the control group.

We conclude, that m-THPC seems to be a very suitable
photosensitizer for PDT of head and neck SCC especially
in regard of the esthetical and functional requirements in
head and neck surgery. The promising results with
m-THPCnPEG demonstrated the importance of the linke-
age between the photoactive agent and the macromole-
cule for the therapeutic efficiency without loosing the
favourable pharmakokinetics of PEG. This has to be inves-
tigated by further in vivo experiments.
The study was finished at the end of 1999.

Publications (* = external co-author)
[1] *Kübler, A.C., *Reuther, T., *Staff, Ch., Haase, Th.,
*Flechtenmacher, C., Benner, A., *Scheer, M., Zillmann, U.:
Klinische Wirksamkeit von m-THPC-PEG in einem neuen
xenogenen Tumor-Tiermodell für humane Plattenepithelkarzi-
nome.  MundKieferGesichtschir. (accepted for publication 2000)

Additive Intraoperative Photodynamic
Therapy of Colon Cancer and Soft Tissue
Sarcoma in Mice (R0200-4b)
A comparison of different photosensitizers in
photodynamic therapy (PDT)

J. Gahlen*, U. Zillmann, S. Winkler*
*Department of Surgery, University of Heidelberg

In cooperation with: H.J. Sinn, Th. Haase, H. Eskerski, DKFZ; Ch.
Flechtenmacher, Dept. of Pathology, N. Decker, Dept. of Surgery,
University of Heidelberg.

A clinical problem in the treatment of colon cancer and soft
tissue sarcoma is the high rate of tumor recurrence after
resection depending on the type, stage and grade of the
tumor. Radical surgical resection combined with adjuvant
therapies appear to decrease tumor recurrence rate and to
prolonge recurrence-free survival time. Chemotherapy and
intraoperative radiotherapy (IORT) as current strategies of
adjuvant cancer therapy have not let to a breakthrough so
far. We evaluated additive intraoperative photodynamic
therapy (AIOPDT) as an alternative treatment for colon
cancer and soft tissue sarcoma in a mice tumor model to
prolonge recurrence-free survival time after subtotal tumor
resection [1,2].

Photodynamic therapy (PDT) is based on a selective pho-
tosensitizer (PS) accumulation in tumor cells and a PS-in-
duced tumor cell death after stimulation by laserlight. The
interaction of laserlight and intratumoral PS results in a

specific intracellular formation of Singulet-Oxygen with
subsequent cytotoxic tumor destruction.

In this study tumor growth was induced by subcutaneous
implantation of 4x106 CC531 colon cancer cells respec-
tively of 6x106 S117 soft tissue sarcoma cells in the hind
leg of immunodeficient SWISS CD 1 nu/nu mice. After
reaching a tumor size of 10 mm in diameter the different
PS were applied intraperitoneally into the animals. We
used 0,3 mg/kg BW of mTHPC (meso-tetrahydroxyphenyl-
chlorin) and its macromolecular compound NPC-mTHPC-
PEG (Nitrophenylcarbonat-meso-tetrahydroxyphenylchlo-
rin-Polyethylenglykol). Further 5-ALA (5-Aminolevulinic
acid: 200 mg/kg BW) and Photofrin II (0,3 mg/kg BW) were
used for AIOPDT. After a PS-specific time of photosensiti-
zation the tumors were resected in terms of a R1/R2 situa-
tion (microscopic/macroscopic residual disease). Tisssue
samples of the tumors were taken for histological evalua-
tion.

Point spectrometry to determine tissue specific PS accu-
mulation was performed at the site of the tumor bed, cen-
ter of the tumor and the overlying skin in relation to muscle
tissue as reference [3]. Fluorescence intensity was mea-
sured at the maximal emission peak of mTHPC and NPC-
mTHPC-PEG at 652 nm respectively to 635 nm (5-ALA)
and 630 nm (Photofrin II). AIOPDT was performed on the
tumor bed with an intensity of 100 mW/cm2 using an Ar-
gon-Dye-Laser system. The irradiation time and the en-
ergy doses were selected for each PS (mTHPC and NPC-
mTHPC-PEG: 50 sec., 5 Joule; 5-ALA and Photofrin II:
250 sec., 25 Joule). The therapeutic effect of AIOPDT was
determined by recurrence-free survival time (follow-up: 6
months) and compared to control groups for colon cancer
and soft tissue sarcoma treated with conventional tumor
resection only.

The spectrometric data in this study demonstrated a good
and homogenous intratumoral accumulation for all PS.
Highest intratumoral PS accumulation was evaluated after
photosensitization with NPC-mTHPC-PEG.

The median recurrence-free survival time was significantly
(Logrank-test) prolonged in the colon cancer groups
treated with AIOPDT and mTHPC (18 days), NPC-
mTHPC-PEG (18 days) and 5-ALA (16 days) compared to
the control group (12 days). After AIOPDT using the PS
Photofrin II no significance in recurrence-free survival (me-
dian: 9 days) was seen compared to the control group.
First study results about AIOPDT using mTHPC in the
treatment of S117 soft tissue sarcoma also showed a sig-
nificantly (Logrank-test) prolonged recurrence-free survival
(median: 103 days) compared to the control group (20
days). Nevertheless larger animal groups are essential to
confirm our preliminary data concerning the treatment of
soft tissue sarcoma with AIOPDT using different PS.

The main objectives, local tumor control and prolongation
of recurrence-free survival were achieved in the study.
AIOPDT promises to be a feasible alternative therapeutic
method with the advantage of high tumor selectivity, few
side effects and the unlimited possibility to repeat this pro-
cedure. Therefore the results of this experimental study
serve as basis for future clinical studies of AIOPDT for
intraoperative tumor bed irradiation after surgical resec-
tion.
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The Activity of New Therapeuthic Agents
against Subspecies of Trypanosoma brucei
(R02005)

U. Zillmann, M.R. Berger, S.M. Konstantinov*

*Visiting scientist from Medical University of Sofia, Bulgaria

In cooperation with: H. J. Sinn, DKFZ; R. Brun, R. Kaminsky, De-
partment of Protozoology/WHO Drug Screen Center, Basel In-
stitute for Tropical Medicine, Switzerland

African trypanosomiasis (sleeping sickness; acute form:
T. brucei rhodesiense; chronic form: T. brucei gambiense;
T. brucei brucei) is a cyclical infectious disease that is
listed in the priority program of the WHO (position number
6). Half of the patients are hospitalized during the second
stage (meningoencephalitis) of the disease. Since the
mortality in untreated patients is nearly 100%, it can be
predicted that the definite cessation of production and dis-
tribution of medications that are solely effective during this
stage of the disease will lead to a dramatic situation. Thus,
ethical considerations and scientific interest require explor-
ing the available hugh number of anticancer drugs for their
efficacy in treating or preventing sleeping sickness.

The alkylphosphocholines (APC’s, first and second gen-
eration) represent a new class of antineoplastic agents.
They possess an affinity for cell membranes, influence sig-
nal transduction and cause apoptosis. The additional prop-
erties of bone marrow stimulation, antiviral and anti-leish-
mania activity [Kuhlencord, A. et al. 1992, Antimicrobial
Agents and Chemotherapy 36 (8), 1630-1634] favored
these substances for use in our initial examinations [1].

The first experiments with hexadecylphosphocholine
(HPC) in vivo and in vitro exhibited a significant inhibition
of the infection’s course [1,2]. The concomitant admini-
stration of nonsteroidal anti-inflammatory substances
(such as phenylbutazone) led to a synergistic increase in
the inhibitory effect upon trypanosomes. Therefore, experi-
ments were performed with congeners of HPC that exhibit
a lower binding to serum albumin and thus a higher avail-
ability towards the parasites.

Certain metal complexes are known for their trypanocidal
acitivity, such as platinum derivatives, as could be con-
firmed recently for T. b. brucei by our group [Berger, M. R.,
Zillmann, U. Jahrestagung der DTG, Heidelberg (Ger-

many), Sept. 24-27 (1997), Tagungsband, P 28]. Acitivities
on metals which are less well characterized for their
antiprotozoal acitivity, such as complexes of molybdenum,
tungsten, and bismuth were stopped.

Alternatively, coupling of metal complexes or other anti-
proliferative compounds to macromolecular carriers (Hu-
man Serum Albumin, HSA) was done by Dr. H. Sinn. From
a series of complexes consisting of HSA and novo-
xanthrone, methotrexate, arsenic, acridine-yellow,
aureomycine - 1 - amino - 1 - deoxy - D - sorbitol, taurine,
thionine, curcumine, or 1,4 - diaminoanthrachinone, the
latter complex was found to be prophylactically active.

Additional cytotoxic rivanol derivatives coupled to HSA or a
sugar moiety were individually and in co-exposure syner-
gistically active (cure rate 100%, 11/11 mice).

Publications (* = external co-author)
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With respect to certain cancer diseases the five year sur-
vival rate defined as a cure has increased only gradually
during the last decades. This improvement in therapy suc-
cess however, could not keep abreast with the progress in
diagnostic developments. Surgical intervention and radia-
tion therapy have contributed significantly to local tumor
control and will no doubt for the foreseeable future, con-
tinue to be the treatments of choice even under the most
optimistic view of projected advances in chemotherapeuti-
cal and molecular biological treatment concepts. The pri-
mary goals pursued by the Research Program ‘Radiologi-
cal Diagnostics and Therapy’ is to introduce new results,
procedures and techniques into cancer diagnostics and
therapy and to individualize the handling and treatment to
each patient. We feel that achieving these goals will lead
to a significant increase in local tumor control and in turn
the cure rate. This multidisciplinary research program is
supported by four divisions and one clinical research
group affiliated to the Department of Radiation Therapy,
Radiological University Clinic Heidelberg. The complexity
of the problem demands the close cooperation between
physicians, physicists, mathematicians, information scien-
tists, engineers, radiochemists and biologists.
Radiodiagnostic procedures will continue to be of great im-
portance for early detection of tumors, the evaluation of
the stage of the disease, for treatment planning, monitor-
ing and follow-up. Increasing impact can be expected from
procedures which allow us to investigate organ function
and physiological pathways.

Methods used for this purpose in the division of
Oncological Diagnostics and Therapy are:

•  Magnetic Resonance Imaging (MRI) including dynamical
MRI,

•  Magnetic Resonance Spectroscopy (MRS),

•  Positron Emission Tomography (PET) and other
nuclearmedical procedures (i.e. SPET),

•  Computerized Axial Tomography (CAT),

• Ultrasound including colour-Doppler sonography,
partly in combination with contrast media.

Clinically oriented as well as the experimental diagnostic
research are pursued using radio-biological, cell-biological
and molecular approaches. In the coming years, we will fo-
cus a considerable effort towards the evaluation of radio-
logical and cellular prognostic factors associated with
treatment response, the quantification of tumor vascular-
ization in vivo, factors associated with the induction of
multi-drug resistance, and the evaluation of gene thera-
peutic assays by investigating particular aspects of me-
tabolism.

Radiological therapy research is performed in collabora-
tion of the divisions of the Research Program with the Uni-
versity Radiation Clinic and the Tumor Center Heidelberg/
Mannheim.
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The research and development program of the Division of
Biophysics and Medical Radiation Physics is multi-
disciplinary in that it comprises physical, technical and bio-
logical research work in the fields of tumor diagnostics and
therapy. It aims at individualising tumor therapy using mor-
phological, functional and biochemical parameters from
imaging procedures as well as the improvement of loco-re-
gional tumor control. In this context, we focus on the use
Magnetic Resonance Imaging (MRI) and Spectroscopy
(MRS), Positron Emission Tomography (PET), Computer-
ized Axial Tomography (CAT) as well as Ultrasound diag-
nostics. Radiation therapy research has photons, elec-
trons, charged particles, and had, in earlier times, fast
neutrons in its armamentum.

The investigators in the Division of Radiochemistry and
Radiopharmacology have completed their original goal to
produce radiopharmaceuticals for qualitative imaging in
nuclear medicine. More recently, modern procedures have
focused on the development of radiopharmaceuticals for
functional diagnostics of tumor physiology and for the indi-
vidualization and follow-up of therapeutic response. Em-
bedded here is the development of new and optimized
carrier systems for chemotherapy of tumors with minimal
side effects. For the production of radioisotopes with our
cyclotron for use in the clinical PET programs, we design
targets and processors which are in many cases superior
to that found in industry and are not commercially avail-
able. Moreover, we are working on the preparation and ap-
plication of new short-lived radiolabeled compounds for
clinical application. Many of these isotopes are increas-
ingly being used at local and regional clinics.

Radiation therapy of tumors will, during the next decades,
emphasize the development of more efficient local treat-
ment with less side effects. We believe, in this respect,
physico-technical concepts of conformal radiation therapy
individualized to each patient will contribute significantly to
an increase in local tumor control. The Division of Medical
Physics aims at concentrating energy dose in the tumor
or target volume, e.g. by individually fitting the field shape
to the tumor in combination with complex computerized
planning and irradiation techniques. Improvement of pro-
cedures of local radiatherapy is based on a combination of
mathematical, physical and engineering techniques in ad-
dition to modern applied information science. Most prob-
ably, radiation therapy with megavoltage photons from lin-
ear accelerators (LINACs) will have the highest impact to
this development and the largest spread within the next 20
years. The practicability of the procedures and the im-
provement expected in treatment response are investi-
gated in clinical studies in cooperation with the Radiologi-
cal Clinic of the University of Heidelberg. In this context,
we do not only pursue curative treatment but also the ef-
fective use of palliative therapy so important in improving
the quality of life of the patient.

The Clinical Cooperation Unit Radiation Oncology is act-
ing in close cooperation with the Department of Radiation
Therapy, Radiological University Clinic Heidelberg. The
new Heavy Ion Therapy Project at the Laboratory for

Heavy Ion Research (GSI) in Darmstadt is developed to-
gether with the Dept. of Radiation Therapy Heidelberg.

The Clinical Cooperation Unit Nuclear Medicine com-
bines activities in the University Hospital and the DKFZ to
use nuclear medical methods as Positron-Emission-To-
mography (PET) and Single Photons Emission Tomogra-
phy (SPECT), to monitor biochemical and physiological
processes in tumors in the framework of clinical, experi-
mental animal and cell biological studies.
A focus of the division is the gene therapy of malignant tu-
mors: construction of tissue specific viral vectors, transfer
of suicide genes in malignant tumors, anti-angiogenesis
therapies and the planning and monitoring of these
genetherapeutical attempts.
Further projects are the distribution of radioactive labelled
antisense oligonucleotides, radioactive labelled chemo-
therapeutica, the monitoring of apoptosis as well as the
development of new nuclear medical therapies.
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The division’s scientific focus is the development, evalua-
tion and introduction of new radiological techniques for on-
cological diagnostics and therapy. The research activities
are carried out in close cooperation with neighboring divi-
sions in the Research Program Radiological Diagnostics
and Therapy, other groups of the DKFZ and hospitals of
the Tumor Center Heidelberg/Mannheim. With ultrasonog-
raphy (US), computed tomography (CT), magnetic reso-
nance imaging (MRI), magnetic resonance spectroscopy
(MRS), and positron emission tomography (PET) the unit
has the relevant technology for detection, staging, therapy
planning, therapy monitoring and follow-up of malignant
and benign lesions.
Staging of neoplastic disease, the basis for therapy plan-
ning and prognostic assessment, has become far more ac-
curate with these modern imaging methods. CT and MR
have greatly improved therapy planning, particularly for ra-
diotherapy, i.e. definition of target volume as well as or-
gans at risk. Prognostic indicators extracted primarily from
dynamic studies have gained increasing importance, i.e.
for assessing vascularisation of lesions.
PET and MRS carry the capability of drug monitoring, i.e.
elucidating the metabolism of substances which are ex-
pected to inhibit tumor growth. Such localized insights into
the metabolism provide information on the response to
chemo- or radiation-therapy.
Early detection of recurrent or metastatic lesions is vital in
the follow-up of tumor patients. Many patients can receive
curative treatment a second time including surgical, radio-
logical, or systemic therapy.
Research projects related to clinical radiotherapy are car-
ried out in close cooperation with the Clinical Cooperation
Unit Radiation Oncology (Priv.-Doz. Dr. Dr. J. Debus) and
the Departments of Biophysics and Medical Radiophysics
of the DKFZ as well as the Heidelberg University Hospital
of Radiotherapy (Director: Prof. Dr. Dr. M. Wannen-
macher). Thus, research results can find rapid therapeutic
application. The main tasks of radiotherapy research at
this institution include improving the delineation of target
volume and organs at risk; increasing the effectiveness of
stereotactic single high dose irradiation of benign and ma-
lignant disease, refining 3D-dose calculation for regularly
and irregularly shaped target volumes.
Finally, the German Thorotrast Study is a clinical epide-
miological cohort study in which more than 2300 patients
have been followed since 1968. The Thorotrast patients
received intravascular injections of thorium dioxide in the
time from 1935 to 1950 for diagnostic angiography and are
at increased risk for various malignancies, particularly he-
patic neoplasms. The results of this study provide impor-
tant information about the dose-related risk of radiation in-
duced solid tumors and leukemias, resulting from chronic
alpha-irradiation.

Division Oncological Diagnostics and Therapy (E0100)

Head: Prof. Dr. med. Gerhard van Kaick
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Magnetic Resonance in Cancer Research
(E0101)

S. Delorme, M. Essig, S.O. Schoenberg,
H.P. Schlemmer, K. Wasser

The research activities of this group aim at a combined,
morphological and pathophysiological characterization of
tumors to assist therapy planning and delivery, and to fol-
low response to treatment. Magnetic resonance imaging is
exquisitely suitable to derive functional data from studies,
related to macro- and microcirculation, perfusion, and me-
tabolism. In close cooperation with the Devision of Bio-
physics and Medical Radiation Physics (E0200), novel fast
imaging techniques have been developed and prospec-
tively evaluated. Current studies include tumors of the ner-
vous system, the head and neck, spine, thorax, liver, kid-
neys as well as breast cancer and hematologic malignan-
cies. The methods applied are T1 and T2* weighted dy-
namic studies, spin labeling methods, blood oxygen level
dependent (BOLD) imaging, MR angiography, phase con-
trast flow measurement, as well as spectroscopic tech-
niques.

Dynamic MR Imaging
Vessel density, capillary permeability, exchange surface,
and blood flow are the main factors which contribute to the
signal changes in a tumor in dynamic studies following
contrast medium injection. Owing to fast imaging tech-
niques, it is possible to simultaneously acquire multiple
slices and thereby follow signal changes over time in an
entire tumor. For quantitative characterization, the signal
intensity curve is parametrized using pharmacokinetic
models, and condensed in two parameters, the exchange
rate constant kep, and the amplitude A [1-6]. These may
serve to color code contrast enhancing areas in the image,
and to compare measurements, i.e., for therapy monitor-
ing. This method has been evaluated on large scale for
breast cancer. In current studies in patients with breast
carcinoma undergoing preoperative chemotherapy, dy-
namic MR mammography has been shown to reliably de-
termine the tumor extent, particularly in cases of extensive
infiltrating carcinomas which are particularly difficult to de-
lineate using ultrasound or x-ray mammography. In addi-
tion, tumor response is associated with a significant reduc-
tion of contrast enhancement, which may precede macro-
scopic tumor remission. It remains difficult, however, to
discriminate between a complete local remission after che-
motherapy, and a subcomplete remission where viable tu-
mor remains in place, despite marked regression. When
the findings in breast cancer at dynamic MR mammogra-
phy were compared with histochemical features, we found
that the parameter kep was significantly higher in lesions
expressing VEGF than in VEGF-negative tumors.

Neoplasias of the bone marrow, such as multiple my-
eloma, are notoriously difficult to assess using imaging. X-
ray may demonstrate bone destructions - these, however
are secondary phenomena. With conventional MRI, the tu-
mor may be visualized when it causes focal osteolysis or
gross or patchy replacement of the fatty bone marrow,
while diffuse marrow involvement may remain occult. Ow-

ing to its angiogenic activity, multiple myeloma could be
shown to induce increased contrast enhancement detect-
able with dynamic MRI, even when conventional MRI bone
marrow series are normal or ambiguous [7]. In an ongoing
study [8], we are evaluating dynamic MRI of the spine for
monitoring of anti-angiogenic therapy in refractory or re-
lapsed multiple myeloma, using thalidomide alone or in
combination with chemotherapy (cyclophosphamide,
etoposide, dexamethasone). We have found that the dy-
namic MRI parameters were significantly higher in patients
with mutliple myeloma than in controls, and that excessive
contrast enhancement was particularly present in focal,
osteolytic lesions which put patients at risk for vertebral
fractures. Furthermore, dynamic MRI did reflect tumor re-
sponse, as determined by clinical scores and serum para-
protein, particularly, when the parameters were excessive
at the offset. Progressive disease was demonstrated like-
wise, while the conventional MRI scans remained grossly
unchanged. Our present activities are directed at monitor-
ing novel anti-angiogenic approaches, including COX2 in-
hibitors, VEGF receptor antibodies and αv-β3 integrin in-
hibitors.

Advanced Morphologic and Functional imaging
in central nervous system neoplasms
One of the most frequent uses of magnetic resonance im-
aging (MRI) since its introduction has been in the assess-
ment of the central nervous system (CNS) for neoplasm.
Whereas MRI initially focused on the superb contrast and
spatial resolution in the brain to enable detailed morpho-
logical analysis, our recent developments have focused on
evaluating these in conjunction with additional functional
assessments. Functional assessment of neoplasms has
long only been possible with positron emission tomogra-
phy (PET).

However, while PET has significantly improved our patho-
physiological understanding of the CNS, the availability of
MRI contrast agents and improved MR rapid imaging se-
quences are now enabling further assessments. Func-
tional information can reflect macrovasculature, the break-
down of the blood brain barrier (BBB) with resulting per-
meability for the contrast agent, and tissue perfusion.
Neurofunctional magnetic resonance imaging (nfMRI) is a
recently established technique which increases our diag-
nostic potential in neurosciences.

The use of advanced morphologic and functional imaging
in the assessment of CNS neoplasms has shown to im-
prove tumor characterization, to help to discriminate be-
tween benign and malignant lesions, to design the most
appropriate treatment, to predict therapy outcome, or to
assess treatment-related effects [10-27].

The standard imaging protocol for CNS neoplasm consists
of conventional spin-echo or fast spin-echo T1- and T2-
weighted sequences, pre-contrast time-of-flight MR an-
giography as well as post-contrast T1-weighted spin-echo
or fast spin-echo images and T1-weighted sequences with
magnetisation transfer contrast.
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Different functional neuroimaging techniques may ensue
on the basis of the findings obtained during standard im-
aging:
T1-weighted contrast-enhanced dynamic imaging can only
be used for lesions with a disturbed blood-brain barrier.
The resulting signal enhancement is determined by the
vascular perfusion, and the vascular permeability for the
contrast agent, and the capillary exchange surface area.
For quantification, we use a pharmacokinetic two-compart-
ment model (see above). Dynamic T1w imaging was used
in a study of 20 patients for monitoring intracranial menin-
giomas prior to, during, and after fractionated radiation
therapy. During therapy, there was a significant (p < 0.01)
dose-related increase of the pharmacokinetic exchange
rate kep accompanied by an increase of the amplitude A
when compared with pre-treatment values [22]. After
therapy, in patients presenting a decreased tumour vol-
ume, there was a significant decrease (p < 0.01) of A and
a decrease of kep. In the non-responding group, the phar-
macokinetic analysis revealed a decrease of the amplitude
A and an increase of the exchange rate constant kep. Thus,
radiotherapy leads to changes in tumour microcirculation
which can be detected in the pharmacokinetic images.
Several ongoing studies are aimed at evaluating the pre-
dictive potential of this technique in other organ tumours
as well as in different aspects of response monitoring.

Early increased vascularity detected by this technique dur-
ing radiation therapy seems to indicate a better overall re-
sponse .

In recent years, dynamic susceptibility contrast (DSC) MR
imaging has found wide-spread interest because of its
ability to non-invasively measure cerebral hemodynamics.
DSC MRI allows measurement of cerebral blood volume
based on the principles of the indicator-dilution theory for
non-diffusible tracers. It is based on the phenomenon that
upon rapid injection, MR contrats agents pass the capillar-
ies in a bolus fashion and create magnetic field inhomoge-
neities in the surrounding tissue which reflect their intra-
vascular concentration. However, this only applies when
the contrast agent is confined to the intravascular space,
i.e., in presence of an intact blood-brain barrier.

This method was applied in the diagnostic workup of low-
grade astrocytomas since there is only minimal blood brain
barrier breakdown. Due to tumour-induced angiogenesis,
most of these low grade astrocytomas present an in-
creased blood volume compared to the surrounding white
matter. Following radiotherapy, there is a reduction in
intratumoural blood volume. In our studies, patients with
high relative intratumoural blood volume prior to therapy
turned out to have a worse outcome after radiotherapy [14,
20, 21]. Probably, a high relative intratumoral blood vol-

Fig. 1. Color-coded enhancement map in a
sagittal image of the lumbar spine in a patient
with multiple myeloma before (b) and after
treatment with thalidomide and chemotherapy
(c). The dynamic contrast enhancement is pa-
rametrized using a two-compartment model
and color-coded in the image, with brighter
colors (i.e., light blue or yellor) coding for more
intense and more rapid enhancement than
darker colors (e.g., dark blue). Since this im-
age is focused on functional information, the
anatomical resolution is worse than in the
plain (“static”) post contrast fat-suppressed
image (a) obtained before therapy, the same
date as image (b). However, the foci of tumor
(arrows) are better visible on the dynamic im-
age (b) than on the static image. Likewise, the
dynamic study better demonstrates the
tumor’s response to therapy (c).

Fig. 2. T1-contrast enhanced spin-echo MRI
(left image) and color-coded T2*-perfusion-
map (right image) in a patient with residual left
temporal low grade astrocytoma (arrow). Con-
ventional SE did not present any contrast en-
hancement within the tumor which makes the
tumor suspicous of a low grade fibrillary astro-
cytoma. The perfusion map however pre-
sented areas of high perfusion compared with
normal gray or white matter indicating an ana-
plastic transformation of the tumor which was
confirmed by histology.
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ume indicates an aggressive subset of tumors with some
degree of anaplasia, but which still have an intact brain
barrier and are therfore otherwise undistinguishable from
true low-grade astrocytomas with a more benign behavior.

This DSC technique may also allow a non-invasive func-
tional assessment of delayed radiation injury, which is
characterized by fibrosis and occlusion of small vessels.
Patients who have had whole-brain radiotherapy reveal a
significantly decreased rCBV in normal but irradiated brain
tissue. In contrast, in patients with grade II astrocytoma
who were treated with conformal radiotherapy, we found
that in the areas which had been relatively spared from ra-
diation, the decrease in rCBV was only moderate. In an-
other study on 25 patients, we determined whether pre-
therapeutic measurements of rCBF and rCBV could be
used to predict the response of brain metastases to radia-
tion therapy. In addition, we studied the influence of radio-
surgery on rCBF and rCBV, on brain metastases and on
surrounding normal brain tissue. Carefully considering the
limitations of DSC in presence of blood-brain barrier dis-
turbance in this case, the we found higher pre-therapeutic
relative blood volume in those lesions which were ulti-
mately irresponsive to therapy. After radiosurgery, the rela-
tive blood volume decreased in lesions which responded
or remained stable, but continued to rise in case of definite
progression. Interstingly, an early, temporary increase in

size was also seen in metastases which ultimately re-
sponded.

Neurofunctional imaging (fMRI) was used for guiding of
the neurosurgical approach to cerebral tumors. After the
observation that relaxation times depend on the blood oxy-
genation level and that it may be possible to measure such
changes in vivo, the ability to assess cortical activity by
completely non-invasive MRI methods has found wide-
spread interest, especially in neurological and psychiatric
applications. Neurofunctional MR imaging can visualise
changes in haemodynamics and in the concentration of
deoxyhaemoglobin in activated cortical regions. In most
clinical studies, the “BOLD” (blood oxygenation level de-
pendent) technique is used to visualise the changes in the
concentration of deoxyhaemoglobin under cortical activa-
tion. These changes are due to a balance of two conflict-
ing processes. A higher oxygen utilization in activated ar-
eas is cunteracted by a reflectory increase in rCBF and
rCBV. Deoxyhaemoglobin is a paramagnetic substance
which invokes inhomogeneities in the local magnetic field.
The effective reduction of deoxyhaemoglobin under stimu-
lation thus leads to a more homogeneous magnetic field
which can be detected as an increase in regional T2*
times. Gradient echo sequences sensitive to susceptibility
such as FLASH and echo-planar imaging (EPI) are used
to visualise the increase of the MR signal under stimula-
tion. Since the effects are only minute, multiple, repetitive
stimulation-and-rest paradigms have to be used and moni-
tored with high temporal resolution. From more than 1600
source images, color maps or the activated areas of the
cortex are created. Following extensive evaluation at our
department, fMRI has been introduced into clinical use, to
clarify the location of funtional brain areas prior to radiation
therapy or brain surgery for CNS neoplasms.

Although diffusion-weighted (DW) MR imaging has been
established as a diagnostically important technique in the
assessment of cerebrovascular ischaemia because it gives
improved delineation of the affected tissue, its application
to CNS neoplasms is still in need of assessment. Mapping
of the calculated apparent diffusion coefficient (ADC) has
been found to be useful for improved detection and char-
acterisation of neoplasms . Currently we use a diffusion-
weighted spin-echo-EPI sequence with high spatial and
temporal resolution. This approach considerably reduces
the acquisition times compared with those for diffusion-
weighted spin-echo sequences. The diffusion-weighted
spin-echo -EPI sequence uses a TE of 121 ms, a TR of
213 ms, and a gradient strength of 0.5±21.4 mT/m to ac-
quire 12 images with different diffusion weightings. Maps
of the ADC in vivo measurements can be displayed in
gray-scale.

Pilot studies already indicate that diffusion images of neo-
plasms show comparable lesion delineation when com-
pared with T2-weighted images. Potentially, the diffusion
coefficients might provide new information for lesion
characterisation and prognosis.

FLAIR MR-Imaging was used for a better morphologic as-
sessment of brain tumors for radiotherapeutic and neuro-

Fig. 3. Neurofunctional MRI in a patient with anaplastic astrocy-
toma. The patient presented without clinical symptoms although
the tumor was located in the primary motor area. nfMRI using a
simple motor task (finger tapping and hand movement) (a-b) lo-
cated the motor area in the postcentral gyrus as anatomically ex-
pected. On the affected site (c-d) the functional area is dislocated
in caudal and dorsal direction caused by the tumor mass effect
(arrow). These findings were integrated into the neurosurgical
treatment planning system based on neuronavigation and the pa-
tient could be resected without postoperative deficits.
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surgical treatment planning as well as for the early postop-
erative assessement of cerebral gliomas and metastases
[9,10,16,19].

FLAIR is an inversion recovery technique in which the sig-
nal of the CSF is suppressed by a 180° pulse prior the
data acquisition. The technique was initially used in the
imaging protocolls of demyelinating diseases such as mul-
tiple sclerosis with no data available in brain tumors.
Sudies performed in our institution have shown that FLAIR
and especially contrast enhanced FLAIR MR imaging is a
very valuable diagnostic tool in the delineation of cerebral
gliomas and metastases and adds important information
for the treatment planning of these patients.

Magnetic Resonance Angiography for Tumor
Imaging
With recent advances in fast magnetic resonance imaging,
it has become feasible to acquire multiple three-dimen-
sional data sets in a single breathhold [27]. In combination
with fast administration of gadolinium (Gd) chelates mul-
tiple magnetic resonance angiograms can be obtained, a
technique called multiphase 3D-Gadolinium-MR-Angiogra-
phy (3D-Gd-MRA, [18-20]). In the time-resolved images
different vascular structures are displayed in consecutive
images. In addition semi-quantitative assessment of tissue
perfusion is possible [28]. Since the acquisition times are
short, breath-hold imaging is possible in the abdomen and
thorax. The multiphase 3D-Gd-MRA strategy has been
successfully applied to imaging of tumors such as lung
cancer and renal cell carcinoma. In addition, the effect of a

long-standing decrease in blood flow on the organ function
can be monitored. With the help of recently developed ad-
vanced post-processing techniques, different enhancing
structures such as arteries and veins, parenchymal or tu-
mor perfusion can be separately visualized without any
overlay from other enhancing structures [29]. One strategy,
called correlation analysis has been specifically modified
to post-process multiple 3D data sets [30-31].

In the thorax, several studies on patients with lung cancer
have been performed. In these studies, multiphase 3D-Gd-
MRA allowed to identify perfusion defects from vessel oc-
clusion, as well as to detect feeding arteries and veins of
the tumor itself (figure 4). These findings were in good
agreement to more invasive techniques such as digital
subtraction angiography [32-33]. In the kidney, multiphase
3D-Gd-MRA can exclude invasion of renal cell cancer into
the renal vein with high accuracy ([34-35] figure 5). Good
agreement to histopathological findings was found.
Stenoses of the renal arteries can be detected and graded
with comparable accuracy as DSA [27, 28, 36]. Multiphase
MRA of the liver allows to detect and characterize hepatic
tumors with excellent agreement to histopathological find-
ings [37-38]. With the use of new, low-protein binding con-
trast agents with some liver specificity, the tissue contrast
between the liver tumors and the normal tissue can be fur-
ther optimized on 3D-Gd-MRA ([39-43], figure 6).

Recent development of new contrast agents that remain in
the intravascular space, termed intravascular contrast
agents, not only offer excellent MR angiographic imaging
but also absolute quantification of absolute parenchymal

Fig. 4. Multiphasic 3D-Gd-
MRA of the lungs: The first
phase shows a large perfu-
sion defect in the right upper
lobe due to vascular occlu-
sion by a large bronchial car-
cinoma. The systemic phase
(right) shows the perfusion of
the tumor supplied by a di-
lated feeding bronchial artery
(small image).

Fig. 5. Multiphasic 3D-Gd-
MRA of the kidneys: in the
arterial phase (left) a normal
renal artery is appreciated in
addition to a hypervascular
renal cell carcinoma. The
venous phase (right) demon-
strates a normal renal vein
with no signs of tumor inva-
sion.
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[44-47] . For the first time, absolute parameters of renal
parenchymal blood flow have been calculated that allow to
differentiate renovascular disease due to long-standing re-
nal artery stenosis from primary renoparenynchymal dis-
ease. Currently, these agents are under investigation for
quantification of tumor perfusion.

Magnetic resonance spectroscopy
Beyond morphological information provided by MRI, in
vivo proton magnetic resonance spectroscopy creates a
non-invasive window to metabolism. In the last two years,
our patient studies have focused on proton MR spectros-
copy of irradiated brain tumors and phosphorus-31 MR
spectroscopy of alcoholic liver disease.

Although stereotactic radiation therapy allows a dose in-
crease in the target volume and sparing of normal tissue,
high radiation doses bear an increased risk of focal radia-
tion injury to the normal brain tissue. In follow-up examina-
tions after stereotactic radiotherapy of brain tumors tumor
progression and radiation-induced tissue alterations have
to be discriminated. However, the radiological assessment
of suspected brain lesions using conventional computed-
tomography (CT) and magnetic resonance imaging (MRI)
is difficult.

In cooperation with the Department of Radiotherapy of the
University of Heidelberg, we examined 56 patients (sev-
enty-two lesions) using a combined MRI and proton MR
spectroscopy protocol (PRESS, TE = 135 ms). Signal in-
tensities of cholines (tCho), creatines (tCr), N-acetylaspar-
tate (NAA) and the presence of lactate and lipid resonan-
ces were correlated to final diagnoses established by clini-
cal and MRI follow-up, PET studies or biopsy/surgery. Sig-
nificantly increased intensity ratios tCho/tCr (p < 0.0001)
and tCho/NAA (p < 0.0001) were observed in neoplastic
(n = 34) compared to non-neoplastic lesions (n = 32) and
contralateral normal brain (n = 33). Discriminant analysis
of tCho/tCr and tCho/NAA data yielded correct retrospec-
tive classification of lesions as neoplastic and non-neo-
plastic with sensitivity and specificity  of 82 % and 81 %,
respectively. Metabolic information provided by proton MR
spectroscopy is therefore useful for the assessment of

suspected brain lesions after stereotactic radiotherapy and
may help to reduce the need for additional diagnostic pro-
cedures [48].

Patients with alcoholic liver disease were examined by us-
ing proton-decoupled phosphorus-31 MR spectroscopic
imaging. This technique allows to observe localized, high
resolved MR spectra of the liver and to measure relative
concentrations of phosphomonesters (PME) and phos-
phodiesters (PDE). Additionally, proton decoupling by us-
ing two radiofrequency systems enabled to resolve the
resonances of phosphocholine (PC), phosphoethanol-
amine (PE), glycerophosphocholine (GPC) and glycero-
phosphoethanolamine (GPE). MR spectroscopic results
were related to histopathologic data observed from liver
biopsy. In this ongoing study, we observed in patients with
various degrees of cirrhotic alcoholic liver disease a trend
towards increased intensity ratios of PE/β-ATP and GPE/β-
ATP as compared to healthy controls, while in non-cirrhotic
alcoholic liver disease a decrease of PME/PDE and in-
creased PC/PE intensity ratios were found. These prelimi-
nary data indicate a change in PME and PDE levels in the
liver of patients with alcoholic liver disease and support
the hypothesis of a disturbed conversion of GPE to GPC.
This in-vivo observation is in line with the ex-vivo observa-
tion of the enzymatic inhibition of PE-methyltransferase in
biopsy material of patients with liver cirrhosis.
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Ultrasonography and Computed Sonography
in Oncology (E0102)

S. Delorme

Owing to its broad availability and non-invasiveness, ultra-
sonography is frequently the first diagnostic modality to be
used in patients with suspected cancer. Ultrasonography
has undergone significant improvement in the past years
[1], and enables a rapid assessment in symptomatic pa-
tients and a well-focussed planning of ensuing diagnostic
procedures [2]. Our group has performed basic work in the
field of quantitative sonography [3-5]. Current studies are
related to the assessment of tumor vascularization using
color Doppler ultrasonography.

For quantitative evaluation of findings, we use a computer-
assisted protocol that quantitatively describes colour Dop-
pler images by the relative color pixel density (CPD) and
the color hues, which are numerically expressed by the
mean color value (MCV). In previous studies, this method
has been well evaluated for breast lesions [6], metastatic
lymph nodes [7], experimental tumors [8], and for dynamic
studies using ultrasound contrast media. In order to en-
able researchers outside the DKFZ to perform quantitative
ultrasound and color Doppler analyses, we have now de-
veloped a Windows NT®-based version of this program
which relies on commercially available hardware and can
be configured to match almost all available ultrasound
scanners which provide a red-green-blue (RGB) video out-
put. It has been supplied with a study-oriented database to
handle images and quantitative data, and with an imple-
mented statistical tool for evaluation of data in larger se-
ries. For more refined statistical analyses, and for graphic
visualization, the program generates Excel®-compatible
output files. In addition to the previously used program, the
recent version also permits real time acquisition of images
with 5 Hz for the evaluation of dynamic contrast studies.
The program can be supplied to interested groups without
charge.

Figure 1: Mean color value (MCV) in the gancyclovir-insensitive
Morris Hepatoma cell line MH3924A/LXSN6 before, during, and
after a five-day treatment cycle with i.p. gancyclovir. There is a
slight but significant increase of the MCV over time (p=0.002).
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Color Doppler sonography is also potentially suitable to
non-invasively examine the effects of innovative treatment
approaches in animal experiments, without having to sacri-
fice the animal. Compared to MRI, it is more versatile and
more broadly available. Due to the exlusively intravascular
origin of the Doppler signal, the so derived data are patho-
physiologically different from those obtained in MRI stud-
ies using extracellular contrast media [9]. To evaluate the
potential of color Doppler in monitoring animal experi-
ments, we assessed alterations of tumor blood flow in-
duced by suicide gene therapy with the Herper Simplex
virus thymidine kinase (HSV-tk) gene in combination with
gancyclovir (GCV), using computer-assisted, quantified
color Doppler sonography, and examined whether the ob-
served changes were accompanied by histologically quan-
tifiable alterations of tumor vessels. Color Doppler mea-
surements in 25 murine Morris hepatomas transfected with
a GSV-sensitizing HSV-tk suicide gene were compared
with an insensitive control tumor during treatment with
GCV. Color Doppler measurements were quantified and
compared with histologic arteriole counts. The tumor vol-
ume remained constant over five days. In GCV-sensitive
tumors, the median CPD dropped from 16 % at baseline to
5 % day 5 (p=0.001), remaining constant in controls. The
MCV decreased from 1.9 cm/s to 1.6 cm/s in the GCV-sen-
sitive tumors (p=0.001) and rose from 1.8 cm/s to 2.0 cm/s
in the controls (p=0.002) (Figs. 1 and 2). The arteriole
count was not influenced by treatment, nor was it corre-
lated with color Doppler measurements. Therefore, color
Doppler appears suitable to detect therapeutically in-
duced, functional changes in tumor vascularity, even be-
fore any tumor shrinkage occurs. It remains unclear, how-
ever, which mechanisms mediate these changes, and
whether these findings are caused by hitherto undetected
microvascular alterations or are purely functional.

Publications (* = external co-author
[1] Lorenz A and Delorme S. Physikalische und technische
Grundlagen der B-Bild-Sonographie. Radiologe 1999;39:624-642

Figure 2: Mean color value (MCV) in the gancyclovir-sensitive
Morris Hepatoma cell line MH3924A/LXSNNtk8 before, during,
and after a five-day treatment cycle with i.p. gancyclovir. With few
exceptions, there is a uniform decline in MCV during the treat-
ment. This finding is basically different from that in the gancyclo-
vir-insensitive controls.
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Computed Tomography (E0103)

M.L. Bahner, S. Delorme, M. Grandy,
S.O. Schönberg

With the advent of rapid multislice spiral techniques, com-
puted tomography (CT) has considerably gained speed
and image quality over the past years. Its advantages over
magnetic resonance imaging (MRI) are that it permits
rapid, comprehensive imaging of large areas in the body
with excellent resolution, and that it is less examiner-de-
pendent and thereby provides constantly high examination
quality. Its disadvantages are a lower contrast resolution,
radiation exposure and the so far relative lack of functional
information. CT will remain the working horse in diagnostic
oncology, while the mainstay of MRI will continue to be the
evaluation of particular organ or functional studies. It must
be born in mind, however, that the speed of CT is only lim-
ited by engineering issues, whereas in MRI the acquisition
time is dictated by the physical properties of the examined
tissue. Therefore, CT has the potential of performing func-
tional studies, particularly in rapidly moving structures. Our
current work covers the evaluation of rapid multislice imag-
ing for tumor staging, improvement of contrast resolution
by modifying the beam quality, development of techniques
for ultrafast, functional imaging, and the integration of CT
data handling in an emerging PACS environment.

Multislice CT in the examination of bronchogenic
carcinoma
Standard CT ist notoriously limited for staging of centrally
growing tumors adjacent to mediastinal structures like tra-
chea or esophagus. Currently, we evaluate the potential of
contrast-enhanced multislice-CT-(MSCT), which permits a
1mm scan of the chest in one breath hold and thereby
multiplanar reconstructions as well as for creation of 3D
models (1). We compared multi-dimensionally recon-
structed, thin slice high-resolution multislice-CT images in
10 patients with inoperable stage IIIa bronchial carcinoma
patients with mediastinoscopy, endoscopical, patho-histo-
logical and in situ surgical findings. Studies were per-
formed before and after neoadjuvant chemotherapy with
Cisplatin/Gemcitabine and prior to surgical resection.
Based on the 1 mm images, the data sets were reformat-
ted in axial and coronal multiplanar views, and additional
three-dimensional visualization using volume rendering
and ray tracing software was performed. All source images

were individually reviewed on a PACS (Picture Archiving
and Communication System) in the axial, coronal, sagittal
and oblique view.

All of the 10 patients treated with neoadjuvant chemo-
therapy showed a decrease in size of the main tumor and
invaded lymph nodes (Fig. 1 and 2). Coronally reformatted
images were of particular value in detecting mural irregu-
larities of the trachea and bronchi, indicative of tumor inva-
sion. MSCT correctly identified all cases of tracheal inva-
sion. No lymph node in N3 position was missed on the
MSCT scans. However, all detected, enlarged N3 lymph
nodes were histopathologically found to be reactively en-
larged and free of tumor. Owing to its multiplanar capabili-
ties, MSCT considerably facilitates the assessment of
complex tumors such as stage IIIa bronchial carcinoma,
but, as expected, will not help to overcome the notorious
lack of specificity in lymph node staging.

Improvement of contrast resolution using 80 kV
x-ray CT
Currently, CT is performed at high voltage (120 kV), in or-
der to achieve sufficient detector dose and to minimize
beam hardening artifacts. This setting, however, is subop-
timal for contrast studies, since the x-ray absorption of io-
dine decreases as the beam energy departs from its
k-edge (33.17 keV). We therefore examined whether the
reduction of the tube voltage to 80 kV for CT angiography
(CTA) of the cerebral vasculature in comparison to estab-
lished 120 kV CTA leads to an improvement in vessel-to-
brain contrast and whether the gain in contrast outweights
the resulting increase in image noise. We performed dilu-
tion measurements, and dose calculations before applying
this method to 29 patients scheduled for stereotactic radio-
surgery of cerebral arterio-venous malformations with an
intraindividual comparison between both techniques. The
used scanner settings lead to a marked reduction in effec-
tive patient dose while increasing the x -ray attenuation
within the vessels. Contrasts above background levels as
well as calculated contrast to noise ratios (CNR) were sig-
nificantly higher when using 80 kV compared to 120 kV.
The use of 80 kV in contrast studies in the body for onco-
logical purposes will warrant the use of higher tube cur-
rents than currently possible, and image correction algo-
rithms for beam hardening artifacts. This is being ad-
dressed in an ongoing project, and this technique will sig-

Fig. 1. Contrast enhanced axial (left) and coronal reconstructed
MSCT images (right), based on 1mm data set, of stage IIIa bron-
chial carcinoma prior to neo-adjuvant chemotherapy showing a
large tumor in the upper and middle lobe of the right lung with in-
filtration of carina, distal trachea, right main bronchus and
esophagus.

2. MSCT examination of same patient as in Fig. 1 six weeks later
after completion of neoadjuvant chemotherapy. Contrast en-
hanced axial (left) and coronal reconstructed MSCT images
(right), based on 1mm data set, show decreasing size of the main
tumor and infracarinal lymph nodes.
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nificantly increase lesion conspicuity, particularly when
scanning for neoplasms of the liver or the brain.

Ultrafast imaging using spiral CT
The speed of data acquisition in CT is basically deter-
mined by the rotation time of the ring containing the emit-
ting tube and the detector set. Increasing the rotation
speed of this 700 kg unit is a major technical challenge.
Today, a 0.5 s cycle time has been achieved on state-of-
the-art scanners. However, when image reconstruction is
performed using data which are acquired during only a
fraction of an entire cycle, images with a considerably
shorter acquisition time can be obtained. The heart pro-
vides particularly unique conditions for imaging due to the
cyclic nature of its movements. When the ECG signal is si-
multaneously registered during the spiral CT examination,
the raw data needed for image reconstruction can be frac-
tionally sampled from identical phases of multiple, subse-
quent cardiac cycles, thereby enabling the formation of im-
ages with an effective scan time of less than 100 ms. Fun-
damental work in this field has been performed in our
group in close cooperation with the CT manufacturer [2,3]
and has lead to a legally certified cardiac imaging option
available on the scanner, suitable for coronary calcification
screening, CT coronary angiography, or for measurements
of functional parameters such as cardiac stroke volume or
ejection fraction. In 1999, an international congress on
cardiac CT was held at the DKFZ unter the presidency of
M.L.Bahner.

With this method, a standard protocol for ECG-gated coro-
nary angiography (4 x 1 mm collimation, pitch 1.5) can be
used to obtain two image sets: First, diastolic images with
a temporal resolution of 125 to 250 ms are calculated for
morphologic information using standard image reconstruc-
tion. Second, images with high temporal but lower spatial
resolution are calculated with the present algorithm for
functional information. The algorithm was applied to 25
data sets from patients that underwent ECG-gated coro-

nary CT angiography. It was possible to achieve temporal
resolutions of down to 50 ms, depending on heart rate.
Slice thickness increased to about 10 mm. In patients with
high heart rate over 80 bpm, systolic images showed less
motion blurring with the new algorithm compared to stan-
dard reconstruction. Initial results show that the improve-
ment in temporal resolution overcompensates the loss in
spatial resolution in patients with heart rates over 80 bpm.

To evaluate cardiac CT for coronary calcium scoring, we
quantitated the extent of coronary calcification with ECG-
gated spiral-CT in 17 female (age 38±10 years) and 30
male patients (age 37±5 years) with heterozygous FH who
had been followed prospectively for more than 15 years.
Quantitative calcium scores (CS) were calculated by the
Agatston method. In addition, we determined other risk
factors for CAD and measured post heparin lipoprotein
(LPL) and hepatic lipase (HL) activities. Mean CS did not
differ significantly between men (48.9±84.2) and women
(44.4±115.4). Compared with age-matched controls, the
prevalence of coronary calcification was twice as high in
the FH patients (women: 30% vs. 15%, men: 63% vs.
27%). 70% of women and 37% of men, however, had no
detectable coronary calcification despite severely elevated
LDL levels (224±93 mg/dl, range 77-596) and, in the entire
group, LDL levels did not predict CS (r=0.19, p=0.22). In
contrast to LDL levels, presence of hypertension (r=0.38,
p<0.05), systolic blood pressure (r=0.30, p<0.05) and age
(r=0.41, p<0.01) were associated with CS. Family history
of premature CAD was also a significant factor (r=0.31,
p<0.05) and CS differed greatly between patients with and
without a positive family history, (60.8±105.7 vs. 3.4±6.0,
p<0.01). LPL and HL were not significantly associated with
CS. In summary, coronary calcification was twice as preva-
lent in FH patients than in controls. Even severe elevations
of LDL cholesterol, however, appeared to be insufficient to
cause premature CAD in the absence of additional risk
factors. Treatment decisions in heterozygous FH should
be based on the individual risk profile, especially the pres-
ence of familial premature CAD.

In a porcine model, we evaluate the accuracy of stroke
volume measurement of the heart using retrospectively
ECG- gated spiral CT. Pigs (n=10, weight 25-40 kg) were
scanned in spiral mode (slice 2 mm, pitch 0.5, rotation
time 0.75 s). Ventricular pacing with 90 bpm was used.
Blood flow was measured with a doppler probe placed at
the ascending aorta. Our reconstruction algorithm used 4
rotations for oversampling. Stroke volumes were deter-
mined with region growing from enddiastolic and end-
systolic CT images.The temporal resolution used was 170
ms. With the chosen reconstruction increment, isotropic
volume datasets of the heart were available with 0.5 mm
resolution allowing short axis reformations. The stroke vol-
umes determined by CT correlated well with the invasively
measured data (r = 0.94). The calculated volumes were
underjudged by a mean of 1.75 ml in CT scanning.In sum-
mary, the determination of cardiac stroke volume is pos-
sible with ECG - gated spiral CT. The measured results
correlate well with true values determined by invasive

Fig 3. The CHILI PACS offers viewing and comparison of multi-
modality images  as well as real-time multidimensional visualiza-
tion under one user friendly interface:
1: Corresponding CT images with different level/window settings
presented simul-taneously. 2: Four different MRT sequences pre-
sented simultaneously. 3: Multiphase 3D-Gadolinium MR-angiog-
raphy. 4: Multidimensional  visuali-zation based on a 1mm CT
data set with the Slicer plugin.
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measurement. The available temporal resolution is suffi-
cient to offer the necessary image quality.

Integration of multislice CT, magnetic resonance
imaging, ultrasonography, and positron emission
tomography in a PACS environment
The evaluation of large image data sets created by thin
slice MSCT examinations, can only be achived by using a
powerful and versatile PACS software (Picture Archiving
and Communication System). In a cooperative project, a
commercially purchased PACS was adapted to the needs
stated by our group in a stepwise fashion in order to allow
reliable handling of large image data sets, complete
DICOM capability, multiuser interaction, tele-conferences
and multidimensional visualization of image data from vari-
ous modalities [4-6].

In January 2000 a PACS archive was installed in the radi-
ology department of the German Cancer Research Center
(dkfz) in Heidelberg, Germany. Eight Clients and the
server (180 Gbyte RAID level 5) are Intel-based PCs run-
ning Linux (SuSE 6.3) as operating system. The clients
are 600MHz Pentium III PCs with 512 Mb of RAM, two
equipped with one, four equipped with two high contrast
monitors (SMM 2183L, Siemens, Erlangen, Germany).
The clients positioned at the CT and MRI console use a
SGI 1600SW flat panel screen (Silicon Graphics, Mountain
View, CA, USA). The server is a double 500 MHz Pentium
III system with 140 Gb of disk space (RAID level 5)
equipped with an uninterruptible power supply (UPS) pro-
viding enough power for a period of 10 minutes. Images
sent to the CHILI server are automatically mirrored to an
existing ADSM backup/archive system hosted on two dedi-
cated AIX servers. The total storage capacity of 27 Tb is
provided by three tape libraries (ATL Products, Storage
Tek). A Multislice-CT (Somatom Plus 4 Volume Zoom, Si-
emens, Erlangen, Germany), two MRI systems (Magnetom
Vision and Magnetom Vision Plus, Siemens, Erlangen,
Germany) and one ultrasound device (Acuson Sequoia,
Acuson, Mountain View, CA, USA) are now connected to
the PACS via DICOM interface utilizing a 100 Mbit/s
Ethernet LAN. In the next step, positron emission tomogra-
phy (PET) will be connected to the system as well. We de-
cided to use the CHILI software because of its speed in
handling large data sets, its highly configurable and easy
to use interface and its extensibility via plugin technology.
Plugins developed during evaluation include a tool which
provides interactive real-time sagittal, coronal and oblique
reconstruction of CT and MRI data sets, and a ray tracing
software which creates realistic 3D images out of thin slice
CT data sets. During the evaluation period over 200 rec-
ommendations and suggestions by the users were regis-
tered by the CHILI software engineers, discussed in regu-
lar sessions and implemented in a stepwise fashion.

From January 2000 to February 2001 examinations of
more than 6200 patients (more than 1,400,000 images)
with mostly oncological diseases have been stored in the
system. Especially in the evaluation of the large data sets
created by thin slice CT-examinations the system proved
to be the only way to store and view the images. Complex

three-dimensional data sets can be viewed and interac-
tively compared to multiple imaging modalities.
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Positron Emission Tomography (PET) for
Diagnostics and Therapy Management of
Oncological Patients (E0105)
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Positron Emission Tomography (PET) was used for differ-
ential diagnostics and therapy management in oncological
patients [1-4]. Dynamic PET studies were performed and
dedicated quantification methods were applied for the
analysis of the patient studies.  PET-multitracer studies
were evaluated for the differential diagnostics of recurrent
tumors and metastases. PET short term follow-up studies
prior, during, and after the end of one chemotherapeutic
cycle were performed to measure the changes of the 18-
Fluor-Deoxyglucose (FDG) metabolism with respect to
short term therapeutic effects. Pharmacokinetic studies
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with radiolabelled cytostatic agents were used for mea-
surements of the drug distribution in the tumor area. Differ-
ent parameters like transport, retention and elimination of
a radiolabelled drug were measured with respect to differ-
ent administration routes, like systemic and intraarterial
application of the tracer. Furthermore, the spatial and time
dependent distribution and dilution of an intratumoral ap-
plied drug for therapy was studied quantitatively and quali-
tatively.

Dynamic FDG studies for the differential
diagnosis of oncological patients
F-18-Deoxyglucose (FDG) is the most common radiophar-
maceutical for PET studies, especially for oncological
studies, because FDG is accumulating in most of the un-
treated tumors and it has the advantage of a well-known
metabolic pathway. Dynamic PET measurements were
performed to determine the FDG metabolism in patients
with soft tissue and bone lesions. The evaluation of the
FDG kinetics was done based on the “Standardized Up-
take Value“ (SUV), the computation of the transport con-
stants K1-k4 with consideration of the distribution volume
(VB) according to a two-tissue compartment model, as
well as the fractal dimension based on the box counting
procedure. We studied 56 patients with soft tissue lesions,
43 histologically proven malignancies and 13 benign le-
sions. Furthermore, we examined 83 patients with bone le-
sions, 37 histologically proven malignancies and 46 be-
nign lesions. Based on the discriminant analysis, the differ-
entiation of soft tissue tumors was best for the use of six
parameters of the FDG kinetics (SUV, K1, k3, FDG global
influx, fractal dimension). 84 % of the G III, 37.5 % of the
G II, 80 % of the G I, 50 % of the lipomas, and 14.3 % of
the scars were correctly classified, while inflammatory le-
sions were misclassified [5-6]. The evaluation of the bone
lesion data demonstrated that the combination of all ki-
netic parameters (SUV, VB, K1-k4, global influx, fractal di-
mension) revealed the best results with a sensitivity of
75.86 %, a specificity of 97.22 % and an accuracy of 87.69
%. The Bayesian analysis provided true positive results
even for a low prevalence of disease if the full kinetic data
are included in the evaluation [7]. In conclusion, the results
of both studies gave evidence that the evaluation of the
full kinetic FDG data is necessary and superior to one
static measurement.

Multitracer studies for differential diagnostics of
recurrent tumors and metastases
It is already known that not only malignant tumors but also
inflammatory processes, postoperative changes or unspe-
cific reactions, e.g. due to radiation therapy, may result in
an enhanced FDG-uptake [1,3]. In these cases a differen-
tial diagnosis based exclusively on the FDG uptake ist not
possible. Therefore, we used multitracer studies, which
comprise the sequential application of different radio-
pharmaceuticals in one session, in order to improve the di-
agnostic accuracy. O-15-Water was used for the measure-
ment of tissue perfusion, C-11-Aminoisobutyric acid
(C-11-AIB) for the measurement of the “A-type“ amino-acid
transport and F-18-Deoxyglucose for the regional FDG
metabolism [8]. PET-multitracer studies were applied in

patients with malignant sarcomas, recurrent lymphomas
and recurrent colorectal tumors. Malignant sarcomas dem-
onstrated generally an enhanced uptake of C-11-AIB, in
contrast to recurrent lymphomas, which revealed a low
C-11-AIB uptake. Recurrent colorectal tumors showed an
enhanced C-11-AIB uptake, although the tumors could not
be easily detected by visual evaluation due to the low con-
trast to the surrounding tissue. Therefore, we evaluated
the AIB-scans using a PC-based program for the calcula-
tion of parametric images.

Multitracer studies were performed in eleven pretreated
patients with malignant melanomas. O-15-Water was ad-
ministered for the quantification of the tumor tissue perfu-
sion (eight patients),  F-18-Dihydroxyphenylalanine
(F-18-DOPA) for the assessment of the DOPA transport,
F-18-Deoxyglucose for the evaluation of the regional FDG
metabolism.  DOPA is a melanine precursor and is ex-
pected to be more specific than FDG for the detection of
metastases from malignant melanomas. The dynamic PET
data demonstrated that DOPA uptake is primarily not per-
fusion-dependent and provides a different information than
FDG. The FDG studies showed an 1.5fold increased up-
take in comparison to the surrounding tissue (19/22 pa-
tients). False negative FDG-results were obtained in only
two pretreated patients. Interestingly, both patients with a
negative FDG study showed an significantly enhanced
DOPA uptake. In conclusion, DOPA can identify melanoma
metastases which have low FDG uptake but enhanced
DOPA uptake and may help to select patients for further
treatment due to the detection of viable tumor tissue [9].

Metabolic studies for the evaluation of therapy
effects
The most commonly used radiopharmaceutical for the as-
sessment of therapeutic effects using PET is FDG. A pre-
requisite for the evaluation of the regional metabolism is
an accurate quantification of the uptake of the radiophar-
maceutical. For that purpose a dynamic data acquisition is
mandatory and the reconstruction of high-resolution as
well as artefact free tomographic images [10]. Whole-Body
PET emission studies have found widespread use with the
last generation scanners, but this technique has the major
limitation to provide only qualitative information. A quanti-
tative evaluation is not possible due to the absence of at-
tenuation and scatter correction. False positive results are
a well known problem using the whole-body technique [1,
3-4].

For the evaluation of short term therapeutic effects, a
baseline study prior to onset of chemotherapy is needed to
assess tumor viability [11]. A second PET-FDG study may
be done during therapy and/or after completion of therapy.
We performed PET follow up studies in patients with pri-
mary hepatocellular carcinomas, who were scheduled for
an intratumoral ethanol injection [12]. All tumors were his-
tologically proven and patients were examined prior to on-
set of the percutaneous ethanol injection, one day after
therapy, and one week after therapy with FDG-PET. The
data demonstrate, that a continuous decrease or increase
of the FDG-uptake was predictive for therapy outcome. We
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observed a continuous increase of the FDG-uptake prefer-
entially in non-responders. A decrease of the tumor me-
tabolism correlated with an initial response. The duration
of the response is dependent on the therapeutic protocol
and is highly variable. Important for therapy management
is the very early selection of the non-responders. In most
cases the reduction of the tumor metabolism preceeded
the reduction of tumor volume. According to our data, it is
still open, whether a short-term reduction of the FDG-up-
take correlates with stable disease, partial response or
complete response. A prerequisite for the interpretation of
PET follow-up studies to assess therapy response is the
exact knowledge of the effect of a cytostatic agent on the
tumor metabolism. As previously discussed, even unspe-
cific reactions like cell repair are correlated with an in-
crease of the FDG metabolism [1,3]. Most patients demon-
strated a mixed change of the FDG metabolism, e.g. short
term increase followed by a decrease or the opposite.

Pharmacokinetic of radiolabeled therapeutic
agents
The direct measurement of the distribution and kinetics of
a cytostatic agent used for therapy is a very challenging
field in the clinical application of PET in oncology. This pro-
cedure permits the noninvasive measurement of the kinet-
ics and biodistribution of a drug in the tumor prior to thera-
peutic use. Furthermore, it allows a prediction of the thera-
peutic effect as well as the comparison of different thera-
peutic schemes or modified treatment protocols with re-
spect to clinical outcome. Due to the labelling difficulties
only a few cytostatic agents are available for patient stud-

ies. The radiolabelled cytostatic agent used for clinical pur-
poses in more than one centre and in a significant number
of patients is F-18 labelled Fluorouracil (FU). The labelled
drug has the same properties as the unlabelled substance.
We used this radiopharmaceutical in different settings in
patients with colorectal cancer. The F-18-FU studies dem-
onstrate the possibilities of PET and labelled cytostatic
agents and are described shortly.

Fluorouracil (FU) is still the main cytostatic agent used for
the chemotherapy of metastatic colorectal cancer as
monotherapy or combination therapy. The reported indi-
vidual response rates vary significantly with an average re-
sponse rate of 20 %. PET-double tracer studies using in-
traarterial and systemic administration of F-18-FU in com-
bination with O-15-Water were performed in patients with
liver metastases from colorectal cancer and gave evidence
of at least two different transport systems of FU. Most me-
tastases (18/24) demonstrated a perfusion-dependent
(passive) transport system whether only one third of them
(8/24) showed a nonperfusion-dependent tranport system.
87.5 % of the metastases showed an enhanced access
following intraarterial application, while 83.3 % demon-
strated an improved FU-Influx and only 33.3% of the le-
sions showed a enhanced FU-trapping after intraarterial
administration [13]. A comparison of the FU-trapping, as
measured by PET prior to FU chemotherapy, with the tu-
mor growth rate as measured by CT follow-up studies after
completion of  FU chemotherapy demonstrated a signifi-
cant correlation (r = 0.87) for the two parameters [14]. Fur-
thermore, there was a  significant correlation for the
F-18-FU trapping of the liver metastases and the survival
of the patients [15]. According to these results, it is pos-
sible to measure the FU-kinetics prior to onset of chemo-
therapy and predict the therapy outcome.

PET studies with C-11-Ethanol were performed in patients
with primary, inoperable hepatocellular carcinomas sched-
uled for percutaneous ethanol injection. The intratumoral
ethanol injection was performed with ultrasound (US)-
guidance. PET with C-11-Ethanol together with the thera-
peutic dose of the non-labelled ethanol was applied
intratumorally using US-guidance while the patient was
positioned in the PET-system. Dynamic PET scans with
C-11-Ethanol demonstrated that the tracer distribution of
the ethanol is confined to the tumor area, which is sugges-
tive for a hard tumor capsule [16]. A dedicated software
program was used for the calculation of parametric images
from the dynamic PET data using the
Fourier-transformation. Parametric imaging demonstrated
clearly an inhomogenous distribution of the C-11-Ethanol
due to the tumor texture with local maxima and minima in
the amplitude-images. Furthermore, we noted a redistribu-
tion of the drug towards the peripheral parts of the tumor
in the phase-images. According to these data, drug dilu-
tion may prohibit a sufficient inhibition of tumor growth
(Fig. 1). C-11-Ethanol PET is important for therapy optimi-
zation, although further studies are required to evaluate
the possible routine use for treatment planning.

Fig. 1: Upper Left: CT-image following intraarterial application of
contrast material, demonstrating two hypodense lesions in the lat-
eral and in the central part of the right liver lobe. Both lesions are
suspicious for malignancy. Upper Right: Corresponding PET im-
age one hour after i.v. application of F-18-FDG, showing no en-
hancement of the FDG uptake in the suspicious lesions.
Lower Left: PET image after the intratumoral administration of C-
11-ethanol. Increased uptake in the tumor lesion. Lower Right:
Time activity curve of the C-11-ethanol up to 45 min p.i. Following
an short, initial distribution phase, there is a plateau phase with-
out a major elimination of the tracer.
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Comparison of the PET results with biological
parameters as measured with RT-PCR in tumor
specimen
The kinetic data of the quantitative FDG-PET studies were
compared to the expression of resistance parameters re-
lated to chemotherapy (multidrug resistance, MDR1,
multidrug resistance associate protein, MRP), as mea-
sured by RT-PCR of tumor specimens, in patients with ma-
lignant soft tissue sarcomas or malignant bone tumors.
Quantitative PET FDG studies were performed prior sur-
gery for diagnostic purpose and therapy planning. Follow-
ing surgery, tumor tissue samples were evaluated using
the RT-PCR as well as a light cycler to obtain quantitative
data of the MDR1 and MRP expression. A comparison of
PCR and PET data was possible in 23 patients. Besides
MDR1 and MRP, the expression of the glucose transporter
(GLUT1) and the hexokinase were assessed (Fig. 2). In
general, an increased expression of the MDR1 gene was
only observed when the FDG uptake was less than 4.0
SUV. In contrast, a low MDR1 expression was associated
with SUV ranging between 0.9 and 8.3. The full kinetic
analysis of the FDG data, including the fractal dimension,
was used to predict the expression of the MDR1 expres-
sion (Fig. 3). The preliminary results based on a multilayer
perception network gave evidence that increased
multidrug resistance may be predicted using the kinetic
PET data and suitable mathematical procedures  [17].
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Fig. 2: RT-PCR of six soft tissue sarcomas. We noted an inverse
association of the MDR1 expression and the expression of the
glucose transporter GLUT1.

Fig. 3: The full kinetic PET FDG data were used to predict the ex-
pression of MDR1. The data were evaluated using a multilayer
perception network and show, that the PET data can be used to
detect tumors with an increased expression of MDR1.
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German Thorotrast Study (E0107)

G. van Kaick, D. Liebermann, H. Wesch

The story and tragedy of the application of Thorotrast in
radiodiagnostics is well known. Between 1930 and 1950,
Thorotrast, a stabilized colloidal solution of thorium diox-
ide, was used as an X-ray contrast medium mainly for ar-
teriography. The visualization of the arteries was excellent.
The disadvantage of intravascular administration of
Thorotrast was the lifelong storage of thorium dioxide par-
ticles mainly in the organs of the reticuloendothelial sys-
tem, which resulted in chronic α-particle irradiation from
thorium decay products in the organs of deposition and
from the daughter products of radon-220 in the lungs and
of radium-224 and its decay products in the skeletal sys-
tem.

The German Thorotrast study has been ongoing since
1968. The aim of the study is to uncover the late effects of
incorporated colloidal thorium dioxide by epidemiological
observation and clinical and biophysical examinations and
to compare the results with those for a corresponding con-
trol group. The German Thorotrast study comprises 2,326
patients and 1,890 controls.

The final fate of the Thorotrast patients is the most impor-
tant parameter for the calculation of late effects caused by
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FIG. 1: Cumulative rate of malignant liver tumors of three sub-
groups injected with different amounts of incorporated Thorotrast;
only patients with available dosimetric data. Numbers in parenthe-
ses are the number of patients with liver cancers/number of
Thorotrast patients.
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FIG. 2: Cumulative rate of malignant liver tumors after injection of
6 - 12 ml Thorotrast or below 6 ml Thorotrast; only patients with
available dosimetric data. Numbers in parentheses are the num-
ber of patients with liver cancer/Thorotrast patients; the short ver-
tical lines represent the patients still alive without tumors.

0 10 20 30 40 50 60
0

0.05

0.1

0.15

< 19.7 ml

>= 19.7 ml

control

Latent period (years)

C
um

ul
at

iv
e 

ra
te

(14 / 591)

(21 / 572)

(11 / 1794)

FIG. 3: Cumulative rate of hematopoietic malignancies (myeloid
leukemias and myelodysplastic syndrome). Two subgroups ac-
cording to the median of the injected Thorotrast volume compared
to the control group; only patients with available dosimetric data
and survival time > 5 years. Numbers in parentheses are the
number of malignancies/number of patients.

the incorporation of thorium dioxide. For risk calculations,
we used only the data for those patients who had mea-
surements by whole-body counting (n = 630) or whose
hospital records contained information on the volume of
Thorotrast injected (n = 449).

The correlation between cumulative rate of liver cancer
and the volume of Thorotrast injected has been well
known for more than two decades (Fig. 1). However, un-
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certainty exists with regard to the low-volume group. Re-
cent data clearly show the increase in liver cancer with the
duration of exposure for the low-volume group receiving
less than one ampoule of Thorotrast. We divided this
group into two subgroups, one injected with less than 6 ml
and one with 6 to 12 ml Thorotrast. It is evident from Fig. 2
that even a small amount of Thorotrast (less than 6 ml)
can induce primary liver cancer after a long latent period
of more than 45 years. This means that the product of
dose rate and exposure time is the most important factor
for carcinogenesis.

The calculation of the absolute risk for the induction of
liver cancer in Thorotrast patients requires at least two as-
sumptions: 1. Patients who died within the first 15 years
after injection must be excluded since they had no chance
to develop liver cancer; 2. we must consider that micro-
scopic tumors exist over a long period before clinical mani-
festation. This means that we must consider a so-called
wasted dose (time). Our calculations were based on a
wasted dose of 10 and 15 years.

Our estimates with a wasted dose of 15 years are close to
the results of the Danish study: 774 (German) and 712
(Danish) liver cancers, respectively, per 104 person Gy.

Using a radiation weighting factor of 20 for α particles, the
expected risk for low-LET radiation is 38.7 per 104 person
Sv. If we apply a dose and dose-rate effectiveness factor
of 2 to our result and compare this with the data from the
Life Span Study of the atomic bomb survivors, our risk fac-
tor is within the confidence interval of the risk factor for
liver tumors derived from the A-bomb survivors.

During the last 15 years, we have found a constant in-
crease in cancers of the extrahepatic bile ducts including
gallbladder in the exposed group. There is a correlation
between the amount of Thorotrast incorporated and the
cumulative rate of bile duct cancer. Therefore, it seems
plausible that the dose is the cause for the observed ex-
cess rate.

Thorotrast patients have a higher risk for hematopoietic
malignancies except chronic lymphatic leukemias. Acute
myeloid leukemias are dominating as well as
myelodysplastic syndromes (MDS), which are very often a
precursor of myeloid leukemias. To demonstrate the influ-
ence of dose on the induction of leukemias, we combined
the data for myeloid leukemias with the data for
myelodysplastic syndrome as was done by the Danish
study group. Figure 3 shows that the myeloid leukemias
and MDS in the high-dose-rate group manifest earlier than
those in the low-dose-rate group. Furthermore, there is a
significant difference from the control group.

The mean dose rate to the red bone marrow was 0.07 Gy/
year and the mean exposure time 31 years. For the risk
estimates, we used a wasted dose of 5 years and sub-
tracted the spontaneous malignancies that occurred in the
control group. The cumulative risk estimate per 104 person
Gy was calculated to be 135 hematopoietic malignancies.
A similar result was found in the Danish group (173 cases/
104 person Gy). Using a radiation weighting factor of 20,

we have 6.8 heamatopoietic malignancies per 104 person
Sv. This means that the German and the Danish figures
differ by a factor of about 10 from the results of the Life
Span Study for  A-bomb survivors. Up to now there is no
explanation for these different results.

Publications (* = external co-author)
[1] van Kaick, G., Dalheimer, A.*, Hornik, S.*, Kaul, A.*,
Liebermann, D., Lührs, H., Spiethoff, A*, Wegener, K.* and
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Assessment of Risk. Radiation Research 152 (1999) S64-S71

[2] van Kaick, G., Wesch, H.: Thorotrast induced liver cancer: Up-
date of the German Thorotrast study. Kerntechnik, 64 (1999) 50-
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[3] van Kaick, G., Bahner, M.L., Liebermann, D., Lührs, H.,
Wesch, H.: Thorotrast-induzierte Tumoren der Leber. Radiologe
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division’s program are to assess the baseline data for indi-
vidualized tumor therapy and improved local tumor control.
This means a complete qualitative and quantitative deter-
mination of the individual patient’s disease with respect to
morphological, functional and biochemical characteristics
as far as can be evaluated using radiological techniques
such as positron emission tomography (PET), magnetic
resonance imaging (MRI), magnetic resonance spectros-
copy (MRS), ultrasound diagnostics (US) and X-ray-com-
puted tomography (CT). This baseline data may then be
used for individualized treatment planning (e.g., with radia-
tion, hyperthermia, drugs, or combinations thereof), and
serves for assessment of therapy during and after
treatment, and if necessary, treatment modification.
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Functional and Physiological MR Imaging
(E0201)

L.R. Schad, M. Amann, A. Bankamp,
K. Baudendistel, M. Bock, J. Boese, A. Bongers,
B. Greven, M. Günther, M. Heilmann, R. Jerecic,
R. Krug, H. Meyer, G. Rademaker, P. Siegler

In cooperation with: Onkologische Diagnostik und Therapie,
Strahlentherapie, DKFZ; Psychiatrie, Radiodiagnostik, Universität
Heidelberg; Zentralinstitut für Seelische Gesundheit, Mannheim;
Informatik V, Mannheim; Psychologie; Anästhesie, Mannheim;
Physik, Medizinische Universitätsklinik Universität Würzburg;
Technische Universität, Prag, Czech Republic; EU-Project COST
B11, Brussels, Belgium; Siemens AG, Universitätsklinikum
Erlangen

3D image correlation for radiotherapy treatment
planning
One of the most important aspects with oncological radio-
therapy treatment planning is the improved fit of the thera-
peutic dose to the target volume while normal tissue and
adjoining organs at risk have been exempt. During the last
years many efforts have been made by using MR in the
treatment planning when defining the individual target vol-
ume, especially in the case of lesions of the human brain,
because of its high soft tissue contrast. In the stereotactic
treatment planning new MR techniques were developed
(3D FLASH, dynamic MRT, diffusion, perfusion, MRA,
blood bolus tagging) and successfully tested for clinical
use in therapy planning and monitoring.

Functional/Physiological MR-imaging
Fast imaging techniques (spiral EPI) were developed to
evaluate hemodynamic parameters (blood flow, accelera-
tion time, pulse wave velocity) in humans. The potential of
non-invasive functional MR-imaging of brain stimulation
(i.e., motor cortex stimulation) and its use for definition of
structures at risk in stereotactic high-dose therapy plan-
ning was investigated. Using the powerful gradient system
of modern scanners, we were able to transfer interesting
measuring techniques from the head to the body. Imaging
of hyperpolarized 3He in the human lung was examined
for the first time. In addition, techniques for non-invasive
measuring of tissue oxygenation and perfusion were de-
veloped. These techniques (T2*- and T1-technique) were
evaluated in studying the myocard and were of general in-
terest in oncology.

Publications (* = external co-author)
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of arteries and veins in 3D MR angiography using correlation
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MR-Spectroscopy (E0202)

P. Bachert, S. Sammet, Th. Wilhelm

In cooperation with H.–P. Schlemmer, R. Port, DKFZ; A. A.
Maudsley, University of California, San Francisco, California, USA

Beyond imaging of morphology and function, using the
spin magnetization of hydrogen (1H) in tissue water,
nuclear magnetic resonance (NMR) provides a window
into the metabolism of living cells. The research project
uses 1H and phosphorus (31P) in endogenous compounds
with relatively high concentrations (larger than 10–4 M =
100 nmol/g tissue) to monitor short- and long-term
changes in tumor biochemistry during therapy [1]. Fluorine
(19F) NMR was employed as a tracer technique to observe
disposition kinetics of administered antitumor drugs in the
tissue [2, 3]. After irradiation of squamous cell carcinoma
(SCC) in patients undergoing combined radio/(5-fluoro-
uracil+carboplatin) chemotherapy, a significant increase of
5-FU levels in the tumors was observed by means of 19F
NMR spectroscopy (cooperation with E0100 and Radio-
logical Clinic, University of Heidelberg) [2]. This can ex-
plain the effect of „radiosensibilization“ of 5-FU. In an ex-
perimental study with rats in a 2-Tesla small-bore spec-
trometer, the intratumoral disposition kinetics of floxuridine
could be monitored with high temporal resolution [3].

Methodological work of the research group at the 1.5-Tesla
whole-body scanner focused on the development of fast
spectroscopic imaging (SI) techniques of 1H and 31P in hu-
man brain, heart muscle, and calf [4] with the perspective
of functional studies, and on problems of absolute quantifi-
cation of metabolite concentrations in tumors. To improve
the assignment of resonances in 1H NMR spectra, we ex-
amined residual dipolar couplings in small metabolites in
muscle tissue in vivo and long-range couplings in water
confined in fiber bundles. An ongoing study explores the
potential of the relaxation parameter T1ρ (spin–lattice re-
laxation time in the rotating frame) for differentiation of
normal and neoplastic tissue, particularly with T1ρ-
weighted MR imaging at 1.5 T [5].
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Measurement Techniques and Quality
Assurance (E0203)

R. Bader, H.-J. Zabel, Ch. Boris

The main task and aim of the working group is a project
bound quality assurance overlapping the divisions, espe-
cially in the field of magnetic resonance tomography, com-
puted tomography, and mammographic x-ray diagnostics,
such as the development of new MR measurement tech-
niques including quality improvements and extensions of
hardware components with regard to safety precautions
for medical applications of radio frequency fields.

Efficient, high quality medical equipment is essential to
diagnose effectively. In order to control and improve the
technical  situation, national and international comparative
quality assurance studies were performed. To achieve and
to support progress  developing new measuring methods,
the object is to adopt a certificated quality management
system. In consideration of European directives, such
systems are also helpful for the certification of self-
developed products in medical research.

In the field of safety precautions one possible biological
effect during MR examinations is tissue heating as a result
of high RF absorption. Monitoring of these primarily un-
desired processes should be received ideally with the help
of MR temperature measurements. The reason for the de-
velopment of such a technique was the urgent need of a
non-invasive temperature control for different therapeutic
applications of temperature, like hyperthermia, such as la-
ser or ultrasound induced thermotherapy. At present, the
lack of a suitable method of monitoring is probably the
most limiting factor for the valuation of the above-men-
tioned therapy modalities. It is possible to quantify non-in-
vasive variations in temperature with the aid of the devel-
oped monitoring techniques. In addition, monitoring of dy-
namic temperature processes occuring especially during
the course of laser or ultrasound therapy is achieved by
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the high time resolution of the picture-point calculation of
temperature pictures from the signal differences of two MR
matrices generated at different temperatures. This method
was applied successfully for monitoring of high tempera-
ture hyperthermia with high energetic focused ultrasound
[1-4].
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Physiological and Metabolic Imaging with
PET (E0204)

J. Doll, T. Brückner, O. Bublitz, J. Kissel, A. Lorenz,
A. Marey, P. Schmidlin, H. Trojan, K. Wegmann

In cooperation with: R.E. Port, DKFZ; L. Livieratos; D.L. Bailey
MRC Cyclotron Unit, Hammersmith Hospital, London, UK; C.C.
Watson, CTI PET Systems, Inc., Knoxville, Tennessee, USA

The focus of this work is the development of new positron
emission tomography (PET) data acquisition techniques
as well as the analysis of the kinetic data within the frame-
work of kinetic modeling. The goal of this functional ap-
proach is to optimize tumor diagnosis as well as therapy
planning and follow-up. The clinical relevance of the devel-
oped imaging techniques is evaluated in cooperation with
different experimental and clinical PET groups.

Metabolic imaging
Due to its high physical sensitivity, PET makes it possible
to measure regional activity concentrations with a high
spatial and temporal resolution thus providing unique infor-
mation about the regional kinetics of the administered
tracer and its radiolabeled metabolites. However, PET
measures the total 18F pool and cannot distinguish be-
tween the different intermediates occuring in complex
metabolic pathways. The lack of chemical specivity of the
radiotracer technique can be compensated to a large ex-
tent by quantitative analysis of kinetic PET data using a
suitable pharmacokinetic compartment model. Therefore,
we have formulated models for the estimation of regional
blood flow and volume from H2

15O data as well as the de-
termination of metabolic turnover rates  of 5-(18F)fluoroura-
cil (5-FU) and (18F)fluorodeoxyglucose (FDG) and applied
to patient data [6-9]. Moreover, efforts have been made to
facilitate the non-invasive determination of the arterial in-
put function [10].

Quantitative activity determination
The accurate determination of the tracer distribution is an
indispensible prerequisite for any medical interpretation of
PET data. Therefore, different methods for attenuation and
scatter correction were investigated. Moreover, new tech-
niques were developed to optimize the convergence of it-
erative image reconstruction algorithms [12] as well as to
match PET scans with CT or MRI images.
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Effects of internally deposited alpha-emitters
(E0205)

H. Wesch, A. Eisenmenger, S. Heeger

In cooperation with: H. Bartsch, M. Hollstein, G. Moldenhauer,
DKFZ; C. Apostolidis, T. Nikula, Institute for Transuranium Ele-
ments, Karlsruhe; R. Haas, University Hospital Düsseldorf;
J. Mehlhorn, Institute of Pathology, Dortmund; K.-M. Müller,
Th. Wiethege, Institute of Pathology, Bochum; F. Offner, Univer-
sity Hospital Ghent, Belgium; H. Schulz, Central Federation of the
Industrial Professional Associations, St. Augustin

The main objective of this research project is to study the
effects of internally deposited alpha-emitters in humans
and to perform animal experiments for better understand-
ing of the underlying mechanisms. There are two large hu-
man populations in Germany which were chronically ex-
posed to alpha-radiation. Those are the Thorotrast pa-
tients and the uranium miners of Saxony and Thuringia.
The results of the German Thorotrast study are presented
in detail in the report of the Division of Radiological Diag-
nostics and Therapy [1,2,5].

The uranium miners of the former so-called WISMUT com-
pany from East Germany form the largest group of 222Rn-
and dust exposed workers in the world. The pathology re-
search group with coordination by the German Cancer Re-
search Center is evaluating the central pathology archive
of the WISMUT company, which contains among other
specimens, tissue samples and protocols of 28,975 au-
topsy cases, collected from 1957 – 1990. Out of these
cases 17,466 could be identified as workers of the ura-
nium mining company. The main cause of death and ac-
companying diseases was classified according to ICD 9. A
comparison of the malignancies of workers of the uranium
mining company with those of the population of the mining
area demonstrates the high excess rate of lung cancers in
males. In a proportional mortality analysis with 5 age
groups and 7 calendar year periods, the ratio of the
observed lung cancers in the miners to those expected
from the control cases of the archive was calculated to be
2.3. This could not be demonstrated in female workers.
Their proportion of lung cancers is comparable to that
given by the Institute of Pathology of Dresden of a non-
mining district in the Eastern part of Germany. The fre-

quencies of other solid cancers and leukemias in both
groups show no significant difference. However, this does
not exclude the possibility of increased cancer frequency
in total or subgroups when other factors like job history,
age distribution, smoking etc. are taken into account. The
hypothesis of a p53 gene hotspot mutation in the squa-
mous cell carcinomas of the lung of miners could not be
demonstrated [3,4,6].

In an additional research project we started to investigate
the treatment of B-cell malignancies by means of alpha-
immuno-therapy. This joint research project is funded by
the European Community. In the first series of experiments
we used the 213Bi with a short half-life of 45.6 min which
minimizes systemic toxicity.

Preclinical biodistribution and toxicity studies were per-
formed with two different antibodies: a chimeric IgG1 anti-
CD20 (Rituximab, Mabthera®) and a murine anti-CD19
(HD37). Antibodies were conjugated with the radiometal
205/206Bi or 213Bi using the bifunctional chelate CHX-A”-
DTPA. The results demonstrate the favourable binding
properties and biodistribution behaviour of the radiola-
belled antibody constructs which remain in the blood over
several hours without degradation and show no major en-
richment in the other organs.

Fig.: Distribution of CD19-CHXA-DTPA 205/206Bi in healthy
BALB/c mice
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The radiation-induced toxicity of the 213Bi -labelled conju-
gates was determined in BALB/c mice after the injection of
different amounts of radioactivity. Dose-limiting toxicity was
myelosuppression. Further specific toxic effects of the
treatment were not seen in histopathological examinations
and clinical chemistry. LD10 was estimated to be at 6 - 6.5
MBq per animal. This dose corresponds to the 10fold
planned therapeutic dose for patients. This data indicate
that 213Bi-labelled antibody constructs represent promising
tools for an improved therapy of B-cell diseases and ap-
pear safe in vivo at therapeutic levels. Therefore, a phase I
clinical trial with 213Bi-CHX-A”-DTPA-anti-CD20 is in prepa-
ration.
Acknowledgement: The research projects are supported by the
Federal Ministry of Environment of Germany, under grant No.
St.Sch. 4242 and the European Community under contract num-
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Interventional Methods (E0206)

M. Bock, R. Umathum, S. Volz, H.-J. Zabel,
S. Zühlsdorff

In cooperation with: S. O. Schönberg, Radiologische Diagnostik
und Therapie, DKFZ; P. Hallscheidt, Universität Heidelberg; W.
Nitz, Siemens, Erlangen; L. Johansson, Nycomed Amersham Im-
aging, Olso, Norway; A. Bjornerud, Uppsala Universität, Uppsala,
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In interventional radiology minimal invasive operations are
performed using catheters and biopsy needle systems.
This research group was formed in late 1999 to explore
the feasibility of interventional procedures in a clinical
closed bore magnetic resonance (MR) scanner. High-field
MR imaging is ideally suited to depict pathological pro-
cesses because it offers an excellent soft tissue contrast, a
three-dimensional anatomical display and techniques to
assess organ function.

To perform interventions with catheters from the inner lu-
men of a blood vessel (intravascular access) or through
needle systems (percutaneous access) special MR imag-
ing techniques have been developed. As intravascular pro-
cedures require image update rates of fractions of a sec-
ond, ultrafast MR techniques such as interleaved gradient
echo planar imaging (IGEPI) or echo sharing are imple-
mented on the existing MR scanners of the department. To
make catheters or biopsy needles visible in the MR im-
ages, small radio-frequency coils have been developed
that will be attached to the interventional devices. The po-
sition of these marker coils is detected with special imag-
ing techniques (MR tracking) which are combined with
conventional fast imaging methods (fig. 1). Simulta-
neously, image reconstruction [1] and display software [2]

are implemented and tested which allows monitoring the
movement of the interventional device in nearly real time.

Furthermore, conventional imaging and post-processing
techniques were optimized for their use during MR-guided
interventions. In multiphase MR angiography image post-
processing based on correlation algorithms was intro-
duced to reduce the amount of displayed image data to a
clinically useful number [3]. In an ongoing clinical study,
the properties of an intravascular contrast agent are being
explored. Contrast optimization for FLAIR MR imaging was
achieved with ultrafast T1 measurements [4] which will
help to determine optimal imaging parameters during dy-
namic contrast agent studies.

 

Fig. 1 : (Left) Small prototype radio-frequency coil for the imple-
mentation of MR tracking experiments. (Right) The position of the
coil (white cross) is detected in a vascular phantom with a fast
projection technique (20 – 30 ms) and superimposed on a previ-
ously acquired MR image.
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Neutron Dosimetry (E0207)

G. Wolber

In cooperation with: Klaus Braun, P. Peschke, Radiologische
Onkologie, DKFZ; W. Waldeck, Biophysik der Makromoleküle,
DKFZ; V. Ehemann, Inst. für Pathologie, Universität Heidelberg

The treatment of malignant brain tumors (glioblastomas)
has not experienced major progress during the last de-
cades neither using photons, nor fast neutrons alone or in
combination with photons. At present the first European
clinical cooperative trial under the leadership of the Radia-
tion Clinic Essen is studying a new therapy modality based
on the spallation of Boron-10 nuclei by slow neutrons from
the research reactor Petten / Netherlands of a Boron com-
pound sequestered in brain tumors. The proposal to use
slow neutrons moderated in tissue from fast neutrons for
this boron neutron capture therapy (BNCT) has not been
realized in the clinic up to now.

The main problem of BNCT is to find a non-toxic boron
containing compound with high uptake in the treatment
volume and fast clearance which is not caught by the
reticulo endothelial system. The development of new car-
rier molecules by our biology working group (E0505) might
be of advantage in this respect. That is why we tried to
show that the basic radiobiological experiments can be
performed successfully using our experimental neutron
beam source to prove the therapeutic efficacy of this treat-
ment modality.

For this, the doses of the fast neutrons and the fluences of
the moderated thermal neutrons were measured in several
neutron fields under varying irradiation conditions. The
table shows the amounts and depths of the thermal
fluence F

max per Gray fast neutron dose in a cylindrical
perspex phantom and the relative contribution DBNC to
dose of the boron neutron capture reaction as function of
the energy of the primary particles and the irradiation mo-
dality assuming a realistic Boron-10-concentration of 30 µg
10B per g wet tissue. Field size  6 x 6 cm2, SSD = 100 cm.
The results correspond well to those of international neu-
tron dosimetry working groups.

The basic in-vitro experiments have started. In-vivo inves-
tigations on experimental brain tumors are envisaged.

Publication
[1] G. Wolber: Fluenzen thermalisierter Neutronen in Feldern
schneller Neutronen. In: Medizinische Physik 2000.  Peter
Kneschaurek (Ed.) München 2000, p. 109-110

Operation of the Cyclotron (E0012)

G. Wolber

In cooperation with: M. Eisenhut, PET-Radiochemie, DKFZ; U.
Haberkorn, Klinische Kooperationseinheit Nuklearmedizin, DKFZ;
H. Schweickert, Hauptabteilung Zyklotron, FZ Karlsruhe; P.
Fehsenfeld, RTM Radionuklidtechnik im Maschinenbau, FZ
Karlsruhe; M. Jensen, Zyklotron / PET - Group of  Rijkshospitalet
Kopenhagen, Denmark; J. Schultz, PET- Center University
Uppsala, Sweden

Some short-lived radionuclides used in nuclear medical
functional diagnostics are produced via nuclear reactions
initiated by energetic charged particles from cyclotrons.
For this purpose, and for biophysical and radiobiological
experiments, the DKFZ runs a negative ion cyclotron for
32 MeV protons and 16 MeV deuterons with an elaborate
beam-line system.

About 70% of the beam-on time serve the production of ra-
dioisotopes, in particular 18F, 15O, and 11C for the PET pro-
gram, the test of new targets and optimization of radionu-
clide production as well as the development of labeling
procedures by the division of Radiochemistry / Radiophar-
macology. These very short-lived positron emitters (half-
life 2 to 110 min.) are used in the clinic on a regular sched-
ule as labels of physiologically active compounds for char-
acterizing tumors and treatment follow-up. High purity 81Rb
is delivered to the Division of Nuclear Medicine of the Ra-
diological Center of the University of Heidelberg on a regu-
lar basis for lung function studies, using the daughter iso-
tope 81mKr (“Rubidium-Krypton-generator”). The mother
81Rb results from bombardment of highly enriched Krypton-
82 via the reaction 82Kr(p,2n) using 32 MeV protons. 75Br
(half-life 1.6 h) is produced from 99.9% enriched 78Kr via
78Kr(p,α).  The positron emitter 140Pr (via 141Pr (p,2n)140Nd
→140Pr: “Neodymium-Praseodymium-generator”) has pri-
marily been used for absorption measurements with PET
because of the favorable half-lives of 4.5 h / 3.4 min. 140Nd
might be suited as Auger-emitter in nuclear-medical radia-

Irradiation           Fixed Beam          360° Rotation
Modality
Energy / Fmax/Gray DBNC Depth / Fmax/Gray DBNC Depth /
Primary (1010 cm-2) (%)   cm (1010 cm-2) (%)   cm
Particles

17 MeV p   3.8 10 12-14    5.4 14 12-13
25 MeV p   2.0   5   10    3.5   9   12.5
32 MeV p   1.4   3.6   10    2.3   6   13.5

  9 MeV d   3.3   8.6   14    3.9 10   13
11.5 MeV d   2.3   6   14    3.2   8.3   12.5
16 MeV d   1.5   4   12    2.2   5.7   12.5

Tab.: The contributions DBNC of thermal neutrons (bold figures) are relevant
with respect to cell survival and therapeutic success because of the high rela-
tive biological effectiveness (RBE) of the BNC spallation products (α-particles
and 7Li-nuclei) .

tion therapy of tumors. The daughter 140Pr
would then allow to image the distribution of
the therapeutic compound in tumors and sur-
rounding tissue.

For radiobiological experiments and neutron
dosimetry a facility for the production of fast
neutrons via the 9Be(p,n) and 9Be(d,n) reac-
tions was built by in-house workshops and reli-
ably fulfills the most diverse requirements. The
fast neutron dose in 1 m distance from the tar-
get amounts to 1.6 cGy/Amin (free in air, 32
MeV p, 13 cm x 13 cm field size). The dose
rate can be varied from 0.02 to 45 cGy/min.

For target substances (respectively com-
pounds) which might melt during bombard-
ment, we installed a vertical beam line by in-
serting a 90° dipole magnet into beam line no.
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3 with the beam port in the basement, where horizontal
targets can be bombarded. This arrangement keeps the
melted target matter in place and thus prevents yield loss.
It is the only system of this kind.

We plan to produce here 121I, 140Nd, 18F and 64Cu. In case
of volatile, radioactive products the activity can be flushed
from the target with a suitable gas, e.g. Helium. The pro-
duction of 121I (18% ß+, T1/2 = 2.1 h) to label organic mol-
ecules for imaging regulatory mechanisms in (tumor) cells
using PET, is currently under preparation.

In view of a series of radiobiological experiments in prepa-
ration for a special radiation therapy modality, we are mea-
suring the slow neutron fluxes and photon fractions in sev-
eral fields of fast neutrons at present (ref. Neutron Dosim-
etry, E0207).

From time to time, the Research Center Karlsruhe is pro-
vided with deuteron bombardments for the activation of
machine parts for wear measurements of new alloys by or-
der of industrial partners. As a consequence of the pros-
pering economy, the scope of this activity distinctly in-
creased in the year 2000.

By contrast, the growing demand for paperwork for appli-
cations and permits, as a consequence of new drug- and
radiation protection regulations, transiently reduced the re-
quests for radionuclide production by the radiochemistry
section during the same period.

The capacity of the accelerator system has been designed
to meet the demands for radionuclides from more clinical
partners. Within certain limits, beam-time is available to
external research groups upon formless application.
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During the last two years the division of Radiochemistry
and Radiopharmacology covered very different disciplines:

1.  Production of short-lived radiopharmaceuticals for the
application in positron emission tomography
(PET)E0301.

2.  Production of radiopharmaceuticals for the application
at conventional γ-cameras or single photon emission
computer tomography (SPECT) systems E0301.

3.  Quality control and quality guarantee of the produced
radiopharmaceuticals as well as sample securing and
documentation E0301.

4.  On going development of established preparation pro-
cedures and transfer of experiences on new systems.
Determination of biokinetic data of new compounds for
the deposit at the competent authority, to get the ap-
proval from the local ethic commision for clinical appli-
cations E0301/E0302.

Parallel to these activities extensive experiences from
biokinetic investigations broadend the diagnostic and
therapeutic spectrum of macromolecular compounds
which show high tumor uptake rates. This property was
used with the consent of the competent ethic commissions
for different experimental and clinical applications:

•   Detection of solid tumors and metastases E0302/E0303.

•  Intraoperative fluorescence diagnosis of tumor -bound-
aries, -residues and sentinel lymph nodes E0303.

•   Chemotherapy in a clinical Phase-I/II study E0303.

•   Fluorescence diagnosis of rheumatoid arthritis E0303.

•   Chemotherapy of rheumatoid arthritis E0303.

Synthesis of Short Lived Radiopharmaceuti-
cals for The Positron Emission Tomography
(PET) (E0301)

M. Eisenhut

Cooperations: Internal: Prof. Dr. U. Haberkorn (E0600); Prof. Dr.
L. Strauss (E0105); Priv.Doz. Dr. J. Debus (E0500); Dr. William E.
Hull (R0400); Prof. Dr. W.D. Lehmann (R0400).
External: Prof. Dr. F. Rösch (Inst. für Nuklearchemie, Universität
Mainz).

Among the imaging procedures used in diagnostic nuclear
medicine the positron emission tomography (PET) holds a
privileged position, which is to due to the high spatial im-
age resolution as compared to conventional scintigrams
and single photon emission tomography (SPECT). In this
context the research group develops radiolabeled new
compounds which are investigated as potential radiophar-
maceuticals for PET. In addition new compounds useful for
single-photon-emissions tomography (SPECT) are on the
research program, since time scale problems inherently
associated with the „traditional“ positron emitters [11C] and
[18F] exhibit unavoidable experimental limitations.

Radiopharmaceuticals are useful for the detection of tu-
mors and their metastases. In addition, radiopharmaceu-
ticals are developed for the follow up of cancer treatments
like radiation therapy and chemotherapy. Among the
above mentioned objectives PET measurements of organ
function are also part of the scientific program.  Finally,
routine productions of radiopharmaceuticals like 2´-[18F]-
fluoro-2´-deoxy-D-glucose ([18F]-FDG), L-6-[18F]fluoro-3,4-
dihydroxy-phenylalanin ([18F]-Dopa), [15O]-water,  [11C]-
ethanol, [11C]-AIB and [11C]-acetate are provided for the
Clinical Cooperation Unit - Nuclear Medicine and the
Medical PET Group - Biological Imaging.

One of the currently performed research activities
focusses on the automated syntheses of 3´-deoxy-3´-
[18F]Fluorthymidine, [18F]FLT. The clinical background for
these efforts is dependent on the opportunity to image cell
proliferation with PET. In addition to [18F]FDG PET which is
commonly used for the imaging of cellular glucose de-
mand an other important parameter would be available for
the characterization of tumor growth. 11C-labeled thymidine
has been applied earlier for the measurement of cell prolif-
eration with PET. Although this radiopharmaceutical was
useful for that purpose the complicated radiosynthesis, the
short physical half life and the metabolic instability pre-
vented a more general application. [18F]FLT is more resis-
tant than [11C]thymidine against in vivo catabolism and its
radioisotope has a longer physical half-life (t1/2 = 110 min).
The cellular uptake and initial metabolism of FLT is com-
parable with [11C]thymidine. Phosphorylation at the 5'-posi-
tion mediated by the thymidine kinase-1 causes intracellu-
lar trapping of the tracer. Due to these promissing charac-
teristics experiments are performed which should improve
the radiosynthesis of [18F]FLT. A series of new precursor

Division Radiochemistry and Radiopharmacology (E0300)

Head (temporary): Dr. Hannsjörg Sinn
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molecules are, therefore, developed to improve the auto-
mation of the synthesis.

In addition O-([18F]fluorethyl)-L-tyrosine, [18F]FET, is cur-
rently introduced for routine PET application of brain tu-
mors. On the basis of a collaboration project the synthesis
is adapted from procedures established at the Institut für
Kernchemie in Mainz (Prof. F. Rösch). As indicated above
the setup of an automated synthesis module will also be
part of our service effords. For preclinical investigations we
are currently investigating α-(2-[18F]fluorethyl)tyrosin
([18F]AFET). This new radiofluorinated amino acid will be
compared as an alternative with [18F]FET. Therefore, cell
and animal experiments are used to trace differences in
the metabolic fate of the two compounds. It is expected,
that substitution at the α-position will lead to an improved
tumor uptake mediated by metabolic trapping via protein
incorporation. Finally the development of substrates for the
HSV-thymidinkinase (HSV-tk) which can be used as re-
porter molecules in gene therapy are part of the program.
To begin with (E)-5-[2-(tri-n-butylstannyl)vinyl]-2'-fluor-2'-
deoxyuridine will be synthesized and subsequently labeled
with [18F]F2 leading to (E)-5-(2-[18F]fluorvinyl)-2'-fluor-2'-
deoxyuridine. This compound will be investigated with
HSV-tk transfected cells and compared with radioiodinated
FIAU.

Publications (* = external co-author)
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Pretargeted Immunoscintigraphy and
Peptide / Receptor Imaging for Tumor
Localization with Positron Emission
Tomography (E0302)

J. Schuhmacher, G. Klivényi, H. Hauser, R. Matys

In cooperation with: S. Kaul, G. Bastert, Department of Gyneco-
logical Oncology, University Hospital Heidelberg; M. Henze, U.
Haberkorn, Department of Nuclear Medicine, University of Heidel-
berg; H. Mäcke, Department of Radiological Chemistry, Institute
of Nuclear Medicine, University of Basel, Switzerland

A pivotal point of nuclear medicine is the use of specific ra-
diotracers showing a high accumulation at the target site
and a fast clearance from nontarget sites. Monoclonal anti-
bodies (MAbs) as well as small regulatory peptides can
specifically target malignant cells expressing the corre-
sponding tumor associated antigens and receptors and
thus are potential carriers for diagnostic and therapeutic
radionuclides. Positron emission tomography (PET) is the
most efficient imaging method in nuclear medicine be-
cause of its higher detection efficiency and its better con-
trast resolution compared with conventional gamma cam-
eras. Consequently, MAbs and regulatory peptides labeled
with a positron emitter should enable a specific and sensi-
tive scintigraphic tumor localization with PET.

Our approaches for PET imaging of tumors are based on
Gallium metal chelates of high in vivo stability. These che-
lates can either be used as a hapten for targeting of tu-
mors in pretargeted immunoscintigraphy or covalently
bound to oligopeptides for receptor imaging and can be la-
beled with the short-lived positron emitter Gallium-68 (t1/2

68 min, ß+ 88%) which is obtained from a Germanium-68 /
Gallium-68 radionuclide generator.

Pretargeted immunoscintigraphy
Immunoscintigraphic tumor localization with labeled MAbs
often resulted in false negative findings due to the low ra-
dioactivity contrasts between the tumor and the surround-
ing normal tissues. As a promising technique to improve
sensitivity of immunoscintigraphic tumor localization multi-
step targeting methods have been emerged using antitu-
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mor MAbs additionally conjugated with a high-affinity
noncovalent binding site for a small, diffusible, radiola-
beled hapten, which is given after the localization of the
MAbs on the tumor. These methods circumvent the limita-
tions of high bloodpool and liver background activity as
well as of macromolecule targeting of solid tumors related
to the administration of MAbs labeled prior to injection and
allow optimization of tumor-to-normal tissue contrasts by
reducing background activity.

To combine the specificity of antitumor MAbs with the im-
proved tumor contrast of pretargeting and the sensitivity of
PET we developed the reagents and a treatment schedule
for a threestep targeting method. The first step is the ad-
ministration of a bispecific monoclonal antibody (BS-MAb)
prepared from the F(ab´)2 fragments of an antitumor MAb
and the F(ab´) fragments of an anti-Ga chelate MAb via a
mixed functional chemical linker.

After a localization period of 18 - 24 h a blocker was given
which consists of the nonradioactive Ga chelate covalently
coupled to human apotransferrin serving as a high mo-
lecular weight carrier with slow extravasation. This blocker
saturates the anti-Ga chelate binding sites of the BS-MAb
still present in the circulation. Shortly after the blocker the
free 68Ga labeled Ga chelate is injected which rapidly pen-
etrates into the tumor tissue and binds to the prelocalized
BS-MAb. Excess 68Ga chelate is rapidly cleared from the
circulation via the kindneys. Activity distribution was exam-
ined 1 h postinjection of the Ga chelate. Using three differ-
ent antitumor MAbs and the same anti-Ga chelate MAb for
BS-MAb preparation multistep targeting resulted in tumor-
to-blood ratios of 3.6, 4.7 and 2.6 in rat pancreas carci-
noma, human colon carcinoma and human mammary car-
cinoma bearing nude mice respectively. This compares to
ratios of 0.6 - 0.8   24 h postinjection obtained with the cor-
responding native MAbs labeled with Iodine-131 prior to
injection.

In a preliminary clinical trial we attempted to assess the ef-
ficacy of pretargeting and PET for breast cancer localiza-
tion in patients. For that reason the antimucin MAb 12 H
12 was included as an antitumor part in BS-MAb prepara-
tion. MAb 12 H 12 is a mouse IgG1, which recognizes the
carbohydrate side chains of the tumor associated glyco-
protein TAG 12, which differs in glycosylation from the
MUC1 mucin on normal epithelial cells. TAG 12 is over-
expressed by the vast majority of epithelial cell adenocar-
cinomas and is shed into the circulation due to proteolytic
clevage from the cell membrane.

Ten patients with biopsy proven primary breast carcinoma
were infused with 10 mg of the BS-MAb. Eighteen hours
later 10,7 mg of the blocker were injected intraveneously,
followed 15 min later by 9.6 µg of the Ga chelate with ~
260 MBq of 68Ga. PET imaging was started 60 - 90 min af-
ter Ga chelate injection. Fourteen of 17 known lesions, av-
eraging 25 ± 16 mm in size were clearly visualized as foci
of increased activity with PET. Uptake of the Ga chelate by
intraductal tumor sites was much higher than by infiltrating
tumor sites suggesting a potential of the antimucin
BS-MAb for detecting breast carcinoma in situ. Neverthe-
less, PET was able to detect infiltrating tumor sites 10 mm
in size and contrasting only by a factor of two from sur-
rounding normal breast tissue (Fig. 1). This demonstrates
the better sensitivity of PET for detection of breast cancer
at low tumor contrasts compared to conventional immuno-
scintigraphy. Since the low affinities of antimucin MAbs
and antigen shedding proved to be not optimal for increas-
ing tumor-to-tissue ratios, pretargeting with anti-CEA and
anti-EpCAM BS-MAbs which are available with much
higher affinities and the absence of antigen shedding
might further increase the sensitivity for breast cancer de-
tection.

Receptor imaging of neuroendocrine tumors with
PET
Most tumors of endocrine origin like gastric carcinoids,
pancreatic tumors, meningiomas and small cell lung can-
cers show a highly increased expression of somatostatin
receptors. Somatostatin is a small, cyclic peptide hormone
consisting of 14 aminoacids which is synthetized and re-
leased from endocrine cells. It exerts a wide variety of
antisecretory actions on the central nervous system, the
hypothalamus and the gastrointestinal tract. Especially, the
inhibitory action of somatostatin on the release of growth
hormone (Somatotropin) from receptor positive tumor
cells, resulting in an antiproliferative effect, suggested its
potential as a therapeutic agent. Due to the rapid pro-
teolytic degradation of somatostatin in blood synthetic
analoga were developed. The most efficient analogen, an
octapeptide designated Octreotide, is highly resistant to
degradation and retained an affinity of > 109M-1 to type II
and V receptors similar to that of the native somatostatin.
Conjugated with the chelator DTPA and labeled with In-
dium-111 Octreotide proved to be of high specificity for the
localization of neuroendocrine tumors.

Sensitivity of the 111In Octreotide is restricted, however, to a
tumor size of ≥ 25 mm, due to the biokinetics of the com-
pound and due to single photon detection with conven-

Fig. 1: Patient with infiltrating
ductal carcinoma in the right
breast and lactating. Prone posi-
tion. Invasive foci of 10 mm in
size are represented in the sagit-
tal slice. A large intraductal tumor
site is shown in the transaxial
and coronal slices. Lactating
glandular tissue is represented in
the coronal slice by an increased,
annular uptake in the contralat-
eral breast.
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tional gamma cameras. Derivatization with the macrocyclic
ligend DOTA enables peptid labeling with metallic radionu-
clides other than 111In. We have developed a fast and effi-
cient technique for labeling of DOTA-Octreotide with the
short-lived positron emitter 68Ga resulting in a ≥ 85% label-
ing yield and in a recovery of ~ 50% of the initial radioac-
tivity. 68Ga-DOTA-Octreotide proved to be of high in vivo
stability and was cleared from the circulation more rapidly
because of its increased hydrophilicity compared to 111In-
DTPA-Octreotide. In a first preliminary clinical trial with
meningioma and gastric cancer patients PET imaging with
68Ga-DOTA-Octreotide resulted in high contrast images of
lesions 7-8 mm in size 1 - 2 h postinjection (Fig. 2).

Publications (* = external co-author)
[1] J. Schuhmacher, S. Kaul*, G. Klivényi, N. Junkermann*, A.
Magener*, M. Henze, J. Doll, U. Haberkorn, F. Amelung, G
Bastert*. Immunoscintigraphy with PET: Gallium-68 chelate imag-
ing of breast cancer pretargeted with bispecific anti-MUC1 / anti
Ga chelate antibodies: Cancer Res.: in press.

[2] J. Schuhmacher, G. Klivényi, S. Kaul*, R. Matys, H. Hauser, J.
Clorius. Pretargeting of human mammary carcinoma xenografts
with bispecific anti-MUC1 / anti-Ga chelate antibodies and
immunoscintigraphy with PET. Nucl. Med. Biol.: in press.

[3] M. Henze, J. Schuhmacher, P. Hipp, J. Kowalski, D.W. Becker,
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(DOTA TOC): First results in meningioma patients. J. Nucl. Med.:
in press.

[4] B. Cochlovius, S.M. Kipriyanov, M.J. Stassar, J. Schuhmacher,
A. Benner, G. Moldenhauer, M. Little. Cure of Burkitt’s Lymphoma
in severe combined immunodeficient mice by T cells, tetravalent
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Res. 60: 4336-4341, 2000.
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Synthesis of Macromolecular Compounds
for the Diagnosis and Therapie of Solid
Tumors and Inflammatory Processes (E0303)

H. Sinn

Cooperations
DKFZ: Dr. E. Frei, C 0300; Dr. T. Haase, E 0400; Dr. H. Wesch, E
0100; Dr. U. Zillmann,  Zentrales Tierlabor
External: Dr. T. Egelhof, Neuroradiologie der Univ. Essen; Dr. Ch.
Fiehn, Med. Klinik u. Poliklinik V, Univ. Heidelberg.; Dr. J. Gahlen,
Chirurgische Klinik der Univ. Heidelberg; Dr. G. Hartung III. Med.
Klinik, Univ. Klinik Mannheim; Dr. P. Kremer, Neurochirurgische
Klinik der Univ. Heidelberg; Dr. T. Möhler, Med. Klinik u. Poliklinik
V, Univ. Heidelberg.; Priv.Doz.Dr. Ulf Müller-Ladner, Klinik u.
Poliklinik f. Innere Med. I, Univ. Regensburg; Dr. Th. Pap,
Zentrum f. exp. Rheumatologie, UniversitätsSpital, Zürich, Swit-
zerland; Dr. G. Stehle I. Med. Klinik, Univ. Klinik Mannheim; Dr. E.
H. K. Stelzer, EMBL, Heidelberg
Industry: Klinge Pharma GmbH, D - 81673 München

Since we had discovered that solid tumors show a high
protein (predominantly serum albumin) uptake and con-
sumption, we tried to use this fact to channel active agents

Fig. 2 Patient with gastric carcinoid in the lower abdominal re-
gion 60 mm in size (sagittal slice). Multiple metastases of 7 - 10
mm are visualized in the coronal slice.

into proliferating tumor tissues. From the radioactive ex-
periments we had learned that during the labelling proce-
dure the native character of the protein must be main-
tained, otherwise the circulating time of the loaded protein
will be considerably reduced and instead of a tumor up-
take a rapid accumulation in the liver can be registered.
The first trial to transfer our experiences on other com-
pounds was focused on Doxorubicine and Methotrexate
(MTX), well known drugs in oncology. The result of exten-
sive experiments with tumor bearing rats was an improve-
ment in efficacy, accompanied with a considerable reduc-
tion of side effects. These positive findings initiated us to
start, together with the oncologic division of the Klinikum
Mannheim, a Phase-I study with MTX-albumin, aproved by
the local ethic commission and under the control of the
Arbeitsgemeinschaft internistischer Onkologen (AIO). The
required amounts of MTX-albumin was produced under
GMP conditions by Impfstoffwerk Dessau. The patent was
licenced out in 1998 to Klinge Pharma, München, and the
clinical studies continued, now under the leadership of this
company.
Apart these activities we always tried to broaden the spec-
trum of available compounds. Very soon it became evident
that the coupling procedure of MTX was applicable only to
a few cytostatic drugs, so that the greater part of our work
was directed towardsfinding mild coupling reaction condi-
tions to conserve the native character of albumin also un-
der these new conditions. Today we dispose on a variety
of biologically active compounds e.g. Aminopterin,
Aureomycine, Doxorubicin, Ellipticine, Mitoxantrone,
Quercetine, a new cis-Platinum complex and Tetracyclines
covalently linked to albumin following different coupling re-
actions.
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Parallel to the coupling of chemotherapeutic agents a se-
ries of fluorescent dies were also linked to albumin. The
application of these conjugates takes place from very dif-
ferent reasons e.g. for demonstration that albumin is taken
up in solid tumors and inflammatory processes (fig. 1, 2,
3), for intraoperative laser induced fluorescence diagnosis
(LIFD) to show tumor boundaries or lymphatic nodes to
the surgeon and last but not least in an increasing number
of cases of photodynamic therapy (PDT) of solid tumors.
The range of fluorescence wave lengths reaches from 526
nm of fluorescein to about 660 nm of a tetracarboxyphe-
nyl-chlorine. Whereas the fluorescein-albumin has a bright
fluorescence without any photoactivity and is prefered
therefore by neurosurgeons, in PDT the chlorine conjugate
is prefered, due to its high photoactivity and the compa-
rably high penetration depth of the red light. The success-
ful coupling of different porphyrins to albumin initiated us
to try it with Fe3+ containing porphyrins e.g. hemin with the
ulterior motive to create a non toxic, tumor seeking mag-
netic resonance contrast medium (MRK). Animal experi-
ments confirmed this speculation (fig. 4) and showed si-

multaneously that albumin can be used as a very potent
carrier for a variety of compounds for diagnostic or thera-
peutic purposes.

Fig.1: Two neighboured
sections of a rat brain
with an implanted C6-
Gliom. The animal was
treated 24 h before brain
resection with 2 mg
AFlc-HSA/kg body
weight.
Left side: the HE colored
section (white light).
Right side: untreated
section, only exposed to
laser light at 488 nm.

Fig.2: A rat brain with an
implanted C6-Gliom.
The animal was treated
24 h before brain resec-
tion with 2 mg Chlorine-
HSA/kg body weight.
Left side: white light
photo.
Right side: photo during
an exposure to laser
light at 654 nm.

Fig.3: Distribution of
AFlc-HSA in a paw of a
mouse with collagen in-
duced (CIA) as deter-
mined by laseroptical
imaging.White light (left
side) and fluorescence
image (right side) of a
paw with three arthritic
toes (arrows) 3 h after
an intravenous injection
of AFlc-HSA. Only in-
flamed toes show strong
fluorescence when ex-
posed to laser light at
488 nm.

Fig.4: Magnet Resonance (MR) images of a rat brain with an im-
planted C6-Gliom. The animal was treated 24 h before brain re-
section with 2 mg Hemine-HSA/kg body weight.
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New projects:
•   Visualization and therapy of neoangiogenesis with

makromolecular compounds

•   Visualization and therapy of glomerulonephritis with
makromolecular compounds
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Failure of local tumor control is still a problem in about
20% of all cancer patients. Due to this fact, there is an ur-
gent need for the optimization of existing and development
of new and more effective treatment techniques for local-
ized tumors. Research at the division of Medical Physics is
focussed on new conformal radiotherapy techniques with
photons, electrons and hadrons. Major achievements of
the last two decades were the introduction of 3D treatment
planning, Stereotactic Radiosurgery, 3D Conformal Preci-
sion Radiotherapy, inverse treatment planning, Intensity
Modulated Radiotherapy and Radiotherapy with Car-
bon-12 Ions.
Besides the ongoing projects in Hadron-therapy, our future
work will be concentrated on establishing mathematical
and biological models of tumour and normal tissue re-
sponse and on the consideration of dynamic changes of
target volumes (PTVs) and organs at risk (OARs) under
therapy, either caused by therapeutic response, by organ
movements or by patient repositioning. The approach we
are going to develop is called Adaptive Cone Beam
Therapy. It will combine conformal dose delivery with on-
line imaging of 3D anatomy and on-line monitoring of 3D
dose distributions.
Based on the experience and technology from radio-
therapy developments, we are also going to develop and
investigate new methods in Neurosurgery, especially using
short pulsed lasers and photo dynamic therapy (PDT).
The skills of the division cover Computer science, Medical
Radiation Physics, Mathematics, as well as Mechanical
and Electronic Engineering. It is one of the major advan-
tage of our division that prototypes of software and hard-
ware developments can directly be transferred within the
same building into clinical application in close connection
and cooperation with the Clinical Cooperation Unit Onco-
logical Radiotherapy (J.Debus). Thus the division is also
active in testing and evaluating  the new techniques as
well as in establishing adequate QA programs.

Division Medical Physics (E0400)

Head: Prof. Dr. Wolfgang Schlegel
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Our objective is the improvement of tumor therapy through
the development and application of mathematical and
physical models. We focus on the optimization of radio-
therapy, particularly on so-called intensity-modulated ra-
diotherapy (IMRT) [1,6,12]. Building upon our efforts in the
last few years it has been possible to treat more than 140
patients at DKFZ and at the Radiological University Clinics
with IMRT based on our planning system KonRad.
Thereby the patients could be treated with higher doses in
the tumor target volume and/or with better sparing of the
surrounding normal tissues. Worldwide over 1000 patients
have been successfully treated with IMRT on the basis of
our optimization programs.

In one project of our working group we investigate the ap-
plication of the IMRT concept to irradiation with charged
particles, in particular with protons [5,15] (IMPT, intensity-
modulated proton therapy) and with heavier ions. The
methods of inverse therapy planning for photons have
been transferred to charged particles and been extended
by one dimension in order to optimize not only the intensi-
ties but also the energies of the used particles [9,10]. Par-
allel to the theoretical investigations of new irradiation
techniques with charged particles (e.g. “Distal Edge Track-
ing”) for simple model cases, we have developed and
implemented a new modular planning platform for the
IMPT. At present the new multi-modality components of
the KonRad program are being evaluated (in particular the
optimization module and the dose calculation). This covers
separate tests of the optimization and the dose calculation
using phantoms, as well as planning studies for typical
clinical cases using various irradiation techniques. The ap-
plication of the new IMPT planning procedures and further
developments, e.g. regarding biological characteristics of
charged particles, are examined in co-operation with the
leading centers in the field of particle therapy (NTPC Bos-
ton, PSI Villigen (Switzerland) and GSI Darmstadt).

       a) b)

Fig. 1: Comparison of a photon IMRT dose distribution (a) with a
proton IMPT distribution (b) for a prostate case. IMRT allows to
achieve good conformation of the high-dose region to the tumor
target volume (red line), but a significant amount of normal tissue
is treated with medium dose values (yellow and green areas).
IMPT yields an excellent conformal dose distribution at all dose
levels.

The development of a multi-criterion optimization concept
for radiotherapy is planned. The probability of local control
and possible complications are evaluated separately and
optimized for individual radiation-sensitive “organs-at-risk”.
First estimates suggest that, by taking this approach, bet-
ter results can be obtained than with past optimization pro-
cedures, in which the entire irradiation plan was evaluated
simultaneously.

Another important aspect of our work is Monte Carlo simu-
lation for radiation therapy. This comprises on the one
hand the problem of dose calculation in patients in com-
plex irradiation situations [13]. On the other hand, Monte
Carlo is used for the simulation of treatment machines and
equipment [8]. For this purpose the GEANT program from
CERN has been implemented.

Equally important as achieving a highly conformal dose to
the tumor is the verification side of therapy, since small
changes in the region of interest might have an impact on
tumor control and normal tissue complication probabilities.
Our investigations have shown that anatomical sectional
views of the patient produced with the therapy beam
(MVCT) can contain all the necessary information for a
complete verification. For these investigations we use
amorphous silicon (a:Si) flat panel detectors. The verifica-
tion process consists of two parts: CT imaging and the
dose reconstruction (transit dosimetry) based on these CT
images. Problems arising from mechanical instabilities of
the detector attached to the rotating linac gantry have
been solved using an off-line correction [16]. A further
problem in transit dosimetry is scattered radiation pro-
duced as the beam traverses the patient, which overlays
and degrades the image. By means of Monte Carlo calcu-
lations we have shown that scattered photons, which are
mainly in the low energy region, can give rise to a dispro-
portionately large signal in a:Si flat panel detectors
[11,14,17,18]. Studies have been carried out to optimise
the composition of the converter plate (metal/scintillator)
such that the detector becomes less sensitive to these low
energies.

A further aspect of our imaging research has been the de-
velopment and implementation of a 3D algorithm for image
reconstruction [2,3] using cone beam geometry. Thus the
distribution of the electron density over the entire treated
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volume can be reconstructed with only one rotation of the
gantry. At present it is being investigated whether recon-
structions are also possible from a reduced range of gan-
try angles allowing for faster examinations with a smaller
dose to the patient. In collaboration with the University of
Mannheim a prototype of a dedicated reconstruction hard-
ware is designed to achieve online 3D reconstruction. The
objective of this online imaging technique is to detect er-
rors in the positioning of the patient and organ move-
ments. Such knowledge of organ motion and positioning
errors are also currently being studied and the expected
dosimetric effects quantified. This work forms the basis of
a plan to include these errors in the optimization process
and to produce strategies for adaptive radiotherapy.

In an industrial collaboration the efficiency of each single
step of the IMRT procedure was investigated to make a
transfer of the IMRT technique into the clinical practice of
many hospitals possible [4]. To achieve this goal a data
base was set up to investigate the possible use of class
solutions for specific clinical situations. Furthermore, the
time effort for therapy planning, verification and documen-
tation was reduced by improving existing techniques as
well as implementing new devices and tools. As a last
step, workshops and site visits were held to train physi-
cians, physicists and technicians in the IMRT method.
Grants: Tumorzentrum Heidelberg/Mannheim: 1 position (BAT Ib);
Industrial collaboration Siemens: 1 position (BAT IIa) ;
Strategiefonds Helmholtzgemeinschaft: 2 Post-Doc positions (BAT
IIa); DFG: 1 position (BAT IIa), 2 Ph.D. positions 
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The aim of any tumor therapy with curative intent consists
in the eradication of the tumor without causing severe side
effects. In radiation therapy, the dose required to achieve
local tumor control is often compromised by the increasing
risk of complications in surrounding critical organs and
healthy tissues. To optimize radiation therapy, the treat-
ment plan leading to the best compromise between high
tumor control probability and low risks of adverse effects
must be found for each individual patient. In the process of
radiotherapy treatment planning, radiation oncologists
have to assess the likely biological effect of a planned
physical dose distribution, which is a complex task. At
present, treatment decisions are entirely based on clinical
experience of tolerance doses in various normal tissues
and empirical knowledge of volume effects (i.e. the obser-
vation that in many organs complication probabilities in-
crease when increasing fractional volumes of the organs
are irradiated). Therefore, efforts are being made to de-
velop new tools to quantitatively evaluate treatment plans.
To quantify the biological effect of a delivered dose distri-
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bution, biological models have been proposed that attempt
to describe the response of tumors and normal tissues to
irradiation. The ultimate goal of these models is to reliably
predict tumor control probability (TCP) and normal tissue
complication probabilities (NTCP), based on the physical
dose distribution and radiobiological parameters. The
projects of the working group focus on the investigation of
volume effects, the quantification of dose-response rela-
tions and the evaluation of current biological models as
tools for treatment planning.

The aim of one investigation of the working group was to
evaluate the usefulness of existing models to predict nor-
mal tissue complication probabilities after radiosurgery of
patients with cerebral arteriovenous malformations (AVM).
The study concentrated on radiation-induced tissue
changes on follow-up neuroimaging (e.g. edema, blood-
brain-barrier breakdown, necrosis). Outcomes for 286 AVM
patients who received stereotactic Linac radiosurgery at
DKFZ were retrospectively analyzed and compared to the
predictions of existing models [1-3]. In addition, dose-re-
sponse relations were investigated. The comparisons indi-
cated that risk prediction models may allow the identifica-
tion of patients with a high probability of adverse effects.
However, further evaluations of the merit of current models
as tools to guide treatment planning for lesions in the brain
are required.

In cooperation with the Departments of Medical Physcis
and Radiation Oncology at Memorial Sloan-Kettering Can-
cer Center (MSKCC), New York, late radiation effects in
the rectum [4-6] and local tumor control [7,8] after three-di-
mensional conformal radiation therapy of prostate cancer
patients were retrospectively analyzed. Since December
1988, more than 1200 patients with stage T1c-T3 clinically
localized adenocarcinoma of the prostate were enrolled in
a phase I dose-escalation trial at MSKCC. Patients were
treated with conventional photon beam 3D-CRT and inten-
sity-modulated treatment techniques to prescribed doses
between 64.8 and 86 Gy. To assess local tumor control, a
subset of the patients underwent a post-treatment prostate
biopsy at least 2,5 years after end of radiation therapy.
Variables derived from the dose distribution of individual
patients and tumor-related prognostic factors that corre-
lated with biopsy outcome were identified. The usefulness
of several existing TCP models as predictors of biopsy out-
come was evaluated and a multivariate model to predict
biopsy outcome was derived. The results may help to
identify patients, based on their individual pre-treatment
prognostic factors, that would benefit most from dose-es-
calation and to guide dose prescription.

In 1999, the working group started a new project, the mod-
eling and computer simulation of tumor growth and of tu-
mor response to various treatment modalities [9]. The goal
of the project is to integrate simulated tumor control prob-
abilities into the treatment planning process to assist ra-
diation oncologists in their decision making. Creating real-
istic models requires a thorough understanding of the biol-
ogy of tumor cell growth and tumor response to different
treatments such as radiation therapy. For this reason, the
modeling is done in close cooperation with the Radiobiol-

ogy Group of the Division of Radiation Oncology (Klinische
Kooperationseinheit Strahlentherapeutische Onkologie) at
DKFZ. The developed model takes into account individual
tumor cells. This allows to include a variety of cell biologi-
cal parameters. Tumor growth is modeled using basic
mechanisms for cell growth and death: Cell cycle phases
and their duration, control mechanisms for inactive cells
and apoptosis, oxygen supply and resorption of necrotic
and apoptotic cells. At the beginning of tumor growth the
microvasculature is modeled via a homogeneous capillary
distribution. Hypoxic areas in a tumor’s interior will induce
angiogenesis. Modeling of tumor response to radiation
therapy is based on the linear-quadratic model. The radi-
osensitivity of each cell depends on its oxygen supply
and its cell cycle phase. Complete repair is assumed be-
tween fractions. Computer simulation is performed on a
3D rigid cubic lattice. Growth is initiated by a single tumor
cell dividing after one cell cycle time T

C. Random
processes such as cell displacement after cell division and
DNA-damage are simulated by Monte-Carlo techniques.
The TCs and sensitivities of the cells are normally
distributed. Tumor growth and tumor response to radiation
can be simulated for macroscopic tumors with a size of up
to 12 mm (see Figures 1 and 2).

Another area of research has been the development and
evaluation of a computer system to determine tumor vol-
umes within clinically required accuracy as a tool to sup-
port therapy decisions, therapy monitoring and the assess-
ment of tumor response to treatment [10,11]. In a detailed
study, different available volumetry systems based on
semiautomatic image segmentation algorithms were com-
pared. The best algorithm was re-implemented into a new
volumetry system. The delineated data are then analyzed
and compared to values in a local knowledge-base. This
knowledge-base consists of data gathered from extensive
phantom studies. Depending on the size and contrast of
the tumor, an uncertainty factor is deduced from the know-
ledge-base. This factor is combined with a user-dependent
uncertainty factor derived through regular delineations of
test data by every user. The combination of these two fac-
tors allows to assess the accuracy of the delineation.
Hence, the new system will not only provide absolute vol-
ume information but also detailed information about the re-
liability of the result. Eventually, this system will lead to a
higher clinical acceptance of volumetric information and
provide the basis for the clinical implementation of tumor
volumetry to monitor tumor response to therapy and to in-
dividualize treatments.
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Fig 1: Planes through a spherical tumor with 25 Mio. cells before
radiation. TC=2d. There are necrotic centers in the tumor‘s interior
(black), some of which have already been resorbed (white). This
tumor model does not include angiogenesis.

Fig 2: Planes through the tumor of Fig. 1 after 2 weeks of radia-
tion with 10 fractions of 2 Gy each. Most necrotic and apoptotic
cells have been resorbed.

[11] Mahr A, Bahner ML, Levegrün S, Schlegel W: A New Ap-
proach for Improved Tumor Volumetry. In: Procs XIIIth Interna-
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The task of the group „Therapy Planning - Development“ is
the investigation, development and implementation of
computer assisted tools, which can improve the planning,
simulation and evaluation of minimal-invasive treatment
techniques in oncology. In this way, clinicians should be
enabled to plan, test and optimise their treatment strate-
gies pre-therapeutically.

There is no doubt, that a pre-therapeutical treatment
optimisation can increase the overall treatment results:
better local tumour control, less side effects and a reduc-
tion of treatment time in surgical interventions, faster re-
covery of the patient and consequently a reduction of
treatment costs. Due to the close cooperation of physi-
cians, physicists and computer scientists our institute is
the ideal environment for developing computer assisted
planning and simulation methods with clinical relevance.
One superior intention of all developments is a careful
elaboration of promising methods in a way, that their ben-
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efits can be demonstrated directly in real patient treatment.
The former activities were focused on methods for three-
dimensional conformal radiotherapy planning. Because
there are a lot of similarities in computer assisted tools for
planning and optimising other minimal-invasive treatment
techniques, we try to extend the available experiences and
to generalise new developments in a way that other thera-
peutical approaches may derive benefits, too.

The working areas of the group include all links of the
therapeutical chain that can be supported by computer as-
sisted tools. Special emphasis is put on image processing,
registration of multi-modal image sequences, segmenta-
tion, three-dimensional modelling, representation and vi-
sual presentation of anatomy, visual simulation of treat-
ment approaches and virtual reality, presentation of nu-
merical simulation results and appropriate evaluation
tools, knowledge based systems for therapy planning and
methods and tools for therapy monitoring. We have con-
centrated our activities on the following topics:
1.  Registration of multi-modal images, segmentation and

representation of anatomical structures

2.  Knowledge based radiotherapy planning

3.  Stereotactic laser neurosurgery

4.  Planning system for the proton therapy of eye tumours

5.  VIRTUOS, VIRTUal RadiOtherapy Simulator

6.  New technologies for transferring therapeutical knowl-
edge

The main strategy can be divided into two sub-goals. The
first one is the continuous further development of the exist-
ing radiotherapy planning software as a support to the
Clinical Cooperation Unit „Radiation Oncology“ (PD Dr.
Debus, E0500), to enable this group to continue and ex-
tend their scientific work. They need a reliable state of the
art planning system, to which new functionalities can eas-
ily be added. In addition to activities 1, 2 and 5 the further
development of the system for its use in the “Heavy Ions
Therapy Project” (Dr. Jäkel. GSI/DA-Project E0409)[2] is
one of the important tasks.

In activity 2 we have investigated a new approach which
will not only speed up the generation of three-dimensional
treatment plans markedly, but will allow the systematic col-
lection of well proven treatment strategies [3]. Together
with Dr. Welker, Klinikum Berlin-Moabit, radiotherapeutical
treatment strategies have been collected and will be inte-
grated into the knowledge based system in future. This
way the system will allow a continuous exchange of thera-
peutical knowledge between different research and
therapy centres. In activity 6 we develop methods and
strategies which should permit easy distribution of ap-
proved treatment strategies via an internet-based informa-
tion system.

Besides the development of new methods a central objec-
tive of our efforts is to enable other clinicians to use 3D
therapy planning for routine patient treatment and to
spread out planning tools and promising therapy strate-
gies. Therefore, commercial cooperations are used to dis-
tribute the developed planning tools to other clinics and re-

search centres. In one cooperation our VIRTUOS program
was made ready for the market and is now distributed by
STRYKER-Leibinger, Freiburg.

The second sub-goal is the extension and adaptation of
the developed planning strategies and tools to new mini-
mal-invasive therapy concepts. On one side this means a
generalization of planning concepts. On the other side
these activities should result in dedicated planning sys-
tems, which should enable clinicians to plan, simulate, op-
timize and evaluate interventions pre-therapeutically.

In activity 4 we develop together with Dr. H. Fuchs and Dr.
H. Kluge, Hahn-Meitner-Institut Berlin a planning system
for therapy of eye tumours with protons (Fig.: 1). Proton
therapy of eye tumours has shown good clinical results
(96% local tumour control). It is carried out in some
specialised institutes all around the world. At HMI Berlin
the first therapy facility for that kind of treatment in Ger-
many was established in 1998. For planning therapy nor-
mally the program EYEPLAN is used (developed by M.
Goitein in the early eighties). Since three-dimensional im-
age modalities were not widely used at that time, planning
and dose calculation is based on a simple spherical model
of the eye. This results in uncertainties, which must be
compensated by relatively large security margins. If the
distance of tumour and sensitive structures (optical nerve,
macula) is smaller than 3 mm, conventional treatments
can lead to a loss of functionality of that structures. The
aim of the project is therefore, to establish a precise model
of the eye (by using modern image modalities, CT, MRI
and fundus photographs) and this way the precision of
therapy should be increased, to reduce possible side ef-
fects (loss of sight). At DKFZ we have developed a real-
time dose calculation algorithm, which presents the ex-
pected dose distribution synchronously to adjustments of
the irradiation direction [4]. This way planning time should
be reduced noticeable. To increase the precision of pre-
calculated dose distributions an additional pencil beam al-
gorithm will be integrated by the partners in Berlin.

Fig. 1: Mapping of a fundus photograph on the three-dimensional
model of the eye, which was established based on a sequence of
CT images. Visible structures: Cornea, Lens Optical Nerve, Tu-
mour and Clips, which were sewn on the sclera for controlling the
treatment position
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An additional promising approach is investigated in activity
3 (stereotactic laser neurosurgery) together with Prof.
Bille, Institute for Applied Physics, University Heidelberg
and Prof. Sturm Clinic für stereotactic Neurosurgery, Uni-
versity Cologne and MRC Systems Heidelberg. By means
of an ultra short pulsed laser deep-seated brain tumours
should be resected without diffuse thermal damage of the
surrounding tissue [1]. The application of such interven-
tions will depend on the availability of suitable planning
and monitoring tools. Therefore we develop a dedicated
planning system for that new kind of therapy. Meanwhile a
first prototype was installed at the clinical cooperation part-
ners. In collaboration with the future users that prototype
was evaluated and is now adjusted to the clinical needs.
To monitor the application of the short-pulsed laser differ-
ent intra-operative imaging modalities were investigated
[5]. Since interventional MR scanners are not widely used
up to now, we have investigated how 3D ultrasound can
be used as intra-operative imaging modality [5]. The devel-
opment of intra-operative monitoring facilities will have im-
portant influence on other surgical treatment concepts,
too.
Nearly all activities of the group were financed substantially by the
DFG (german research community) the Deutsche Krebshilfe and
fundings supplied by industrial cooperation partners.

Publications (* = external co-author)
[1] Bendl R, Dams J, Suhm N, Lorenz A, Bille JF, Schlegel W: A
Planning System for Stereotactic Laser-Neurosurgery. In: Lemke
HU, Inamura K, Jaffe CC, Felix R (eds.) Computer Assisted Radi-
ology. Proceedings of the International Symposium CAR 97,
Elsevier Science: 778 - 783

[2] Jäkel O, Krämer M, Bendl R, Hartmann G, *Kraft G:
Bestrahlungsplanung für Schwerionen. In: Voigtmann L und
Geyer P (eds.) Med. Physik 1998, DGMP, Dresden: 123 - 124

[3] Keller-Reichenbecher MA, *van Kampen M, Bendl R, *Sroka-
Pérez G, Debus J, Schlegel W A Knowledge-Based System for
Rapid Generation of Alternative Preoptimized Plans for Conformal
Radiotherapy Planning. In: Leavitt D and Starkschall G (eds.) Pro-
ceedings of the XIIth International Conference on the Use of
Computers in Radiation Therapy, Salt Lake City (1997): 298 -301

[4] K. Pfeiffer, R. Bendl: A real time dose calculation and
visualisation for the proton therapy of ocular tumours. Phys. Med.
Biol. 46, issue 3 (2001)

[5] Suhm N, Dams J, van Leyen K, Lorenz A, Bendl R: Limitations
for Three-Dimensional Ultrasound Imaging Through a Bore-Hole
Trepanation. Ultrasound in Medicine and Biology 24 5 (1998),:
663-671

Therapy Planning - Application (E0404)

A. Höss

In cooperation with: Prof. Dr. N. Ayache, INRIA, Sophia Antipolis,
France; Prof. Dr. M. Bamberg, Dept. for Radiotherapy, University
of Tübingen; Dr. M.L. Bahner, Div. of Oncological Diagnostics and
Therapy, DKFZ; Prof. Dr. H. Blattmann, Paul Scherrer Institute,
Villigen, Switzerland; Dr. J. Bohsung, Dept. of Radiotherapy,
Charité, Berlin; PD Dr. T. Bortfeld, Dr. R. Bendl, Prof. Dr. G.
Hartmann, Div. of Medical Physics, DKFZ; PD Dr. Dr. J. Debus et
al., Clinical Cooperation Unit Radiation Oncology, DKFZ; Prof. Dr.
R. Felix, PD Dr. P. Wust, Virchow-Klinikum, Berlin; Dr. D.T.L.
Jones, Dr. A.N. Schreuder, National Accelerator Centre, Faure,
South Africa; Prof. Dr. G. Kraft, Gesellschaft für
Schwerionenforschung mbH, Darmstadt; MRC Systems GmbH,
Heidelberg; Prof. Dr. G. Nemeth, Dr. O. Esik, National Institute of
Oncology, Budapest, Hungary; Nucletron B.V., Veenendaal, The

Netherlands; Prof. Dr. F. Nüsslin, Dept. of Medical Physics, Uni-
versity of Tübingen; B. Rhein, P. Häring,  Prof. Dr. L. Schad, Dep.
of Biophysics and Medical Radiation Physics, DKFZ; Prof. Dr. J.
Richter, Clinics for Radiation Therapy, University of Würzburg; Dr.
S. Scheib, Klinik Im Park, Zurich, Switzerland;  Prof. Dr. R.
Schmidt, Dept. of Radiotherapy, University Hospital Eppendorf,
Hamburg; Dr. U. Schneider, Clinics for Radiooncology and
Nuclear Medicine, Zurich, Switzerland;  Stryker Leibinger GmbH,
Freiburg; Prof. Dr. V. Sturm, Dept. for Stereotactic & Functional
Neurosurgery, University of Cologne; Prof. Dr. M. Wannenmacher,
Radiologic University Hospital, Heidelberg;  Prof. Dr. S. Webb, Dr.
J. Bedford, Royal Marsden Hospital, Sutton, UK

The task of the working group is the integration, pre-clini-
cal testing, support, maintenance and quality assurance of
software modules and packages designed for 3D treat-
ment planning which have been developed by members of
the Division of Medical Physics and are afterwards put at
the disposal of the Clinical Cooperation Unit Radiation On-
cology (E0500) for clinical testing. The VOXELPLAN
project, initially funded by the Deutsche Krebshilfe, has
demonstrated impressively the scientific and clinical poten-
tial of the software packages developed by the Division of
Medical Physics. The unique research environment given
in the Research Program Radiological Diagnostics and
Therapy enables an interdisciplinary close cooperation of
physicians, physicists and computer scientists resulting in
a direct benefit to thousands of cancer patients treated
with 3D conformal radiotherapy and intensity modulated
radiotherapy in clinical trials at DKFZ [1-6,8] and at the
sites of its cooperation partners [7,9]. In addition to this
major clinical activity the software packages supported by
the group serve as carrier systems for research activities
of members of the Division of Medical Physics as well as
of their national and international scientific cooperation
partners.

Until recently, there have been few regulations in Europe
concerning medical equipment, and there still is a lot of
uncertainty on behalf of „manufacturers“ of „medical de-
vices“ like DKFZ, if and how to employ the new Medizin-
produktegesetz and its ordinances derived from the Euro-
pean Medical Devices Directive (93/42/EWG). As the
medical devices built by the Division of Medical Physics
are not „placed on the market“, but only „put into service“
within the Clinical Cooperation Unit Radiation Oncology
they do not need to bear the CE mark indicating that they
have been subjected to a conformity assessment proce-
dure. However, the obligation remains to keep the risk to
the patient justifiable compared with the potential benefit,
and to carry out quality assurance procedures complying
to state-of-the-art safety standards and applicable law. As
there is also an obligation to notify the authorities about
the manufacturing, servicing or marketing of medical de-
vices - and to report any incidences - the competent au-
thorities were contacted and a preliminary certificate of ex-
emption for the further clinical application of radiotherapy
equipment manufactured in-house was obtained. Due to
ongoing efforts by the legislator to facilitate compliance
with the new regulations by enacting and modifying spe-
cific laws and ordinances, the working group is following
up the state of affairs and fulfilling the associated qualifica-
tions (e.g. compilation of medical devices books).
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During the period under report a completely revised, UNIX
based version of VOXELPLAN was implemented, tested
and finally released for clinical evaluation - in conjunction
with the IMRT software package KonRad - in close coop-
eration with the working groups “Therapy Planning – De-
velopment (E0403)”, “Physical Models (E0401)” and “Bio-
physics and Radiotherapy Physics (E0408)”. This new ver-
sion compensates any known shortcomings of its prede-
cessors and contains a wide range of new features and
functionalities to simplify and speed up treatment planning
procedures and to facilitate the introduction and evaluation
of new irradiation techniques. Supplemental quality assur-
ance tools have been implemented to check the correct-
ness and reliability of the planning systems as well as the
consistency and integrity of the patient data and devices
parameters which are all decisive for the quality of the re-
sulting treatment plans. These tools can be employed to
monitor the quality of such systems, and to direct quality
assurance activities. However, although the development
and application of dedicated treatment planning software
is a major clinical activity of the Division of Medical Phys-
ics, the efforts to shift routine work to commercially avail-
able systems were further intensified due to the additional
expenses - in terms of manpower and other resources -
caused by the obligation to comply with regulations during
the permanent operation of non-CE certified systems, and
especially when newly developed software is put into ser-
vice. The objective is to ensure the availability of the in-
house systems for research purposes – provided that the
resources remain constant - by discharging them from as
many routine tasks as possible. The working group there-
fore also covers the commissioning, operation, servicing
and quality assurance of the CE certified treatment plan-
ning systems available at DKFZ.

Publications (* = external co-author)
[1] Debus, J.; Kocagoncu, K.O.*; Höss, A.; Wenz, F.; Wannen-
macher, M.: Fractionated stereotactic radiotherapy (FSRT) for op-
tic glioma. Int J Radiat Oncol Biol Phys 44 (2): 243–248 (1999)

[2] Herfarth, K.K.; Debus, J.; Lohr, F.; Bahner, M.L.; Fritz, P.;
Höss, A.; Schlegel W.; Wannenmacher, M.F.: Extracranial stereo-
tactic radiation therapy: set-up accuracy of patients treated for
liver metastases. Int J Radiat Oncol Biol Phys 46 (2): 329–335
(2000)

[3] Lohr, F.; Pirzkall, A.; Debus, J; Rhein, B.; Höss, A.; Schlegel,
W.; Wannenmacher, M.: Conformal three-dimensional photon ra-
diotherapy for paranasal sinus tumors. Radiother Oncol 56 (2):
227- 231 (2000)
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Debus, J.: Comparison of intensity-modulated radiotherapy with
conventional conformal radiotherapy for complex-shaped tumors.
Int J Radiat Oncol Biol Phys 48 (5): 1371–1380 (2000)
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E.A.*; Hough, J.K.*; Wilson, J.*; Vernimmen, F.J.*; Schlegel, W.;
Höss, A.; Lee, M.*: The NAC proton treatment planning system.
Strahlenther Onkol 175 (Suppl 2): 10–12 (1999)

[8] Schulz-Ertner, D.; Debus, J.; Lohr, F.; Frank, C.; Höss, A.;
Wannenmacher, M.: Fractionated stereotactic conformal radiation
therapy of brain stem gliomas: outcome and prognostic factors.
Radiother Oncol 57 (2): 215–223 (2000)
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A.*: The role of proton therapy in the treatment of large irradiation
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tumors. Int J Radiat Oncol Biol Phys 48 (1): 277–288 (2000)

Hardware Developments and Technical
Systems (E0405/E0406)

W. Schlegel, S. Barthold, G. Echner, K.-H. Grosser,
W. Korb, G. Kuhr, T. Liebler O. Pastyr, M. Scherer,
M. Schneberger

In cooperation with: Howmedica Leibinger GmbH, Freiburg; Dr. A.
Hamilton, University of Arizona Health Sciences Center, Tucson,
USA; Priv. Doz.. Dr. Dr. J. Debus, Clinical Cooperation Unit Radia-
tion Oncology, DKFZ; Dr. K.-H. Höver,  Prof. Dr. Dr. W.Semmler,
Div. of Biophysics and Medical Radiation Physics, DKFZ; MRC
Systems GmbH, Heidelberg; Prof. Dr. J. Richter, Clinics for Radia-
tion Therapy, University of Würzburg; Prof. Dr. V. Sturm, Dept. for
Stereotactic & Functional Neurosurgery, University of Cologne;
Prof. Dr. Dr. M. Wannenmacher, Radiologic University Hospital,
Heidelberg; Zett Mess Technik GmbH St. Augustin; Siemens
Medical Systems, Inc. Oncology Care Systems Group, Concord,
USA.

The aim of radiation therapy is to eradicate a tumor with-
out causing significant damage to contiguous normal tis-
sue, especially to organs at risk. These demands define
the guidelines for two important concepts in radiotherapy:
Spatial conformation of the radiation dose to the target
and fractionation of the treatment.

Spatial conformation of the dose to the target allows the
application of high doses to the tumor volume. The corre-
sponding irradiation techniques require on the one hand
adequate field shaping devices as multileaf collimators
(MLC) and on the other hand accurate patient setup, im-
mobilization and, in the ease of fractionated radiotherapy,
exact repositioning. This is particularly true, if radiosensi-
tive organs are situated close to the target.

The task of the two working groups is the development of
new techniques and hardware components for radiation
therapy. Main issues are the improvement of patient setup
accuracy and motion control during treatment, the devel-
opment and implementation of electro-optical devices, im-
age processing tools for treatment validation and verifica-
tion and the development of electro-mechanical devices
for field shaping conformal radiotherapy.

Fixation, immobilization and positioning
In radiotherapy or radiosurgery, safety margins have to be
included in the target volume to account for patient mis-
alignment during setup, involuntary patient movements
during therapy and organ motion, that can cause rather
complex possibilities of movements of the target point.
Minimising this safety margin allows a more conform
therapy with decreased field sizes and the delivery of
higher doses to the tumor.
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Whereas the bony structure of the skull realizes a fairly
good immobilization for intracranial structures, the situa-
tion for extracranial targets is much worse. Especially for
thoraco-abdominal targets, periodical movements, organ
motion and deformation compromises the aim of a highly
accurate and reproducible positioning of the patient.

Due to individualized motion patterns, a generalized con-
sideration in the treatment and planning process is not ad-
equate. Thus the actual work focusses on the fields of im-
mobilization and fixation as well as optical tracking and
monitoring of the patient position.

For extracranial targets, a stereotactical fixation device
has been developed in cooperation with Howmedica
Leibinger in Freiburg and the Health Sciences Center in
Tucson, University of Arizona, USA. It is designed espe-
cially for treatment demanding exceptional high spatial ac-
curacy, e.g. lesions in the immediate vicinity of the spinal
cord. Figure 1 shows the extracranial fixation device with a
mounted localization system for CT imaging. For single-
fraction irradiation of intracranial lesions, stereotactic im-
mobilization techniques have been developed. These
techniques are generally based on invasive stereotactic
frames, that define reference coordinate systems for imag-
ing, therapy planning and patient positioning. The position-
ing and immobilization accuracies for these invasive frame
based techniques are better than 1 mm. For fractionated
radiotherapy of head and neck lesions, non invasive head
holder systems are frequently used for patient setup and
immobilization.

The problem of fixation accuracy of patients in head
masks is discussed in the literature. Depending on the
mask material and the molding techniques, the achievable
accuracy for immobilization and repositioning is in a range
of several mm . This spatial uncertainty does not allow a
fractionated irradiation scheme for lesions in the immedi-

ate vicinity of critical structures like the brainstem, optic
nerves etc. Therefore, non-invasive immobilization and po-
sitioning devices with a high spatial accuracy and patient
tolerability have to be developed. Furthermore, these sys-
tems should not prolongate the treatment time and the
complexity of manual interactivity.

For high precision fractionated radiotherapy in the head
and neck region, an integrated videogrammetry based
system (PPSU) has been developed [1,2,3]. Two cali-
brated CCD-cameras generate continuously stereoscopic
images of external markers. The markers are attached to a
dento-maxillary fixation system which fits perfectly the
teeth of the patients upper jaw. The stereoscopic images
are processed and allow the calculation of the markers po-
sition in space. Under the assumption of rigid body me-
chanics between markers and target point, the tracking of
the markers position reveals the corresponding target
point position. For a default position of the target point, i.e.
linac isocenter, the actual deviation can be monitored in
standard video frequency (25 frames per second).

The described patient positioning sensor unit (PPSU) can
serve multiple purposes. The measurement system can be
used to determine and display the position of the target
point relative to the isocenter during patient setup. Further-
more it can be used to detect and display target point dis-
placements caused by patient motions during therapy.
User defined limits in all 6 degrees of freedom can serve
as interrupt criterion for the therapist.

The optional positioning system serves as an automatic
high precision device for patient setup during subsequent
irradiations in fractionated therapy. Therefore the mea-
sured data of target point displacement are input data for
the movement of the tabletop. Beyond this ability during
the setup procedure, the positioning system can be used
for online compensation of the motions detected during

Figure 1: Extrac-
ranial fixation de-
vice for the trunk
of body.
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therapy. The overall positioning accuracy of the complete
system was determined to be 0.6 mm.

This high positioning accuracy allows for a significant de-
crease of the commonly added safety margins. In conse-
quence, the volume of the tumor-surrounding healthy tis-
sue, that will be irradiated as an effect of the safety mar-
gins, can substantially be reduced.

An additional important application of video-based posi-
tioning and tracking systems are breast irradiations. The
use of intensity modulated radiotherapy techniques is a
promising approach to improve radiotherapy of breast can-
cer. But it is very important to position the breast irradiated
as precise as possible performing new precise irradiation
techniques. Female breast is a deformable organ and it is
not allowed to put thick material on breast skin because of
the danger of irradiation damage of the skin. Therefore it is
a challenge to position the female breast in a precise and
reproducible way during the treatment course.

In the framework of a breast cancer project we are investi-
gating the feasibility of a video-based positioning system
for breast cancer treatments.

The overall goal of these activities is to provide the tools
for adaptive radiotherapy, which is the application of navi-
gation concepts to conformal radiotherapy.

Conformal irradiation techniques
Besides accurate immobilization and positioning of the pa-
tient, it is important to tailor the delivered dose distribution
with respect to the target volume and the organs at risk.
Field shaping in combination with intensity modulation al-
lows the delivery of arbitrary dose distributions. This con-
formation of the tumor is realized by using compensators
or, with more flexibility, by using multileaf collimators. The
MLC consists of 40 pairs of tungsten leafs, driven by 80
DC motors. With a leaf width at isocenter of 1.6 mm, the
maximum field size is 73 x 64 mm. With a maximum leaf
overtravel of 24 mm, a max. leaf speed of 15 mm/sec and
a micro-controller based leaf position verification with a ac-
curacy < 0.5 mm, the MLCs specifications meets the de-
mands for dynamic field shape and intensity modulated ra-
diotherapy (IMRT). The clinical Implementation of the MLC
at DKFZ is completed now. Furthermore the development
was commercialized by MRC, Heidelberg and the MLC is
now on market available.

In 1998 we started with IMRT patient treatments as one of
the first centers in Europe using the build-in MLC of our
treatment facility. Because of the complexity of this treat-
ments, individual treatment verifications are mandatory.
For that reason several dosimetric phantoms have been
developed. An important feature for clinical feasibility and
clinical practice of a new treatment procedure is the time
required. Therefore a software has been developed to ac-
celerate the process of verification and evaluation of indi-
vidual patient treatments, which was one of the most time-
consuming process in treatment planning and preparation.
Another way to reduce treatment time is to change the
dose fractionation scheme slightly [4].

Furthermore it is planned to implement IMRT using the
DKFZ Micro MLC.

This is the next logical step on the way to our goal to
implement patient case specific IMRT-tools in order to im-
prove radiotherapy treatments

CoRA – A new Cobalt Radiotherapy Arrangement
Linear accelaerators (Linac) are the standard irradiation
treatment units in clinical routine for both radiotherapy and
radiosurgery. The available infrastructure in developing
countries together with technical and economical argu-
ments allow in most cases only the use of isotope units for
radiotherapy. On the other side there is a natural interest
in modern conformal treatment techniques in these coun-
tries. However, the technology of todays gamma tele-
therapy units and modern treatment methods are mutually
exclusive in most cases. Isotope units can not be utilized
in combination with multileaf collimators (MLC) due to their
large source sizes and the mechanical conditions of these
units do not allow stereotactic radiosurgery. The Gamma-
Knife and the Rotating Gamma Unit exclusively designed
for radiosurgical treatments are only applicable for cranial
lessons. So in developing countries the postulation for a
multifunctional treatment unit is existent based also on fi-
nancial limitations.

Therefore we developed a new concept of an irradiation
system which combines the advantages of the Gamma
Knife and the Linac [5]. It allows the delivery of fraction-
ated radiotherapy, usage of MLC for irregular field shap-
ing, simultaneous irradiation form different directions, geo-
metrical accuracy etc.. The unit is designed as an
isocentric device. Stereotactic treatment techniques will
also be possible. The source holders including the sources
are fixed on a swivel-mounted arc in such a way that their
beam axes intersect at the isocenter of the unit (see fig. 2).
The system gives also the possibility to attach beam limit-
ing devices like MLC. For the first time CoRA allows the ir-
radiation of more than one irregular field at the same time
for all target positions.

Figure 2: Schematic picture of CoRA indicates the components.

It was found that the System CoRA and the CoRA arc
technique will be suitable for treatments of cranial target
volumes. In comparison with the multiple arc technique no
drawback is noticeable due to the reduced number of arcs.
The CoRA arc technique has the advantage of simulta-
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neous beam application, e.g. the ability for an optimization
of the treatment time. In the future CoRA perhaps will pro-
vide a treatment modality suitable for both radiotherapy
and radiosurgery in developing countries.

Development of a new stereotactic system for
neurosurgery
Stereotactic techniques allow to place surgical instruments
(i.e.biopsy needles) or radioactive implants accurately and
reproducibly at a certain target point and to move this in-
struments along a selected trajectory with minimal damage
to overlying structures.

In conventional stereotactic neurosurgery a base ring is
mounted to the patient to fix and immobilize the head of
the patient and to define a coordinate system to register
diagnostical images. Further it is used to fix the target sys-
tem which facilitates the accurate placement of the instru-
ments.

Nevertheless there are a few drawbacks of these conven-
tional systems. Not all trajectories which are useful from a
clinical point of view are technically feasible with such con-
ventional systems. Furthermore conventional arc systems
are not adaptable to the whole body stereotactical neuro-
surgery. These systems are restricted to the area to the
head.

To overcome this disadvantages computer controlled ro-
bots have been developed or adapted for clinical use.
Meanwhile such robots are commercially available. A ma-
jor drawback of robotic systems are the high costs. Beside
this the absolute accuracy of robotic systems is not suffi-
cient for stereotactic neurosurgery.

In cooperation with Prof. Dr. V. Sturm, Dept. for Stereotac-
tic & Functional Neurosurgery, University of Cologne and
an industrial partner (Zettmess GmbH, St. Augustin), we
are developing a new stereotactical system for neurosur-
gery based on a commercial 6 axes 3D measuring system.
Such a system is similar to a passive manipulator arm (see
fig. 3). The aim of the project is to adapt that system to the
clinical constraints and to provide a prototype for clinical
studies.

The newly developed system will be much more cost-ef-
fective as robotic systems and more flexible as conven-
tional arc systems. Furthermore it is also suitable for whole
body stereotaxy.

Because certain constraints in stereotactical neurosurgery
are similar to the constraints in stereotactical radiosurgery
our experience in the field of stereotactical radiosurgery is
transferable to the new project.

Patient couch system
In cooperation with Prof. Dr. V. Sturm, Dept. for Stereotac-
tic & Functional Neurosurgery, University of Cologne an
“operating room couch-system” was developed so that the
patient remains on a special couch which can be moved
from every diagnostic instrument (CT, MRT, x-ray, etc) to
the treatment units (operating room, linac, etc) with the
help of trolleys. Adapter plates were constructed to fit the
patient couch to the different couches of the various ma-

chines. A newly developed operating room table allows to
move the patient from a basic height of appr. 70 cm to a
max. height of appr. 125 cm. The advantage of this table is
that the surgeon can operate the patient from the occipital
side while the surgeon is sitting on his chair and the pa-
tient is lying on the couch in the supine position. Special
materials such as kevlar (patient couch) make it possible
to treat the patient e.g. inside the MRT.

The first patient treatments on the new couch system will
start in Köln in May 2001.

Publications (* = external co-author)
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Meditinische Physik ’98, Dresden, (1998) 237-238.

[2] G. Kuhr, C. Lappe, W. Schlegel: Patient Positioning Sensor
Unit (PPSU) for stereotactically guided fractionated radiotherapy
ESTRO 17" Annual Meeting, Edinburgh 1998.

[3] G.Kuhr, Ein optisches Mess-System zur
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Tumoren, PhD-Thesis, Ruprecht-Karls-Universität Heidelberg ,
1999
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Photodynamic Therapy (PDT) and Diagnosis
(PDD) (E0407)

T. Haase, M. Rheinwald, U. Bauder-Wüst.

In cooperation with: Dr. J. Gahlen, Dept. of Surgery, University of
Heidelberg; Dr. P. Kremer, Dept. of Neurosurgery, University of
Heidelberg; Dr. Dr. A. Kübler, Dept. of Oral and Maxillofacial Sur-
gery, University of Heidelberg; Dr. H. Sinn, Dr. A. Wunder, DKFZ,
Division of Radiochemistry and Radiopharmacology; Dr. U.
Zillmann, DKFZ, Central Animal Experiment Facility

Photodynamic Therapy is a novel therapeutic modality for
the treatment of tumors. A locally or systemically adminis-
tered light-sensitive substance (photosensitizer or fluores-
cent dye) selectively accumulates in tumor tissue. When
excited by light with an appropriate wavelength, the photo-
sensitizer molecules emit fluorescence light which makes
the tumor visible or delineates tumor margins (diagnosis),
and accordingly, singlet oxygen is produced by energy
transfer processes, which kills the treated tumor cells
(therapy).

In cooperation with different departments of the Heidel-
berg University clinic, new photosensitizers and applica-
tions are investigated.

Main subjects of interest are the investigation of the
photophysical and pharmacokinetic properties of newly de-
veloped macromolecular photosensitizers and fluorescent
dyes, the optimization of therapy and diagnosis and the
technical support of the clinical partners during the imple-
mentation of photodynamic therapy in the clinic.
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Characterization of PDT-relevant properties of the
photosensitizer mTHPC coupled to polyethylene
glycol
To further enhance the pharmacokinetic properties of the
photosensitizer mTHPC, a derivatization technique to
couple mTHPC covalently to polyethylene glycol (PEG)
has been developed by the Division of Radiochemistry and
Radiopharmacology of the DKFZ.

For this new substance, the preservation of absorption and
fluorescence properties could be found. In animal experi-
ments, mTHPC-PEG showed to have an increased circula-
tion half-life (in our model t = 20 h) compared to free
mTHPC, as well as an enhanced tumor uptake. After 72 h,
20 % of the initially applied dose of radioactively labeled
mTHPC-PEG could be detected in the tumor (fig. 1). This
was a 40-fold concentration of sensitizer compared to
muscle and a 10-fold concentration compared to skin.

However, cell culture experiments and therapy experi-
ments in animal models showed a decreased photody-
namic efficiency of mTHPC-PEG compared to mTHPC.
The molecule linking mTHPC with PEG could be identified
as responsible for inferior cell uptake of mTHPC-PEG.

A new substance with a different linker molecule was suc-
cessfully developed and is currently investigated in cell
culture and animal experiments. Preliminary results indi-
cate that its efficiency is comparable to that of the low mo-
lecular mTHPC.

Photodynamic therapy with mTHPC in oral and
maxillofacial surgery
Non-melanomatous skin tumors are one of the most fre-
quent tumors in the white population and mainly caused
by cumulative exposure to solar ultraviolet B radiation. On
account of this, about 80 percent of all non-melanomatous
skin tumours are located on the arms or the head and
neck. Standard treatment for most tumours is surgical re-
section, with often only a moderate cosmetic outcome.

In cooperation with the Dept. of Oral and Maxillofacial Sur-
gery, University of Heidelberg, the effect of photodynamic
therapy on primary non-melanomatous skin tumors of the
head and neck (squamous cell cancer, basal cell cancer,
actinic keratosis, Bowen´s disease) was tested in a pro-
spective clinical trial. In this study meta-Tetrahydroxy-
phenylchlorin (mTHPC / Foscan ), a systemic photosensi-
tizer of the second generation, was applied. Patients were
injected 0.15 mg/kg or 0.10 mg/kg mTHPC 96 hours prior
to laser light exposure. Light was delivered via fibres by an
argon-dye laser at 652 nm, 100 mW/cm2 and a light dose
of 5 – 20 J/cm2.

25 patients with a total of more than 150 non-melanoma-
tous skin tumors and a mean follow up of 15 months
(ranging 6 to 26 months) were treated. Within several days
tumor necrosis appeared followed by wound healing within
4 to 8 weeks, leaving only minor scars behind (fig. 2). Sev-
enty tumors showed a complete response with an excel-
lent cosmetic outcome and only three basal cell cancers
responded with partial success. No adverse events
occured. The therapy was supported by a high degree of
patient satisfaction.

By choosing the correct drug and light dosage, a selective
tumor necrosis can be obtained. PDT using mTHPC
seems to be a promising new and safe treatment modality
for the treatment of primary non-melanomatous skin
tumours of the head and neck which can substitute surgi-
cal therapy, offering an even better cosmetic outcome.

In another phase II study 22 patients with primary squa-
mous cell cancer of the head and neck were treated with
photodynamic therapy. Again the response rates were
comparable to those of standard surgical therapy, while
the cosmetic and functional outcome was much better.

Fig. 1: Scintigraphy of a rat with Walker-Carcino-Sarkoma on the right hind leg. 72 h after application 20 % of the initially applied dose
of radiolabled mTHPC-PEG accumulates in the tumor region.
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Laser-induced fluorescence detection of glioma
using aminofluorescein-labeled serum albumin
(AFL-HSA)
Surgical treatment of malignant gliomas is limited due to
the difficult identification of the tumor margins even under
the operating microscope and the diffuse migration of ma-
lignant cells into the surrounding brain. Although even
complete removal of the solid tumor mass cannot cure the
disease, patients still benefit in terms of quality of life and
survival time. In most cases, residual tumor and tumor re-
currence develop from these residual macroscopic parts of
the tumor margins, which can be unequivocally detected
by early postoperative and following-up MR images.

In cooperatin with the Dept. of Neurosurgery, University of
Heidelberg, the use of aminofluorescein coupled to human
serum albumin (HSA) as a fluorescent tumor marker for in-
traoperative visualization of the tumor margins was investi-
gated.

In cell and animal experiments it could be shown that sig-
nificant amounts of the applied dose of AFL-HSA were
taken up by proliferating cells. In a C6 glioma rat model
the fluorescent dye could be used to identify the tumor
margin, using laser light to excite fluorescence.

Up to now, three patients have been successfully treated
using AFL-HSA as intraoperative tumor marker (fig. 3). Pa-
tients were injected with AFL-HSA four to five days prior to
surgery. During the operation the fluorescein-contrasted
tumor was well visible when inspected with the naked eye
after activation with laser light and was clearly delineated

against the surrounding brain. A clinical study investigating
the use of AFL-HSA for neurosurgery is in preparation.

Publications (* = external co-author)
[1] A. Kübler*, T. Haase, M. Rheinwald, T. Barth*, J. Mühling*:
Treatment of oral leukoplakia by topical application of 5-
Aminolevulinic acid., Int J Oral Maxillofacial Surg 27, 466-469
(1998)

[2] A. Kübler*, T. Haase, P. Kremer*, M. Rheinwald, T.Barth*, S.
Kunze*, J. Mühling*: Ein Lasersystem für die klinische
Anwendung der Photodynamischen Therapie und Diagnostik,
Lasermedizin 14:8-14 (1998)

[3] A. Kübler*, T. Haase, P. Kremer*, M. Rheinwald, S. Kunze*, J.
Mühling*: An argon-dye laser system for Photodynamic Therapy
and Diagnosis, Neurological Research, Vol. 21, 103-107, (1999)

[4] Kubler AC*; Haase T; Staff C**; Kahle B*; Rheinwald M;
Muhling J*: Photodynamic therapy of primary nonmelanomatous
skin tumours of the head and neck. Lasers in Surgery and Medi-
cine. 1999; 25(1): 60-8

[5] Gahlen J*, Pietschmann M*, Laubach H-H*, Prosst R*,
Rheinwald M, Haase T, Herfarth Ch*: Minimal invasive
Möglichkeiten zur Fluoreszenz-optischen Detektion
intraperitonealer Metastasen. Lasermedizin. 1999, 14: 86-90

[6] Gahlen J*, Prosst RL*, Pietschmann M*, Rheinwald M, Haase
T, Herfarth C*: Spectrometry supports fluorescence staging
laparoscopy after intraperitoneal aminolaevulinic acid lavage for
gastrointestinal tumours. Journal of Photochemistry and Photobi-
ology B. 1999 52 (1-3): 131-135

[7] Kremer P*, Wunder A, Sinn H, Haase T, Rheinwald M,
Zillmann U, Albert FK*, Kunze S*: Laser-induced fluorescence de-
tection of malignant gliomas using fluorescein-labeled serum al-
bumin: experimental and preliminary clinical results. Neurological
Research. 2000, 22 (5): 481-489

Fig. 2: Basal cell cancer on the nose before photodynamic therapy (left) and 3 months after treatment (right)

Fig. 3: Glioma intraoperative 72 h after injection of AFL-HSA. . Left: white light, right: fluorescence after laser light excitation.
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Biophysics and radiation therapy physics
(E0408)

G.H. Hartmann, F. Fölisch, D. Haspel, R. Hofmann,
O. Jäkel, C. Karger

There are three projects that were carried out on a larger
scale in cooperation with other groups within and outside
the Division of Medical Physics: the medical-physical is-
sues to the German Heavy Ion Therapy Project (see
E0409), the project aiming at an implementation of a total
quality management system to all radiotherapy activities
within the division, and a project to develop motor driven
multi-leaf collimators and to introduce them into clinical
practice. Two other activities are located totally within the
working group: the development and application of array
detectors for 2D and 3D dosimetry, and a research project
to study long time radiation damage after radiosurgery in
an animal model.

1. Cooperation projects
1.1 Implementation of a total quality management
system (TQM) for the radiotherapy activities of
the division
Many aspects of a quality management system of software
related items in radiotherapy planning have already been
addressed under E0401. In addition to that, a TQM must
address each single part of the chain of procedures in-
volved in a course of radiotherapy, starting from image
data acquisition, then going through creating the patient
model (including patient related coordinates), radiotherapy
planning, patient positioning and finally coming to the
beam delivery itself. A formal structure has been estab-
lished to accomplish this task, and this structure has been
successfully applied in the area of radiosurgery and heavy
ion therapy. It remains to extend this concept to any radio-
therapy activities within the division.

1.2 Introduction of motor driven multi-leaf
collimators into clinical practice
The introduction of multi-leaf-collimators (MLC) in radio-
therapy has substantially initiated new methods with a
high tumor conformation of the delivered radiation dose.
The development of adequate MLC devices (manual or
motor driven) is one of our central activities aiming at an
improvement of limiting the dose distribution to the target

volume only. Several processes have to be performed and
coordinated to be able to finally apply MLCs at patients
such as the mechanical development, control electronics,
test of dosimetrical properties, implementation in a treat-
ment planning system. Finally the needs to get the ap-
proval of authorities have to be fulfilled. This project is aim-
ing at an application of our MLCs under routine clinical
conditions up to the end of this year.

2. Development of array detectors for 2D and 3D
dosimetry
The dose distribution achieved by the new radiation
therapy techniques (conformal radiotherapy, IMRT, raster
scan particle therapy) are complex and three dimensional
in shape. The general problem associated with that is to
verify the correct (i.e. the pre-planned) generation of such
dose distributions. Adequate 3D measuring techniques are
therefore required. Our concept is to accomplish a 3D
measurement by a high number of small detectors distrib-
uted in an appropriate way in space such as segmented
array detectors using liquid detector material (liquid ioniza-
tion chamber). We currently also develop an electronic ac-
quisition system for that of up to thousand simultaneously
measuring channels and suitable phantoms.

3. Long time radiation damage after radiosurgery
in an animal model
High single doses are particularly critical with respect to
create a necrosis in the brain. The aim of this research
project is to quantitatively and systematically determine
long time radiation damage as observable by MR investi-
gations after small sized dose volumes in the rat brain. For
this purpose a radiosurgery irradiation technique was de-
veloped applicable to the rat. In a pilot experiment irradia-
tions were performed with the 3 mm collimator applying
dose values from 20 - 100 Gy to the left part of the brain.
Changes of MR signals were observed over a time period
of 18 months. Following this, a preliminary dose effect
curve as well as a value for D50 were determined (Fig. 1).
The histological evaluation revealed that the changes
were limited to the small sized dose volume. Based on this
pilot experiment, the main irradiation experiment followed
using 110 animals to obtain more significant data. These
results were expected for this year aiming at a reference
for further experiments with modified irradiation conditions.
As an example, an irradiation experiment was performed
applying carbon ions instead of X-rays from the linear ac-
celerator. Again, results of this experiment with respect to
the associated relative biological effectiveness were ex-
pected within this year.

Publications (* = external co-author)
[1] Henke K; Hartmann GH; Peschke P; Hahn EW: Stereotactic
radiosurgery of the rat dunning R3327-AT1 prostate tumor. Inter-
national Journal of Radiation Oncology Biology and Physics, 36
(1996) 385-391.

[2] Karger CP; Hartmann GH; Peschke P; Debus J; Hoffmann U;
Brix G; Hahn EW; Lorenz WJ: Dose-response relationship for late
functional changes in the rat brain after radiosurgery evaluated by
magnetic resonance imaging. International Journal of Radiation
Oncology Biology and Physics, 39 (1997) 1163-1172.

Fig. 1. Results from the pilot experiment: long time radiation effect
after radiosurgery in the rat brain
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[3] Münter M. W., Karger C. P., Schneider H.-M., Peschke P.,
Debus J.: Delayed vascular injury after single high dose irradiation
in the rat brain: Histological, immunohistochemical and
angiographic studies. Radiology 212 (1999) 475-482

[4] Reinacher-PC Blum-C Gass-P Karger-CP Debus-J: Quantifica-
tion of Microglial Late Reaction to Stereotactic Irradiation of the
Rat-Brain Using Computer-Aided Image-Analysis. Experimental
Neurology 160 (1999) 117-123

[5] Jäkel O, Hartmann GH, Heeg P, Jacob C, Karger CP, Krämer
M, Kress J, Krießbach A, Lappe C, Debus J: Erste
Schwerionenbestrahlung von Patienten in Europa:
Medizinphysikalische Aspekte. Zeitschrift für Medizinische Physik
9, 88-95, 1999

[6] Hartmann GH, Jäkel O, Heeg P, Karger CP, Krießbach A: De-
termination of water absorbed dose in a carbon ion beam using
thimble ionization chambers. Phys Med Biol 44, 1193-1206, 1999

[7] Heeg P., Hartmann G.H., Jäkel O., Karger C.P., *Kraft G.:
Quality assurance at the heavy-ion therapy facility at GSI.
Strahlentherapie und Onkologie 175 (Suppl. II), 36-38, 1999

[8] Jäkel O., Krämer M., Hartmann G.H., Heeg P., Karger C.P.,
*Kraft G.: Treatment planning for the heavy-ion facility at GSI.
Strahlentherapie und Onkologie 175 (Suppl. II), 15-17, 1999

[9] Karger C. P., Jäkel O., Hartmann G., H Heeg P.: A System for
Three-Dimensional Dosimetric Verification of Treatment Plans in
Intensity-Modulated Radiotherapy with Heavy Ions. Med. Phys.
26: (10) 2125-2132, 1999

[10] Karger C. P., Hartmann G. H., Jäkel O., Heeg P.: Quality
Management of Medical Physics Issues at the German Heavy Ion
Therapy Project. Med. Phys. 2000 (in press)

[11] Jäkel O., Hartmann G. H., Heeg P. Schardt D.: Effective point
of measurement of cylindrical ionization chambers for heavy
charged particles. Phys. Med. Biol. 45 (2000) 599–607

[12] Karger C.P., Hartmann G.H.: Determination of tolerance dose
uncertainties and optimal design of dose response experiments
with small animal numbers. Strahlentherapie und Onkologie 177
(2001) 37-42

[13] Jäkel O., Jacob C., Schardt D., Karger C.P., Hartmann G.H.:
Relation between carbon ion ranges and x-ray CT numbers for
tissue equivalent phantom materials. Medical Physics 2001 (ac-
cepted).

[14] Karger C.P., Hartmann G.H., Heeg P., Jäkel O.: A method for
determining the alignment accuracy of the treatment table axis at
an isocentric irradiation facility. Physics in Medicine and Biology
46 (2001) N19-N26

[15] Karger C.P., Jäkel O., Debus J., Kuhn S., Hartmann G.H.:
Three- dimensional accuracy and interfractional reproducibility of
patient fixation and positioning using a stereotactic head mask
system. International Journal of Radiation Oncology, Biology,
Physics 49, 1223-1234, 2001

Heavy Ion Therapy Project (E0409)

O. Jäkel,. P. Heeg, C. Karger, U. Oelfke

In cooperation with: PD J. Debus, Clinical Cooperation Unit
Strahlentherapeutische Onkologie, DKFZ; Prof. M.
Wannenmacher, Radiological University Hospital Heidelberg; Prof.
G. Kraft, Department for Biophysics of the Gesellschaft für
Schwerionenforschung (GSI), Darmstadt

The aim of the heavy ion therapy project is to investigate,
if the special physical and biological properties of heavy
ions can be translated into an increased local control of
malign tumors. The special feature of heavy ions in radio-
therapy is, that they have a limited range in tissue that can
be controlled by their energy and that their radiobiological
effect in tissue is strongly enhanced, as compared to con-
ventional X-rays.

In a joint research project of the radiological university
hospital Heidelberg, the German heavy ion research labo-
ratory (GSI) and the DKFZ, a therapy facility for carbon
ions was established at GSI. Between December 1997
and November 2000 in total 78 patients mostly with malign
tumors of the base of skull were treated with carbon ions
in various clinical studies. The project group at DKFZ is re-
sponsible for the medical physics aspects. This includes
clincal dosimetry, treatment planning, patient positioning
and quality assurance for these issues. Besides improve-
ments and developments of new techniques for the clinical
routine at GSI, the project group is also involved in the
preparation and design of a clinical heavy ion center at the
university hospital Heidelberg within a strategy fund.

The ongoing projects in the field of dosimetry are the pre-
cise measurement of various correction factors within the
dosimetry protocol to improve the precision of dose
measurement and the optimization of verifications of the
patient specific treatment fields, to allow an efficient
control of dose distributions prior to the begin of therapy.
This also includes modified techniques that are necessary
for the use with a rotating gantry.

In the field of treatment planing, the planning software is
constantly being developed further, to allow a more effi-
cient planning process. This is necessary to cope with the
much higher number of patients to be treated at a clinical
therapy facility. The modifications of the optimization algo-
rithms aim at a further improvement of dose conformation.
The existing software will also be used to investigate the
principal possibilities and limits of this new therapy when
applied to new tumor localizations and indications.

For a more flexible patient positioning, a treatment chair is
being developed, to gain an additional degree of freedom
in the treatment angles. Furthermore, the X-ray-units for
position verification of the treated patients are evaluated to
retrospectively assess the accuracy of positioning and
their implications for the treatment. The currently used po-
sitioning methods for the head and neck region are being
modified for future applications in the trunk of the body.

The quality assurance procedures are being developed
further in all areas. They allow to check the precision of
the techniques used in the various fields and to constantly
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maintain a high level of quality by the use of constancy
checks. New test methods are especially important for the
official approval of new techniques by the authorities (e.g.
irradiations in the trunk of the body or use of the treatment
chair).
Additional financial support: Strategy funds of the Helmholtz
Gesellschaft, HGF (Federal ministry for education and research,
BMBF): 3 Postdocs and capital investments; Biomedizinischer
Forschungsverbund: capital investments.
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Clinical Cooperation Unit Radiation Oncology (E0500)
Head: PD Dr. med. Dr. rer. nat. Jürgen Debus

Scientific concept of the clinical co-operation unit
radiation oncology

The aim is the development of new radiooncological strat-
egies. Over the past two years substantial contributions to
the radiooncological treatment of patients were made. This
includes not only improved technological approaches to
treatment delivery but also the development of biologically
based optimisation of radiation effects.
These tasks were performed in very closed co-operations
with the department of medical physics Prof. Schlegel and
the other departments of the research program. Due to a
close co-operation with the department of radiation oncol-
ogy at the university hospital of Heidelberg it was possible
to conduct a clinical phase I, I/II and phase III trial.
An essential task of the clinical co-operation unit will be
the conduction of phase I/II and phase II trials which ex-
amine safety and reliability of reasontly established thera-
peutic methods an planning procedures. The optimisation
of computerised radiotherapy planning and simulation may
hereby provide substantial improvement of the results.
Moreover it is our aim to examine if the individual radio
sensitivity can be predicted by molecular biological ap-
proaches and also eventually therapeutically controlled.
Carbon ion radiotherapy has an increased radiobiological
effectivity and allows precise dose deposition. In the frame
work for a collaborative study we are investigating the ap-
plication of heavy ion therapy in patient system base of
skull tumours. Moreover new approaches with non-inva-
sive therapeutic methods for example the use of high in-
tensive ultrasound therapy in the treatment of tumours is
evaluated. The main goal of the clinical co-operation unit
is to enhance translational research in the area of radia-
tion oncology.

Scientists
Dr. Christian Bohris (06/99 -12/99)
Pierre Branitzki
Isabell Braun
Bernd Didinger
Dr. Claudia Frank (-01/99)
Dr. Martin Fuß
Dr. Peter Heeg (-10/99)
Dr. Karin Henke-Wendt
Dr. Klaus Herfarth
Peter Hipp
Dr. Jürgen  Jenne *
Dr. Frank Lohr
Dr. Marc Münter
Dr. Peter Peschke *
Dr. Andrea Pirzkall
Dr. Ralf Rastert
Dr. Jens Rickert
Dr. Daniela Schulz-Ertner
Dr. Ioannis Simiantonakis
Dr. Julia Spoo (-06/99)
Dr. Anke Strunz
Dr. Christoph Thilmann
Dr. Gabriela Westphal (-05/99)
Dr. Angelika Zabel *
Dr. Ivan Zuna *

Guest scientists
Dr. Tetsuya Yamada (4/98 - 03/99)

Postgraduate students
Silke Aumann Klaus Braun
Heike Corban-Wilhelm Stefan Haas
Michael Hlavac Maria Kissel
Jürgen Kreß (-05/99) Peter Reinacker (-08/99)
Daniel Röder Alexandra Schlicker (-01/98)

Graduate students
Matthias Moosmann (8/98-8/99)

Horst Strohmeyer (10/98-10/99)

Technicians
Gabriele Becker * Petra Brade *
Dietmar Greulich *
Renate Haselmann Stefan Hauser (1/99-)
Sabine Kuhn Rainer Kühnlein *
Miriam Lenz Anke Menges (-04/99)
Annette Miltner Heike Reutner
Tobias Richter *
Annemarie Schrödersecker*Stephanie Stauch
Alexandra Tietz * Cora Weyrich (-03/99)

Civilian draftees
Matthias Jäckel (-09/99)
Phillip Klinkhard (-09/99)
Danny Kappenstein (-10/99)
Christian Bretthauer
Marcus Thiemer

* = funding of the DKFZ

Dose distribution for fractionated radiation therapy of an acoustic
neuroma. A steep dose gradient to the adjacent brainstem is vis-
ible (further details arepresented on p. 258).
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Conformal Radiotherapy Using Intensity
Modulated Beams
The goal in radiotherapy is to achieve local tumor control
without exceeding tolerance doses of the surrounding radi-
osensitive normal tissue. New conformal techniques in ra-
diotherapy try to adapt dose distribution as closely as pos-
sible to the target volume. This could be realised using
multiple portals with individual beam shaping. However,
there are cases of complex shaped tumors in close rela-
tionship to organs at risk where no sufficient dose distribu-
tion could be achieved with conventional technique. This
could be seen especially in concave shaped targets en-
closing organs at risk. An improvement in dose distribution
could be achieved using divers intensities within each por-
tal. Thus, dose escalation to the tumor without increased
complication rate seems possible in several cases.

In the past efforts were taken to develop utilities for radio-
therapy planning, delivery and verification of intensity
modulated beams. An inverse planning software
(KonRad®) to calculate the required intensity profiles for
the desired dose distribution was developed at the DKFZ.

Different techniques  are available for delivery of intensity
modulated beams. The first clinical application was carried
out with cerrobend compensators. The beam intensities
are modified due to the 2-dimensional thickness profiles of
the metal absorber. Most patients were treated with IMRT
in ‘step-and-shoot’-technique. Here the intensity profiles
are divided into multiple subsegments which are formed by
a multileaf collimator.

Due to steep dose gradients between target volume and
organs at risk and the application of a set of small portals
special attention is given to reproducibility of patient set up
and verification of the calculated dose distribution. A ster-
eotactically guided set up device was developed for head
fixation and for whole body fixation as well.

The final dose distribution calculated for patient treatment
is verified in phantom measurements. Special phantoms
were designed for verification of treatment plans for head
and neck, abdomen and thorax. A quality assurance pro-
gram was established to check the difference between ap-
plied and desired treatment plan and if necessary to cor-
rect the applied plan.

The clinical feasibility of IMRT is tested for different tumor
sites in the phase II study ‘Conformal Radiotherapy with
Intensity Modulation’ which is activated since 31.7.98. First
patients included in the study were patients with complex
shaped meningiomas of the skull base. Until now 45 pa-
tients were treated in cases in which a satisfying dose dis-
tribution was not achievable with conventional treatment
techniques [4]. In all patients a treatment with beam inten-
sity modulation was feasible. A mean dose of 55.8 - 58.2
Gy was applied in 5 - 7 coplanar beams in ‘step-and-
shoot’-technique with 5 intensity levels. Only 9 patients
were treated with a higher number of beams or a
noncoplanar beam configuration.

In total 125 patients were treated with IMRT at the DKFZ
with the following diseases:
- base of skull tumors [1,4]
- tumors of the head and neck [3]
- paraspinal metastases and tumors [5, 9]
- mesothelioma
- prostate cancer [2]
- breast cancer after breast conserving surgery  [8]
For these indications the use of IMRT is feasible and safe
in the tumor sites mentioned above with the fixation de-
vices available in our department. IMRT may prove to be a
valuable therapeutic modality for complex shaped target
volumes adjacent to critical structures.

Here, a special focus is the improvement of radiotherapy
of breast cancer, which is part of the HGF research project
‘Diagnosis and therapy of breast cancer’. The aim is
implementation of IMRT into clinical routine of breast can-
cer. A promising example of a patient with left sided breast
cancer is shown in figure 1. Because of medial tumor site,
the parasternal lymph nodes were included into the target
volume. In these cases improvement of local control and
reduction of side effects can be expected. A phase II study
is planned for this subgroup.

Additionally, IMRT enables to introduce new principles into
radiotherapy. An integrated boost as a new treatment con-
cept. It delivers a high dose to the macroscopic tumor site
and simultaneously a homogeneous dose to the surround-
ing tissue of microscopic spread. In a treatment planning
study for malignant gliomas we could demonstrate the su-

Fig. 1:
Dose distribution of IMRT
treatment of a woman with
breast cancer after breast
conserving surgery. The target
volume consists of the breast
and the parasternal lymphatic
tissue.

Left side: IMRT with 12 inten-
sity modulated beams.
Right side: conventional treat-
ment with 2 tangential wedged
beams.

Displayed isodoses:
10%, 20%, 30%, 50%, 90%,
95%, 105% ———, 110%



258

Research Program
Radiological Diagnostics and Therapy

Clinical Cooperation Unit
Radiation Oncology

DKFZ 2001: Research Report 1999/2000

periority of an integrated boost based on inverse planned
IMRT over forward planned SCRT [6,7]. To compare the
effectiveness of this treatment procedure with conventional
treatment of patients with high grade gliomas  a phase III
trial is initiated.
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Stereotactic Radiation Therapy of Cranial
and Extracranial Targets
In cooperation with: Div. of Radiation Physics (Prof. Dr. W.
Schlegel); Div. of Oncological Diagnostic and Therapy (Prof. Dr.
G. van Kaick ) DKFZ

Stereotactic radiation therapy has the potential of deliver-
ing a high radiation dose to a defined tumor volume with a
steep dose gradient to the surrounding normal tissue. We
have evaluated the use of stereotactic radiation in several
tumor entities [1-8]. Some of the results are discussed
more in detail:

1. Acoustic neuroma [3]

Acoustic neuromas were traditionally treated by surgical
resection. However, fractionated stereotactic radiation
therapy might be an alternative to the traditional approach.
We have treated 51 patients with acoustic neuromas using
fractionated stereotactic radiation therapy since 1989. Ten
patients suffered from genetic disease of neurofibromato-
sis type II. The mean target volume was 8.6 ccm (range
2.2 - 32.4 ccm). The median applied dose was 57.6 Gy
with single doses of 1.8 Gy daily. With a mean follow-up of
42 months (max. 131 months), there was only one radio-
logical recurrence. The actuarial tumor control was 100%
after 2 years and 95% after 5 years. 46.5% of the tumors
showed a marked volume reduction. A complete response
was observed in 4% of the patients. Nearly all patients
showed a central loss of contrast enhancement as a sign
of treatment response. Long term side effects could be
limited: The chance of remaining hearing function was
85% after 5 years. Patients without genetic disease have a
100% chance of normal hearing function after this time. In
addition, only one patient with a neurofibrosis showed a
dysfunction of the facial nerve. Two patients developed
neuralgia of their trigeminal nerve. Our results are superior
to published neuosurgical series and to radiation series
using the gamma knife if tumor control and side effects are
taken in to account. The results show that fractionated ste-
reotactic radiation therapy might have a major role in the
treatment of acoustic neuromas. (Fig.1)

2. Meningeomas of the skull base
A complete surgical resection of meningeomas of the skull
base is often not possible. This is due to the close neigh-
borhood of major blood vessels and the optic nerves.
Fractionated stereotactic radiation therapy might be the
treatment of choice for patients with this kind of tumor. 180
patients with low-grade meningeoma of the skull base
were treated at the dkfz between 1985 and 1998. Most of
the cases were complex shaped large tumors (median vol-
ume: 52.5 ccm). The tumors were treated with a median
total dose of 57.8 Gy with 1.8 Gy single doses. Each radia-
tion portal was shaped using a mid-size multileaf collima-
tor. The median follow-up was 35 months. Only three pa-
tients showed recurrent disease during follow up. The ac-
tuarial survival was 97% after 5 years and 96% after 10

Fig.1: Dose distribution for fractionated radiation therapy of an
acoustic neuroma. A steep dose gradient to the adjacent
brainstem is visible (figure in full colours is presented on p. 256).
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years. 14% of the patients showed a partial response, and
neurological deficits improved in 44% of the patients. Neu-
rological improvement was not correlated with tumor vol-
ume decrease. Radiation side effects could be limited to
3.3% (6 patients). Our data show the effectiveness of frac-
tionated stereotactic radiation treatment of skull base
meningeomas. Comparision of our results with other tech-
niques underlines the potential of this treatment compared
to neurosurgery with or without conventional radiotherapy.

3. Chordomas [2]

A typical location for chordomas is the clivus in the skull
base. Since these tumors are relatively radioresistant, high
radiation doses have to be applied for sufficient tumor con-
trol. However, using conventional techniques, major side
effects are likely due to the neighborhood of radiosensitive
brainparts. Using proton or heavy ion radiation therapy, lo-
cal tumor control rates of 60% can be achieved. However,
these techniques are expensive and limited to certain re-
gions in the world. We treated 37 patients with skull base
chordomas using fractionated stereotactic radiation
therapy between 1990 and 1997. The median total dose
was 66.6 Gy using 1.8 Gy single fractions daily. The me-
dian target volume was 56 ccm (17 - 215 ccm). With a me-
dian follow-up of 27 months, the actuarial 5 years tumor
control rate was 50% with a probability of survival of 82%.
Only one major side effect was observed: An 81-years old
woman showed a brainstem infarction 25 months after
therapy. However, she also showed areas of infarction in
other parts of the brain.

Using fractionated stereotactic radiation therapy, chordo-
mas can safely be treated with only minor decrease in lo-
cal tumor control compared to ion therapy. However, we
hope to improve these results further using dose escala-
tion with carbion ion therapy.

4. Liver tumors [5, 9, 10]

Several more a less invasive local techniques are avail-
able for inoperable liver tumors. We have evaluated a non-

invasive technique for the treatment of these tumors using
stereotactic single-dose radiation therapy. Between 1997
and 1999, 37 patients with a total of 60 liver tumors were
treated using this method in a phase I/II trial. The dose
was escalated from 14 Gy to 26 Gy at the isocenter. With a
median follow-up of 6 months (1 - 26 months) there was
an actuarial local tumor control of 80% after 18 months if
the first 5 cases were excluded. This result could be
achieved without any major side effects. Local failures
were mainly due to low dose (low dose total or low dose at
the tumor margins). Patient survival depended significantly
on the presence of other extrahepatic systemic me-
tastases at the time of treatment. Our results show that
stereotactic single-dose radiation therapy is a feasible, ef-
fective and safe method for the treatment of inoperable
liver tumors if the tumors are limited in size and not directly
adjacent to bowel parts. (Abb.2)

5. Prostate cancer [4]

Improvements in local tumor control of prostate cancer can
be achieved if the applied radiation dose is escalated.
However, dose escalation is limited if nearby radiosensi-
tive organs like bladder or rectum cannot sufficiently
spared from the high dose region. Intensity modulated
therapy (IMRT) might be the answer for further dose esca-
lation, if an accurate and reproducable positioning of the
patient allows closer safety margins around the prostate.
We have evaluated the self-developed body mask, which
is normally used for the treatment of paraspinal tumors [7,
11], for the accuracy in the IMRT treatment of prostate
cancer. The mean variations of the bony structures varied
by only 0.9 mm in anterior-posterior direction and 0.2 mm
in latero-lateral direction. The mean variations of the pros-
tate could be limited to 1.7 mm in anterior-posterior direc-
tion and 0.2 mm in latero-lateral direction. This positioning
accuracy allows a highly precision radiation therapy with
closer safety margins than in conventional 3D planned ra-
diation therapy. The effectiveness of this device in the
dose escalation of prostate cancer is currently under in-
vestigation .

Publications (* = external co-author)
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[3] Fuss, M., et al., Conventionally fraction-
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Phys, 2000. 48(5): p. 1381-7.

Fig.2: Survival of patients with liver me-
tastases after stereotactic single-dose ra-
diation therapy. Survival is significantly
dependent on the presence of extrahe-
patic metastatic disease.
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Carbon Ion Radiotherapy

D. Schulz-Ertner, C. Thilmann, J. Debus

In cooperation with: Prof. M. Wannenmacher, Dept. of Radiation
Oncology, University of Heidelberg; Prof. G. van Kaick, Div. of
Oncol. Diagnostics and Therapy, Prof.. W. Schlegel, Dr. O. Jäkel,
Dr. C. Karger, Div. of Medical Physics, DKFZ; Prof. G. Kraft, Dr. T.
Haberer, GSI Darmstadt; Dr. W. Enghardt, FZ Rossendorf.

The Division of Radiation Oncology started carbon ion ra-
diotherapy at the Gesellschaft für Schwerionenforschung
(GSI) Darmstadt within a feasibility study in 1997. Before
patient treatments started a radiation unit was built at the
heavy ion synchrotron of the GSI and major future directed
technical and radiobiological innovations have been imple-
mented. For the first time, tumor conform application of
carbon beams was realized by intensity-controlled raster-
scanning with pulse-to-pulse energy variation [Haberer T
et al. Nucl Inst Phys Res 1993; 330: 296-305]. All patients
had 3-dimensional treatment planning including a biologi-
cal plan optimization using the treatment planning program
TRIP [Scholz M et al. Int J Radiat Oncol Biol Phys 1994;
66: 59-75]. A PET camera is used for online beam verifica-
tion [1].

Up to now, 73 patients with tumors of the skull base and
the brain have been treated with carbon ions. The study
contained patients with chordomas (n=36) and low grade
chondrosarcomas (n=16) of the skull base, adenoid cystic
carcinomas (n=8) malignant meningeomas (n=8) and
other tumors (n=5). These tumors are known to be rela-
tively radioresistant against conventional photon irradia-
tion. Proton radiotherapy has been shown to improve out-
come in chordomas and low grade chondrosarcomas [2]
but its availability is limited. In adenoid cystic carcinomas
radiation therapy with heavy particles as neutrons results
in improved local control rates compared to photon irradia-
tion but causes severe side effects [3]. Malignant
meningeomas commonly recur within the former irradiated
fields even after high tumor doses. Carbon ion therapy
presents a promising therapy option in the management of
these tumors.

Within the feasibility study, median tumor dose was 60
GyE in chordomas and chondrosarcomas. Patients with
adenoid cystic carcinomas and malignant meningeomas
received fractionated stereotactic photon irradiation at the
DKFZ with a median dose of 50.4 g  Gy and a carbon ion
boost with 18 GyE (6 x 3.0 GyE) to the gross tumor. Feasi-
bility of this new therapy approach has been shown. First
results are very promising with a local control rate of 94 %
after 1 year [4]. We observed a tumor remission in 6 of 29
patients treated for chordoma indicating that carbon ion
therapy is effective in these tumors (figure 1). Tumor re-
gression in chordomas is a finding which is rarely reported
in literature after any kind of radiation therapy. Besides,
active beam delivery using raster scanning allows for
highly conformal dose distributions and therefore result in
an optimal sparing of neighbouring normal tissue. The low
toxicity rate allows further dose escalation. As a conse-
quence the total tumor dose has been escalated from 60
GyE to 70 GyE for chordomas and chondrosarcomas in
the following phase II study which has been activated in
November 2000.

A new immobilization device developed by Lohr et al 1999
[5] has been tested at GSI and will guarantee the safe irra-
diation of extracranial tumors. In 2001 a phase I/II study
for the treatment of sacral / spinal chordomas and low
grade chondrosarcomas will be activated. Furthermore,
photon irradiation with a carbon ion boost will be available

within a clinical phase I/II study for
adenoid cystic carcinomas in 2001.

Publications (* = external co-author)
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surance of heavy ion tumor therapy.
Strahlenther Onkol 1999; 175: Suppl II:
33-36.
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Figure 1. Chordoma of the skull base
a) prior to RT, b) 3 months after RTa) b)
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New Strategies of Minimally Invasive Tumor
Therapy

J. Jenne R. Rastert, I. Simiantonakis, M. Moosmann,
H. Strohmeyer, P. Huber, M. Hlavac, D. Röder,
J. Spoo, I. Zuna, J. Debus

In cooperation with: Siemens AG, Medizinische Technik,
Erlangen; EDAP/Technomed Lyon, France; J. Vrba, Dept. of Elec-
tromagnetic Field, Czech Technical University Prague, Czech Re-
public; L. Pousek, Centre for BioMedical Engineering, Czech
Technical University Prague, Czech Republic; DKFZ: T. Haase, M.
Rheinwald, H. Sinn

The aim of this group is the development of new minimal
invasive techniques for local tumor therapy.

Ultrasound therapy and first patient treatment
with MRI-guided focused ultrasound

The goal, to treat a patient with invasive breast cancer with
a new non-invasive image guided therapy modality, has
been achieved in December 2000. Ultrasound as a form of
mechanical wave transmission is widely used in almost all
medical specialties, mainly for diagnostic purposes. How-
ever, interactions of ultrasound with biological tissues are
dependent on the acoustic parameters such as peak pres-
sure amplitude and intensity. Increasing pressure and in-
tensity enables either the thermal or the non-thermal
therapeutic capabilities. Both therapeutic approaches are
characterized by an excellent focusability combined with a
high penetration depth, allowing extensive energy densi-
ties in deep tissue layers while sparing intermediate tis-
sues. Non-thermal ultrasound shock wave applications
have been proven to be successful in clinical lithotripsy,
especially for the removal of kidney stones. The side ef-
fects in clinical lithotripsy such as local hemorrhage and
edema have prompted research to investigate pulsed
high-energy ultrasound shock waves (PHEUS) for the
treatment of experimental tumors. PHEUS has been
shown to cause cytotoxic effects on tumor cells in vitro and
in vivo, and to induce rapid onset of ischemia in experi-
mental tumors with subsequent necroses in tumors lead-
ing to tumor growth delay [1-3]. The thermal effects of ul-
trasound are induced by continuous wave high-intensity
focused ultrasound (HIFU) allowing for exact temperature
distribution inside the body. HIFU penetrates well through
soft tissue and can be focused through the intact skin to
volumes with dimensions of a few millimeters. The energy
absorption in tissue can induce temperature elevations of
70°C to 90°C in the focal spot within a few seconds that in-
stantaneously denaturates protein structures. Because of
the sharp thermal gradients the boundaries of the treated
volume are sharply demarcated without damage of the

overlying or adjacent tissues. In combination with tempera-
ture sensitive magnetic resonance imaging (MRI), HIFU
therefore is a promising tool for local tumor therapy in all
ultrasound accessible sites such as breast, prostate, liver,
kidney, head and neck. The major goal of the research
was to develop a MRI guided HIFU treatment unit that
could be used for the therapy of breast cancer. To this end,
experimental and finally a clinical treatment unit was de-
veloped [4-7]. The clinical therapy unit consists of a MRI
compatible ultrasound applicator including the ultrasound
source; a positioning system and a specific MRI coil to op-
timize imaging of the focal region. Further elements are a
supply unit and a workstation controlling the whole unit.

The applicator is built up as a bowl with a pot-shaped
deepening to accommodate the breast for treatment. In
the deepening an ultrasound transparent window allows
coupling the ultrasound field into the breast tissue. The ul-
trasound transducer has a focal length of about 70 mm
and operates at a center frequency of 1.7 MHz. To treat
the target region the sound source is moved by three lin-
ear actuators. These extensible links consist of hydrauli-
cally driven linear stepper motors (resolution <0.1 mm),
supplied by pressure pulses. Fiber optic light barriers con-
trolling every single step and reference positions control
positioning of the system. Several sensors control the
function of the system and guarantee a safe operation.

The supply unit is separated from the MR scanner and
provides the ultrasound application inside the MR magnet.

The whole therapy system is software controlled. Special
software enables therapy planning including segmentation
of the target region on MRI planning images and calcula-
tion of the therapy plan. For therapy control MR tempera-
ture images were analyzed and visualized on the control
workstation.

For therapy the patient lies in prone position with the
breast fixed in the deepening of the applicator. The appli-
cator bowl itself is fixed on the table of a conventional
1.5 T MR scanner (Magnetom Vision Plus, Siemens AG)
and can be fixed in several positions to adjust it near to
the target volume, e.g. a tumor, inside the breast.

A prospective phase I/II study was initiated and a first pa-
tient was treated in December 2000. We could demon-
strate that breast cancer in a human patient can non-
invasively be treated in a single session through the intact
skin by a combination of focused ultrasound and MRI guid-
ance with interactive target segmentation and temperature
control. Due to the immediate effect without damage to the
surrounding healthy breast tissue, the absence of any an-
esthesia and scars, MRI-guided non-invasive focused ul-
trasound therapy has potential for breast cancer therapy,
and other oncologic entities.

Animal Trials
Prior to any human studies, the ultrasound treatment unit
was tested by experiments on White New Zeeland rabbits
in vivo. We treated predefined target volumes in the
muscle of the hind leg. Temperature sensitive T1-weighted
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Saturation-Recovery-Turbo flash images were acquired for
detection of the temperature focal point. Morphological
changes and acute therapeutical effects during therapy
were monitored by T2-weighted (T2w) images. Additionally
T1-weighted (T1w) images with high spatial resolution for
anatomical imaging were taken at the end of the therapy
pre and post contrast enhancement.

Lesions induced were hyperintense and poorly demar-
cated in T2w images representing intercellular edema at
the end of therapy. After administration of contrast agent,
the area proved hyperintense in T1 surrounded by an en-
hancing marginal zone (Fig. 1).
Histologic workout showed complete necrosis of the soni-
cated parts of the muscle without viable cells and adjacent
small acutely inflamed area.

We conclude that MR guided focus ultrasound surgery
(MRgFUS) can be applied without marked side effects in
our new breast therapy unit. Based of these results a first
clinical study with breast cancer patients was started.

HIFU treatment acceleration by modification of
sound field and sonication modalities
One drawback of the new therapy method is the rather
long treatment time. It is a result of the ultrasound focus
volume (≈mm3) and the relatively large tumor size (≈cm3).
A lot of ultrasound shots have to be applied to coagulate
the whole tumor (for bigger targets more than one or two
hundred). To overcome this limitation different methods for
reducing the treatment time were investigated [8].

One possibility for acceleration of a treatment is to reduce
the pause time after each shot. The pause is necessary to
avoid overheating and after a 9 s pulse we have to wait
50 s until the temperature rise has disappeared. Computer
simulations showed that with an optimized ordering of the
single pulses (Fig. 2) the pause time could be reduced to
13 s without tissue overheating. This sonication method
was tested in animal experiments where we sonicated the
thigh muscle of a rabbit. It was possible to induce coherent
lesions in the muscle and there was no increase in side ef-
fects compared to the normal treatment.

We developed also special lenses for our ultrasound sys-
tem and tested them. For finding the lens suited best for
our purpose, the sound fields for different lens geometries
were simulated and compared to each other. The lenses
that broadened the focal spot most and avoided a higher
length were then experimentally tested and their sound
fields were measured. We found that mode-n lenses fulfill
the requirements best. Mode-n lenses are asymmetric
lenses which induce a phase shift f(Θ)=nΘ. The mode-1
lens (Fig. 3) proved to be especially suitable. It enlarges
the focus diameter by a factor of two without increasing its
length, thereby reducing the treatment time by a factor of
4. The sound field measurements of the lens are shown in
figure 4. The mode-1 lens was also tested in animal trials
and we were able to create a coherent lesion without side
effects.

Fig. 1: MRI monitoring of MRgFUS: Detection of focal point by
thermal sensitive MRI sequences; T1w pre and post contrast me-
dia after therapy. The L-shaped therapy volume is clearly visible.

Fig. 2:  ”Normal” sonication order (left) and speed optimized order (right).

Fig. 3: Schematic picture of a mode-1 acoustic lens. The color
represents the phase shift (a=0, b=??? c=2??.

Fig. 4: Intensity distribution of the 1.7 MHz transducer with
mode-1 acoustic lens in the focal plane.
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Activation of photodynamic substances and free
radical production by high intensity ultrasound
fields

It is well known, that high intensity ultrasound have the po-
tential to produce free radicals in aqueous solutions. The
reason is the occurrence of inertial cavitation in high-en-
ergy ultrasound fields. We compared the production of free
radicals under different sonication modalities with radical
formation in the field of a well-known Cs137 gamma-ray
source [9]. In addition we examined the enhancement of
radical production by photodynamic substances.

Analysis of radical formation was performed with an elec-
tron spin resonance (ESR) spectrometer (Miniscope MS
100, Magnettech, Berlin, Germany). In order to make free
radicals with a lifetime in the range of microseconds ac-
cessible for ESR spectroscopy we used so called spin
traps (TMPone 2,2,6,6-tetramethyl-4piperidon). In the
presence of free radicals these substances form a stable

adduct conserving the radical character, which can be de-
tected by ESR.

Sonication of aqueous test solution (phosphate-buffered
saline, PBS) with and without photosensitizer (Photofrin or
mTHPC-PEG (DKFZ PDT Group) was carried out with
high intensity focused ultrasound (HIFU) in a progressive
free field mode and with an unfocused ultrasound field in a
standing wave mode against a solution/air interface.

We were able to assess the quantity of free radicals devel-
oping in photon field as well as in ultrasound fields.
Though it was feasible to determine equivalent dose val-
ues comparing ultrasound with photon irradiation (Fig. 5).
Compared with the calibrated gamma-ray source we found
in the focused setup with a pulsed mode (maximum pulse
power P

pulse=225 W, pulse repetition frequency
ípulse=255 Hz; number of periods n=55) an equivalent dose
rate of 0.3 Gye/min. With the unfocused setup an equiva-
lent dose rate of 6.9 Gye/min (Ppulse=30 W; pulse duration
Tpulse=1 s; ípulse=0.5 Hz) was achieved. Insonated solution
enriched with a photosensitizer increased this value to
9.8 Gye/min. A significant enhancement of radical produc-
tion by a photosensitizer was only detected in the unfo-
cused ultrasound field in a standing wave mode.

Noninvasive temperature monitoring using
ultrasound tissue characterization method
A new computer – based system for non-invasive monitor-
ing of temperature distribution in tissue during the hyper-
thermia treatment has been developed and tested in an
experimental study. It consists of an intelligent regulation
loop controlling high frequency microwave generator ac-
cording to the maximal measured temperature in the tis-
sue and a special microwave applicator. The loop is also
equipped with an invasive thermometer. During the hyper-
thermia treatment series of ultrasound B-mode images us-
ing the Acuson Sequoia 512 diagnostic ultrasound system
were obtained. Several texture parameters were evaluated
from the obtained ultrasound images. These parameters

Fig. 5:
Top:
Radical forma-
tion in a field of
a Cs137
source. Linear
behavior of
dosage versus
radical forma-
tion was clearly
seen. Bottom:
Radical forma-
tion in a stand-
ing ultrasound
wave field. An
additional en-
hancement
with photosen-
sitizer is visible.

Fig. 6: Mean gray level of ultrasound images and temperature course in a 2D experiment.
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were correlated with the invasively measured temperature
during the therapy session. For 60 rat samples a strong
correlation between the mean grey level in the selected re-
gion of interest in the ultrasound pictures and the
invasively measured temperature in the range 37-44 °C
was found (Fig. 6). The correlation coefficient between the
mean grey level and the invasively measured temperature
was 0.96±0.05.

The dependency of the evaluated temperature on the
normalised mean grey level was a linear function, with a
start point at 37.00±1.18 and slope equal 0.94±0.23. The
next best parameter was the mean gradient. The correla-
tion of the mean gradient and invasively measured tem-
perature was r=0.74±0.21. All other parameters did not
show any higher correlation with the temperature. To get
information about the temperature distribution in the whole
scanned tumour area, every image of data series was di-
vided in equal sub - regions (12x12 pixels) and on each
region the mean grey value was evaluated. The matrix of
results was used for pseudo-colour coding of greyscale B-
mode images.
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Tumor Physiology and Radiation Response

P. Peschke, J. Debus

Tumor response to therapy is controlled by physiological
parameters as well as genetic characteristics. It has been
shown that oxygen tension (pO2) may play a critical role in
chemo- and radiotherapy. Thus, a non-invasive method for
assessing the extend and distribution of tumor hypoxia be-
fore and during therapy could be very helpful in treatment
planing and subsequently, monitoring its effectiveness. In
a cooperative research activity, we recently described a
novel approach to measure regional tumor oxygen tension
using 19F pulse burst saturation recovery (PBSR) nuclear
magnetic resonance (NMR) echo planar imaging (EPI)
relaxometry of hexafluorobenzene. In parallel, we com-
pared oxygen tension measurements by NMR in a group
of size-matched R3327-AT1 Dunning prostate rat tumors
with a traditional polarographic method: the Eppendorf
histograph. Similar oxygen tension distributions were
found using these methods, and both techniques showed
that tumors with volumes greater than 3.5 cm3 were signifi-
cantly (P < 0.0001) less oxygenated than smaller tumors
(volume less than 2 cm3). Using 19F EPI-NMR, we also ex-
amined the response to respiratory challenge. Raising the
concentration of inspired oxygen from 33 % to 100 % O2

produced a significant increase (P < 0.0001) in tumor oxy-
genation for a group of small tumors. In contrast, no
change was observed in the mean pO2 for a group of large
tumors. Consideration of individual tumor regions irrespec-
tive of tumor size showed a strong correlation between the
maximum pO2 observed when breathing 100 % O2 com-
pared with mean baseline pO2 [1]. In the same tumor
model, functionality of tumor vessels was assessed by
color doppler sonography after injection of 1.5 mL of the
contrast medium Levovist. With this technique vessels
could be detected only in the tumor’s periphery, not in cen-
tral regions. By histology, the 95 % quantile of the vessel
diameter distribution was found to be 21 µm inside the tu-
mor, 37 µm in the underlying muscle, and 73 µm in the di-
rectly adjacent connective tissue. Our results indicate that
vessels in the range of 74-134 µm may be detectable un-
der the given conditions, whereas vessels measuring 38
µm or less are inaccessible to color doppler sonography
[2].

To monitor cellular response to single doses of radiation
(RT) and/or local tumor hyperthermia (LTH) proliferation ki-
netics were determined in tumor-bearing animals by immu-
nohistochemistry. Morphometric analysis was performed
using a computer-assisted Leitz-TAS/plus system. De-
pending on tumor size, up to 18,000 nuclei were routinely
analyzed. Untreated tumors of standardized size (8-10
mm) exhibited a BrdUrd-labeling index (LI) of 6.9 ± 1.6 %.
In general, the LI was higher in the periphery than in the
center, the difference being more pronounced in larger tu-
mors. After 6 Gy gamma-rays, the mean LI decreased to
1.8% (24 h) and rose afterwards to 5.4% by 168 h. Follow-
ing LTH (43.5°C, 35 min water bath), the mean LI rapidly
decreased to 2% (8 h), rose to 9.8% (48 h), and plateaued
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at 6% after 168 h. A combined treatment consisting of irra-
diation (6 Gy) followed by LTH yielded smallest LI (2.4 ±
0.18 %) and lowest cell density (111 ± 0.6 nuclei per field)
by 168 h. The morphometric procedure was reliable and
reproducible. It can be used to characterize and compare
the effects of different therapies on cell kinetics. Of particu-
lar value is that these analyses are done on an intact tis-
sue architecture and hence enable a better interpretation
of flow cytometric results of treatment-induced alterations
within different topohistological regions in solid tumors.
Moreover, the technique provides the basis for 3D recon-
struction of the cellular activity and heterogeneity of ex-
perimental neoplasms [3]. Studies using the alkaline
comet assay to determine DNA damage after treatment
with different doses of neutrons or gamma rays [4] and for
the detection of hypoxia in individual tumor cells [10]
complement our interests in understanding how to modu-
late the response of tumor cells to ionizing radiation by in-
tervention at the molecular level.

Carrier-bound Radiosensitizers

The cause of failure to locally control solid tumors by irra-
diation is multifactorial and apparently depends on the
number of residual clonogenic cells, intrinsic cellular fac-
tors and the cellular environment. Suboptimal treatment
results occurring in approximately 25% of patients with tu-
mors treated with curative intent has led to a long-standing
interest in the use of drugs which shall increase the re-
sponse of tumors to ionizing radiation. A common problem
with drug therapy of solid tumors is the relatively low up-
take at the target site, combined with side effects to
healthy organs by toxic compounds. The main reasons for
a ambivalent therapeutic response of solid tumors to low
molecular weight anti-cancer drugs are lack of selectivity
and intrinsic cellular resistance. Usually, the compounds
enter both solid tumors as well as normal tissues by free
diffusion throughout the whole body. In addition, rapid drug
inactivation by protein-binding, intrinsic detoxifying path-
ways and rapid renal clearance limit the availability of
these molecules, especially to solid tumors.

An approach to circumvent these problems is to develop
techniques which favor tumor-directed transport. Presently,
two major strategies are being investigated to achieve site-
specific drug delivery involve: (a) active targeting to
ligands with selective affinity for biomolecules (antibodies,
receptors, carbohydrate moieties), and (b) passive target-
ing systems utilizing the unique vasculature of solid tu-
mors. Since it has been shown that macromolecules with a
long circulating half-life are deposited preferentially in solid
tumors, originally referred to as the enhanced permeability
and retention effect (EPR), interest developed in using li-
posomes, nanoparticles, and soluble macromolecules, ob-
tained either from endogenous proteins, e.g. human se-
rum albumin (HSA) or synthetic polymers, e.g. poly[(N-2-
hydroxypropyl)-methacrylamide] (HPMA), as carrier com-
pounds. Although the underlying biological mechanism of
the EPR-effect is still poorly understood, tumor accumula-
tion of long-circulating macromolecules is considered to be
a consequence of structural and functional characteristics

of the tumor vasculature, as well as the lack of effective
lymphatic drainage.

Poly(ADP-ribose) polymerase (PARP; EC 2.4.2.30) is a
chromatin-bound enzyme which is known to regulate chro-
matin structure by poly(ADP-ribosyl)ation of nuclear pro-
teins, to facilitate DNA base excision repair, and to contrib-
ute to cellular recovery following DNA damage. Because
inhibitors of PARP are able to potentiate the cell-killing ef-
fects of some DNA-damaging agents and to inhibit the re-
pair of induced DNA strand breaks, such compounds may
enhance the anti-tumour efficacy of radiotherapy or cyto-
toxic drug treatment. The PARP-inhibitory effects and
radiosensitization of a new compound, 4-amino-1,8-naph-
thalimide (ANI), were examined [8]. We could demonstrate
that at the highest concentration tested for chronic expo-
sure (20 µMol x dm-3), ANI was not cytotoxic and signifi-
cantly potentiates the efficacy of gamma-irradiation. The
level of radiation enhancement was directly proportional to
drug concentration. Survival curves for three cell lines us-
ing 20 µMol x dm-3 ANI revealed sensitizer enhancement
ratios between 1.3 and 1.5. In living cells, ANI was about
1000-fold more potent in inhibiting PARP activity com-
pared with 3-aminobenzamide (3-ABA) [8].

The covalent binding of the low molecular weight PARP-
inhibitors 3-ABA and ANI to an endogenous hydrophilic
macromolecular carrier such as HSA was thought to be a
useful strategy towards improving the pharmacological up-
take in solid tumors. As shown by immunofluorescence
studies, both agents abolished enzyme activity in micro to
nanomolar concentrations when covalently attached to
HSA. Improved cellular uptake, resulting in higher nuclear
concentrations, is the most likely reason for the enhanced
cytotoxicity of the conjugated 3-ABA and ANI compared to
the free drug. Our results demonstrate that higher drug
concentrations in tumor cells can be achieved when poorly
soluble drugs are attached to an endogenous protein such
as albumin. Moreover, in our study, the amount of accumu-
lation within a solid tumor was shown to be inverse depen-
dent on the loading rate. Low 3-ABA molar ratios of 1 or 2
preserved the native conformational structure of HSA, and
in turn, most effectively maintained the natural blood circu-
lation times. As a consequence, the enhanced bioavail-
ability resulted in an improved passive accumulation of
HSA-bound drugs in tumors [11].
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The division was installed in 1998 and is mainly engaged
1. In the construction of tissue specific vectors for thyroid
carcinoma, medullary carcinoma, colon carcinoma and
melanoma (cooperation with D0900),
2. in the detection of gene transfer using nuclear medicine
procedures,
3. the modulation of isotope accumulation in tumors and
4. the development and the monitoring of anti-angiogene-
tic treatment.
Further projects are concerned with the assessment of
metabolic changes during or after treatment (chemothera-
py, radiation therapy and gene therapy) distribution of ra-
diolabeled antisense-oligonucleotides and peptides, radio-
labeled chemotherapeutic drugs, the visualization of apop-
tosis and the development of new radiotracer based thera-
pies. The structure of the division with localization at the
DKFZ and a tight cooperation with the Department of
Nuclear Medicine at the University of Heidelberg delivers
optimal conditions for a combination of molecular biology
or virology with nuclear medicine procedures. Further-
more, a rapid transfer of basic research into clinical prac-
tice is possible.
A non-oncological project deals with essential hyperten-
sion (EH): Compromised autoregulation is readily demon-
strated with radiotracers. Clinical studies are being used to
evaluate an autoregulative disturbance which is apparently
unique to EH, and independent of blood pressure. The
clinical relevance of compromised autoregulation is also
being assessed in renovascular disease and in obstruc-
tion.

Apoptosis and changes in glucose transport
early after treatment of Morris hepatoma with
gemcitabine

U. Haberkorn, A. Altmann, R. Kinscherf*

*Abt. für Anatomie und Zellbiologie III, University of Heidelberg

Apoptosis has been described as an energy-consuming
process. This combined in vivo/in vitro study investigates
the effects of the antineoplastic agent gemcitabine on tu-
mour metabolism and on induction of apoptosis. Dynamic
positron emission tomography (PET) measurements of
18F-fluorodeoxyglucose (FDG) uptake were done in rats
bearing Morris hepatoma prior to and after therapy with
90 mg gemcitabine/kg b.w. Furthermore, thymidine (TdR)
incorporation into the DNA of these tumours was deter-
mined. In vitro measurements of FDG and TdR uptake
were performed immediately and 24 h after the end of
gemcitabine treatment and the amount of apoptotic cells
was determined using the TUNEL reaction. In vivo an in-
crease of FDG transport and phosphorylation occurred
early after gemcitabine treatment, although TdR incorpora-
tion into the DNA of the tumours declined. In vitro, an en-
hanced glucose transport, an increase in TdR uptake in
the cytoplasma and a decrease of TdR incorporation in the
nucleic acid fraction early after treatment occurred. Inhibi-
tion of glucose transport caused an increase in the amount
of apoptotic cells. The increase in glucose uptake and TdR
metabolism early after therapy is interpreted as stress re-
action of the tumour cells, protecting the cells from apop-
tosis during this early period after exposure to cytotoxic
drugs like gemcitabine.

Glucose transport and apoptosis after gene
therapy with HSV thymidine kinase

U. Haberkorn, A. Altmann, R. Kinscherf*
*Abt. für Anatomie und Zellbiologie III, University of Heidelberg

The relation between tumor metabolism and induction of
apoptosis by gene therapy was investigated in a rat Morris
hepatoma (MH3924A) model expressing the HSV thymi-
dine kinase (HSVtk) gene. In vivo the amount of glucose
transporter (GLUT1 and GLUT3 isoforms) expressing cells
was determined in tumors of untreated and treated ani-
mals using immunohistochemistry. In vitro uptake studies
with 2-fluoro-2-deoxy-D-glucose (FDG), 3-O-methylglu-
cose and thymidine (TdR) and a TUNEL (TdT-mediated
dUTP nick end labeling) assay for the assessment of
apoptosis were done immediately and 24 hours after treat-
ment of the recombinant cells with different doses of gan-
ciclovir (GCV). Immunohistochemistry revealed a signifi-
cant increase of GLUT1 in treated tumors which showed
enhanced transport activity for FDG. In vitro the FDG and
3-O-methylglucose uptake increased up to 186 % when
compared to that of the non-treated cells immediately after
incubation with GCV. However, 24 hours later the FDG up-
take declined to its normal level, whereas the accumula-

Clinical Cooperation Unit Nuclear Medicine (E0600)

Head: Prof. Dr. med. Uwe Haberkorn



268

Research Program
Radiological Diagnostics and Therapy

Clinical Cooperation Unit
Nuclear Medicine

DKFZ 2001: Research Report 1999/2000

tion of 3-O-methylglucose remained elevated. The uptake
of TdR which was determined simultaneously decreased
in the acid-insoluble fraction of the cells to 27% and 11%
and increased in the acid-soluble fraction to 229 % and to
167 %, respectively. Employing the TUNEL technique 25%
apoptotic cells were found 24 h after the termination of
GCV treatment. Inhibition of glucose transport by cytocha-
lasin B or competition with deoxyglucose resulted in a 78
% (cytochalasin B) and 88 % (deoxyglucose) decrease of
the FDG uptake in the recombinant hepatoma cells and in
an increase of the apoptotic cell fraction. In conclusion, in-
hibition of enhanced glucose transport in GCV treated
cells increased apoptosis. Therefore, enhanced glucose
transport seems to be part of stress reactions of the tumor
cells dedicated for the prevention of cell death..

Ganciclovir uptake in human mammary
carcinoma cells expressing Herpes Simplex Virus
thymidine kinase.

U. Haberkorn, A. Altmann

Assessment of suicide enzyme activity would have consid-
erable impact on the planning and the individualization of
suicide gene therapy of malignant tumors. This may be
done by determining the pharmacokinetics of specific sub-
strates. We generated ganciclovir (GCV) sensitive human
mammary carcinoma cell lines after transfection with a
retroviral vector bearing the Herpes Simplex Virus thymi-
dine kinase (HSV-tk) gene. Thereafter uptake measure-
ments and HPLC analyses were performed up to 48 hours
in a HSV-tk-expressing cell line and in a wild type cell line
using tritiated GCV. HSV-tk-expressing cells showed
higher GCV uptake and phosphorylation than control cells,
whereas in wild type MCF7 cells no phosphorylated GCV
was detected. In bystander experiments the total GCV up-
take was related to the amount of HSV-tk expressing cells.
Furthermore, the uptake of GCV correlated closely with
the growth inhibition (r=0.92). Therefore, the accumulation
of specific substrates may serve as an indicator of the
HSV-tk activity and of therapy outcome. Inhibition and
competition experiments demonstrated slow transport of
GCV by the nucleoside carriers. The slow uptake and low
affinity to HSV-tk indicate that GCV is not an ideal sub-
strate for the nucleoside transport systems or for the HSV
thymidine kinase. This may be the limiting factor for
therapy success, necessitating the search for better sub-
strates of HSV-tk..

Chemogene therapy with HSVtk and 5-
fluorouracil (5-FU)

S. Jiang

Wild type and HSVtk-expressing Morris hepatoma cells
were incubated with 10 mg 5-FU for 4 h. Thereafter, the
cells were exposed to 0.2 µM ganciclovir for 24 h and the
effects of this combined treatment on proliferation, thymi-
dine uptake and the ganciclovir uptake were measured us-
ing Coulter Counter and 3H-labeled thymidine or ganciclo-
vir. These studies were done up to 48 h after the initiation

of the therapy. The living cell number was 4.8-, 3- and 2.5-
fold less after combination therapy as compared to mono-
therapy with 5-FU or ganciclovir. Control cells showed no
additive effect of the combination therapy. The thymidine
uptake increased 1.7-fold in the acid-soluble fraction with
no significant difference in the acid-insoluble fraction. Fur-
thermore, a 30% increase in ganciclovir uptake was seen
after 5-FU preincubation in both fractions. Therefore, 5-FU
seems to increase the uptake and incorporation of gan-
ciclovir and pretreatment with 5-FU may enhance thera-
peutic efficiency of gene therapy with HSVtk and ganciclo-
vir.

Iodide uptake in human anaplastic thyroid
carcinoma cells after transfer of the human
thyroid peroxidase gene

U. Haberkorn, A. Altmann

The human thyroperoxidase (hTPO) is critical for the accu-
mulation of iodide in thyroid tissues. Poorly differentiated
and anaplastic thyroid tumours which lack thyroid specific
gene expression fail to accumulate iodide and, therefore,
do not respond to 131I therapy. We, therefore, investigated,
whether the transfer of the hTPO gene is sufficient to re-
store the iodide trapping capacity in undifferentiated thy-
roid and non-thyroid tumour cells. The human anaplastic
thyroid carcinoma cell lines C643 and SW1736, the rat
Morris hepatoma cell line MH3924A and the rat papillary
thyroid carcinoma cell line L2 were used as in vitro model
systems. Employing a bicistronic retroviral vector based on
the myeloproliferative sarcoma virus for the transfer of the
hTPO and the neomycin resistance gene the C643 cells
and SW1736 cells were transfected while the L2 cells and
MH3924A cells were infected with retroviral particles.
Seven recombinant C643 and seven SW1736 cell lines as
well as four recombinant L2 and four MH3924A cell lines
were established by neomycin selection. They were stud-
ied for hTPO expression using an antibody based lumines-
cence kit followed by the determination of the enzyme ac-
tivity in the guaiacol assay and of the iodide uptake capac-
ity in presence of Na125I. Genetically modified cell lines ex-
pressed up to 1800 times more thyroperoxidase as com-
pared to wild type tumour cells. The level of hTPO expres-
sion varied significantly between individual neomycin re-
sistant cell lines suggesting that the recombinant retroviral
DNA was integrated at different sites of the cellular ge-
nome. The accumulation of iodide, however, was not sig-
nificantly enhanced in individual recombinant cell lines ir-
respective of low or high hTPO expression. Moreover,
there was no correlation between hTPO expression and
enzyme activity in individual cell lines. The transduction of
the hTPO gene per se is not sufficient to restore iodide
trapping in non-iodide concentrating tumour cells. Future
studies have to concentrate on the possible expression of
enzymatically active proteins or the transfer of multiple
genes involved in iodide trapping.
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Transfer of the human sodium iodide symporter
gene enhances iodide uptake in hepatoma cells

U. Haberkorn, A. Altmann

The characteristic feature of thyroid cells to take up iodide
enables benign thyroid diseases and differentiated thyroid
carcinoma to be successfully treated with radioiodide
therapy. The transport of iodide across the cell membrane
is mediated by the sodium iodide symporter (hNIS). We,
therefore, investigated whether the accumulation of iodide
may be induced by the retroviral transfer of the hNIS gene
in non-thyroid tumor cells. Employing a bicistronic retro-
viral vector for the transfer of the hNIS coding sequence
and the hygromycin resistance gene rat Morris hepatoma
(MH3924A) cells were infected with retroviral particles and
32 hNIS expressing cell lines were generated by hygromy-
cin selection. After incubation of the genetically modified
and wild type hepatoma cells as well as the rat thyroid cell
line FRTL5 with Na125I the uptake and the efflux of iodide
was determined. In addition, the iodide distribution in rats
bearing wild type and the genetically modified hepatomas
was monitored. Genetically modified MH3924A cell lines
accumulated up to 235 times more iodide when compared
to non-infected hepatoma cells. The maximal iodide up-
take in the cells was observed after 60 minutes incubation
time. Competition experiments in the presence of sodium
perchlorate revealed a dose dependent decrease of the io-
dide uptake (87% to 92%). Moreover, FCCP led to a loss
of accumulated I- (32%) whereas DIDS increased the I- up-
take into the cells (22%). However, a rapid efflux of the ra-
dioactivity (80%) was observed during the first 10 minutes
after 125I- containing medium had been replaced by non-ra-
dioactive medium. In rats, the hNIS-expressing tumors ac-
cumulated six times more iodide when compared to the
contralateral wild type tumor as monitored by scintigraphy.
The ex vivo quantitation of the iodide content performed 1
hour after tracer administration in 1g tumor tissue revealed
a 17-fold higher iodide accumulation in the genetically
modified tumors. In accordance with the in vitro data we
also observed a rapid efflux of the radioactivity out of the
tumor in vivo. The transduction of the hNIS gene per se is
sufficient to induce 125I- transport in Morris hepatoma cells
in vitro and in vivo. With regard to a therapeutic applica-
tion, however, additional conditions need to be defined
which inhibit the iodide efflux out the tumor cells.

Tissue specific gene expression in medullary
thyroid carcinoma cells employing calcitonin
regulatory elements and AAV vectors

S. Jiang

The calcitonin (CT) gene is expressed in thyroidal C-cells
and in neoplastic cells derived from them. To investigate
the role of the CT gene regulatory sequences in the tissue
specific gene expression in medullary thyroid carcinoma
(MTC) cells the CT promoter (CT266) region alone or with
enhancer elements (Ctenh) or the cytomegalie virus
(CMV) promoter were cloned upstream the genes coding
for the Herpes simplex virus thymidine kinase (HSVtk)
and G418 resistance coupled by an internal ribosomal en-

try site leading to the adeno associated virus (AAV) con-
structs rAAV/CT266tkneo, rAAV/CTenhtkneo and rAAV/
CMVtkneo. 3H-ganciclovir (GCV) uptake experiments re-
vealed HSVtk activity after infection with rAAV/CT266tkneo
particles in the CT expressing TT and hMTC cells and low
GCV accumulation in HeLa cells. cAMP treatment of TT
cells increased the GCV uptake up to 20%. Upon GCV
treatment a significant but less tissue-specific growth inhi-
bition of TT cells transiently infected by rAAV/CT266tkneo
particles (74.5% growth inhibition) and of the stable HSVtk
expressing cell line TT/AAV/CT266tkneo-7 (55% growth
inhibition) was observed while the proliferation of TT cells
transiently infected by rAAV/Ctenhtkneo (33.6% growth in-
hibition) or the stable cell line TT/AAV/Ctenhtkneo-16
(38.1% growth inhibition) was effected less but more tis-
sue-specific.

Transferred by rAAV vectors both, the CT promoter and
enhancer elements are required to confer tissue-specific
but low suicide gene expression to MTC. Therefore, we in-
vestigated the effects of viral vectors with enhancer ampli-
fication on the expression of the HSVtk gene in medullary
thyroid carcinoma (MTC) cells. Three CT enhancer frag-
ments and tissue-specific elements (EtsE2) were linked to
the CT promoter upstream of the HSVtk gene
(rAAV3×CTenhCTHSVtk). At 44 h after infection of HeLa
cells and rMTC 6-23 cells (rat medullary thyroid carci-
noma) with this construct and a construct bearing a single
CT enhancer element (rAAVCtenhHSVtk) the cells were
pulsed with 3H-GCV for 6 h. Furthermore, a 3H-thymidine
(3H-TdR) incorporation assay was performed after treat-
ment with 12.5 µM GCV for 2 h. The radioactivity in the
acid-insoluble fraction of the cells was counted and nor-
malized to the viable cell number. The 3H-GCV uptake in
rMTC 6-23 cells infected with rAAVCtenhHSVtk was 2.4-
fold higher than that in HeLa cells. After infection of rMTC
6-23 cells with rAAV3×CTenhCTHSVtk the 3H-GCV uptake
increased up to 17-fold of that in HeLa cells, whereas no
significant difference between both tissue specific con-
structs was observed in infected HeLa cells. 3H-TdR incor-
poration in rMTC 6-23 cells infected with
rAAV3×CTenhCTHSVtk decreased to 2% of cells without
infection whereas the 3H-TdR incorporation in cells in-
fected with rAAVCtenhHSVtk decreased to 79.4% of the
controls. The multi-enhancer elements of calcitonin not
only significantly enhance HSVtk gene expression but also
maintain a high tissue-specificity as shown by their effects
on ganciclovir and thymidine uptake. These tissue specific
effects should be detectable in vivo using the correspond-
ing radiolabeled compounds.

Uptake of a 123I anti-epidermal growth factor
receptor (EGF-R) antibody in head and neck
squamous cell carcinoma (HNSCC)

J. Hoffend, J. Nollert*, A. Dietz*, F.X. Bosch*, H.J.
Arens**, M. Eisenhut and U. Haberkorn

*University of Heidelberg, Heidelberg; **Merck KGaA, Darmstadt

The human EGF-R is overexpressed in HNSCC and is a
possible target molecule for immunotherapy. In view of this
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therapeutic option we investigated whether a labeled anti
EGF-R antibody accumulated in advanced HNSCC in vivo.
Twohundred mg of the humanized anti-EGF-R antibody
EMD 72000 (Merck KGaA, Germany) were labelled with
400 MBq 123I using a commercial kit (Iodogen®). After i.v.
infusion of 123I-EMD 72000 planar whole body scans and
SPECT images of the head and neck were acquired im-
mediately, 4 h, 24 h, and 48 h later, respectively. Tumor to
background ratios were determined from the SPECT im-
ages by ROI analysis of the primaries and eventual lymph
node metastases (LN mets). In the whole body scans de-
cay-corrected count rates were determined of the whole
body and from ROIs over the liver, lower abdomen and the
heart. If sufficient material was obtained, tumor biopsies
were additionally stained for the EGF-R using a commer-
cial antibody (Dianova®). We imaged 9 patients with histo-
logical proof of HNSCC (1 patient stage III, 8 patients
stage IV). Immunohistology was feasible in 6 patients and
demonstrated EGF-R overexpression in all of them. The
primaries of all 9 patients showed progressive uptake of
123I-EMD 72000 with a plateau at 24 h p.i.(cf. Table). In 5
patients lymph node metastases and in one patient a pul-
monary metastasis were identified. Planar images re-
vealed a slow decrease of whole body, liver and heart
countrates, while bowel count rates remained unchanged
until 48 h p.i. 123I-EMD 72000 shows significant uptake in
human HNSCC in vivo and is thus principally suited for im-
munotherapy or radio-immunotherapy. 123I-EMD 72000
may also be used for diagnosis,the optimal time for imag-
ing seems 24 h p.i.

Tumor to background ratios with 123I-EMD 72000
in HNSCC

0 h p.i. 4 h p.i. 24 h p.i. 48 h p.i.

Primaries 1.74 ± 0.5 2.35 ±1.1 2.88 ± 0.9 2.80 ± 0.9

LN mets 2.10 ± 0.6 2.13 ± 0.9 2.72 ± 0.8 2.77 ± 1.2

68GA-DOTA0-D PHE1-TYR3-OCTREOTIDE
(DOTATOC): A new PET-ligand for imaging
somatostatin receptors in menningiomas

M. Henze, J. Schuhmacher, P. Hipp*, J. Kowalski*,
D.W. Becker, H.R. Maecke**, J. Debus and
U. Haberkorn

*University of Heidelberg, Heidelberg; **University Hospital Basel,
Basel, Switzerland

As shown by RT-PCR and 111In-DTPAOC SPECT, menin-
giomas express somatostatin receptors (SSTR) subtype 1
and 2. Because of the increased spatial resolution and the
ability of absolute quantification, a PET-ligand for SSTR-
imaging would be desirable. We labeled the recently de-
veloped somatostatin analogue DOTATOC (hSSTR2: IC50

= 14 nM) with the generator radionuclide 68Ga. Prior to ste-
reotactic radiotherapy, dynamic PET-scans (ECAT EXACT
HR+; 3D-Mode; OSEM reconstruction) over 120 min after
i.v. injection of 175 MBq 68Ga-DOTATOC in 8 meningiomas
(WHO I°; ∅  7 - 25 mm) were acquired. In order to match
PET-, CT- and MRI-datasets, patients heads had been
fixed using individually shaped fibre masks, equipped with

an external stereotactic localizer system (30 MBq 140Nd /
140Pr). Venous blood samples were drawn at 5, 10, 30, 60,
90 and 120 min p.i. About 80% of the 68Ga-DOTATOC was
rapidly cleared from blood due to extravasation (t½ α = 3.5
min). Renal clearance of the compound showed a t½ β of
63 min. SUV in meningiomas as well as in pituitary glands
increased rapidly after injection. At 20 minutes p.i. the
mean SUV reached 6.6 for meningiomas and 4.7 for pitu-
itary glands. In meningiomas, highest SUVs ranging be-
tween 3.0 and 24.9 (mean 7.8) were found at a plateau
between 60 and 120 min p.i.. Due to intact blood brain
barrier, there was no accumulation of 68Ga-DOTATOC in
the surrounding normal brain tissue. All meningiomas,
even the 3 smallest (∅  7 - 8 mm) showed high uptake and
could clearly be visualized. Tracer boundaries showed a
good correspondence with the matched CT and MR scans.
PET provides valuable additional information regarding the
extend of meningiomas located beneath osseous struc-
tures, especially at the skull-base. According to our initial
experiences in a limited number of patients, 68Ga-
DOTATOC seems to be a promising new PET ligand for
imaging somatostatin receptors even in small meningio-
mas. It offers excellent imaging properties and high tumor /
background ratios. Labeling of the ligand with 68Ga is easy
to perform and generator production of 68Ga may ensure
its continuous availability.

Pretreatment evaluation of the hypopharynx and
larynx carcinoma with 18F-fluorodeoxyglucose
(FDG), 123I-[ααααα]-methyl-tyrosine (IMT) and 99mTc-
sestamibi (MIBI)

M. Henze, A. Mohammed*, W. Mier*, V. Rudat***, A.
Dietz**, J. Nollert**, M. Eisenhut, U. Haberkorn

* Dept. of Nuclear Medicine, University of Heidelberg; ** Dept. of
Ear Nose and Throat Surgery, University of Heidelberg; ***Dept.
of Radiotherapy, University of Heidelberg

Monitoring new organ-preserving radiochemotherapy ap-
proaches with laryngoscopy, CT and MRI is difficult be-
cause of the therapy-induced edema. FDG-PET while
helpful, is only available in selected centers. Therefore,
SPECT-tracers would be desirable if they demonstrate a
reliable tumor uptake prior to therapy. This multitracer
study was to evaluate the pretherapeutic uptake of the
SPECT-tracers 123I-α-methyl-L-tyrosine (IMT) and / or
99mTc-hexakis -2-methoxyisobutylisonitrile (99mTc-sestamibi)
in carcinomas of the hypopharynx / larynx and compare
the results to 18F-2-fluoro-2-deoxy-D-glucose (FDG) PET.

We examined 22 fasted patients (20 male, 2 female, mean
age 60.5 ± 10.2 years) with histologically confirmed carci-
noma of the hypopharynx (n=9) and larynx (n=13) one
week before therapy. In 20 patients a dynamic cervical
PET scan was acquired after i.v. injection of 232 ± 43 MBq
18F-FDG. Data analysis was semiquantitative being based
on standardized uptake values (SUV) obtained from 60 to
90 min after injection. After injection of 570 ± 44 MBq
99mTc-sestamibi, cervical SPECT scans (high-resolution
collimator, 64 × 64 matrix, 64 steps 40 sec each) were ob-
tained in 19 patients, 15 and 60 min after tracer injection.



271

Research Program
Radiological Diagnostics and Therapy

Clinical Cooperation Unit
Nuclear Medicine

DKFZ 2001: Research Report 1999/2000

Finally 15 min after injection of 327 ± 93 MBq 123I-IMT (me-
dium-energy collimator, 64 × 64 matrix, 64 steps 40 sec
each) SPECT scans were acquired in 15 patients. All im-
ages were analyzed visually and by calculating the tumor
to nuchal muscle ratio. 18/20 (90%) carcinomas showed
an increased glucose metabolism, with a mean SUV of 8.7
and a  mean carcinoma to muscle  ratio of 7.3. The amino
acid transport was increased in 13 of 15 (87%) patients,
who had a mean carcinoma to muscle ratio of 2.9. Only 13
of 19 (68%) carcinomas revealed a pathologic sestamibi
uptake, with a mean tumor to muscle ratio of 2.2. There
was no significant difference between early and late
sestamibi-SPECT images (p = 0.23). In the primary diag-
nosis of hypopharynx-/ larynx- carcinomas IMT-SPECT
had a sensitivity comparable to FDG-PET. IMT was clearly
superior to sestamibi-SPECT in this population. A further
evaluation of the specificity of IMT appears justified to
monitor new organ-preserving therapies used to treat the
studied malignancies.

Functional breast imaging: Comparison of F-18
fluorodeoxyglucose (FDG) PET and
pharmacokinetic MR mapping (DMRI)

M. Henze,  G. Brix*, M.V. Knopp, R. Lucht*, J. Doll,
H. Junkermann, H. Hawighorst, U. Haberkorn
* Department of Medical Radiation Hygiene, Federal Office for Ra-
diation Protection, Neuherberg

Fourteen women with breast nodules clinically suggestive
of carcinomas were examined. After i.v. administration of
150-220 MBq FDG, emission data using an ECAT EXACT
HR+ scanner were measured for 20 min/position in the
prone position with breasts freely pending. After perform-
ing all corrections, data were rebinned into 2D sonograms,
reconstructed with an ultra-fast iterative 2D algorithm and
superimposed onto corresponding transmission images to
improve anatomical localization. DMRI data were acquired
with a Gd-DTPA enhanced Saturation-Recovery-Turbo
FLASH sequence using a 1,5 Tesla whole-body-MR. Dy-
namic data were analyzed using a pharmacokinetic two-
compartment model. In the 14 patients, 13 primary breast
lesions with a suspicious Gd and / or FDG uptake were
detected. For these lesions, we found no significant corre-
lation between MR parameters (exchange rate constant
k21, elimination rate kel, amplitude A) and PET parameters
(standard uptake value). Of the 9 histologically confirmed
carcinomas, 8 were correctly classified by DMRI and PET.
With both techniques, a small carcinoma (∅ =8mm) could
not be localized. Falsely, two inflammatory lesions were
classified as carcinomas. In 6 patients PET additionally
detected lymph node and / or distant metastases as well
as a formerly unknown additional lung carcinoma. The
quantitative analysis of DMRI and FDG-PET revealed that
both functional imaging techniques provide independent
functional information on primary breast lesions. FDG-PET
proves to be just slightly superior to DMRI in characteriz-
ing  primary breast lesions. Its major advantage is the ad-
ditional ability to detect lymph node and distant metas-
tases.

Differentiation of progressive low grade
astrocytoma (LGA) from radiation injury (RI):
Comparison of 18F-fluorodeoxyglucose (FDG),
123I-ααααα-methyl-tyrosine (IMT) and 99MTC-MIBI

M. Henze, H. Schlemmer, K. Herfarth,
A. Mohammed*, W. Mier*, M. Eisenhut, J. Debus and
U. Haberkorn

* Dept. of Nuclear Medicine, University of Heidelberg

CT and MRI often fail to distinguish progressive tumor
(PT) from RI. A drawback of FDG PET is its limited sensi-
tivity due to high cortical uptake. Our aim was to assess
the role of alternative SPECT tracers in the same patients.
35±21 mo after stereotactic radiotherapy (59±4 Gy) of
LGA (median WHO II), we examined 17 patients present-
ing 26 Gd-DTPA-enhancing lesions on MRI. Lesions were
classified as PT (n=16) and non-tumor (NT; n=10) based
on prospective follow-up (clinically, MRI, 1H MRS) for
28±10 mo after PET / SPECT. In all patients, we acquired
PET scans (ECAT EXACT HR+, 3D mode) 60 min p.i. of
210 MBq FDG. Lesion / normal ratios (L/N) were calcu-
lated based on standard uptake values of the lesion and
the contralateral gray matter. In 15 patients, MIBI SPECTs
were started 15 and 60 min p.i. of 700 MBq. IMT scans
were acquired in all patients 15 min p.i. of 285 MBq. For
SPECT examinations (MULTISPECT2; 64x64 matrix; 64
steps 40 sec each; collimators: HR for Mibi, ME for IMT),
L/N-ratios were calculated using a mirrored reference ROI
contralateral. Results are given in the table. Sensitivities
and specificities are based on the optimum cut-off values
(PET 0.8; SPECT 1.3). For all tracers, significantly higher
L/N-ratios were found in PT as compared to NT (IMT:
p<0.00002, FDG: p<0.0002, Mibi: p<0.05). Contrasting to
MIBI which showed a wide overlap between groups, IMT
had a specificity which was comparable to FDG and had
an even higher sensitivity. In the follow-up of irradiated
LGAs, IMT is considered as a useful SPECT-tracer for dif-
ferentiating PT from non-neoplastic lesions.

FDG PET IMT SPECT MIBI SPECT

Sensitivity 82% 94% 57%

Specificity 100% 90% 78%

PT-group: L/N (mean± s.d.) 1.1 ± 0.5 1.8 ± 0. 4 3.9 ± 2.8

NT-group: L/N (mean ± s.d.) 0.5 ± 0.1 1.1 ± 0.2 1.7 ± 1.7
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Pathophysiologic studies of a disturbed
autoregulation

J.H. Clorius, S. Haufe

Sixty percent of all patients with essential hypertension
(EH) appear to develop a transitory disturbance of auto-
regulation during exercise. The disturbance was recog-
nized with exercise renography, an intervention which in-
duces retention of Tc-99m MAG3, and the PAH analog hip-
purate, in the tissue of the kidney. This tissue retention
was considered a sign of compromised autoregulation.
Since GFR is compromised during a disturbed autoregula-
tion secreted tracers are retained in the tubular lumen.
This interpretation was supported by clearance determina-
tions during exercise using 111In-DTPA for determination of
GFR, and 131I-hippurate for estimation of effective renal
plasma flow (ERPF). These clearance examinations dem-
onstrated a pronounced reduction of both GFR and filtra-
tion fraction (FF) during the intervention with exercise.
Since the exercise-mediated disturbance occurred with
blood pressure in the autoregulatory range, the results in-
dicated that autoregulation is compromised in large subset
of patients with EH.

To determine whether the autoregulatory disturbance is
also present while patients with EH rest, we grouped EHs
into two subpopulations, those with evidence of the auto-
regulatory abnormality during exercise, and those with an
intact autoregulation. Resting sequential clearance exami-
nations showed that EHs with exercise-mediated afferent-
efferent vessel dysfunction, also had pronounced fluctua-
tions of the GFR and FF while resting. This failure of the
kidney to maintain a stable FF was not seen in normoten-
sive individuals. It is hypothesized that the variable GFR
initiates an abnormally high renin secretion in the dysregu-
lating nephrons.

Renal functional compromise is a serious complication in
specific subpopulations with EH (e.g. blacks, diabetics),
and a serious but infrequent consequence of disease in
the hypertensive population at large. We therefore asked
the question whether disturbed autoregulation may result
in a morphologic restructuring of the kidney in EH. An ear-
lier preliminary investigation had indicated that renal func-
tion is more frequently reduced in patients with EH and a
bilateral-abnormal exercise renogram, than in those with-
out this functional disturbance. Three additional studies at-
tempted to clarify the potential relevance which a dis-
turbed autoregulation has for renal function and morpho-
logic reorganization. In patients with renovascular disease
(RVD), in piglets with surgically induced obstruction, and in
patients with obstructive disease, renal function examina-
tions with Tc-99m MAG

3 were  used to assess the integrity
of autoregulation. It was postulated that a disturbed auto-
regulation would result in a loss of renal function if surgical
intervention failed to correct the disturbance. When sur-
gery normalized renal autoregulation, it was predicted that
renal function would increase in the involved organ. Final-
ly, kidneys with intact autoregulation were expected to
maintain their function with and without surgical interven-
tion. The studies have been exceptionally predictive. It be-

came possible to identify patients with RVD and with ob-
struction who would profit functionally from intervention. In
the animal study it was possible to predict which organs
would show a reduction in function, since surgery was not
available to the organs at risk. Neither scintigraphy with
Lasix stimulation in obstruction, nor captopril intervention
in RVD were able to predict these functional responses of
the kidney.
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The Research Program „Applied Tumor Virology“ (ATV) fo-
cuses on the role of viruses in human cancer diseases, the
mechanisms of virus-induced neoplastic transformation
and host defense reactions against viral oncogenesis.
Special interest lies in the relations of human
papillomaviruses with genital, oropharyngeal and skin can-
cers, and of hepatitis B and C viruses with hepatomas. In
particular, the regulation of viral gene expression by cellu-
lar factors and the interaction of virally encoded onco-
proteins with cellular growth regulators are studied. This
fundamental research is accompanied with the develop-
ment of novel tools for the diagnosis, prevention and treat-
ment of tumor virus infections and diseases. Innovative
treatments include gene therapy approaches on which em-
phasis is laid in the ATV Program through the production
and validation of new virus-based vectors and effector
genes. Vector-oriented research concerns more particu-
larly the assessment and optimization of the capacity of
helper-dependent and independent parvoviruses,
polyomaviruses, spumaviruses and lentiviruses for foreign
gene transduction and expression. Attempts are also
made at elaborating effector genes, the products of which
can potentially be used to control papillomavirus, HIV and
prion infections, or to sensitize cancer cells to radio-/che-
motherapeutic agents.

The Tumor Virology Division has continued its research
in the field of „biological antitumor strategies“. These strat-
egies comprise: (A) the therapeutic use of parvoviruses,
and (B) the specific blocking of cellular DNA repair mecha-
nisms.
(A) Helper-dependent and independent parvoviruses are
being investigated to determine their potential as antitumor
effectors and as vectors for gene therapy. Basic research
in this direction is essential to maximize the tumor cell-
specific parvoviral attack. In this respect the molecular
mechanisms determining the intracellular oncotropism of
autonomous parvoviruses as well as the cytotoxic func-
tions of the viral proteins are of major interest. The applied
research includes optimization of vector packaging sys-
tems as well as the analysis of certain antitumor genes for
the production of recombinant parvoviruses with antineo-
plastic potential.
(B) Infection of various human tumor cells with adeno-as-
sociated virus (AAV) was found to increase the sensitivity
of the tumor cells to cytostatic drugs and radiotherapy in
vitro and in vivo, and may revert resistance to chemo-
therapy. The molecular mechanisms involved in this phe-
nomenon have been characterized further and examined
for their therapeutic potential. In addition, the infectiology
of the natural infection with AAV is studied to gain informa-
tion on natural target tissues for these viruses and to as-
sess potential pathological effects. Another method of sen-
sitizing cells to the effects of DNA mutagens involves the
expression of a dominant negative mutant of the poly
(ADP-ribose) polymerase enzyme, which in its normal form
recognizes DNA strand breaks and leads to the synthesis
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of  protein-linked poly ADP-ribose. The mechanisms in-
volved have been investigated and the results obtained
provide a sound basis for further developing this approach
towards antitumor gene therapy.

A major interest of the Division of Genome Alterations
and Carcinogenesis concerns the molecular mechanisms
by which human papillomaviruses (HPV’s) transform and
malignize cells, and aims at the development of strategies
to diagnose, prevent and reverse this process. These stra-
tegies include therapeutic and preventive vaccines against
HPV as well as ribozyme and antisense approaches for
potential treatment and suppression of aberrant and
pathogenic gene expression. Our further interest concerns
the replication of HIV-1 with an emphasis on glycoprotein
incorporation into HIV-1 particles and targeting of lentiviral
vector particles.

The Division of Tumor Virus Immunology is presently
changing its structure. PD Dr. Frank Rösl has been nomi-
nated as provisional head of this division. His group is pre-
dominantly engaged in the analysis of the intra- and inter-
cellular regulation of persisting high-risk human papilloma-
viruses. Another research aspect is the study of the bio-
logical effects of cytokines and chemokines in certain tu-
mor virus-host cell systems. Furthermore, a new section,
headed by Dr. Martin Müller has also been established.
His group is mainly performing structural and functional
analyses of papillomavirus capsid proteins. Another inde-
pendent research group, “Mechanisms of pathogenesis of
tumor virus infections“ is headed by Prof. Dr. Dr. h.c. mult.
Harald zur Hausen. The activities encompass several
small groups who find a platform for their own develop-
ment into independent units. Priorities are functional as-
pects of viral oncoproteins, their interaction with host cell
factors and the development of new diagnostic and pre-
ventive tools in the control of tumorvirus infections.

Subject of research in the Division Virus-Host-Interac-
tions is the role of papillomaviruses (HPV) and of the
Hepatitis B virus (HBV) in the genesis of cervical cancer
and liver carcinoma, respectively. A focus is on oncopro-
teins and potentially oncogenic proteins expressed by
chromosomally integrated and free viral DNA. For HPV,
the emphasis is on the regulation of the transcription of E6
and E7 and on the analysis of E6 function, for HBV, on the
identification of stages of the chronic infection critical for
hepatocarcinogenesis. In addition, new strategies are de-
veloped to interfere with the growth of cervical carcinoma
cells, to inhibit HBV replication, and to improve the diagno-
sis of HBV infection. Alterations of chromosomal DNA at
the site of HPV DNA integration are being described aim-
ing at the identification of cellular genes critical for main-
taining the normal, untransformed phenotype.

The Division for Tumorvirus Characterization analyzes
the role of viruses in human cancer development. The ma-
jority of studies aim at the characterization of novel tumor-
virus types and at the analysis of viral/host cell protein in-
teractions. The division has recently been able to identify
an additional 37 novel human papillomavirus (HPV) geno-
types, mainly from squamous cell carcinomas of the skin,
the aerodigestive tract and the esophagus, but also from
normal skin biopsies. During the past year 70 novel TT vi-
rus genotypes have been partially characterized - their po-
tential role in the stimulation of cell growth remains to be
investigated. Degenerate primers have been developed
and used for searching for the polyoma- and herpes-
groups of viruses in human tumors. In addition, the mole-
cular mechanism by which cutaneous HPV types, intracel-
lular regulatory components and cytokines interact in ma-
lignant cells will continue to be the focus of special inter-
est. Examination of the interaction between viral onco-
proteins and cellular factors led to the discovery of a ubi-
quitin-dependent proteolysis system and additional pro-
teins that were able to bind to this complex.

The goals of the research being carried out within the Divi-
sion of Retroviral Gene Expression are to better under-
stand the mechanisms of gene expression employed by
the human spumaretrovirus (HSRV) as well as the inter-
action of HSRV proteins with the host cell and changes
resulting from these interactions. The viral transactivator
induces the expression of distinct sets of human genes
including those of the imprinted genes insulin-like growth
factor and cyclin-dependent protein kinase inhibitor,
p57Kip2. The aim is to explore the mechanisms of trans-
activation. In the long term, novel vectors from which
larger coding regions can be expressed - compared to
standard retroviral systems - will be used in gene transfer
experiments.
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Besides tumor-inducing viruses, there are also viruses
which can exert an anticancer surveillance. The Division
focuses its research activities on viruses that belong to the
latter class and are members of the Parvoviridae family.
The oncosuppressive effect of parvoviruses can be traced
back, at least in part, to their capacity for inducing the
death or differentiation of neoplastic cells. In addition,
some of these agents have the intriguing ability to sensi-
tize tumor cells to genotoxic agents used for cancer
therapy. The underlying mechanisms and potential appli-
cations of these activities of parvoviruses are main topics
of interest in the Division. Furthermore, the biological prop-
erties of parvoviruses make them promising vectors for the
transduction and expression of therapeutic genes in de-
fined target tissues, in particular neoplastic lesions. This
leads the Division to develop parvovirus-based vectors
and to search for novel effector genes (e.g. tumor cell ra-
dio/chemosensitizers) that could be applied to cancer
gene therapy.

Division Tumor Virology  (F0100)

Head: Prof. Dr. Jean Rommelaere
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The group constitutes a joint research Unit of the DKFZ
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cherche Médicale U375).

In cooperation with: J. M. Almendral del Rio, Universidad Autó-
noma, Madrid, Spain; P. Caillet-Fauquet and S.Mousset, Univer-
sité Libre de Bruxelles, Brüssel, Belgium; D. Stéhelin, J.Y.
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D’Abramo, Yale University School of Medicine, New Haven, USA;
J. Van Damme and G. Opdenakker, Katholieke Universiteit
Leuven, Belgium; S. D. Xiao, Shanghai Second Medical Univer-
sity, P.R. China; J. Tal, Ben Gurion University of the Negev, Israel;
S. Sozzani and A. Vecchi, Mario Negri Institute, Milan, Italy; K.
Wayss, Division of Embryology, DKFZ; H.J. Gröne, Division of
Cellular and Molecular Pathology, DKFZ; W. Stremmel, University
of Heidelberg, Heidelberg; P.R. Galle and M. Moehler, University
of Mainz, Mainz; R. Bischoff, Division of Molecular Biology of Mi-
tosis, DKFZ ; C. Grund, Division of Cell Biology, DKFZ; S. Lampel
and P. Lichter, Division of Organization of Complex Genomes,
DKFZ; Maria Jose Gancedo, Instituto de Investigaciones
Biomedicas, Madrid, Spain; J.Y. Cesbron, Université Joseph Fou-
rier, Grenoble, France; J.L. Laplanche, Hôpital Lariboisière, Paris,
France; M. Fornerod and I. Mattaj, European Molecular Biology
Laboratory, Heidelberg.

1) Parvovirus oncotropism
The oncotropism of autonomous parvoviruses can be re-
produced under cell culture conditions. Thus, a number of
in vitro transformed or tumor-derived cell lines, proved to
be more sensitive to parvovirus propagation and cell killing
than their corresponding non-transformed counterparts.
Detailed analyses of such cell systems demonstrated that
multiple steps necessary for progeny virus production are
stimulated upon transformation and hence contribute to
the oncotropism of autonomous parvoviruses. While up-
take of incoming infectious particles seems not to be a lim-
iting step in non-transformed cells, consecutive steps
(such as the conversion of the single-strand genome to a
double-strand transcription template, the production of vi-
ral proteins and the amplification of viral DNA) are en-
hanced after transformation.

Conversion of the single-strand virion DNA to a covalently
closed duplex form after uncoating, a process entirely de-
pendent on cellular components, was reproduced in vitro
using extracts of synchronized cells. This initial replication
step proved to be achieved by DNA polymerase δ and
controlled by cyclin A but not cyclin E, accounting for its
coupling with the host cell S-phase [1]. In addition, we
were able to demonstrate the presence of cyclin A together

with cellular DNA polymerases and the viral replicator pro-
tein NS1 within novel subnuclear structures that are spe-
cifically associated with parvovirus DNA replication and the
replicator protein NS1 [Bashir et al., submitted]. Since the
conversion reaction can serve as a model for cellular lead-
ing-strand synthesis, current investigations are aimed at
identifying additional components associated with the rep-
lication complex, in particular for their role in cell cycle
regulation.

Further steps, in particular amplification of the viral DNA
and capsid protein expression, require the viral non-struc-
tural protein NS1, a multifunctional polypeptide involved in
multiple processes necessary for progeny virus produc-
tion. The NS1 protein is encoded by a transcription unit
that is controlled by the early P4 promoter located, at least
in part, within the left-end hairpin of the virion DNA. Exten-
sive studies in our department have identified multiple
transcription factor-binding sites regulating the expression
of the parvoviral non-structural proteins. Using parvovirus
vectors carrying specific mutations within the P4 promoter
region, it was shown that a critical amount of NS1 protein
is necessary to promote a productive infection [2]. This is
achieved through transcription factors E2F and ATF/
CREB, which ensure maximal activity of the P4 promoter
in the S-phase of the cell cycle [3]. P4 induction thus con-
stitutes an additional control, besides the conversion reac-
tion, to restrict virus propagation to the replicative phase of
the cell cycle. This leads us to consider the transcriptional
modulation of NS1 expression through P4 modification as
a way of targetting recombinant autonomous parvoviruses
designed for gene therapy approaches.

Besides gene expression, the amplification of parvovirus
DNA is enhanced in many (pre)neoplastic cells. By means
of a cell-free replication system using extracts from trans-
formed and non-transformed cells, we were able to show
that replication reactions initiated at the right-end origin
were dependent on factors induced after transformation
with SV40 large T antigen [4]. In order to unravel this regu-
lation, we further characterized the process of replication
initiation at the right-end origin at the molecular level. This
should allow us to determine whether cellular cofactors,
such as HMG (which is essential for nicking and is highly
expressed in transformed cells) or the transcription factor
NF-Y (which becomes altered in transformed cells [5], play
a role in this transformation-dependent replication reac-
tion.

Since NS1, the major non-structural protein of autono-
mous parvoviruses, is required for multiple processes
necessary for virus propagation, it is a prime candidate for
regulation in response to neoplastic transformation. Be-
sides viral DNA amplification, NS1 controls transcription
and is the main cytotoxic effector of parvoviruses. We first
showed that NS1 is differentially phosphorylated in the
course of a viral infection [6], suggesting that the various
activities of NS1 are modulated according to the phospho-
rylation state of the polypeptide. Moreover, in vitro analy-
ses provided direct evidence for the regulation of NS1 rep-
licative functions by phosphorylation, and revealed that the
biochemical profile of the protein is modified by distinct
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phosphorylation events. Interestingly, activation of NS1
replicative functions is achieved by members of the protein
kinase C family, in particular atypical PKCλ [7], which
regulates the DNA unwinding activity of NS1 during the ini-
tial nicking reaction at the origin [Nüesch et al., submitted].
By mutagenesis of NS1 at consensus PKC-phosphor-
ylation sites, we were able to selectively inactivate specific
NS1 functions. Thus, it can be assumed that NS1 is
primed for distinct functions depending on its phosphoryla-
tion state. In particular, some NS1 phosphorylation mu-
tants were found to be proficient in replication but altered
in toxicity, suggesting that the cytopathogenicity of parvo-
viruses is also a regulated process [8]. Infectious virus
harbouring such mutant forms of NS1 could be made and
proved to be endowed with either enhanced or reduced
cytotoxic activity. These modified viruses may be of special
interest as vectors for gene therapy applications in which
transduced cells have to be rapidly lysed or, on the contra-
ry, sustain a prolonged transgene expression. In order to
produce such vectors, we are presently developing tools to
inhibit NS1 expression by means of antisense oligonucleo-
tides, and packaging cell lines to propagate recombinant
parvoviruses.

So far, we have identified atypical PKCλ as a crucial pro-
tein kinase enabling NS1 to perform distinct tasks during
virus propagation. However, additional kinases are invol-
ved in the complex regulation of the multifunctional NS1
protein. In order to identify these components, we are cur-
rently investigating the role of different members of the
protein kinase C family in NS1 functioning for both viral
DNA replication and cytotoxicity. Conversely, since virus
infection seems to stimulate PKC activity in the host cell,
we are also pursuing the analysis of the impact of parvo-
viruses on PKC pathways. This investigations should pro-
vide a better understanding of the mechanisms leading to
the cell morphological alterations and lysis induced by au-
tonomous parvoviruses [9]. Since PKCs have been impli-
cated in cell growth, differentiation and transformation, this
protein kinase family might play a crucial role not in the
cell specificity, including oncotropism, displayed by
parvoviruses.

2) Parvoviral and host cell protein interactions
H-1 and MVM autonomous parvoviruses express two
types of nonstructural proteins, NS1 and NS2, which play
a key role in the parvoviral life cycle. The nonstructural
protein NS1 is essential for the initiation of viral DNA repli-
cation and gene expression (see above). Furthermore,
NS1 is the major cytopathic effector of these viruses. It has
been shown that NS2 are strictly required in a host-depen-
dent manner and, in certain human cells, are able to rein-
force the NS1 toxic activity. However, the role played by
the nonstructural proteins NS2 has not been clarified yet.
The aim of our project is to identify cellular partners, which
specifically interact with the NS proteins and to characte-
rize the role played by these protein complexes during
parvoviral replicative and cytotoxic activities.

Using the yeast two-hybrid system, we could identify a
novel cellular protein, the small glutamine-rich tetratrico-
peptide repeat-containing protein (SGT), which interacts

with NS1. The SGT protein is expressed ubiquitously and
genes encoding homologous proteins were found in S.
cerevisiae, C. elegans, rat, and human. SGT is affected by
parvovirus infection or the presence of ectopically expres-
sed NS1 in two ways: (1) the phosphorylation pattern of
SGT is changed and (2) SGT accumulates in specific
nuclear structures where it co-localizes with NS1. We
termed these structures H-1 Parvovirus Associated Repli-
cation (H-1 PAR)-bodies. We showed that these bodies
are specifically induced after infection and are the site of
replication for H-1 virus. They display a characteristic ultra-
structure and are distinct from PML-bodies or any other
known nuclear structures [10]. So far no cellular function
could be assigned to SGT. However, the specific accumu-
lation of SGT in H-1 PAR-bodies argues for the fact that
this cellular protein is involved in parvovirus DNA replica-
tion and/or gene expression.

Using the yeast two-hybrid system to screen a cDNA rat li-
brary, we could also identify a new cellular partner for the
small non-structural proteins NS2, the nuclear export fac-
tor CRM1. We showed that CRM1 preferentially binds to
unphosphorylated NS2. The CRM1 protein belongs to the
importin beta family and is involved in the active nuclear
export of various cellular and viral proteins, as well as in
the export of certain classes of RNA. The CRM1-depen-
dent nuclear export pathway can be specifically inhibited
by leptomycin B. Indeed, cell treatment with leptomycin B
induces a strong accumulation of NS2 in the nucleus of in-
fected cells [11]. The nuclear export of cargo proteins via
CRM1 requires that these cargos: (1) contain a leucine-
rich nuclear export signal (also called NES) which will be
recognized by CRM1, and (2) form a tripartite complex
with both CRM1 and Ran-GTP which will therefore migrate
through the nuclear pore complexes. We recently obser-
ved that the NS2 proteins contain at least one functional
NES located at aa 82-91. Moreover, full length NS2 forms
a native complex with both CRM1 and Ran-GTP. We con-
cluded from these results that unphosphorylated NS2 that
are located in the nucleus, are actively exported out of the
nucleus through a CRM1-mediated pathway. So far, no
function could be assigned to NS2 nuclear trafficking, re-
garding parvovirus life cycle and/or parvovirus-induced cell
disturbances.

Our future objective will be to determine for which steps of
the parvovirus life cycle both NS1-SGT and NS2-CRM1
complexes are required.

3) Identification and analysis of cellular genes
involved in permissiveness/resistance to parvo-
virus infection
With the aim of identifying genes involved in permissive-
ness/resistance to parvovirus infection with relation to
apoptosis and malignant transformation, we are using
cDNA microarray assays to monitor variation of cellular
gene expression profiles after parvovirus H-1 infection of
human leukemia cell line U937 as well as in its RU(1-4)
derivatives isolated on the basis of their resistance to H-1
virus infection. Our first striking observation is the strong
overexpression in U937 vs RU1 and RU2 of the three
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genes MT1, MT1L and MT2 which all belong to the
metallothionein family.

4) European Union yeast genome functional
analysis programme
We contributed to the EU yeast genome functional analy-
sis (EUROFAN) programme. We generated deletion mu-
tants for 30 ORFs [12]. The mutated strains obtained were
deposited into the European Yeast mutant collection
(EUROSCARF, Frankfurt). We also participated to the
characterization of Mth1p [13] and Mmf1p [14] protein
function in yeast.
The results of the functional analysis we performed are
available on the EU Yeast Genome Project server
http://www.mips.biochem.mpg.de/proj/yeast.

5) Recombinant parvoviruses for the gene
therapy of cancer.
One of the main goals of our laboratory consists in exploi-
ting the oncosuppressive activities of the autonomous par-
voviruses by their development and assessment as anti-
cancer agents. Thus, recombinant parvoviruses were pro-
duced which retained the cytotoxic NS proteins-encoding
genes and carried foreign genes (so-called transgenes)
under control of the second viral promoter, which in the
natural virus directs the expression of the capsid proteins.
As a first strategy, it was determined in several tumor mo-
dels whether recombinant parvoviruses (vectors) produ-
cing immune-stimulatory molecules have a stronger anti-
tumor activity than natural (wild-type) viruses. Thus, re-
combinant H1- and MVMp-based recombinant viruses
were produced which carried cDNAs coding for the human
cytokine interleukin 2 (IL-2), the monocyte chemoattractant
protein (MCP) 1 and 3, the murine interferon γ-inducible
protein 10 (IP-10) and the marker gene coding for EGFP
(enhanced green fluorescent protein). These vectors were
produced from newly designed infectious molecular clones
generating titres as high as 2x107 replication units per ml
virus suspension. Unlike the first infectious molecular par-
vovirus clones that were described, these new clones con-
tained a complete origin of parvovirus DNA replication at
the left-hand site of the viral genome, permitting a better
genome replication, and as a consequence higher vector
titres to be achieved. This improvement, together with the
finding that certain sequences in the region of the genome
encoding the capsid proteins influence the packaging
capacity of the recombinant genome, allowed us to pro-
duce vectors with titres which were more than 1000 times
higher than the published ones [15,16].

The formation of HeLa tumors from in vitro-infected cells
was strongly inhibited by IL-2 and MCP-3-transducing H1
viruses in nude mice [17, Wetzel, K. et al. (2001) submit-
ted.]. Conversely, MCP-1 virus did not significantly affect
tumor growth under the conditions used. MCP3-transduc-
ing MVMp virus had a strong anti-cancer effect when it
was repeatedly injected in established melanomas grow-
ing in immunocompetent mice. In contrast, wild-type
MVMp did not show an anti-tumor effect when the same vi-
rus dose was applied. Similarly, the repeated injection of
IP10-transducing MVMp virus strongly suppressed at low
virus inputs (total 2x107 replication units per animal) the

growth of primary endotheliomas and more spectacularly
the generation of metastases from euthymic mice, while
the application of the same dose of wild-type virus did not
stop or delay tumor growth [18]. A series of human
hepatoma-derived cells were found to be susceptible to H1
virus-induced killing (apoptosis) whereas normal hepato-
cytes were resistant. Thus parvoviral vectors carrying anti-
tumor transgenes may be considered as potential thera-
peutic options for the treatment of hepatocellular carcino-
mas [19].

Attempts were also made to reduce the generation of repli-
cation-competent viruses (RCV), which are produced by
recombination of modified molecular clones and helper
plasmids providing the capsid proteins, which are required
for packaging of the recombinant genome. One strategy
consisted in pseudotyping, i.e., MVMp genomes were
encapsidated in H1 virus capsids and vice versa, a proce-
dure that achieved vector titres as high as those obtained
by homologous packaging. The pseudotyping allowed the
frequency of RCV formation to be reduced at least 100
fold.

Altogether, the promising oncosuppressive effects of re-
combinant parvoviruses in several tumor models should
be extended to other tumors and with different cytokines
which should pave the way for their assessment in human
trials [20-22].
This work was supported by the Biotechnology Program of the
European Union (contract Bio4-CT97-2167) and the Bundesminis-
terium für Bildung, Wissenschaft, Forschung und Technologie.
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Adeno-associated viruses (AAV [Types 1-6]) are helper vi-
rus-dependent single-stranded DNA viruses (parvoviruses)
which are thought to be non-pathogenic but were found to
have tumor suppressive properties (reviews: [1, 2]). In the
absence of a helper virus, AAV integrates its genome into
the host cell genome at a relatively specific locus on chro-
mosome 19 – at least in cell culture. These properties
make AAV an interesting vector for gene therapy (cf., Re-
port Kleinschmidt).

1. AAV infection of human genital tissue
In previous studies we had demonstrated the presence of
AAV DNA and virions in human genital tissue at a rather
high frequency, mainly in cervical swabs, uterine biopsies
(cervix uteri: up to 80%) and in material from spontaneous
abortion ([3, 4], cf.: reviews:[1, 2]). AAV type 2 was iden-
tified as the most frequent type present in human tissue,
type 3 being found only occasionally [5].

1.1. AAV infection in pregnancy
In samples from miscarriages (spontaneous abortion), AAV
DNA and proteins were localized in the syncytiotropho-
blast, and AAV DNA was found integrated in cell lines de-
rived human trophoblast or amnion cells. In vitro and in
vivo experiments had shown that AAV could interfere with
cellular differentiation and embryo development. (Reviews
[1, 2]).

Based on these previous results we studied AAV infection
of human embryo cells during pregnancy. AAV DNA and
infectious AAV particles were found in 25% of samples
from amniocentesis and trophoblast cultures [6], demon-
strating that, during pregnancy, embryonic cells can be in-
fected. There were hints to premature labor and premature
rupture of membranes as well as to reduced birth weights
of children born to mothers in whose amnion fluid AAV had
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been detected [6]. It is still unclear if AAV infection during
pregnancy has an influence on development of placenta or
fetus. Therefore, a prospective case-control study (=400
women) has been started in 1999 to clarify this issue using
standardized virological and epidemiological methods.
Preliminary data confirmed a 20-30% prevalence of AAV
DNA in amnion fluid/cells. In addition, there was a higher
rate of peri-natal complications in mothers in whose am-
nion fluids AAV DNA had been detected, supporting the
hints from our previous study.

To further analyze AAV infection during pregnancy, we
tested material from gestational trophoblastic disease
(GTD) for the presence of AAV DNA using nested PCR
analysis. AAV DNA was found in 47% of hydatiform moles
and in 20% of choriocarcinomas [Kiehl et al., manuscript in
preparation]. It remains to be determined whether AAV
(possibly together with helper virus, [HPV, CMV] infection)
is involved in the pathogenesis of GTD or plays a role in
miscarriage.

1.2. AAV-Infection and male infertility
AAV DNA was detected in about one third of ejaculates
from infertile men [7], and infectious virions could be iso-
lated. AAV DNA was in 38% of ejaculates from men with
abnormal spermiogram and only in 4.6% of semen
samples with normal spermiogram (association of AAV in-
fection with pathological spermiogram: p=0.003). In most
cases, AAV DNA was associated with the spermatozoa
fraction of semen, and in testes, DNA of AAV was detected
in 26% of biopsies from infertile men. DNA of AAV-helper
viruses (human papillomaviruses and cytomegalovirus)
was detected at similar frequencies in normal and patho-
logical sperm samples [Erles et al., submitted].

These findings demonstrate infection of the male genital
tract with AAV supporting the hypothesis of sexual trans-
mission and indicate a possible role of AAV in male infer-
tility.

2. AAV-DNA in extragenital tissue
With clinical partners, AAV infection of other than genital
tissues was analyzed. AAV was rarely detected in samples
from heart muscle, broncho-alveolar lavages and kidney
biopsies [Boeke et al., Malhomme et al., manuscripts in
preparation]. In cerebrospinal fluids (CSF; patients with
various neurological diseases and healthy controls), AAV-
DNA was detected by PCR in 64% of the samples with no
association with a specific disease. The clinical signifi-
cance of these findings is currently under investigation
[Gerich et al., Manuscript in preparation].

3. Sero-epidemiological studies on AAV infection
3.1. Prevalence of serum antibodies against AAV
Prevalence of antibodies to AAV in human serum samples
was analyzed using an ELISA to clarify contradictory re-
ports on the humoral immune response to natural AAV in-
fection [8]. It was found that AAV infection occurs at a simi-
lar frequency in many parts of the world (sera from Ger-
many, Switzerland, France, Russia, Spain, Columbia, Bra-
zil, and Japan were tested). A relatively high seropositivity
was observed in childhood, followed by a decline of the
prevalence of antibodies to AAV until early adulthood ris-

ing after 20 years of age. In sera from pregnant women,
antibodies to AAV were significantly more frequently
present than in non-pregnant controls. Though preliminary,
the data suggest that serum antibodies to AAV may not be
stable allowing re-infection (or re-activation of latent virus).
Specific hormonal conditions (e.g., pregnancy) might in-
duce re-activation of persistent AAV.

3.2. AAV antibodies in cervical cancer patients vs.
controls
Findings of earlier reports on a reduced seroprevalence of
AAV antibodies in cervical cancer patients compared to
control persons were assessed by analyzing sera from
various case-control studies (from Sweden, Spain, Colum-
bia) with an ELISA [Smith et al., submitted]. The preva-
lence of high AAV-2 antibody titers was significantly lower
in invasive cervical cancer cases than in control persons.
When comparing women with invasive cancer with con-
trols or with CIN III cases, a pattern of decreasing cervical
cancer risk with increasing AAV-2 titers was observed.
High AAV antibody titers (>1:100) were inversely associ-
ated with invasive cervical cancer (OR=0.3; 95% CI: 0.1-
0.7), although results were not statistically significant after
controlling for HPV (OR=0.4; 95% CI: 0.1-1.6). In contrast,
AAV-2 antibodies were not significantly associated with the
risk of CIN III (OR=1.4; 95% CI: 0.3-6.8). These results
provide supportive evidence that AAV infection may be a
protective factor for the development of invasive cancer.

3.3. AAV antibodies in patients with T-cell
leukemia
To analyze the influence of AAV infection on the develop-
ment of other tumors, AAV antibodies were determined in
patients with adult T-cell leukemia lymphoma (ATLL), an
endemic disease in Southern Japan caused by the human
T-cell leukemia virus type 1 (HTLV-I), and in healthy
HTLV-I carriers. A significant difference in AAV-2 seroposi-
tivity between the two groups was observed. Only 29% of
the ATLL patients exhibited IgG antibodies against AAV-2,
whereas 84,6% of the healthy HTLV-I carriers were sero-
positive (p=10-6) [9]. Analysis of total serum IgG and anti-
bodies against the Epstein-Barr virus (EBV) EBNA1 anti-
gen showed that the lack of AAV antibodies in patients
was not due to an ATLL-associated immune deficiency.
The low AAV-2 seropositivity in ATLL-patients could indi-
cate that AAV-2 antibody-positive HTLV-I carriers might be
less likely to develop ATLL or that loss of AAV-2 antibodies
might parallel development of disease.

4. Anti-cancer activity of AAV
4.1. Interaction of AAV with papillomaviruses
(HPV)
(a) As outlined above, AAV DNA was frequently found in
the cervix uteri, i.e. in an epithelium frequently infected
with papillomaviruses (HPV; including the tumor-associ-
ated HPV type 16 [HPV-16]). HPV-16 provides helper
functions for AAV and co-transfection of AAV DNA and
DNA of HPV-16 resulted in a cytopathic effect in keratino-
cytes [3]. In organotypic cell cultures (“raft cultures”) with
HPV-immortalized human keratinocytes, AAV infection led
to an altered expression of cytokeratins, to expression of
AAV proteins, and to cell death.
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A recent report indicates that the early HPV gene, E2 is in-
volved in the helper activity (cf., Ogston et al., J. Virol. 74
(2000) 3494-504). To clarify this, cells of the cervical carci-
noma lines HeLa (containing partial HPV-18 DNA), CaSKi
(containing complete HPV-16 DNA) and C33A (devoid of
HPV DNA) were either infected with AAV or transfected
with genomic AAV DNA. Subsequently, cultures were
transfected with the complete genome of HPV-16 or with
constructs carrying and expressing either the E2 or the E1
gene of HPV-16. Complete genomic HPV-16 DNA initiated
AAV replication in all three cell lines. However, the sole
E2-expression induced AAV-replication only in CaSKi and
in HeLa cells but not in C33A cells. E1-expression did not
provide this function.

Thus E2 was not sufficient for induction of AAV expression
and replication. Other HPV genes seem to be required in
addition, presumably E6 and E7 which are expressed in
HeLa cells and in CaSKi cells [Walz et al., manuscript in
preparation].

(b) Earlier data let to our hypothesis that co-infection of
cervical epithelium with HPV and AAV might interfere with
the development of HPV-related lesions and cervical can-
cer. This is also suggested by sero-epidemiological studies
(cf., above) and in vitro experiments, showing inhibition of
cellular transformation by HPV (Hermonat, Cancer Res. 54
(1994) 2278-81).

To analyze AAV effects on the activity of HPV functions in
vivo, the influence of AAV infection on the promoter of
HPV type 18 (HPV-18) was studied in mice, transgenic for
sequences of the Upstream Regulatory Region (URR) of
HPV-18 controlling transcription of the reporter gene, lacZ.
Transgenic animals and tongue cells thereof, explanted
and grown in culture, were treated with dexamethasone to
induce the HPV-18 promoter, and were (i) infected with
AAV, (ii) inoculated with AAV virus-like particles (VLPs;
empty capsids) or (iii) not infected. Infection with AAV or
empty AAV capsids inhibited the dexamethasone-induced
activation of the HPV-18 promoter. In an in vitro model with
cells transfected with the same HPV-18-lacZ construct as
the transgene in the mice, virus-free protein extracts from
AAV-infected animals suppressed the dexamethasone-in-
duced lacZ expression to a similar extent as did AAV-infec-
tion. This indicates that AAV induces soluble cellular
factor(s) – at least in vivo – mediating down-regulation of
the HPV-18 promoter also in vitro. As opposed to promot-
ers of the high-risk types (HPV-18 and HPV-16) promoters
of the low-risk HPV types (HPV-6, HPV-11) were not influ-
enced by AAV infection [Walz et al., manuscript in prepara-
tion].

4.2. Sensitization of tumor cells to chemotherapy
by AAV
In in vitro and in vivo experiments, we had demonstrated
that AAV infection rendered human tumor cells significantly
more sensitive towards chemotherapeutic agents such as
cisplatin, BCNU or Etoposid [10]. This was found for tumor
cell lines as well as for tumor cells freshly established from
patients (e.g., glioblastoma or small cell lung cancer). In
addition, chemotherapy (cisplatin and etoposid) -resistant

small cell lung cancer cell lines could be reverted to sensi-
tivity after infection with AAV [11]. Co-operation with clini-
cal groups have been started to clarify whether AAV can
be used to increase the efficacy of chemotherapy and to
reduce side effects or development of resistance.

4.3.Enhancement of chemotherapeutica-induced
apoptosis
Since chemotherapeutic drugs mainly involve the induction
of apoptosis, we investigated whether AAV-mediated sen-
sitization in HeLa cells results from enhancement of
cisplatin-induced apoptosis. Infection with AAV had no cy-
totoxic effect by itself but increased DNA fragmentation
and cleavage of poly-(ADP-ribose)-polymerase (PARP) fol-
lowing exposure of cells to cisplatin. Sensitization was
probably mediated by interaction between a component of
the viral capsid and a cellular target, since empty or UV-in-
activated AAV particles still enhanced cisplatin-induced
DNA fragmentation.  AAV-mediated increased apoptosis
was not associated with a modification of expression of
CD95, CD95 ligand or other death receptors. In contrast,
AAV infection further reduced the mitochondrial transmem-
brane potential upon treatment with cisplatin in a caspase-
independent manner, demonstrating that sensitization by
AAV infection occurred at the mitochondrial level
[Duverger et al., submitted].

To further investigate AAV-mediated reinforcement of
apoptosis, apoptosis was determined in different human
tumor cell lines following exposure to cisplatin and upon
activation of the death receptor CD95 (Apo-1/Fas). In
HeLa and A549 cells, infection with AAV type 2 (AAV-2),
but not with AAV-5, increased cisplatin- as well as CD95
ligand-induced apoptosis. In contrast, in P693 cells,
AAV-2-mediated sensitization was associated with cell
cycle arrest in G2/M, suggesting that control of the cell
cycle by AAV is another - possibly related - mechanism of
sensitization of cells to chemotherapeutic drugs [Duverger
et al., manuscript in preparation]. AAV-2-mediated sensiti-
zation probably involves multiple cellular pathways promo-
ting cell death signals, in a cell type-dependent manner.

The results may open new perspectives for the use of AAV
particles in improving efficacy of chemotherapeutic drugs
in cancer treatment.

4.4. Influence of AAV on telomerase
To identify additional possible cellular targets of the viral
action on the transformed phenotype, we analyzed
whether AAV may inhibit telomerase, a key enzyme asso-
ciated with the unlimited proliferation capacity of tumor
cells. Because of structural similarities of the AAV genome
with the natural substrate of telomerase (telomere sequen-
ces), we tested whether viral DNA directly inhibits telo-
merase activity. Extracts from HeLa cells were incubated
with DNA sequences from the terminal repeats region of
the AAV-2 genome. Telomerase activity on the “standard”
substrate was significantly inhibited in the presence of viral
terminal repeats DNA sequences, whereas capsid gene
DNA sequences did not affect enzyme activity. Competi-
tion mobility shift assays showed that AAV terminal DNA,
but not capsid sequences reduced the formation of the
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telomerase/substrate complex. This reduction was likely to
be due to an interaction between AAV terminal sequences
and telomerase, since telomerase mediated elongation of
viral DNA sequences [Duverger et al., manuscript in pre-
paration]. These in vitro results suggest that the terminal
sequences of AAV-2 be recognized by telomerase, pos-
sibly competing with the natural telomere substrate. How-
ever, alteration of cell growth of infected cells was not ob-
served. Thus, if interference of AAV DNA with the
telomerase substrate is involved in oncosuppression in
vivo, additional cellular factors are likely to be required.
This work was supported by the  Wilhelm-Sander-Stiftung and the
Universität Heidelberg
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Adeno associated virus type 2 (AAV-2) has several charac-
teristics that make it an appealing vector for human gene
therapy: The virus has a broad host range, infects quies-
cent and proliferating cells, provides long term gene ex-
pression and is apathogenic according to current know-
ledge [14,15,16]. Production of recombinant viral vectors,
however, is still somewhat complex and thus limiting for
the use of AAV-2 vector systems. The aim of our project is
to study the AAV assembly and packaging process in order
to develop new and improved protocols for AAV-2 vector
production [4,14].

We could show that capsid assembly is restricted to the
nucleus and that expression of the cap gene alone is suffi-
cient for capsid formation. The assembly process is
strongly dependent on the intracellular capsid protein con-
centration. We have also provided evidence for temporal
and spatial regulation of DNA replication, capsid assembly
and DNA packaging. While the DNA replication and capsid
assembly processes initiate at different sites within the
nucleus, they colocalize at later stages in virus production.
The replication proteins (Rep proteins) influence the sub-
nuclear distribution of newly formed capsids. We have now
been able to directly demonstrate the formation of Rep-
capsid complexes [6] in presence and absence of DNA
replication. These complexes are based on Rep-capsid
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and Rep-Rep interactions including all four Rep proteins
and are interpreted as preencapsidation complexes. Cur-
rently we are investigating the role of capsid associated
Rep proteins in the AAV genome packaging process.

The basic protocol for the generation of AAV-2 based vec-
tors requires cotransfection of cells with a recombinant
AAV-2 vector plasmid and a packaging plasmid that pro-
vides the AAV rep and cap genes. The transfected cells
must also be overinfected with a helper virus, e.g., adeno-
virus, which delivers the multiple helper functions neces-
sary for rAAV production. Therefore, rAAV stocks produced
using these protocols are contaminated with helper adeno-
virus. We have generated a packaging/helper plasmid,
pDG, which contains all AAV and Ad functions required for
amplification and packaging of AAV-2 vector plasmids.
Cotransfection of cells with pDG and a vector plasmid is
sufficient for production of infectious rAAV, resulting in
helper virus-free rAAV stocks. Furthermore, using a mono-
clonal antibody highly specific for AAV-2 capsids, an rAAV
affinity purification protocol was established. The applica-
tion of these tools has led to a significant improvement in
recombinant AAV vector production and purification. Using
the same monoclonal antibody we developed an AAV cap-
sid ELISA which allows the quantitation of virus particles
present in rAAV vector preparations [2]. Using these tools
several vector constructs – including antisense and cyto-
kine genes – have been packaged into recombinant AAV
particles and used to study their application in cell culture
and animal models [5,8,10,11]. While AAV mediated trans-
fer of antisense E6/E7 genes into HPV positive tumor cell
lines did not prevent or reduce tumor formation after im-
plantation into nude mice, ex vivo and in vivo transfer of
human MCP-1 cytokine expressing AAV vectors signifi-
cantly reduced tumor growth [10]. In two collaborations,
we have participated in the first successful genetic and im-
munological modifications of the AAV capsid [3,7], which
allowed to infect cells that would normally be resistant to
AAV infection. Isolation of new monoclonal antibodies that
block binding of AAV-2 capsids to the cellular receptor for
AAV-2 provided us with new tools for vector modification
and their epitope mapping identified regions on the capsid
surface that are required for binding to the cellular recep-
tor [13].
This work was supported by the Bundesministerium für Bildung,
Wissenschaft, Forschung und Technologie, Förderkennzeichen
01KV9805.
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Patent registrations:

•  “An das AAV-Kapsid bindender, den Zelltropismus verändernder
Antikörper und Verfahren zum gerichteten Gentransfer”. PCT/
DE99/03517

•  Deutsche Patentanmeldung Nr. 100 55 545.4
”Für Expression in Eukaryonten optimiertes HPV16-L1 und
HPV16-L2 kodierende DNA-Sequenzen”.

•  Deutsches Patent Nr. 197 38 292
”Verfahren zur Reinigung und Konzentrierung von AAV-2 sowie
antigenen Teilen davon”.
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Poly(ADP-ribosyl)ation, Genomic Instability
and Aging (F0100-04)

A. Bürkle, R. Alvarez-Gonzalez (visiting scientist),
S. Beneke, C. Brabeck, R. Geibig, R. Dabaghian,
R. Meyer, M. Müller, M.-L. Muiras, R. Pfeiffer,
Y. Zhang

In co-operation with: Barbara Bertram, Petra Boukamp, Dirk-
Henner Lankenau, Peter Peschke, Alexandra Schlicker, Hasan
Seker, Herbert Spring (all at DKFZ); Junko Tatsumi-Miyajima, De-
partment of Radiation Genetics, Medical Faculty, Kyoto University,
Kyoto, Japan; François Schächter, Fondation Jean Dausset -
CEPH, Paris, France; Jan-Heiner Küpper, Pathologisches Institut,
Universität Tübingen; Christina Ziemann, Karen I. Hirsch-Ernst,
Institut für Toxikologie, Universität Göttingen.

Introduction. Poly(ADP-ribosyl)ation is a posttranslational
modification of nuclear proteins catalyzed mostly by
poly(ADP-ribose) polymerase-1 (PARP-1) and to a lesser
extent by additional, recently identified and therefore less
well characterized polypeptides [for review: 1-5]. PARP-1
is activated by DNA single or double strand breaks, which
are recognized by the two zinc fingers located within the
DNA-binding domain of the enzyme. Exposure of living
cells to DNA-damaging agents (such as gamma-radiation,
alkylating agents or oxidants) immediately triggers the syn-
thesis of protein-coupled, branched ADP-ribose polymers
which undergo rapid turnover. A number of proteins can
serve as substrates (“acceptors”) for poly(ADP-ribosyl)a-
tion, but in living cells PARP-1 is the main acceptor. A sub-
stantial body of data has accumulated to support a role of
poly(ADP-ribosyl)ation in DNA base-excision repair (for re-
view: [1]).

Trans-dominant inhibition of PARP-1. To study the bio-
logical role of PARP-1 in cells we have developed molecu-
lar genetic approaches: We could show in transient trans-
fection assays that overexpression of the PARP-1 DNA-
binding domain leads to trans-dominant inhibition of
poly(ADP-ribosyl)ation by competition for DNA strand
breaks. To analyze in detail the biological consequences of
inhibiting poly(ADP-ribosyl)ation, we established stable
transfectants that overexpress the DNA-binding domain
under the control of the hormone-inducible mouse mam-
mary tumor virus (MMTV) promoter. DNA-binding domain
overexpression led to sensitisation of the cells to the cyto-
toxic effects of gamma-radiation or alkylating agents, but
did not disturb normal cell growth. The induction of gene
amplification and of mutations by alkylating agents was
also potentiated [6]. These date indicate that PARP-1 ac-
tivity contributes to the maintenance of genomic stability
under conditions of genotoxic stress. Surprisingly, our in-
vivo experiments showed that human cancer cells (HeLa)
lose their tumorigenic potential if they overexpress the
DNA-binding domain of PARP-1. This effect was asso-
ciated with an increased induction of apoptosis [7].

Overexpression of active PARP-1. In a complementary
approach, we overexpressed full-length, wild-type human
PARP-1 in hamster cells and showed that this intervention
led to above-normal levels of poly(ADP-ribose) in living
cells [8]. Furthermore, the data indicated that there exists
an optimal level of cellular poly(ADP-ribose) with respect

to cell survival under genotoxic stress We further observed
that sister-chromatid exchange (SCE) induction by the
alkylating agent MNNG is suppressed [33]. Viewed togeth-
er with a substantial body of data from the literature show-
ing that abrogation of PARP(-1) activity leads to upregula-
tion of carcinogen-induced SCE, PARP-1 thus emerges as
an important regulator of alkylation-induced SCE forma-
tion, imposing a control that is strictly negative and com-
mensurate with the enzyme activity level [8].

PARP-1 and apoptosis. In an independent line of re-
search we could show that the very early phase of alkyla-
tion-induced apoptosis of HeLa cells is characterized by
selective loss of both poly(ADP-ribose) and the apoptosis-
related C-terminal 85-kDa fragment of PARP-1, but not of
its N-terminal 25-kDa fragment, in nucleoli [9]. While the
underlying mechanism is unknown as yet, these results re-
veal an early and nucleolus-specific proteolytic cleavage of
PARP-1. Furthermore, we could show that cultured pri-
mary mouse brain cells which have been induced to un-
dergo apoptosis by addition of a neurotoxic peptide de-
rived from prion protein (playing a crucial role in the patho-
genesis of transmissible spongiform encephalopathies,
such as Creutzfeldt-Jacob disease, Scrapie, BSE etc.) can
conveniently be identified by immunostaining with a
poly(ADP-ribose) antibody [10].

PARP-1 and longevity. DNA damage plays a role not only
in carcinogenesis, but also in the aging process [for re-
view: 2-5]. We have previously established a positive cor-
relation of cellular poly(ADP-ribosyl)ation capacity in
permeabilized mononuclear leukocytes with life span of 13
mammalian species studied, the difference between the
shortest-lived (rat) and longest-lived (human) species
studied being 5-fold. This correlation was apparently not
due to differences in the PARP-1 expression levels, sug-
gesting some qualitative difference of PARP-1 in cells from
different species. To see if these differences were related
to differences in the primary structure of PARP-1, we have
expressed PARP-1 cDNA of a short-lived mammalian spe-
cies (rat) and a long-lived species (man) in the baculovirus
system. Recombinant proteins were purified and com-
pared in enzymological studies. Our data revealed that the
above-mentioned correlation between poly(ADP-
ribosyl)ation capacity and life span is not reflected in the
enzymological parameters K

m, Vmax and kcat, which are rou-
tinely being determined in the presence of histones as ac-
ceptor proteins. Nevertheless, in activity assays performed
without histones, human PARP-1 consistently displayed up
to 2-fold higher activity compared to rat PARP-1 [11]. Ap-
parently some (as yet unknown) structural differences at
the level of the purified enzyme have some impact on spe-
cific enzyme activity but cannot, at the present state of
knowledge, fully account for the longevity-related differ-
ences in cellular poly(ADP-ribosyl)ation capacity.

Furthermore, we have previously described that lympho-
blastoid cell lines established from peripheral blood
samples from a French population of centenarians dis-
played significantly higher poly(ADP-ribosyl)ation capacity
than cell lines from controls aged 20-70. Interestingly, spe-
cific enzyme activity was a more powerful parameter to
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discriminate between centenarian and control samples
than total enzyme activity. Assuming that this may be due
to genetic polymorphisms in the PARP-1 gene, we have
sequenced the complete open reading frame in 18 sub-
jects and identified a total of 4 new polymorphisms, one of
which is associated with a codon change. However, allele-
specific PCR analysis of 324 centenarian and 324 control
samples did not reveal any association of any of the alle-
les with longevity [12], indicating that other factors than
variations in the primary structure of PARP-1 polypeptide
should be responsible for the observed increase in
poly(ADP-ribosyl)ation capacity in cells from centenarians.

Development of analytical procedures. At the level of
methodology, we recently succeeded in establishing an
improved, non-radioactive immuno-dot-blot assay to quan-
tify cellular poly(ADP-ribosyl)ation capacity [13] which
should be useful if large numbers of samples are to be
analyzed. Finally, our previously developed immunocyto-
chemical method for the detection of poly(ADP-ribose)
production in living cells proved very useful to address a
range of scientific questions in the framework of several
co-operations [14-19].

Publications: (* = external co-author)
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We are developing methods for diagnosis, prevention and
therapy of particular virus infections in humans and for the
tumors associated therewith. Studies are being performed
with HIV-1, the lymphotropic papovavirus (LPV) and cer-
tain types of human papillomaviruses (HPV). We are inter-
ested in the role of virus variants and in the influence of
host factors in transformation as well as in the immune re-
sponses during the natural history of the infection and the
course of the diseases. To develop antiviral strategies - in-
cluding the use of viral vectors - we investigate the interac-
tion between virus and cell surface, the functions of anti-
sense nucleic acids and ribozymes. Further we try to
optimise immunization protocols in preclinical studies and
investigate means to inhibit virus maturation.

Characterization of the HPV-specific Immune
Responses (F02001)

I. Jochmus, A. Borchers, S. Faath, B. Aengeneyndt,
A. Henn, W. Osen, K. Schäfer, M. Müller,
L. Gissmann

In collaboration with J. Gabelsberger und J. Nieland, MediGene
AG, München; A. Schneider und A. Kaufmann, Frauenklinik Jena

Characterization of the immunogenic properties
of HPV 16 chimeric virus-like particles (CVLP)
Chimeric virus-like particles (CVLP) of HPV 16 were gen-
erated by expression of a fusion protein which consists of
a C-terminally truncated major structural protein (L1) and
the 55-60 N-terminal aminoacids of the E7 protein. Follow-
ing immunization of rabbits or mice CVLPs induce neutral-
izing (L1-specific) antibodies and L1- and E7-specific cyto-
toxic T cells (measured by chromium-release assays).
Vaccination of C57BL/6 mice prevents the growth of syn-
geneic HPV 16 E7 transformed cells (TC-1). This effect is
dependent upon CD8+ T cells since β2-microglobulin (but
not MHC class II) KO mice develop tumors like the non-im-
munized mice. Regression of already existing tumors was
also observed (in about 60% of the animals). These mice
are immune against rechallenge with tumor cells [1, 2]. We
conclude from these results that CVLPs can be used both
for prophylactic vaccination and for immune therapy. In
collaboration with MediGene AG HPV 16 L17E71-55 CVLPs
are currently being developed for vaccination against the
development of cervical cancer [2].

Following up on this approach we have initiated a project
together with Dr. Martin Müller DKFZ and the University
Animal Hospital in Leipzig to treat bovine papillomavirus
(BPV)-induced epidermal tumors (sarcoids) in horses with
BPV L1/E7 CVLPs [5]. As first promising clinical results
were obtained we expect that this system can serve as a
model for treatment of papillomavirus-induced tumors in
the natural host.

DNA vaccination with the HPV 16 E7 oncogene:
Studies on the immunogenicity of modified
oncoproteins
In animals DNA vaccination has been reported as promis-
ing alternative to immunization using proteins or peptides,
in particular for induction of cytotoxic T cell response. It is
expected that similar results can also be obtained in hu-
mans: in fact, initial clinical trials have already been
launched (vaccination against HIV, Hepaptitis B Virus or
Malaria). Due to the oncogeneic properties of the E7 gene
it is not feasible to use an E7-specific vaccine in humans
that is based upon the persistence of the E7 DNA within
the cells. We hypothesize that shuffling of individual seg-
ments and partial duplication of sequences of HPV 16
leads to a modified protein which is indistinguishable from
E7 in its ability to induce cytotoxic T cells but lack the other
biologic function of E7, most importantly its transforming
functions [4].

Division Genome Alterations and Carcinogenesis (F0200)

Head: Prof. Dr. rer. nat. Lutz Gissmann; Prof. Dr. med. vet. Angel Alonso (provisional)
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In first experiments we have generated a shuffled E7 gene
(E7SH) with four arbitrarily selected segments (a-b-c-d) re-
arranged into (a-d-c-b).  In order to maintain the putative T
cell epitopes at the junctions of the original segments, se-
quences of adjacent fragments (a/b, b/c, c/d) were added
at the 3’ end. This E7SH gene was cloned into an mamma-
lian expression vector and used for immunization of mice.
We obtained E7-specific cytotoxic T cells and induced pro-
tection against the growth of E7-transformed syngeneic tu-
mor cells in an CD8-dependent manner (use of KO mice).
After the proof of principle has been obtained we will con-
struct additional E7SH genes in whom the transforming re-
gions of the E7 protein are specifically destroyed by rear-
rangement. New expression vectors will be generated to
be tested for biologic activity in human cells but also for
their immunogenic function, also in transgenic mice which
are tolerant against immunization with E7 proteins or pep-
tides [5]. If successful this approach can be considered as
alternative treatment of late stage HPV 16 positive cancer
patients.

Publications (* = external co-author)
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Glycoprotein Incorporation into Retroviral
Particles: Mechanisms and Applications
(F02005)

V. Bosch, A. Harmache, T. Henzler,  
T. Pfeiffer, S. Sparacio.

In collaboration with Dr. H. Schaal (University of Düsseldorf), Dr.
D. Steinhauer (MRC Mill Hill, London), Dr. M. Suzan (University of
Marseille), Dr. B. Schnierle (Georg-Speyer Haus, Frankfurt), Prof.
H.-G. Kräußlich (University of Heidelberg). Internal collaboration
with Dr. H. Zentgraf and Dr. H. Hermann.

Incorporation of functional glycoprotein (Gp) into the outer
membrane of enveloped viruses is an essential step in the
attainment of viral infectivity. A central aim has been to
gain an understanding as to the molecular mechanisms in-
volved in this process (and, in particular, those involved in
glycoprotein incorporation into HIV-1 particles). We have
made considerable progress in this direction and presently
favour a hypothesis whereby viral and cellular Gp incorpo-
ration occurs unspecifically when inhibitory circumstances
(these can be e.g. interactions with further cellular compo-

nents preventing incorporation either sterically or by medi-
ating localisation distinct from the viral assembly site) do
not prevail [Pfeiffer, T. et al. (1997) J. Gen. Virol. 78, 1745-
1753. *Marschang, P. et al. (1997) J. Acquir. Immune
Defic. Syndr. 14, 102-109. *Schnierle, B. S. et al. (1997)
Proc. Natl. Acad. Sci. USA 94, 8640-8645.] [1, 2]. Studies
to refine and extend this hypothesis are in progress. It sub-
sequently became of interest to try to use the knowledge
gained to achieve the incorporation of novel surface glyco-
proteins of interest into retroviral vector particles and de-
velop targeting strategies for retroviral vectors. In this con-
text, we have successfully achieved targeting of murine
retroviral vector particles into CD4/coreceptor expressing
cells [ *Schnierle, B. S. et al. (1997) Proc. Natl. Acad. Sci.
USA 94, 8640-8645.], we have analysed potential target-
ing with further lentiviral Gps [4] and are presently follow-
ing a strategy involving influenza haemagglutinin.

We have demonstrated for the first time that fusion be-
tween retroviral particles, carrying HIV-Gp and CD4/co-
receptor, respectively, occurs [3]. This approach is being
extended to develop a strategy to induce cross-neutralis-
ing antibodies against common regions of the HIV-Gp.

A common theme in all our analyses is the use of subviral
HIV-like particles for different applications. Recently we
have described a stable cell line inducibly releasing large
quantities of Gag/Pol particles capable of packaging HIV-
derived vectors [6]. On the one hand, this cell line should
be further refined as packaging cell line for different HIV-
derived vectors. On the other hand, it can be modified to
release particles designed for the vaccination approaches
mentioned above or, lastly, employed as a tool for screen-
ing of inhibitors of HIV assembly or protease and reverse
transcriptase activities.

Finally we have performed and continue to perform experi-
ments aimed at gaining information as to the mode of ac-
tion of the HIV vif (viral infectivity factor) which is essential
for HIV replication in vivo. We could recently demonstrate
that a direct interaction of Vif with the HIV structural pro-
teins, Gag, does not seem to be important for Vif function.
On the other hand, Vif exerts a dramatic effect on cellular
cytoskeleton morphology which most likely reflects an im-
portant aspect of Vif function [5].
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Antibody Immune Response to Early and
Late Viral Proteins in Human Papilloma Virus
(HPV) Infection and Associated Diseases
(F02006)

M. Pawlita, C. Gänzler, L. Gissmann, U. Reidel,
P. Sehr, K. Zumbach

In cooperation with A. Schneider, M. Dürst and I. Nindl (Univer-
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erlands), M.L. Aaltonen (University of Helsinki, Helsinki, Finland),
R. Höpfl, Universität Innsbruck, Österreich

Persistent infection with specific types of Human papillom-
aviruses (HPV) is associated with the development of sev-
eral malignant and benign epithelial proliferative diseases
such as carcinoma of the cervix of the uterus (cervical car-
cinoma) and other anogenital cancers, subgroups of head-
and-neck squamous cell carcinomas (HNSCC) and prob-
ably also of non-melanoma skin cancer, genital condyloma
and recurrent respiratory papillomatosis (RRP). This
project is based on the assumption that improvements in
assays to analyze the antibody response to antigens will
be instrumental for a detailed analysis of the immune
response to HPV infection and during the development of
HPV-associated disease. The final goal is to identify
serological diagnostic and/or prognostic markers in HPV-
associated disease and in HPV vaccination.

We initially concentrated on the viral oncoproteins E6 and
E7 of HPV types 16 and 18 (most prevalent in mucosal
HPV-associated cancers) and developped capture ELISA
techniques using complete, soluble, recombinantly ex-
pressed HPV proteins as antigens [1,2]. The newly devel-
oped ELISA proved superior in specificity and sensitivity to
peptide ELISA, are of similar specificity and sensitivity as
radio immuno precipitation assays (RIPA) [1,3] but in con-
trast to RIPA allow the analysis of large serum numbers.
The assays are highly HPV type-specific and independent
of known variations occuring naturally in the viral proteins
[4] and thus are a suitable tool for systematic seroepi-
demiological studies. Up to now, we have developped
ELISA to measure antibodies against the E1, E2, E4, E6,
E7, L1 and L2 proteins of mucosal HPV types 16 and 18
and HPV type 6b (most prevalent in genital condyloma
and RRP).

In several case control studies we found a very high asso-
ciation of HPV 16 and 18 antibodies with cervicial carci-
noma versus the control group [1,5] thus confirming and
extending previous observations made with peptide
ELISA. Very low frequencies of E6 and E7 antibodies in
patients with cervical intraepithelial neoplasia (CIN), a pre-
cursor lesion that can progress to invasive cervical cancer,
indicate that seroconversion to E6 or E7 occurs mostly late
in cervical carcionoma development, most often after CIN
stage III [6] and additional seroconversions occur with
further spread of the tumor [5]. The immune responses to
E6 and E7 proteins of HPV 16 appear mostly to occur in-
dependent from each other, with the response to E6
occuring earlier and more freuquent than that to E7.

About one third of patients with HPV16 DNA-positive
head-and-neck squamous cell carcinoma (NHSCC) de-
velop antibodies against HPV16 E6 and/or E7 proteins [7].
This finding provided further evidence for a biological role
of HPV16 in the  development of these tumours.

Preliminary analysis of data from 1642 sera representing
the non-hospitalized adult German population confirms
that HPV16/18 E6/E7 antibodies are extremely rare in the
absence of invasive HPV-associated carcinoma.

When the complete set of newly developped ELISA for
HPV 16 and 18 proteins was applied in a first comprehen-
sive study to over 200 sera from cervical carcinoma pa-
tients, patients with CIN lesions and healthy female blood
donors from Bogota, Columbia, we found increased reac-
tivity for all antigens in the cancer group versus the control
and also the CIN groups. This indicates that the immune
response to other HPV proteins besides the E6/E7 onco-
proteins is also, although much less strongly, associated
with cervical carcinoma and might contribute to use of se-
rology as diagnostic or prognostic marker in HPV-associ-
ated cancer.

In patients with benign HPV type 6b- (and 11-) associated
lesions, i.e. genital condyloma and RRP we found clearly
enhanced antibody reactions against HPV6b L1 but none
against HPV 6b E6 or E7 proteins, confirming that antibod-
ies to E6 and E7 arise primarily in conjunction with malig-
nant, invasive tumour growth.
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B-lymphotropic Papovavirus (LPV) (F02003)

M. Pawlita, J. Freyschmidt, O.T. Keppler, J. Langner,
B. Neumann, C. Oetke, A. Schlotterer

In cooperation with W. von der Lieth, H. Zentgraf, R. Schwartz-
Albiez, M. E. Peter and H. Spring (DKFZ), S. Hinderlich and W.
Reutter (Freie Universität, Berlin).

LPV is a primate polyomavirus isolated from African Green
monkey lymph node cultures. Serological evidence sug-
gested that LPV or a antigenically related virus is present
in humans and many primate species. In human tissue
culture LPV selectively infects and replicates in a sub-
group of B lymphoma-derived cell lines. Previous work
from our group had shown that the tissue tropism is mainly
determined by the LPV receptor, which consists of a yet
unidentified (glyco)-protein and essential sialic acid in
α-2,6 glycosidic linkage.The highly restricted, receptor-me-
diated tissue-specificity of LPV offers great potential to be
used in tissue-specific gene transfer.

The analysis of the LPV receptor interaction, especially its
dependance on cell surface sialylation led to extensive re-
search on regulation of celluar sialic acid biosynthesis and
on the role of sialic acid structure for other virus receptors.
We isolated LPV receptor-positive and negative sublines
of a LPV-permissive human B-lymphoma and found that
LPV receptor expression but also CD95 (Apo-1/Fas)-medi-
ated apoptosis correlated with the sialylation status of the
cells [1]. A defect in mRNA expression of a specific en-
zyme, UDP-GlcNAc 2-epimerase/ManNAc-kinase in these
and other hyposialylated cells was identified as cause for
the hyposialylation and thus a key regulatory role of this
bifunctional enzyme in sialic acid biosynthesis could be
shown [2,3]. Currently we attempt to identify the molecular
genetic basis for the lack of epimerase/kinase mRNA ex-
pression.

Using the hyposialylated cells we showed that free sialic
acid can be efficiently taken up by the cells and almost
completely compensates the biosynthesis defect, thus
solving a long-debated question in glycobiology.

We had pioneered the analysis of structural requirements
for sialic acid – virus interactions by the use of modified
mannosamines that are taken up by cells as sialic acid
precursors and are incorporated into glycoconjugates in
the modified form [4]. In combination with the hypo-
sialylated cells identified by us this system now offers the

possibility to efficiently generate highly sialylated cells with
up to 85% of the sialic acids being of the modified type,
which opens wide opportunities to study structural condi-
tions of the interaction of ligands with sialic acids on cell
surfaces [4].

Using the technical expertise on analysis of cell surface
glycosylation developed in our group we showed in a  co-
operation with A. Alonso that HPV 16 E5 protein that in-
serts into the Golgi membrane and changes the intra-or-
ganelle pH does not lead to gross changes in cell surface
glycosylation [5].

In attempts to develop LPV as a tissue specific viral vector
an early replacement vector system was established. Sta-
bly transfected helper cell lines with inducible, tetracycline-
regulated, high-level expression of the LPV early region
were generated that can complement early region-defi-
cient LPV genomes. Vectors in which the LPV early region
was replaced by reporter (CAT, LUC, GFP) or potentially
therapeutic (HSV TK) genes were constructed using
various LPV backgrounds mainly differing in the number of
replication origines. Only with the CAT reporter efficiently
replicating vectors that have retained CAT expression
could be established by several rounds of selection for
high-level vector replication. These LPV-CAT vectors vary
from the parental constructs and carry complex genome
rearrangements They efficiently and highly selectively
transduced LPV-permissive Burkitt lymphoma-derived cell
lines thus proving the principle that LPV vectors can be
constructed and that these vectors display the high tissue
selectivity observed with the wildtype virus. However un-
der further passage necessary to enlarge the vector stocks
the genomes were consistently unstable with the emer-
gence of faster replicating variants that had lost expres-
sion of the foreign sequence due to additional genome re-
arrangements. We concluded that although the LPV early
replacement vector system works in principal its low repli-
cation capacity is insufficient to generate homogenous
vector stocks capable of transgene expression in amounts
needed for further development of this gene therapy ap-
proach.
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Role of human papillomaviruses in cervical
and skin carcinogenesis (F02002)
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Italy; Dr. Erik Wilander, Department of Genetic and Pathology,
Uppsala, Sweden.
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Prof. Lutz Gissmann, Dr. Michael Pawlita, Abteilung Genomver-
änderungen und Carcinogenese.

Our main topic is the understanding of cellular events
which determine the progression of human papillomavirus
infected lesions to invasive cancer. Three research pro-
grams are currently being pursued in our laboratory:

1)  Functional studies on the E7 oncoproteins from benign
and malignant HPV types.
Aim: to identify the biological activities of E7 proteins in-
volved in viral life cycle and /or cellular transformation.

2)  Analysis of HPV 16 natural variant distribution in differ-
ent grades of cervical lesions.
Aim: To understand whether HPV 16 polymorphisms
are involved in determining the regression or progres-
sion of HPV-induced lesion.

3)  Determination of the transforming properties of E6 and
E7 proteins from different cutaneous HPV types using
in vitro and in vivo models.
Aim: to understand whether certain cutaneous HPV
types have a role in development of non-melanoma
skin cancers.

1) Characterization of HPV1 E7 and HPV16 E7
biological properties

The transforming activity of HPV 16 E7 is in part explained
by its ability to interact with and neutralize the functions of
the so called “pocket proteins”, pRb, p107 and p130,
which have a central role in cell cycle regulation. Studies
on the low risk HPV type 6 and 11, which are rarely associ-
ated with malignant lesions, have demonstrated that their
E7s have a reduced efficiency in binding pRb and lack of
an in vitro transforming activity. Thus, the potential onco-
genicity of the different HPV types in vivo appears to cor-
relate with the in vitro properties of the corresponding E7
protein.  However, we have previously shown that E7 from
the cutaneous HPV type 1, which is normally associated
with benign skin lesions, binds pRb with the same effi-
ciency as E7 from the mucosal oncogenic HPV16. Despite
this property HPV1 E7, in contrast to HPV16 E7, fails to in-
duce transformation of rodent or human primary cells in
co-operation with the cellular oncogene ras. Thus, the E7
association with pRb appears to be essential, but not suffi-
cient, to induce transformation of the host cells. HPV1 E7,

respect to HPV16 E7, lacks additional activities, which are
essential to promote cellular transformation.

Besides the ability to interact with pRb, HPV16 E7 induces
degradation of the cellular protein via the proteasome
pathway. We have shown that HPV1 E7 is not able to pro-
mote pRb degradation. Thus, the different transforming ac-
tivity of HPV1 and 16 E7 proteins may be explained by
their different mechanism in targeting pRb. Our recent
data have established a link between E7-mediated pRb
degradation and deregulation of G1 cell cycle checkpoint.
We observed that HPV1 E7 is less efficient than HPV16
E7 in overcoming G1 cell cycle arrest imposed by over-
expression of the cyclin-dependent kinase (CDK) inhibitor
p16INK4a. By generation of the HPV1/16 E7 chimeric pro-
teins we have found that the efficiency of the E7 proteins
to neutralize the inhibitory effect of p16INK4a correlates with
their ability to promote pRb degradation. A central motif,
located immediately after the pRb-binding domain, deter-
mines the different ability of the two E7 proteins in induc-
ing pRb degradation and in overcoming the p16INK4a-medi-
ated cell cycle arrest. Swapping this central motif in HPV1
and 16 E7 causes an exchange of their activity in the in-
duction of both events. Together these findings provide
evidence on the biological significance of E7-mediated
pRb degradation and indicate that the lack of in vitro trans-
forming activity in HPV1 E7 may be dependent on its in-
ability to induce pRb degradation and efficiently to cir-
cumvent p16 INK4a .

2) Role of HPV 16 polymorphisms in cervical
carcinogenesis.

Most of the HPV infections are known to regress sponta-
neously over time and only a fraction develops into a high-
grade lesion or invasive cancer. Additional risk factors cer-
tainly play a role in disease progression. Recently, inde-
pendent studies have shown that specific intra-type HPV
genome variations may influence the persistence of the in-
fection and the progression of a precursor lesion to cancer.
For instance, the HPV16 E6 variant harboring a T>G poly-
morphism at nucleotide 350 (350G) leading to an amino
acid change from leucine to valine at position 83 (L83V) is
associated with progression from low grade cervical intra-
epithelial neoplasia (LCIN) to high grade cervical intraepi-
thelial neoplasia HCIN. To assess the distribution of HPV
16 E6 polymorphisms in cervical tumor development we
have initially performed a cross-sectional study in a ho-
mogenous Swedish population comprising all grades of
cervical lesions, LCIN, HCIN and invasive cervical carcino-
mas (ICC). We have observed that the HPV16 E6 L83V
variant is more prevalent in ICC than precursor lesion.
Moreover, we have performed similar cross-sectional study
in two other cohorts, Italy and Czcech Republic. We have
observed several differences respect the Swedish study.
For instance, the HPV16-E6 L83V variant, which has been
found positively associated with ICC in Swedish women, is
more prevalent in LCIN than ICC in Czech and Italian
women. In addition, HPV16-E6 multi-variants of the African
and American-Asian lineage are approximately ten-fold
more frequent in ICC than pre-invasive lesions in Italy,
while the same E6 polymorphisms are not preferentially
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associated with a specific lesion grade in Czech and
Swedish women. Thus, the HPV16 E6 polymorphisms are
differently distributed in the different Europeans countries.
These findings indicate that genetic differences among
populations may influence the prevalence of particular
HPV16 variants in regressive or progressive cervical le-
sions. One possible hypothesis is that this phenomenon is
associated with the host immune response. Different
haplotypes of the major histocompatibility complex, which
are population-related, may recognise the E6 variants with
different efficiencies leading to a persistence or clearance
of the viral infection. To evaluate this hypothesis, we have
determined the relationship between HPV16 E6 genotypes
and HLA class II molecules in the Swedish cases. When
comparing single allele frequencies of tumour samples in-
fected with E6 proto-type versus tumour samples infected
with E6 L83V-related variants, an inverse correlation was
observed for most allele and haplotype groups considered.
Taken together, these data indicate that the same HLA al-
lele can either be protective or non-protective depending
on the HPV 16 E6 genotype of the tumour sample. Thus,
the potential risk of specific E6 polymorphisms may be ex-
plained by the fact that they lead to an evasion of host im-
mune response rather than to an alteration of the biologi-
cal function. This hypothesis is in line with our data, which
show that the HPV 16 E6 prototype and L83V variant have
a comparable in vivo and in vitro ability to target p53.

3) Potential role of the cutaneous HPV types
induction of non-melanoma skin cancers.

Recent studies from several independent groups have pro-
vided lines of evidence that the cutaneous HPV types may
be involved in the development of squamous cell carci-
noma (SCC) and basal cell carcinomas (BCC). Patients
under long-lasting immunosuppression, e.g. renal trans-
plant recipients (RTRs), are known to develop numerous
SCC and BCC.  EV-HPVs have also been detected in
BCCs and SCCs of the general population (up to 60% in
SCC). Although, the data available so far, suggest a pos-
sible role of the cutaneous HPV types in the development
of non-melanoma skin cancer, they are not conclusive. For
instance, DNA of cutaneous HPV type was detected in the
skin healthy individuals. Moreover, a different prevalence
and spectrum of HPV types detected in skin specimens
was reported by the different studies cited above. Thus,
there is not yet a clear indication about the potential onco-
genicity of a specific cutaneous HPV type in non-mela-
noma skin cancers (NMSCs). To assess a potential role of
the cutaneous HPV type in the development of NMSCs,
we have analyzed the efficiency of the E7 proteins from
several cutaneous HPV types (10, 20, 38, 48, 60) in
altering the regulation of the G1/S checkpoint of the cell
cycle, a key event in HPV 16 E7-mediated transformation.
Our preliminary data show that only HPV 38 E7 is able to
overcome the G1 cell cycle block imposed by serum
deprivation or overexpression of the cyclin-dependent ki-
nase (CDK) inhibitors, p16INK4a and p27KIP1, with a similar
efficiency of HPV 16 E7. In contrast, the E7s from the
other HPV types have no or a much reduced activity in in-
ducing G1/S cell cycle progression. Based on our in vitro
data, which suggest that HPV38 is more oncogenic than

the other cutaneous HPV types analysed in our study, we
currently determining by PCR the distribution of HPV 38 in
pre-malignant (actinic keratosis) and malignant (BCC and
SSC) lesions.
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The division “Tumorvirus-Immunology” is currently inter-
ested in following topics:
Cellular control mechanisms of persisting HPV infections;
regulation of the cytokine/chemokine signal transduction
pathways during HPV-induced carcinogenesis; (group of
PD Dr. Frank Rösl). Generation of papillomavirus-specific
protein components for vaccination (group of Dr. Martin
Müller). Expression pattern of cytokines in macrophages
(group of Prof. Dr. Rainer Zawatzky). Development of
HSV-specific vectors for vaccination against viral
oncogenes of HPV (group of PD Dr. Charles Knopf).

Composition of the Transcription Factor
AP-1 in Malignant and Non-malignant
HPV-positive Cells

U. Soto, J. De Castro, J. van Riggelen,
E. Goeckel-Krizkalla, F. Rösl

In cooperation with: Dr. Peter Angel, DKFZ.

There is substantial evidence that progression to cervical
cancer is a multi-step process. The long latency period be-
tween primary infection with “high-risk” human papilloma-
virus (HPV) types and tumor development clearly indicate
that viral infection is not sufficient to induce malignant
transformation. It has been postulated that the viral up-
stream regulatory region (URR) is a direct target of an in-
tracellular regulatory pathway, which negatively interferes
both with viral gene expression and cell proliferation. Con-
sequently, progression to malignancy is accompanied by
the loss of intracellular surveillance, which correlates with
abundant viral gene expression and tumorigenicity (zur
Hausen, 1994; Lancet, 343: 955).

Our previous experiments were mainly dealing with the ac-
tivator protein AP-1, which is an important key regulatory
molecule in the modulation of HPV gene expression. AP-1
stands as a synonym for different nuclear proteins (e. g. c-
jun, junB, junD, c-fos, fosB as well fra-1 and fra-2) which
can form either homo - or heterodimers to build up a func-
tional transcription complex. The corresponding binding
sites of AP-1 are located within the upstream regulatory re-
gion of the HPV genome, a DNA stretch, which controls
the expression of the viral oncoproteins E6 and E7. Using
non-tumorigenic and tumorigenic somatic cell hybrids as
experimental model system, AP-1 composition was found
to vary considerably between these different cell lines. In
non-tumorigenic HPV-positive cells, jun-family members
were mainly associated with the fos-related antigen fra-1,
a protein, which can block the trans-activating activity of
AP-1 under certain experimental conditions (Yoshida et
al., 1995; Proc Natl. Acad. Sci. USA 92: 4972). In contrast,
fra-1 concentration is low in extracts from tumorigenic
cells. Conversely, c-fos, the canonical dimerization partner
of jun proteins is expressed in substantial amount in malig-
nant HPV-positive cells, but is absent in AP-1 complexes
from non-tumorigenic hybrids.

Alteration of AP-1 composition has profound biological ef-
fects on non-malignant cells. c-fos overexpression under
the control of a heterologous promoter in non-malignant
cells induces tumorigenicity, which is preceded by a
change of the jun/fra-1 ratio towards a constellation initially
detected in the malignant counterparts. Furthermore, con-
version to tumorigenicity is accompanied by a resistance
against TNF-α, a cytokine, capable to selectively suppress
HPV transcription in formerly non-malignant cells. c-fos-in-
duced malignancy also abrogates the transcription of par-
ticular chemokines (chemotactic cytokines) and cytokines
(such as interferon-β), which are essential components of
the immune system (see below).
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The potential involvement of fra-1 in the context of HPV
negative regulation could be of functional relevance, since
fra-1 is located on chromosome 11, a chromosome, which
can completely suppress the tumorigenic phenotype of
cervical carcinoma cells (Saxon et al., 1986; EMBO J., 5:
3461; Koi et al., 1986, Mol. Carcinogenesis, 2: 12). Intrigu-
ingly, restriction enzyme-fragment-length-polymorphisms
analyses have revealed that fra-1 is within a region
(11q13) (Sinke et al., 1993; Genomics 18: 165), often
found to be rearranged or deleted in cervical carcinomas
(Jesudasan et al., 1995; Am. J. Hum. Genet. 56: 705). In
fact, dissecting AP-1 composition in cervical carcinoma
cells, an inverse relationship between the fra-1 and the tu-
morigenic phenotype could be discerned. Cervical carci-
noma cell lines were either negative or expressed only low
amounts of fra-1 (jointly with c-fos) within their AP-1 com-
plexes. Somatic cell hybridization technique was used to
fuse different HPV-positive malignant cell lines. This re-
sulted either in tumorigenic hybrids or in cells, where the
malignant phenotype of the parental fusion partners was
completely suppressed. Monitoring AP-1 composition in
electrophoretic mobility „super“-shift assays, the amount of
fra-1 within the AP-1 complex was again reconstituted in
non-malignant cells to a ratio found in primary human
keratinocytes. In contrast, fra-1 was even diminished in
malignant hybrids, while c-fos remained expressed. This
correlation suggests that the concentration of fra-1 within
the AP-1 transcription complex might be an important
marker for predicting the in vivo growth properties of HPV-
positive cells.

Regulation of Chemokine Expression in
Malignant and Non-malignant HPV-positive
Cells

P. Finzer, U. Soto, F. Rösl.

In cooperation with Dr. Reinhard Gillitzer, Dermatologie,
Würzburg; Dr. Kerstin Kleine-Lowinsky, Harvard Medical School,
Boston, USA. Dr. Heide Kühne-Heid, Frauenklinik Jena; Dr.
Philippe Delvenne, University Liege, Belgium.

One of the currently best characterized chemokine, the
monocyte-chemoattractant-protein-1 (MCP-1) gene is in-
volved in the recruitment and activation of cells of the
monocyte-macrophage lineage. Previous experiments
have shown that MCP-1 expression is closely linked with a
non-tumorigenic phenotype, while MCP-1 transcription
was found to be absent in tumorigenic cells both in vitro
and in biopsy specimens directly obtained from cancer pa-
tients. Intriguingly, MCP-1 expression, however, can be re-
constituted after fusion with normal cells. Selectivity of
MCP-1 transcription, which is regulated at the level of ini-
tiation of transcription, is mainly based on differences of
the nucleosomal structure with respect of the location and
extension of so-called DNAse I-hypersensitive regions
(DHSR) at both ends of the gene. While TNF-α only mod-
erately increases the sensitivity of pre-existing 5´-DHSRs,
a DHSR at the 3´-end became strongly induced exclu-
sively in non-malignant hybrids. DNA sequencing of MCP-
1 specific cosmid clones showed that the 3´-DHSR coin-
cides with an additional AP-1-like sequence located ap-

proximately 600 bp downstream of the polyadenylation
site. Analyses of AP-1 composition revealed that MCP-1 is
only expressed in those cells where jun-family members
were mainly heterodimerized with the fos-related protein
fra-1. In contrast, in tumorigenic cells where the 1:1 ratio
between jun and fra-1 is disturbed, the MCP-1 gene was
no longer expressed. Hence, alterations in the heterodi-
merization pattern of AP-1 and its selective accessibility to
opened chromatin may represent a novel regulatory path-
way in the regulation of chemokines in malignant and non-
malignant HPV-positive cells.
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Tumorvirus-specific Vaccination Strategies
In cooperation with Prof. Dr. L. Gissmann, Dr. H.W. Zentgraf, Dr.
J. Kleinschmidt, DKFZ; Dr. Andreas Kaufmann, University of
Jena; Prof. Dr. H. Müller, University of Leipzig; Dr. M. Kast, Loyola
University Chicago, USA;Prof. Dr. U. Sonnewald, IPG
Gatersleben.

Worldwide approximately 15-20% of all human Tumors are
associated with viral or bacterial infections. Among these
tumors cervical cancer is the second most frequent cancer
in women. Infections by Human Papillomaviruses are con-
sidered to be the major risk factor in the development of
cervical cancer. The objective of the group is to develop
vaccination strategies that target the viral agent. The
projects focus on immuno-therapeutic applications for the
treatment of HPV associated diseases. At present, we are
pursuing three different strategies:
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Improved Immunogenicity of Human
Papillomavirus Type 16 E7 DNA after Fusion
to the Herpes Simplex Virus 1 VP 22 Gene

N. Michel, M. Müller

The HPV 16 E7 oncoprotein appears to be constitutively
synthesized during persistent infection and is required for
continuing proliferation of tumor cells. Thus, the induction
of a T cell response against this protein is believed to be a
promising strategy for a therapeutic vaccination against
HPV-associated tumors. Unfortunately, E7 is rather ineffi-
cient to induce a specific cytotoxic T cell (CTL) response
when administered as purified protein or as a DNA vac-
cine. Our aim was to improve the immunogenicity of HPV
E7 through fusion with the Herpes simplex virus 1 VP22
protein which mediates intercellular transport.

Spreading of the VP22-E7 fusion protein was demon-
strated after transfection of mammalian cells in culture.
Following DNA vaccination of C57BL/6 mice induction of
E7-specific CTLs was dramatically increased when a
VP22-E7 expression vector was used as compared to the
unfused E7 DNA. Mutational analysis of the VP22 protein
suggests that additional properties of the fusion protein
other than intercellular transport contribute to the en-
hanced immunogenicity.

The Equine Sarcoid: A Model for the
Development of a Therapeutic
Papillomavirus-specific Vaccine

S. Mattil and M. Müller

It is yet not possible to propagate human papillomaviruses
efficiently in culture. This fact is the reason that vaccines
based on inactivated or attenunated Papillomaviruses
could not be developed. However, a couple of years ago it
has been demonstrated that the HPV structural proteins,
after expression in various systems, spontaneously as-
semble into so called ‘virus-like particles’ (VLPs). These
VLPs have structural and functional similarities to authen-
tic virions (see fig. 1). They are able to bind to cells in cul-
ture via interaction with the cellular receptor for papillo-
maviruses. After binding, VLPs are able to enter the cells
through receptor-mediated endocytosis. However, this en-
try of VLPs does not establish infection, since VLPs by
definition do not contain the viral DNA. In addition,
VLPs induce virus-neutralizing antibodies when they are
used in immunization experiments. These antibodies were
demonstrated to protect the immunized animals against
challenge with infectious virions. Therefore, VLPs are con-
sidered prime candidates for the development of a prophy-
lactic vaccine against Papillomavirus-associated diseases.

By fusion of the Papillomavirus major capsid protein L1
with viral tumor antigens we were able to find new applica-
tions for VLPs beyond prophylactic vaccination. Similar to
the L1 protein, the fusion proteins are spontaneously as-
sembling into so called ‘chimeric, virus-like particles
(CVLPs) [1-5]. We were able to demonstrate that CVLPs,
after immunization of mice, induce neutralizing antibodies

and cytotoxic T-lymphocytes that are directed against the
viral tumor antigen. In a mouse tumor model, these T-lym-
phocytes protected the animals specifically against tu-
mors. Similarly, tumor bearing mice could be cured by im-
munization with CVLPs.

In analogy to the mouse tumor model, we wished to test
the potential of CVLPs to cure naturally induced, Papillo-
mavirus associated tumors. In cooperation with the Faculty
of Veterinary Medicine of the University of Leipzig we are
currently running a clinical trial for the treatment of equine
sarcoids in horses. The sarcoids are by far the most fre-
quent skin tumor in hoofed animals. As in human cervical
cancer, equine sarcoids are closely linked to a infection by
a papillomavirus. In case of equine sarcoids, the bovine
papillomavirus (BPV 1) is believed to be the causative
agent. In fact, sarcoids are causing significant problems
for vetenarians, breeders and horse owners since they are
difficult to treat by conventional means and demonstrate a
high rate of recidives. Based on our experiences with hu-
man chimeric virus-like particles, we developed BPV 1
CVLPs that consist of the BPV 1 L1 protein fused to the
BPV 1 tumorantigen E7. BPV CVLPs were purified and
used to vaccinate a total of 12 horses with sarcoids. Initial
and preliminary results are promising since in a number of
animals tumor regression was observed.

HPV Pseudovirions for Immunotherapy

T. El Hindi, M. Müller

Human Papillomviruses do not replicate in tissue culture.
This circumstance has hampered investigations concern-
ing the viral life cycle. Especially the very early and very
late phases of the Papillomavirus infection cycle is still
rather poorly understood. By providing a number of viral
elements we were able to establish a system to produce
infectious Papillomavirus pseudovirions in yeast cells (S.
cervevisiae) [6]. In this process, a recombinant plasmid
can become encapsidated into HPV VLPs. The pseudo-
virions carrying this plasmid are able to infect eukaryotic
cells and thereby deliver a reporter gene into these cells.
We are currently using the HPV pseudovirions to analyze
the HPV life cycle, such as DNA packaging and receptor
mediated endocytosis.

Since the HPV pseudovirions are able to deliver DNA into
a vast number of different cells in vitro and in vivo, we are
currently evaluating the use of the pseudovirions for gene-
and immuno-therapy. We generated HPV pseudovirions
that carry a viral tumor antigen. Subsequently, after immu-
nizing mice with these pseudovirions, we could demon-
strate that a antigen-specific cytotoxic T-cell response was
induced.

Publications (* = external co-author)
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Induction of HPV16 Capsid Protein-Specific Human T Cell Re-
sponses by Virus-Like Particles. Biol. Chem. 380: 335–340
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Regulation of Constitutive Interferon (IFN)
Synthesis in Macrophages

R. Zawatzky, A. Weyland, H. Wurmbaeck

Interferons (IFN) are secreted glycoproteins with pleiotro-
pic activities. IFN-α and IFN-β - often referred to as type I
IFN - are mainly induced by viral infections in a wide vari-
ety of different cell types whereas IFN-γ - type II IFN - is re-
leased from activated T-cells upon stimulation with mito-
gens or specific antigen. Both type I and type II IFN have
pronounced antiviral activities and are indispensable for
the recovery from viral infections. Although in vitro nearly
all cells are capable of generating an IFN-α/β response
following viral infection, macrophages are considered the
most important IFN producing cells. They are preferentially
located near potential entry sites for pathogens and start
IFN synthesis within 3-4 hours after contact with virus, well
before other cells respond. The reason for the early and
vigorous onset of IFN production in macrophages may be
an autocrine priming effect due to the continuous secretion
of IFN-β in minute amounts during in vitro culture in
M-CSF. Using reverse transcription and polymerase-chain-
reaction (RT/PCR) we detected IFN-β but no IFN-α in
mRNA isolated from mouse bone-marrow derived mac-
rophages (BMM) and found  that this constitutive IFN-β ac-
celerated the virus-induced IFN-α/β response and estab-
lished a permanent antiviral state in these cells. The role
of the autocrine priming of  BMM by IFN-β was studied in
IFN-α/β receptor-deficient (IFNAR-/-) mice. BMM derived
from these mice were unable to restrict replication of an
IFN-sensitive test virus and no constitutive IFN gene ex-
pression could be monitored by RT/PCR. In addition, the
virus-induced IFN-α/β response was strongly impaired in
these cells. Interestingly, however, IFN-β could be induced
by pretreatment of IFNAR-/- BMM with 5IU of IFN-γ  for 4h.
These results document the importance of the autocrine
IFN-β in BMM. Further analysis on the molecular mecha-
nism now focus on the involvement of the transcription fac-
tors IRF-3 and IRF-7 in maintaining autocrine IFN-β secre-
tion and stimulating virus-induced expression of different
subsets of IFN-α.

Molecular Characterization of IIBP, a Gene
Coding for an Interferon-induced Ig-binding
Protein in Mouse Macrophages

R. Zawatzky, H. Wurmbaeck and H. LINDEGGER

In cooperation with Dr. P. Nickolaus and Prof. Dr. H.G.
Rammensee, Institut f. Zellbiologie, Eberhard-Karls Universität, D-
72076 Tübingen.

In vivo type I interferons (IFN-α/β) are mainly produced fol-
lowing infection of cells with virus. The release is very
rapid in order to induce an antiviral state in neighbouring
cells not yet attained by progeny viruses. Besides direct in-
hibitory effects on virus replication, IFN are involved in
stimulating the non-specific host defense and in building
up a host immune response. A large set of genes are
known to be activated by IFN and to participate in the host
response to infection. Among these genes are MHC-class
I, C1q and the dsRNA dependent genes 2’,5’oligoadeny-
lat-synthetase, RNase L and p68 kinase. We were inter-
ested to identify novel genes induced by IFN in macroph-
ages since these cells play a central role in organizing the
host immune response and during infection they are both
producer and target cells of IFN-α/β.

A cDNA library was constructed from mRNA of IFN-α
treated primary mouse bone-marrow derived macroph-
ages (BMM) and 17 cDNA clones were isolated by differ-
ential screening. On RNA level all clones showed inducibil-
ity by IFN. Sequencing revealed that 5 clones coded for
genes known to be stimulated by IFN; another 5 cDNAs
harbored known genes not yet known to be induced by
IFN, and 7 cDNAs coded for unknown genes. We first fo-
cussed on a 1.8kb cDNA that was expressed in macroph-
ages only. The ORF encoded a protein of 26kD containing
two Ig-like domains and one Fc-binding domain. Mono-
clonal antibodies were generated in rats and used for the
detection of the cellular homologue in cell extracts and su-
pernatants. A protein of the predicted size was found ex-
clusively in cell supernatants of BMM. The secreted pro-
tein could be precipitated from supernatants not only by
the specific antibodies but also by mouse IgG2a, IgG2b
and IgG3 antibodies of irrelevant specificities.  Accordingly,
the gene product was named Interferon-induced Ig-binding
protein (IIBP).

Beside the described properties IIBP displays >50% ho-
mology to the extracellular domain of the Signal Regula-
tory Protein (SIRP) family. On their C-terminal cytoplasmic
tail these proteins interact with phosphotyrosin-phospha-
tases SHP-1 and SHP-2 both of which are involved in
growth factor signaling; the N-terminal extracellular part
contains three Ig domains and interacts with the Integrin-
Associated-Protein CD47 which mediates cellular adhe-
sion and is involved in transendothelial migration of neu-
trophils and phagocytosis. It is therefore planned to inves-
tigate if recombinant IIBP is able to interfere with the bind-
ing of SIRPα1 to its ligand CD47 and thus is a candidate
for a secreted SIRP antagonist. Another goal is to look for
a membrane bound form of IIBP and to study if this mol-
ecule can also interact with CD47. Using these appro-
aches, we want to identify new targets of IFN-mediated
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regulation of growth factor signaling.
Supported by grant Za 98/5-1 from the Deutsche Forschungs-
gemeinschaft
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Herpesvirus DNA Replication

C.W. Knopf, U. Schreiner, F.J.P. Kühn, R. Strick

In cooperation with: Dr. Jutta Hansen, Bayer AG Pharma-
Forschungszentrum, Institut für Virologie, Wuppertal; Dr. M.
Cristina Cardoso, Franz Volhard Clinic at the Max Delbrück Cen-
ter, Berlin; Dr. Alberto Epstein, Université Claude Bernard Lyon I,
France; Dr. Roberto Manservigi, University of Ferrara, Italy; Dr.
Thomas Brocker, Universität München; Dr. Julius Rajcáni, Slovak
Academy of Sciences, Bratislava, Slovakia.

Herpes simplex virus (HSV) is a new platform for gene
therapy. Particular advantage of herpes simplex virus
based vectors (so-called HSV amplicons) is their potential
to deliver multiple therapeutic genes in a single vector.
Owing to the biology of HSV of type1 (HSV-1), therapeutic
applications have focused on diseases and tumors
(glioma) of the central nerve system. Beyond this and by
virtue of their oncolytic properties, replication-competent
HSV-1 mutants hold significant promise as more general
cancer therapeutic agents. In the animal models the onco-
lytic HSV-1 vectors were successfully applied for treatment
of other types of tumor such as liver metastases and hu-
man non-small cell lung cancer. In the report period the
group has entered a European collaboration (Fifth Euro-
pean Framework Programme 1999-2003, Contract No.
QLK2-CT-1999-0005) in which the usefulness of novel
HSV derived vector systems for human gene therapy and
vaccination is thouroughly investigated. Specifically, the
group participates in the development of new generation
HSV-1 derived vector vaccines (including helper-free HSV
amplicons and replication-competent HSV-1 mutants) and
novel vaccination strategies against the major human
pathogen HPV-16. Until now the transcription units of se-
lected HPV-16 antigens have been generated and inserted
into the amplicon vectors, and a variety of protein fusions
have been performed that among others allow the HPV-16
antigens to be expressed at the outer surface of the her-
pes virion envelope as well as within the virions. The appli-
cability of one of the selected herpesviral fusion proteins
for gene therapy was successfully tested using terminally
differentiated muscle cells [1]. The established viral vec-
tors will be used in form of naked DNA or amplicons, that
are enveloped in a helper-free system or with replication-
competent HSV-1 mutants, for vaccination studies using a
murine model. The immune responses induced will be
evaluated in a comparative way both at the humoral and
cellular levels.

The group is engaged in the German-Slovakian Collabora-
tive Project #SVK 00/006 entitled “Generation of attenu-
ated herpes simplex virus vectors for human gene therapy
and vaccination”, that is sponsored by the International
Bureau of BMBF and running from 1st of July 2000 until
31th of December 2002. The overall goal is the improve-
ment of current HSV-1 vectors for human gene therapy
and vaccination. The project aims to define more precisely
the role of glycoprotein B (gB) and a novel antisense
gene, UL27.5, in virus pathogenicity by successively re-
verting altered residues, clustered between amino acid po-
sition 59 and 108, in the pathogenic HSV-1 strains to
those found in nonpathogenic strains using site-directed
mutagenesis, and by analysing the pathogenicity of the es-
tablished recombinants in a murine model. In the initial
phase of the project, subfragments of the gB gene with
specified residue changes and stop mutations for the
UL27.5 reading frame were generated using a PCR strat-
egy. The cloning of these fragments is currently ongoing.

In order to optimise the use of the HSV vectors, another
research topic centers on the analysis of the molecular
mechanisms of herpesviral DNA replication and matura-
tion, that are still largely unexplored. Using an EMSA, the
organisation of the viral DNA replicase holoenzyme during
initiation of viral DNA synthesis was investigated. It could
be demonstrated that initial binding of the large poly-
merase subunit (product of the UL30 gene) to DNA is the
decisive step for the assembly of the HSV DNA poly-
merase holoenzyme [2]. This finding is in support with a
recent immunofluorescence analysis showing that in vivo
within the nucleus only DNA sites (prereplicative sites) that
are bound by the large catalytic subunit of HSV poly-
merase are becoming viral DNA replication compartments
[3].

In a computer analysis the modular organisation of HSV-1
DNA polymerase was compared with that of cellular DNA
polymerase delta and other already crystallised poly-
merases of family A and B. Results show that, except for a
larger helical interdomain insertion, the modular structure
of HSV-1 DNA polymerase is strikingly similar to that of
DNA polymerase delta, and correlates quite well with the
functional and evolutionary relatedness of both enzymes
[3].

Within the scope of a doctoral thesis [U. Schreiner,
Medizinische Fakultät der Universität Heidelberg, 1999] an
affinity chromatography for epitope-tagged protein com-
plexes was successfully applied to purify a functional DNA
helicase/primase complex, that is an essential constituent
of the herpesviral DNA replication machinery. The epitope/
antibody (mAb) combination and the purification protocol
are objects of a patent or application, respectively [4, 5, 6].

Publications (* = external co-author)
[1] Derer, W.*, Easwaran, H. P.*, Knopf, C. W., Leonhardt, H.*,
Cardoso, M. C.*: Direct protein transfer to terminally differentiated
muscle cells. J. Mol. Med. (1999) 77, 609-613

[2] Franz, C., Kühn, F. J. P., Knopf, C. W.: DNA and protein inter-
actions of the small subunit of herpes simplex virus type 1 DNA
polymerase. Virology (1999) 253, 55-64
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[4] Schreiner, U., Hansen, J.*, Kühn, F. J. P., Knopf, C. W.: A
novel protein tag from herpes simplex virus type 1 DNA poly-
merase. Intervirology (1999) 42, 17-21

[5] Knopf, K.-W., Strick, R., Schreiner, U., Hansen, J.*: Mittel zur
Expression und zum Nachweis eines ein HPOL-Epitop und ein
Polypeptid umfassenden Fusionspolypeptids. Deutsches Patent,
DE 197 33 389 C2 (1999)

[6] Knopf, K.-W., Schreiner, U. : Verwendung eines aus
Aminosäuren mit Lewis-Basenresten bestehenden Peptids bei der
Metallchelat-Affinitätschromatographie (MCAC). Deutsche
Patentanmeldung 100 21 623.4 (2000):
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The project group “Mechanisms of viral Pathogenesis” is
interested in the following topics:
1.) Molecular mechanisms of immune hyperactivation in

HIV-1 infected T cells mediated through the
transactivator Tat and the CD28 co-stimulatory path-
way as well as the interaction between Tat and the his-
tone acetyltransferases p300 and P/CAF. Studies of
HCV gene products and their role in the development
of B and T cell hyperactivation during HCV infection.
(Dr. Melanie Ott).

2.) Regulation of the cell cycle in human cells and its de-
regulation by viral oncogenes. Special emphasis is
placed on cell cycle control by polo-like kinases and
Cdc25 phosphatases. (PD Dr. Ingrid Hoffmann).

3.) Oncosuppressive effects of adeno-associated viruses
on human melanoma cells. (PD Dr. Ursula Bantel-
Schaal).

4.) Transgenic mouse model to study papillomaviruses and
their role in skin carcinogenesis. An additional activity
concerns PBX transcription factors and their functions
during vertebrate development. (Dr. Heike Pöpperl).

5.) Mechanisms of gene expression in amphotropic Murine
Leukemia Virus (MLV) and Mouse Mammary Tumor Vi-
rus (MMTV). Isolation of Leukemia Virus mutants for
cell type-specific gene expression and replication in
human cells. (Dr. Frank Reuss).

Projectgroup Mechanisms of Viral Pathogenesis (F0400)

Head: Prof. Dr. med. Dres h.c. Harald zur Hausen, PD Dr. rer nat. Frank Rösl

Genetic immunization against DNA tumorviruses using
viral vectors (Dr. Angel Cid-Arregui)

7.) Establishment of methods which allow the detection of
new viruses involved in human carcinogenesis. (Rainer
Schmidt).

Role of Viral and Cellular Factors in HIV and
HCV Pathogenesis

M. Ott, A. Dörr, J. Eglinger, B. Fritzsching, C. Hetzer,
K. Kählcke, S. Luksch, A. Pedal, B. Schwer

Infection with human immunodeficiency virus (HIV) and
hepatitis C virus (HCV) are characterized by rapid viral dy-
namics, targeting of immune cells and a high incidence of
non-Hodgkin lymphoma (NHL). The prevalence of HCV
and HIV coinfection ranges from 30-50% depending on
the population. Shared modes of transmission and the
success of current antiretroviral regimens have contributed
to the emergence of HCV as a significant pathogen in the
HIV-positive population and worldwide.

Our longstanding interest is the role of the viral Tat protein
in HIV-1 pathogenesis. Tat activates HIV transcriptional
elongation by recruiting the pTEFb complex to an RNA el-
ement at the 5’ extremity of all viral transcripts. Tat also as-
sociates in vitro and in vivo with the transcriptional coact-
ivator p300/CBP. This association has been proposed to
recruit the histone acetyltransferase (HAT) activity of p300
to the integrated HIV-1 promoter chromatin. However, we
have observed that p300 and Tat synergize in transient
transfection experiments in the absence of chromatin
packaging of the HIV promoter, suggesting that the target
of p300 HAT might be distinct from histones. We have ob-
served that recombinant purified p300 acetylates recombi-
nant purified Tat proteins in vitro [1]. In addition, using in
vivo labeling with 3H-acetate, we demonstrated that Tat is
acetylated in vivo. Two lysine residues in the arginine-rich
motif (K50-51) used by Tat to bind RNA are the target of
acetylation by p300. Mutation of  both residues in the con-
text of full length recombinant Tat abrogates its acetylation
in vitro. Mutation of these lysines residues to alanine or
arginine residues markedly decreases the synergistic acti-
vation of the HIV promoter by Tat and p300 or Tat and
cyclin T1 in transient transfection experiments. These re-
sults demonstrate that acetylation of Tat by p300/CBP is
critical for its transcriptional activation of the HIV promoter.

We have recently expanded our efforts on the immuno-
pathogenesis of the HCV infection. Recently, the human
tetraspan molecule CD81 has been identified as a binding
molecule for the Hepatitis C Virus (HCV) glycoprotein E2.
CD81 is a member of the B and T cell coreceptor complex
and has been isolated as the “target of antiproliferative an-
tibody -1” (TAPA-1). Another potential immunopathogene-
sis factor is the viral core protein. Core represents the pu-
tative viral capsid protein and corresponds to the amino-
terminal 191 amino acids of the HCV polyprotein. We are
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currently characterizing the role of CD81 and the viral core
protein in the immunopathogenesis of HCV infection.

Publication (* = external co-authors)
[1] Ott, M., Schnölzer, M., Garnica, J.*, Fischle, W.*, Emiliani, S.*,
Rackwitz, H.R., Verdin, E*. Acetylation of HIV-1 Tat protein is im-
portant for its transcriptional activity. Curr Biol, 1999, 9: 1489-
1492

The role of human Cdc25 phosphatases in
cell cycle control

I. Hoffmann, I. Blomberg, I. Hassepass, S. Katich,
I. Müller, C. O’Loughlin, M. Tonak, S. Warnke,
M. Volkening.

In collaboration with Dr. J. Pines, Cambridge, UK

The major driving forces of the eukaryotic cell cycle are
the cyclin-dependent kinases (Cdk). Cdks can be activated
through dephosphorylation of inhibitory phosphorylations
catalyzed by the Cdc25 phosphatase family. In mammalian
cells, Cdc25 is a multi-gene family consisting of three
members: Cdc25A, Cdc25B and Cdc25C [1, 2]. Cdc25A
and B are putative human oncogenes and are
overexpressed in several human primary tumors.

Time-lapse video microscopy has been used to study the
properties of the Cdc25B and Cdc25C phosphatases that
have been both implicated as initiators of mitosis in human
cells. To differentiate between the functions of the two pro-
teins, we have microinjected expression constructs encod-
ing Cdc25B or Cdc25C and their GFP-chimeras into syn-
chronized tissue culture cells and followed those cells by
time lapse video microscopy. We find that overexpressing
Cdc25B alone rapidly causes S phase and G2 phase cells
to enter mitosis, whether or not DNA replication is com-
plete, whereas overexpressing Cdc25C does not cause
premature mitosis. Our data suggest that although
Cdc25B and Cdc25C can promote mitosis, they are likely
to have distinct roles in controlling the initiation of mitosis
[3, 4].

We have investigated the function of human Cdc25A. Cell
lines have been generated that express human Cdc25A in
an inducible manner. Ectopic expression of Cdc25A accel-
erates the G1/S-phase transition, indicating that Cdc25A
controls an event(s) that is rate limiting for entry into
S-phase. Furthermore, we carried out a detailed analysis
of the expression and activation of human Cdc25A. We
show that activation of endogenous Cdc25A occurs during
late G1 phase and is maximal in S and G2 phases. We
further demonstrated that Cdc25A is activated at the same
time as cyclin E and cyclin A-dependent kinases. In vitro,
Cdc25A dephosphorylates and activates cyclin/Cdk com-
plexes that are active during G1. Overexpression of
Cdc25A in the inducible system, however, leads to an acti-
vation of both cyclin E/Cdk2 and cyclin A/Cdk2 complexes,
while no activation of cyclin D-dependent kinases was ob-
served. These results suggest that Cdc25A is an important
regulator of the G1/S phase transition and that cyclin E
and cyclin A-dependent kinases act as critical targets [5].

In a different project the human Cdc25A promoter has
been isolated. We have investigated the regulation of the
Cdc25A promoter during G1 and S-phases of the cell cycle
and by the HPV-16 E7 oncoprotein. Serum induction leads
to a derepression of the Cdc25A promoter and can be me-
diated through two E2F binding sites, E2F-A and E2F-C.
While E2F-A is by both E2F1 and E2F4, E2F-C is regu-
lated only by E2F1. The Cdc25A promoter is transactiva-
ted by the E7 oncogene of HPV-16. Furthermore, Cdc25A
levels are highly increased in E7-expressing cell lines. In-
ducible expression of E7 leads to an immediate increase
in Cdc25A protein levels. These data suggest that Cdc25A
is a critical target of HPV-16 E7 in the disruption of the G1/
S phase transition [6].

Publications (* = external co-author)
[1] Nilsson, I. and Hoffmann, I. (2000) Cell cycle regulation by the
Cdc25 phosphatase family. in: Progress in Cell Cycle Research
Vol. 4, L. Meijer, ed. 107-114.

[2] Hoffmann, I. (2000) The role of Cdc25 phosphatase in Cell
Cycle Checkpoints. in: Protoplasma, L. Huber and F. Wieland,
eds, 211, 8-11.

[3] Karlsson, C.*, Katich, S., Hagting, A.*, Hoffmann, I. and Pines,
J.* (1999) Cdc25B and Cdc25C differ markedly in their properties
as initiators of mitosis. J. Cell Biol. 146, 753-583.

[4] Oyuang, B.*, Li, H.*, Pan, H.*, Meadows, J.*, Hoffmann, I. and
Dai, W.* (1999) The physically association, phosphorylation and
activation of Cdc25C protein phosphatase by Prk. Oncogene,18,
6029-6036.

[5] Blomberg, I and Hoffmann, I. (1999) Ectopic expression of
Cdc25A accelerates the G1/S transition and leads to activation of
cyclin E and cyclin A-dependent kinases. Mol. Cell. Biol. 19, 6183-
6194.

in: Progress in Cell Cycle Research Vol. 4, L. Meijer, ed. 107-114.

[6] Katich, S., Zerfass-Thome, K. and Hoffmann, I. (2001) Regula-
tion of the Cdc25A Gene by the Human Papillomavirus Type 16
E7 Oncogene. Oncogene, 20, 543-550.

Oncosuppression by Cell-cell Interactions
and Cell-virus Interactions.

U. Bantel-Schaal

The interest of our work focuses on two different systems
that interfere with growth of human melanoma cells
namely  adeno-associated parvoviruses and human fibro-
blasts.

Adeno-associated parvoviruses are small DNA viruses that
infect a broad range of human culture cells. Infection is
productive when the cells are co-infected with an appropri-
ate viral helper. In the absence of helpervirus, the DNA of
AAV is integrated into the host cell’s genome. Work of our
group showed that proliferation of primary cells derived
from malignant human tumors is irreversibly inhibited upon
infection with AAV2 or AAV5. In addition, melanoma lines
that have integrated the DNA of AAV either die within few
culture passages or exhibit a phenotype of normal-like, dif-
ferentiating cells, as assessed for instance by the appear-
ance of dendrite-like structures and synthesis of melanin.
We could show that the altered phenotype and growth
behaviour was not reversed in co-cultures with normal fi-
broblasts [3]. Furthermore, the differentiating, normal-like
cells release a soluble factor into the culture medium that
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inhibits growth of other transformed lines and stimulates
proliferation of human fibroblasts [4]. We are interested in
the mechanisms underlying AAV-mediated growth inhibi-
tion and differentiation. In particular, we are interested in
the nature of the soluble factor.

In addition to oncosuppression, AAVs are of interest as
vectors for gene-therapeutic approaches. We sequenced
more than 90% of the DNA of AAV serotype 5 [2].

A different area of interest deals with the influence of nor-
mal cells on proliferation of transformed cells. Our investi-
gations focus on growth inhibition of human melanoma
cells by some human fibroblasts [1].

Publications
[1] Bantel-Schaal, U. (1998). Human fibroblasts are able to inhibit
growth of human melanoma cells. Cancer Lett. 129: 21-27.

[2] Bantel-Schaal, U., H. Delius, R. Schmidt, and H zur Hausen.
(1999). Human adeno-associated virus type 5 is only distantly re-
lated to other known primate helper-dependent parvoviruses. J.
Virol. 73: 939-947.

[3] Bantel-Schaal, U. (1999). Chromosomal integration of adeno-
associated parvovirus DNA limits proliferation and dispersal of hu-
man MKr melanoma cells in co-cultures with human fibroblasts.
Cancer Lett. 147: 45-53.

[4] Bantel-Schaal, U. (2001). Integration of adeno-associated vi-
rus 2 DNA in human MKr melanoma cells induces a peptide with
oncosuppressive properties. Int. J. Cancer, in press.

Functions of Pbx Transcription Factors

K. Wagner, O. Henschel, N. Pfetzer, H. Pöpperl

Members of the Pbx family of homeodomain-containing
transcription factors are involved in a diverse range of de-
velopmental processes such as axial patterning and orga-
nogenesis. These Pbx functions are, at least in part, medi-
ated by an interaction of Pbx proteins with members of the
Hox and Meis/Prep families of transcription factors[1]. The
role of Pbx proteins as DNA binding partners of Hox pro-
teins and their participation in the regulation of Hox target
genes has positioned the Pbx proteins into a molecular
network that patterns the early vertebrate embryo, as
shown in the pbx4/lazarus mutant [2]. The mammalian Pbx
genes, Pbx1, Pbx2, and Pbx3 are widely expressed during
embryognesis and in adult tissues. We found that in
contrast to other Pbx genes, expression of Pbx4, a novel
Pbx family member in the mouse, is confined to the testis,
particularly to spermatocytes in the pachytene stage of the
first meiotic prophase [3]. So far, few target genes regu-
lated by Pbx transcription factors have been characterised
in vivo. One main interest of the group is to identify Pbx-
regulated target genes employing the restricted expression
of Pbx4.

Mechanisms of papillomavirus-induced
tumor development

M. Chen, I. Helfrich, H. zur Hausen, H. Pöpperl

Squamous cell carcinomas are frequent malignancies in
humans. An infection with specific human papillomavirus
types is suspected to be a contributing factor for tumori-

genesis. Our goal is to establish a suitable transgenic
mouse model system for the analysis of proteins from cu-
taneous papillomavirus types and their role in skin tumor
formation. We are focusing on the E6 and E7 proteins of
Mastomys natalensis papillomavirus (MnPV), a well
characterised tumorigenic rodent papillomavirus. We have
generated MnPVE6 transgenic lines and are currently test-
ing transgene expression in inducible MnPVE7 transgenic
lines. Furthermore, the properties of MnPV E6 and E7 pro-
teins are analysed in vitro and in primary cell cultures.

Publications (* = external co-author)
[1] *Ferretti, E., H. *Marshall, H. Pöpperl, M. *Maconochie, R.
*Krumlauf, and F. *Blasi. (2000). Segmental expression of Hoxb2
in r4 requires two separate sites that integrate cooperative inter-
actions between Prep1, Pbx and Hox proteins. Development
127:155.

[2] Pöpperl, H., H. Rikhof*, H. Chang*, P. Haffter, C. B. Kimmel*,
and C. B. Moens*. (2000). lazarus is a novel pbx gene that glo-
bally mediates hox gene function in zebrafish. Mol. Cell 6: 255-67.

[3] Wagner, K, A. Mincheva*, B. Korn*, P. Lichter*, and H. Pöpperl
(2001). Pbx4, a new Pbx family member on mouse chromosome
8 is expressed during spermatogenesis. Mech. Dev. In press.

Retrovirus Replication and Transcriptional
Targeting

F. Reuss, M. Ploss, R. Heber, B. Berdel

The regulation of retroviral transcription, gene expression
and replication was analyzed in Mouse Mammary Tumor
Virus (MMTV) [1] and Murine Leukemia Virus (MLV).
MMTV causes a high incidence of mammary gland carci-
nomas in infected animals. MMTV-encoded superantigens
on mature B cells stimulate the proliferation of specific T-
cell subsets allowing MMTV replication. General MMTV
gene expression from the 5' long terminal repeat (LTR) is
strongly induced by glucocorticoid hormones. In contrast,
the expression of the MMTV sag gene is determined by a
dexamethasone-unresponsive promoter within the env
gene and thus differs from all other MMTV genes [2].

Amphotropic Murine Leukemia Virus (MLV) replicates in
various human cell types. Currently, most retroviral vectors
for use in human gene therapy are based on MLV. Tissue-
specific expression of therapeutic genes from these vec-
tors can be achieved through the introduction of cellular
promoters and enhancers into the viral LTR. However, the
generation of hybrid LTRs that work well in the desired cell
type remains problematic. To establish an adaptation and
selection system for functional hybrid MLV LTRs contain-
ing heterologous enhancers in human cells we have gen-
erated an amphotropic recombinant of Moloney MLV, MLV-
(MOA), and an enhancer-deficient mutant MLV-(MOA)∆E
of this virus. The replication of these viruses is tested after
provirus transfection in human carcinoma, sarcoma and
lymphoma lines and in infection studies. The insertion of
cellular enhancers can generate hybrid virus that repli-
cates in a cell type-specific manner and selectively ampli-
fies transcriptionally active LTRs. These LTRs are currently
tested for their use in tissue-specific gene therapy vectors.
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Genetic Immunization against Oncogenic
Genital Human Papillomaviruses Using Viral
Vectors

A. Cid-Arregui.

In collaboration with: Dr. Werner Nicklas, Dr. Charles Knopf
(DKFZ); Dr. Alberto Epstein (University of Lyon, France); Dr.
Adolfo García-Sastre (Mount Sinai Medical School, New York,
USA)

Carcinoma of the uterine cervix is the second most com-
mon cancer in women worldwide. Infection by a subset of
HPV types, particularly HPV-16 and HPV-18, is a major
risk factor for the development of cervical cancer. Cervical
dysplasias as well as invasive and metastatic carcinomas
infected with HPV consistently express the early E6 and
E7 proteins of these viruses. Therefore, E6 and E7 are tu-
mor-specific antigens that may serve as potential targets
for vaccine development. Indeed, there is increasing evi-
dence that the E6 and E7 proteins encoded by HPV types
16 and 18 may be effective immunological targets for in-
ducing tumor rejection by the host. Our laboratory is aimed
to systematically investigate the immunogenic capability of
E6 and E7 of HPV-16 and HPV-18, expressed as fusion
mutants which result excluded from the cell nucleus by ad-
ditional fusion to integral membrane proteins, thereby
loosing their oncogenic potential. In order to speed the
necessary immunization tests in mice we have chosen
herpes simplex virus type 1 (HSV-1), Semliki forest virus
(SFV) and influenza expression systems for delivery of
such fusion genes in vivo [1-6].

A major concern when using of E6 and E7 in immunization
studies is the known difficulty to detect these proteins in
tumors as well as in HPV-positive cell lines, such as HeLa.
Recent reports have suggested that the codon usage uti-
lized by some HPV genes might be susceptible of optimi-
zation to generate open reading frames which are trans-
lated more efficiently. Therefore, we decided to first test in
vitro and in vivo the expression of HPV genes mutated to
optimize their codon usage in mammalian cells and to in-
troduce tags that should facilitate detection of the protein.

As a first step, the HPV-16 E7 gene was chosen and modi-
fied as follows: (i) The E7 open reading frame was muta-
genized by PCR to introduce 68 silent mutations which
convert it into a sequence of preferred human codons; (ii)
hexa-histidine and Flag tags were fused to the N- and C-
terminus of the protein, respectively; and (iii) a Kozak con-
sensus translation initiation site was introduced. The re-
sulting gene (named 16EE7) was inserted into a mamma-
lian expression vector under the control of the cytomega-
lovirus early promoter and used to transfect different cell
lines. It was shown that in human, mouse and monkey

cells the 16EE7 gene is more efficiently expressed than a
control E7 gene with modifications (ii) and (iii) but not (i).
The difference in protein expression, estimated in Western
blots was at least one order of magnitude. As a second
step of this project, the HPV-16 E6 and HPV-18 E6 and E7
genes are being modified with the same criteria followed
for HPV-16 E7. In addition, recombinant HSV, SFV and in-
fluenza vectors which express EE7 are being used to per-
form immunization tests in mice.

Further work should determine the efficiency of the HPV
fusion proteins generated in this project to induce humoral
and cellular immune responses in host animals. In the
case that the immunization tests result favorable in mice,
the use of such genes in immunotherapy trials in cervical
cancer patients will be proposed.

Publications (* = external coauthors)
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PCR Screening for Mouse Mammary Tumor
Virus (MMTV) Related Sequences and
Differential Display (DD) to Study Specific
Gene Expression in Human Mammary Tumor
Cell Lines (HMTC)

R. Schmidt

Viruses (in particular MMTV related) are discussed as po-
tential components contributing to human mammary tum-
origenesis: PCR reactions using primers derived from the
MMTV sequence should contribute to solve this issue.
With primers that allow amplification of fragments from the
env-region of a MMTV control template by PCR we could
not find reactive targets in a series of HMTC or in human
mammary tumor biopsies. MMTV related sequences do
not seem to play a major role in this type of tumors.
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In an attempt to define specific subsets of HMTC gene ex-
pression was analysed by DD using total RNA isolated
from MCF-7 cells and comparison with that from early pas-
sage primary mammary epithelial cells (PMEC) estab-
lished from reduction mammoplasty tissue. For one of the
differentially expressed genes, NHERF (Na+/H+ exchanger
regulatory factor), we could show that its expression is
generally high in HMTC which are estrogen receptor posi-
tive (ER+), like MCF-7, T47D and ZR75-1 and on the other
hand is low in ER- cells (MDA-MB-435S, MDA-MB-436,
MX1 and MCF-10A). However, it is of particular interest
that there are some ER- cells expressing high levels of
NHERF (BT20, BT474 and SKBR3), whereas PMEC and
several other epithelial lines (e.g. HeLa, CGL3, 444,
HaCaT, C33a, SW756) exhibit low expression. The re-
markable exception in the latter series of epithelial cells is
the cervix carcinoma cell line Me180 exhibiting a high ex-
pression of NHERF.

NHERF is a pleiotropic adapter protein capable of interact-
ing with membrane and cytoskeleton associated proteins.
It is intriguing that among these is the PDGF receptor
(which is activated by NHERF). It could well be that in
HMTC (especially in ER- cells like BT20, BT474 and
SKBR3) NHERF is playing a major role in maintaining the
tumorigenic/transformed potential.

For analysis of the regulatory upstream regions of the
NHERF gene we have isolated BAC clones and we will
also construct cDNA derived expression plasmids to study
the functional effects on e.g. PMEC.
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Aim of our program is the analysis of the molecular mech-
anisms by which the human papillomavirus type 16
(HPV16) E5 protein modulates activation of the epidermal
growth factor receptor and the effects of this modulation
on gene transcription. Further, we started a new approach
concerning activation of the phospholipases in E5-expres-
sing cells. This approach is based on the observations that
E5 is associated with cellular membranes, and that this as-
sociation results in changes in the phospholipid composi-
tion of cellular membranes.

Effect of The Human Papillomavirus Type 16
E5 Protein on Signal Transduction

A. Alonso, K. Crusius, E. Auvinen, H. Cheng,
I. Rodríguez, M. Marqués, N. Martínez

In cooperation with Prof. Dr. M. Finbow, Caledonian University,
Glasgow, UK; Dr. J. Schenkel, University of Heidelberg;
Dr. J. Schneider, University of the Basque Country, Spain.

The human papillomavirus type 16 E5 (HPV16-E5) protein
is a membrane protein, extremely hydrophobic and mainly
localized at the endosomes and the Golgi membranes. Its
physiological function is unknown but it has been sugges-
ted that it is related to growth factor-mediated signal trans-
duction. E5 seems to be enriched in CINIII lesions but
published reports show that its presence is not necessary
for maintaining the transformed phenotype in well devel-
oped carcinomas.

We have already shown that HPV16 E5 is able to control
gap-junction-mediated cell-cell communication by modulat-
ing connexin43 phosphorylation. Since this gap junction
protein was phosphorylated in a src- and a MAP kinases
erk1/2-dependent process, we started with a series of ex-
periment aiming to analyze the effect of the viral protein on
growth factor-mediated and -independent signalling. We
first demonstrated that in vaginal keratinocytes transcrip-
tion of E5 is associated with increased cellular life span,
suggesting that the protein is involved in the first stages of
cellular transformation [1]. Since in keratinocytes an auto-
crine/paracrine system is probably responsible for prolifer-
ation, we analyzed the effects of E5 on the activation of
the members of the EGFR family in human keratinocytes
in dependence of the ligand used [2, 6]. Our results
showed that  HPV16 E5 is responsible for an increased
EGF-mediated signalling by a mechanisms involving in-
creased receptor tyrosine phosphorylation [2]. This effect
seems to be independent on the culture conditions, since
in raft cultures produced with human keratinocytes expres-
sing HPV16 E5, we also could demonstrate a strong mod-
ulation of EGF receptor activation [8]. This modulation was
proved to be independent on the binding of HPV16-E5 to
the endosomal 16K subunit (proteolipid)  of the proton AT-
Pase as postulated by other authors. Using mutant dele-
tions we could show that E5 binds the proteolipid but this
binding has no effects on EGFR activation modulation [11].
These results were extended by showing that E5 ex-
pression is not accompanied by gross changes in protein
glycosylation, although most of the viral proteins were
localized at the Golgi apparatus [10]. Interestingly, we ob-
served also an effect of E5 on the cell-cell communication
when using raft cultures instead of monolayer cultures, al-
though the molecular mechanisms mediated by E5 were
different, thus demonstrating that the effects shown in
monolayer were not due to the culture conditions used [9].

Since E5 is a membrane protein, we decided to start with
a new approach concerning the behaviour of the phospho-
lipases in E5-expressing cells. We observed that HPV16
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E5 is able to modulate the activity of the PLC-γ1, and to in-
crease the amount of DAG and IP3, with the concomitant
effects on PKC and calcium signalling [5].

Besides this program, we also analyzed the characteristics
of the promoter of a low-risk virus type, HPV11, in trans-
genic mice. We observed that HPV11 is able to trigger the
expression of a heterologous gene in the hair follicle epi-
thelium in a specific manner [3, 4]. This results open the
possibility to use this promoter fragment to precisely ex-
press genes in potential skin epithelial stem cells.

Publications (* = external co-author)
[1] Auvinen, E., S. Hietanen*, L. Gissmann, and A. Alonso. 1998.
Human papillomavirus type 33 DNA and E6-E7 transcripts in late
passages of the UT-DEC-1 vaginal keratinocyte cell line. Mol.
Cell. Probes 12: 59-63.

[2] Crusius, K., E. Auvinen, B. Steuer, H. Gaissert, and A. Alonso.
1998. Human papillomavirus type 16 E5-protein modulates ligand-
dependent activation of the EGF receptor family in the human epi-
thelial cell line HaCaT. Extal Cell Res. 241: 76-83.

[3] Schenkel*, J., H. Gaissert, E. E. Protopapa*, H. Weiher*, L.
Gissmann, and A. Alonso. 1999. The human papillomavirus type
11 upstream regulatory region triggers hair-follicle-specific gene
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[8] Tomakidi*, P., Cheng, H., Kohl*, A., Komposch*, G., and
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The research of the Division Virus-Host-Interactions is fo-
cused on basic and applied aspects of viral carcinogen-
esis, with an emphasis on malignancies associated with
human papillomaviruses (HPV) or hepatitis B virus (HBV).
Specifically, the molecular mechanisms of virus-induced
cell transformation, as well as the interplay between viral
and cellular factors are being studied. In addition, our un-
derstanding of these events at the molecular level has led
us to the development of novel strategies for diagnosis
and therapy.

In basic research, a novel candidate tumor suppressor
gene, namely APM1, has been identified and character-
ized; it encodes a putative transcription factor with BTB
and zinc finger domains. The APM1 gene has been found
to be affected by HPV DNA integration in the cervical car-
cinoma cell line ME180. In other human tumor cell lines,
APM1 mRNA levels differ extensively thereby suggesting
that alterations in APM1 expression might contribute to
carcinogenesis. APM1 gene expression seems to be regu-
lated in a very complex manner, including multiple promot-
ers, GC-rich 5’UTR exons and gene silencing by DNA me-
thylation. Future work will be directed towards identifying
the role of APM1 in human carcinogenesis. Another re-
search interest has been the analysis of the HPV E6 onco-
protein/p53 interaction. We have shown that HPV-positive
cancer cells can reactivate dormant p53-associated path-
ways, a fact that makes inhibition of the p53 antagonist
HPV E6 an interesting therapeutic target, with the reactiva-
tion of the anti-oncogenic activities of p53 as a result. For
HBV, a new type of truncated transcripts terminating at a
cryptic polyadenylation signal has been studied. The con-
ditions for the use of this polyadenylation signal and the
potential of truncated mRNA to direct the synthesis of a
putative truncated HBx protein have been investigated.
The latter was shown to represent a seperate functional
HBx entity. Investigations on early steps in hepatitis B virus
replication and the structure of the viral mini-chromosome
support the concept on an impact of the HBV core protein
on the nuclear targeting of the HBV genome.

Truncated HBV transcripts were established as markers of
a chronic HBV infection, their fraction increasing with its
duration. They provide a key to the recognition of non-rep-
licative, occult stages of the HBV infection. Since they are
also found as circulating RNA in blood, they may provide a
new basis for non-invasive diagnosis. Finally, a version of
the “Peptide Aptamer System” has been developed in the
department. This approach allows for the identification of
peptides which can act as specific inhibitors of a given tar-
get protein, at the intracellular level. We have shown that
peptide aptamers targeting the HPV16 E6 oncoprotein re-
sulted in the apoptotic elimination of HPV-positive cancer
cells. These aptamers form a basis for the development of
new therapeutic strategies against HPV-associated dys-
plasias and cancers.

Division Virus - Host - Interactions (F0600)

Head: Prof. Dr. rer. nat. Claus Hobe Schröder
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Generation and Expression of Integrated
Hepatitits B Virus DNA

C. Schröder, R. Breitkreutz, U. Deligezer, B. Ehret,
F. Fathinejad, H. Friesel, H.J. Hacker,
M. Mildenberger, E. Ratsch, A. Reimann, K. Resmini,
S. Rüße, T. Schutz, Q. Su, W. Zhang

In cooperation with: Dr. S.V. Chiplunkar, Cancer Research Insti-
tute, TATA Memorial Centre, Mumbai, India; Dr. med. H. Hennig,
Institut für Immunologie und Transfusionsmedizin, University of
Lübeck, Germany; Dr. Y. Shaul, Department of Molecular Gene-
tics and Virology, The Weizmann Institute of Science, Rehovot,
Israel; Prof. Dr. Q. Su, Department of Pathology, Tangdu Hospital,
The Fourth Military Medical University, Xi‘an, China; Prof. MD Z.-
Y. Tang, Zhon-Shan Hospital and Liver Cancer Institute, Fudan
University, Shanghai, China.

Chronic infection with the hepatitis B virus (HBV) causes a
high liver cancer risk. Chromosomally integrated viral DNA
is found in almost all developing tumors. Even for the sur-
rounding non-neoplastic liver tissue (peritumor) and for
chronically infected liver in general, there are estimates of
up to one copy of integrated DNA per cell. These inte-
grants are considered to be causally related to the patho-
genesis of liver cell carcinoma, a hypothesis that provided
the background for our investigations on virus variants
which are generated during chronic infection and which
may favour integration, on viral factors expressed by inte-
grants and, in general, on factors unique to the chronic in-
fection regardless of whether they are expressed by inte-
grated or free viral DNA.

Expression of HBx in vivo
In a previous cooperative study, antibodies from our and
other laboratories had been used to investigate HBx ex-
pression in human liver and hepatocellular carcinoma
(HCC) specimens. The expression of HBx, among the viral
antigens tested (HBc, HBs, and HBx), was preferentially
maintained both in HCC and the surrounding liver paren-
chyma. However, the reactivity was limited to the cyto-
plasm and detected only in a small number of cells (Su et
al., Hepatol. 1998, 27, 1109-1120). In parallel to the ex-
pression of viral antigens, p53 expression was also as-
sessed. The data obtained do not indicate a p53/HBx in-
teraction, neither when looking at the intracellular distribu-
tion nor at immunoprecipitated protein. The accumulation
of mutated p53 within nuclei was frequent in fulminant
hepatitis and independent of HBx expression and was ap-
parently associated with the damage and regeneration of
liver parenchyma [2].

Maturation of viral RNA
Studies on the expression of viral DNA during chronic in-
fection focused on a putative truncated form of the HBV
transactivator protein HBx, in particular on the respective
truncated RNA template detected in our laboratory (Hilger
et al., J. Virol 1991, 65, 4284). In contrast to viral RNA
governing replication which terminates downstream of the
HBx reading frame truncated RNA terminates at a cryptic
polyadenylation signal within the HBx open reading frame.
A rapid differentiation of the related transcripts with the dis-
tinct 3’-ends, full length and truncated transcripts was
achieved via an RT/PCR procedure involving anchored

oligo(dT) primers. Pentanucleotides, complementary to
nucleotides immediately upstream of the poly(A) tail, target
these primers to the individual 3’-ends, thereby mediating
a selective amplification of the corresponding 3’-end re-
gions [1, 3]. Modifications of this assay were required
when shifting from RNA extracted from tissue samples to
RNA extracted from plasma or serum, most likely due to
quantitative differences in the non-viral RNA background
[4].

In order to assess the significance of truncated transcripts
in general, RNA extracted from tissue samples of HbsAg
seropositive HCC patients was analyzed. For these stud-
ies, tissue material (tumor and peritumor) was made avail-
able through a cooperation with the Zhong Shan Hospital
in Shanghai. RNA was extracted with a standard operation
procedure in Shanghai immediately after resection and
RT/PCR analyses were carried out in our laboratory, in
Heidelberg. Differences in the representation of the two
transcript types were established. In the tumor samples,
an apparent coexistence of truncated and full-length tran-
scripts was determined to be less frequent than in the
peritumor samples, while the predominance of one of the
two was more frequent. The mean age of patients with a
predominance of truncated RNA in the tumor was above
the one of patients with a predominance of full length
RNA. An inverse relationship between the presence of
truncated RNA and the presence of RNA carrying core
gene sequences was shown both for the tumor and for the
peritumor samples, thereby indicating truncated RNA to be
synthesized independently of replicative processes. The
results establish truncated RNA as a frequent marker of
the chronic infection leading to HCC, leaving it open to fur-
ther investigations as to whether it is found preferentially in
patients developing HCC or generally in chronically in-
fected individuals [1].

Circulating HBV nucleic acids
Studies on RNA extracted from sera of chronically infected
individuals identified HBV RNA circulating in the blood.
They established full-length and truncated RNA together
with viral RNA not terminating at either one of the two
poly(A) signals as novel markers in HBV serology. Full-
length transcripts correlated with the markers of replicative
infection, HBeAg and HBV DNA, and were associated with
elevated alanine transaminase levels. In contrast, trun-
cated transcripts were found in the presence as well as in
the absence of HBeAg and HBV DNA and there was no
apparent correlation with transaminase levels. Similarly, as
observed with RNA isolated from tissue samples, an age-
dependent distribution of the discernable RNA types was
recognized. Specifically, the fraction of full-length tran-
scripts dropped with advancing age below the detection
limit while the truncated viral transcripts remained on the
high level reached in the second decade of life. Truncated
transcripts and transcripts terminating at neither one of the
two viral polyadenylation signals were detected in sera
even in the absence of any other conventional HBV
marker [4].



308

Research Program
Applied Tumor Virology

DKFZ 2001: Research Report 1999/2000

Division
Virus - Host - Interactions

Properties of a putative truncated HBx protein
Anticipating a co-terminal maturation of transcripts initiated
at different sites as this applies for the full length tran-
scripts governing replication, truncated transcripts are not
homogeneous. It is likely, but not proven, that truncated
viral RNA contains as a subgroup also truncated HBx
mRNA. In in vitro studies evidence could be provided that
the predicted truncated HBx (tHBx) protein is potentially
expressed and that it displays a nucleolar localization
rather than a cytoplasmic one, which was confirmed to be
the preferred localization for the authentic HBx. Thus, the
two proteins, HBx and tHBX, could be distinguished simply
by comparing their cellular distribution. The identification
of tHBx in transfected cells indicated a stop codon inde-
pendent release from ribosomes. In line with its nucleolar
localization, tHBx was shown to stimulate polymerase I
mediated transcription more efficiently than HBx (Schutz
and Schröder, submitted).

Publications (* = external co-author)
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Virus-associated Alterations of Cellular
Genes and Papillomavirus Infections in
Human Carcinogenesis
I. Alteration of cellular genes by integration of

human papillomavirus DNA

E. Schwarz, M. Vogt, M. Springer, N. Nazari,
O. Pless, I. Napierski, C. Lohrey

In cooperation with: Dr. Hajo Delius, DKFZ; Prof. Dr. Magnus von
Knebel Doeberitz, Dr. Johannes Gebert, Sektion Molekulare
Diagnostik und Therapie, Chirurgische Universitätsklinik, Heidel-
berg; Dr. Irmgard Schwarte-Waldhoff, Medizinische Klinik, Ruhr-
Universität Bochum,

Integration of human papillomavirus (HPV) DNA into the
host cell genome is an important step in the development
of cervical carcinomas. It leads to stabilization of the viral
genome within the host cell and to deregulated overex-
pression of the viral oncogenes E6 and E7. We have ad-
dressed the question whether integration of HPV DNA
contributes to carcinogenesis, at least in sporadic cases,
by insertional mutagenesis of cellular tumor suppressor
genes. As a first support of this assumption, analysis of the
cervical carcinoma cell ME180 has led us to the identifica-
tion of the novel human gene APM-1 which is located at
chromosome 18q21 [1]. APM-1 is a novel member of a
family of regulatory genes encoding proteins with zinc fin-
gers and an N-terminal BTB domain. Many of the already
known BTB/zinc finger proteins play essential roles in cell
regulation and development.

We have analysed structure and expression of the APM-1
gene in order to examine its putative tumor suppressor
role. Mutations of the APM-1 gene resulting in altered or
truncated protein could not be detected in human tumor
cell lines. However, very heterogenous APM-1 gene ex-
pression levels were observed. By analysis of cDNA and
genomic cosmid libraries, it became apparent that tran-
scription of the APM1 gene is very complex and involves
multiple promoters, giant introns as well as long and GC-
rich 5’-untranslated regions of the mRNAs. In the tumor
cell line ME180, expression of the APM-1 gene is silenced
by integration of HPV DNA into a 5’-intron thereby uncou-
pling the protein-coding part from the promoters. Alto-
gether, these data (manuscript in preparation) suggest that
alterations of APM-1 gene expression might contribute to
human carcinogenesis.

The characterization of the 5’-untranslated region se-
quences and exon boundaries in APM-1 transcripts has
enabled us to design primer pairs for RT-PCR analysis of
APM-1 expression, also in biopsy material of tumor and
normal tissues. The RT-PCR results obtained so far indi-
cate differential activities of the various promoters. Fur-
thermore, we have characterized the murine homologue
(mAPM1) of the human APM-1 gene. The protein-coding
part is highly conserved whereas the intron sequences are
completely unrelated (manuscript in preparation).
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II. Human papillomaviruses in carcinomas of the
head-and-neck and the prostate

E. Schwarz, C. Lohrey

In cooperation with: Dr. Markus Hoffmann, HNO-Universitätsklinik,
Kiel; Dr. Franz X. Bosch, HNO-Universitätsklinik, Heidelberg;
Dr. Tomas Kahn, Deutsche Bank AG, Biotech Innovationsteam,
Mannheim; Prof. Dr. Kumiko Eiguchi, Gustavo J. Leirós, Carolina
Sofer Podesta, Universidad del Salvador, Buenos Aires,
Argentinia

Previous work by Dr. T. Kahn (in cooperation with Dr. M.
Hoffmann and Dr. F.X. Bosch) and by other groups have
indicated that a subset of head-and-neck carcinomas is
associated with HPV infection [2]. The most prevalent HPV
type is HPV16. The cooperation projects were continued
by our group. The main emphasis was on the analysis of
primary tumors and metastases for HPV DNA together
with a follow-up of the patients [Hoffmann, M. et al. submit-
ted].

The cooperation project of Dr. Kahn with Prof. Eiguchi in
Argentina was also continued. The work included the
analysis of HPV DNA in prostate carcinomas [3]. HPV DNA
could be identified in about 20 % of cancer samples. How-
ever, the role of HPV in prostate carcinogenesis is still un-
clear. The main emphasis in this project is now on the
analysis of APM-1 gene expression in carcinomas and cor-
responding normal tissues (see chapter I).

III. Retinoic acid receptor genes in cervical
carcinogenesis

E. Schwarz, C. Geisen, C. Denk, I. Napierski

In cooperation with: Dr. Birgit Gremm, Frauenklinik, Universität
Heidelberg; Dr. Werner Bollag, F. Hoffmann-LaRoche AG, Basel,
Switzerland; Dr. Jan-Heiner Küpper, ATV, DKFZ

Retinoic acid (RA) is a key regulator of differentiation and
proliferation of epithelial cells. The RA signal is transmitted
by binding to nuclear receptors, the retinoic acid receptors
RAR-α, -β and -γ, which induce the transcription of target
genes. Continuing our previous work, we have shown that
the RAR-β gene is expressed at high and inducible levels
in normal epithelial cells of the uterine cervix and is abnor-
mally down-regulated in cervical carcinoma cells [4]. In a
multifaceted in vitro and in vivo study we could show that
RAR-β is a negative regulator of cervical carcinoma cell
proliferation [5]. RAR-a turned out to be the major regula-
tor of ligand-inducible RAR-β gene expression [4] and to
be responsible for RA-dependent inhibition of HPV18
oncogene expression (manuscript in preparation). Alto-
gether, our data provide insight into the protective roles of
RAR-α and RAR-β against cancer cell growth, and they
further suggest that RAR-α-specific retinoids may be espe-
cially useful in the treatment of precancerous and cancer-
ous lesions.

Publications (* = external co-author)
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Therapeutic Inhibition of Cancer-Associated
Viral and Cellular Gene Products

F. Hoppe-Seyler, M. Beger, K. Butz,
I. Crnkovic-Mertens, C. Denk, B. Fitscher,
J. Hasskarl, B. Klevenz, J. Semzow, E. Tomai,
A. Ullmann

In cooperation with: Prof. Matthias Dürst, Jena; Dr. Helen Hurst,
ICRF, Hammersmith Hospital, London, UK; Prof. Dr. Martin
Scheffner, Dept. of Biochemistry, University of Cologne; Prof. Dr.
Achim Schneider, Dept. of Gynecology, University of Jena; Dr.
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The working team investigated aspects of the transcrip-
tional regulation of human papillomaviruses (HPVs) [3, 8]
and the cellular response of HPV-positive cancer cells to-
wards genotoxic stress [1]. More recently, the activities of
the research group primarily have been focused on the de-
velopment of the peptide aptamer system (summarized in
[5]). This method allows for the selection of peptides,
which can act as specific inhibitors of a given target pro-
tein, at the intracellular level. Apart from being useful tools
for functional analyses of the target protein, peptide
aptamers possess important therapeutic potential, both as
lead structures for drug design and more directly, as pro-
tein drugs. It is the overall aim of our investigations to use
this powerful new system for the molecular analysis of cell
transformation and for the development of novel therapeu-
tic strategies to fight viral infections and cancer.

We have succeeded in isolating peptide aptamers that
specifically bound to the anti-apoptotic HPV16 E6 onco-
protein and selectively drive HPV-positive cancer cells into
apoptosis [4]. These molecules should form a basis for the
development of novel therapeutic strategies to treat HPV-
positive dysplasias and cancers.

(1) Influence of HPV E6 on the Cellular Response
towards Genotoxic Stress.

The E6 oncoprotein interacts with the tumor suppressor
protein p53, via the cellular ubiquitin ligase E6-AP, and
can induce proteolytic degradation of p53. Based on these
observations, it has been postulated that expression of E6
has the same phenotypic consequences as inactivation of
p53 by somatic mutation. This model was supported by
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findings showing that the ectopic expression of E6 can
abolish the p53-mediated response to genotoxic stress, in
experimental cell systems [e. g. Kessis et al., Proc. Natl.
Acad. Sci. USA 90:3988-3992, 1993]. However, several
observations question whether this simple view correctly
reflects the situation in cervical cancer cells. First, endo-
geneous E6 levels are presumably very low in tumors and
HPV-positive cancer cells have been found to contain tran-
scriptionally active p53 protein [Butz et al., Oncogene
10:927-936, 1995]. Second, HPV-positive cancer cells re-
duce E6/E7 expression and induce p53-associated path-
ways in response to genotoxic stress, including cell cycle
arrest [Butz et al., Oncogene 10:927-936, 1995], apoptosis
[Butz et al., Int. J. Cancer 68:1-8, 1996], and induction of
the p53 target genes p21WAF1 [Butz et al., Oncogene
17:781-787, 1998] and gadd45 [1]. Induction of gadd45
was also observed after γ-irradiation, a process that is
strictly dependent on functional p53 [1]. Our investigations
demonstrated that p53 can be activated by genotoxic
stress, and is indeed functional, in HPV-positive cancer
cells. Moreover, cellular pathways downstream of p53 ap-
pear to be principally intact in HPV-positive cancer cells,
suggesting that inhibitors of E6 may be able to reactivate
dormant anti-tumorigenic pathways that depend on p53,
such as apoptosis or growth arrest.

(2) Peptide aptamers: Novel molecules with
antiviral activity against HPV

The observation that p53-associated pathways are induc-
ible and intact in HPV-positive cells made the HPV E6
oncoprotein an interesting target for functional inactivation.
Moreover, since E6 has been described to possess anti-
apoptotic potential in experimental cell systems, whereas
E7 acted pro-apoptotically, we hypothesized that the se-
lective inhibition of E6 in cervical cancer cells may result in
their apoptotic elimination. Both E6 and E7 are invariably
expressed in HPV-positive cervical cancers. A selective in-
hibition of E6, without affecting E7 expression, cannot be
achieved at the promoter or RNA level, since both genes
are transcribed from a common promoter and translated
from common polycistronic RNA transcripts. We therefore
employed the peptide aptamer system, in order to isolate
specific inhibitors of E6 at the protein level.

The peptide aptamer system represents a novel genetic
screening method for the isolation of peptides that can
specifically bind, and functionally inactivate, a given target
protein under intracellular conditions [5], similar to intracel-
lular antibodies. The peptides are displayed in a con-
strained conformation from an inert scaffold protein, which
typically results in higher binding affinities when compared
to corresponding flexible peptides with free ends. More-
over, the preferred conformation of the constrained pep-
tides should aid in the elucidation of their bioactive struc-
ture, which is a prerequisite to their use as lead structures
for drug design.

Screening of 2 million randomized peptide aptamers re-
sulted in the isolation of 17 aptamers, which specifically
bound to the HPV16 E6 oncoprotein [4]. Two of them in-
duced strong growth inhibition of HPV16-positive cancer
cells in colony formation assays, whereas HPV-negative

cells were unaffected. Growth inhibition was due to induc-
tion of apoptosis and was linked to increased p53 levels.
These findings provide direct experimental evidence that
the E6 oncoprotein has anti-apoptotic activity in HPV-posi-
tive cancer cells and give a “molecular” explanation for the
apparent selection pressure to maintain E6 expression in
HPV-positive tumors. Moreover, the aptamers identified in
this study define E6 as a promising therapeutic target and
provide a novel basis for the development of therapeutic
agents that can specifically target HPV-positive cells for
apoptotic elimination.
These investigations were supported by grants from die Deutsche
Krebshilfe and the Wilhelm Sander Stiftung.
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Electron Microscopy (F0900)

H. Zentgraf, S. Franz, P. Kirsch, R. Martens,
I. Velhagen

In cooperation with C.T. Bock, Molekulare Pathologie, Universi-
tätsklinikum Tübingen; M. P. Manns, Gastroenterologie und Hepa-
tologie, Medizinische Hochschule Hannover;;M. Hafner, Institut für
Molekularbiologie und Zellkulturtechnik, Fachhochschule Mann-
heim; L. Schilling, Neurochirugische Forschung, Universitätsklini-
kum Mannheim; R. Grobholz, Pathologisches Institut, Universi-
tätsklinikum Mannheim; C. Verbeke, St. James’s University Hospi-
tal, Leeds, UK; G. Schieren, T.Benzing, H. Pavenstädt, G. Walz,
Med. Klinik, Nephrologie Universität Freiburg; M.-C. Dabauvalle,
U. Scheer, Zell- und Entwicklungsbiologie, Zoologie Universität
Würzburg; I. Grummt, M. Schmidt-Zachmann, A. Alonso, M.
Müller, C.-H. Schröder, F. Hoppe-Seyler, DKFZ

(1) Structure of the Hepatitis-B-Virus
minichromosome

In a detailed study we investigated the early steps in hepa-
titis B virus replication and the structure of the viral
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minichromosome. The mechanism of viral genome entry
into the nucleus remains unknown and is still a matter of
debate. One model favours the cell cycle dependent regu-
lation of the HBV core protein localization in different cellu-
lar compartments, especially the cell nucleus. The other
concept postulates that core particles cannot move freely
from the cytoplasm into the nucleus, but disassemble in
the cytoplasm, and the core protein is then transferred
through the nuclear pore. In the cell nucleus de novo for-
mation of core particles should occur as a concentration
dependent process. Our observations support the latter
concept. Using a variety of techniques we could show that
(i) the core protein is attached to the nuclear pores, (ii) the
genome is associated with the nuclear membrane and can
be isolated as partially double stranded, relaxed and prob-
ably supercoiled double stranded circles, and (iii) no core
particles are visible neither at the nuclear membrane and
pore complex nor within the nucleus of the infected cell.
These data support the hypothesis that the disassembly of
the viral core particles occur in the cytoplasm of the in-
fected cell and is probably required for the entry of the vi-
ral genome into the nucleus [1].

Recently we demonstrated that the replicative intermediate
of HBV, the covalently closed, circular DNA, is organized
into minichromosomes in the nucleus of the infected cell
by histone and non-histone proteins. In contrast to cellular
chromatin the nucleosomal spacing of the HBV minichro-
mosomes has been shown to be unusually reduced. A po-
tential candidate responsible for an alteration in the chro-
matin structure of the HBV minichromosome is the HBV
core protein, which has been implicated in the nuclear tar-
geting process of the viral genome. The association of the
HBV core protein with nuclear HBV replicative intermedi-
ates could strengthen this role. From our data on the HBV
minichromosome we propose that the HBV core protein
may have an impact on the nuclear targeting of the HBV
genome and be involved in viral transcription by regulating
the nucleosomal arrangement of the HBV regulatory ele-
ments [2].

(2) Expression and functional studies of the
protein polycystin 1

Polycystic kidney disease (PKD1) is the most prevalent in-
herited renal disease in man, characterized by progressive
cyst formation in all segments of the nephron leading to re-
nal insufficiency. Polycystin 1, encoded by the PKD1 gene,
has a molecular mass of about 460 kd (ca. 4300 aa). For
expression of different Peptides of polycystin1 containing a
histidine tail cDNA fragments were generated from mRNA
of Hy145.19 cells with the help of RT-PCR using specific
primers [Schieren, G.*, Velhagen I. et al. submitted]. To
elucidate its biological function, we tested the ability of
polyclonal antisera against six different extracellular do-
mains to modify cellular behaviour of cultured human renal
tubular epithelial cells (TEC). Our data for the first time
supply in-vitro evidence for specific and differential func-
tions of the extracellular polycystin 1 domains including the
induction of signal transduction. Altered cellular response
to the respective polycystin 1 antisera and probably al-
tered signal transduction in human PKD derived TEC

might be responsible for the typical ,cystic behaviour of
these cells. So far we were able to supply data for a func-
tional characterization of the different extracellular poly-
cystin domains and their alteration in PKD. The identifica-
tion of the natural ligands to these domains and character-
ization of their functional role might open up possibilities
for future therapeutic intervention to slow down renal cystic
disease in PKD patients.

(3) Malignant glioma – sensitivity to apoptotic
proteins

Recently we started a project related to the development
of a new therapy against malignant glioma. The efficacy of
malignant glioma to radio- and chemical therapy is very
low and, in addition, the elimination of the tumor by sur-
gery is very limited. The aim of our study is to stimulate
apoptosis in tumor cells by transfering pro-apoptotic fac-
tors like Bax as a fusionsprotein with VP22, a shuttle pro-
tein from Herpes Simplex Virus, or HIV-TAT. We have al-
ready established the necessary plasmids, cell lines and
antibodies against the proteins. The shuttle function is
monitored by the reporter protein GFP (green fluorescent
protein), which is also fused to Bax and VP22/TAT and
could be detected in vitro. First experiments of implanting
transiently transfected C6 glioblastomas with GFP and
GFP/VP22 in the dorsal skinfold chamber revealed a
slightly delayed glioma growth and vascularization but a
well visible fluorescence. These promising outlooks sug-
gest implantation of stable GFPVP22 and GFPVP22Bax
C6 Glioma cells into the dorsal skinfold chamber to investi-
gate the effects of VP22 and Bax on the expected tumor
regression and angiogenesis. After examining the sensitiv-
ity of neuronal and endothelial cells against the fusion pro-
teins GFPVP22 and GFPVP22Bax an experimental brain
tumor model (intraparenchymal) in the mouse will be es-
tablished. In this tumor model we want to investigate the
effects of the GFP, VP22 and GFPVP22 proteins fused to
bax and other apoptotic proteins, e.g. bcl-2 (in cooperation
with L. Schilling/ Mannheim and M. Hafner/ Mannheim).

Publications (* = external co-author)
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the Hepatitis B virus minichromosome. J. Mol. Biol. 307, 183-196
(2001)
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This division analyzes the role of viruses in human cancer
development. The main aims are the characterization of
novel tumorvirus types and the analysis of viral/host cell
protein interactions. The division has recently been able to
identify another 37 novel human papillomavirus (HPV)
genotypes, mainly from squamous cell carcinomas of the
skin, the aerodigestive tract and the esophagus, but also
from normal skin biopsies. During the past year 70 novel
TT virus genotypes have been partially characterized -
their potential role in the stimulation of cell growth remains
to be investigated. Degenerate primers have been devel-
oped and used for searching for the polyoma- and herpes-
groups of viruses in human tumors. In addition, the mo-
lecular mechanism by which cutaneous HPV types, intrac-
ellular regulatory components and cytokines interact in
malignant cells will continue to be the focus of special in-
terest. Examination of the interaction between viral
oncoproteins and cellular factors led to the discovery of a
ubiquitin-dependent proteolysis system and additional pro-
teins that were able to bind to this complex.

Characterization of Tumorviruses (F0700)

E-M. de Villiers

In collaboration with : Dr. I.M. Leigh and Dr. A. Storey, London,
UK; Dr. C. Benton, Edinburgh, Scotland, UK; Dr. C. Miracco,
Siena, Italy; Dr. B. Niebrugge, Magdeburg; Dr. R. Mulherkar,
Mumbai, India ; Dr. Nancy Kiviat, Seattle, USA.

The following aspects are mainly concentrated on in this
division:
- Identification and characterization of new papillomavirus

types
- Functional analyses of cutaneous papillomavirus infec-

tions
-  Association of new and known viruses with the develop-

ment of malignant tumors.

Identification and characterization of new
papillomavirus types:
During the course of this report period we have identified 8
putative new papillomavirus types, mainly originating from
cutaneous lesions. We have cloned the complete ge-
nomes of 2 of our previously identified putative new types
and are in the process of sequencing these. In our capac-
ity as Reference Center for Papillomaviruses, we have
verified 4 cloned papillomavirus genomes as new/addi-
tional HPV types and distributed cloned HPV DNA to many
laboratories worldwide.

We have initiated an epidemiological study in collaboration
with Dr. Nancy Kiviat to determine the prevalence of
papillomavirus infections in squamous cell carcinomas of
the skin and the influence of UV radiation as measured by
UV-induced p53 mutations. Both degenerate and consen-
sus primers are applied in the amplification of DNA by the
polymerase chain reaction, after which all products are
cloned and sequenced. Preliminary data have already
been obtained. We have, in addition, continued our analy-
ses of biopsies from various organs for the presence of
papillomavirus infections. Emphasis was mainly upon tu-
mors of the head and neck region and the esophagus. In
collaboration with Dr. Miracco we demonstrated the pres-
ence of HPV DNA in only a small number of melanoma le-
sions, not exceeding previous findings in normal skin le-
sions.

Functional analyses of cutaneous papillomavirus
infections:
Non-melanoma skin cancer is the most prevalent cancer
amongst the Caucasian population worldwide. Ultraviolet
light has been established as one of the factors involved in
the etiology of this disease. We have studied the mecha-
nistic aspects of the interaction between papillomavirus in-
fection and ultraviolet radiation. We could demonstrate
that UV activated the promoter activities of certain types of
papillomaviruses, whereas other types were inhibited. We
furthermore demonstrated that the pro-inflammatory cyto-
kines induced by UV-irradiation, influence the promoter ac-
tivities of these HPV types and  that the JNK pathway is in-

Division Characterization of Tumorviruses (F0700)

Head: Prof. Dr. Ethel-Michele de Villiers
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volved. The presence of wild type 53 or mutant p53 plays
an important role in this pathway [9, 27].

Association of new and known viruses with the
development of malignant tumors:
We have screened 222 tumors of different origins for the
presence of known tumorviruses. We used PCR to identify
known and possibly new herpesviruses in these biopsies.
Although we were unable to identify any new herpesvi-
ruses, we demonstrated herpesvirus DNA in about 20% of
the tumors, mainly in the aerodigestive tract. The relatively
high prevalence of HHV-6 was surprising, as well as the si-
multaneous presence of multiple infections (up to 3 types)
within one tumor. These tumors were also analysed for the
presence of adeno-associated viruses (AAV) using con-
sensus primers. The number of positive biopsies was very
low, but we identified one new AAV type.

We subsequently also screened these tumors for the re-
cently identified Circinoviruses. The tumors of the diges-
tive tract very frequently harbored these viruses in com-
parison to the other tumor types, although we cannot, at
this stage, exclude the possibility that these viruses were
present in the circulating blood. We identified 70 new
types during the course of this investigation.

These studies were performed in collaboration with many
hospitals, local and abroad.

Oligonucleotide Synthesis and Nucleic Acid
Sequencing (F1000)

H. Delius

One of the aims of this group is the development and im-
provement of nucleic acid sequencing techniques and
their application to genome analysis in collaboration with
other groups. In addition the group operates an oligonucle-
otide synthesis service for the DKFZ.

At the beginning of 1989 a project was initiated to deter-
mine the nucleotide sequences of all human pathogenic
papillomavirus types registered in the Reference Center. It
is hoped that an analysis of these sequences will lead to
an understanding of the molecular basis of functional dif-
ferences between the different virus types, e.g. differences
in tissue specificity or malignancy.

The basic strategy for the sequencing of the virus ge-
nomes was the ‘primer walking’ approach which had not
been used very widely at that time. The primers are deter-
mined from newly read sequences and chemically synthe-
sized. The total sequences were determined essentially
without subcloning of the original HPV clones. The initial
high cost of primer synthesis led to the development of a
new instrument especially developed for the synthesis of
the small amounts of oligonucleotides required for the se-
quencing work. We obtained a patent for the column/valve
design. Two of these now commercially available instru-
ments which can produce ten 20mer primers each within
two hours are being employed in our oligosynthesis ser-
vice.

Altogether more than 60 papillomavirus types (totalling
about 500 kb) have been sequenced by our group with a
very high accuracy. Together with the sequences deter-
mined by other groups, practically all registered types
have been sequenced. These sequences constitute the
basis for the functional analysis, the development of diag-
nostic methods, and for the phylogenetic analysis of the
papillomaviruses.

With the rapid development of sequencing instrumenta-
tion, cheaper cost and higher capacities we have been of-
fering sequencing as a service to other groups within our
institute. During the 2000 we prepared about 9000 se-
quence runs.

Based on our experience with the primer synthesis for the
sequencing projects (by now we have used more than
12000 primers) we have, since 1991, been managing the
central oligonucleotide synthesis facility in the DKFZ.
Within this service we synthesize roughly 6000 oligonucle-
otides per year

The Ubiquitin/Proteosome System and its
Role in Human Carcinogenesis (F0701)
This group formed part of the Division for Tumorvirus
Charactoerization until July 1999, when Dr. Scheffner ac-
cepted a professorship at the Department of Biochemistry
at the University of Köln.
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The major aims of our research efforts are the elucidation
of the mechanism of action of human spumaretrovirus
(HSRV) gene expression. The research tasks include the
delineation of the functions of the novel bel genes, their
gene products and the identification of their cellular targets
and ligands. This approach is directed towards the iden-
tification of those cellular genes that are expressed after
an HSRV infection. The long-term goals are to find out
whether or not HSRV can be associated with a clinically
defined disease, and to develop the virus genome into a
novel and safe retroviral vector system.

HSRV is a complex and replication-competent retrovirus
that expresses the three characteristic viral genes gag,
pol, and env, and, in addition, regulatory and accessory

bel genes, see genome map (Fig.1). HSRV isolates were
obtained from patients of different diseases that included
tumours and leukemias. Spumaviruses induce an immu-
nosuppressive effect. The cytopathic effects of HSRV in
cell culture and HSRV-transgenic mice are noteworthy,
since formation of specific multinucleated giant cells was
observed in the hippocampal area of the brain. Sero-epi-
demiological detection with feline spumaretroviral (FSRV)
specific antisera revealed that there is high prevalence of
FSRV in wild and domestic cats in Australia and Germany.
[1, 7, 15]. Expression of HSRV and FSRV Pol is unusual
and has several unique features among known retro-
viruses. The Propol is expressed from a subgenomic
spliced, propol-specific transcript. The splice acceptor of
the propol mRNA is located in the gag gene [2]. The pro-
tease (PR) domain is not cleaved off from the Propol
polyprotein, again in contrast to the expression of other
retroviral Pol proteins [4]. The PR has a novel cleavage
site specificity and is unusually long even as a subdomain
of Propol [11, 13]. The HSRV PR is enzymatically active as
a dimer as expected. The active FSRV PR, however, has
an active center motif, Asp-Ser-Gln- Ala different from
other known retroviral aspartic acid PRs [1, 11]. Further-
more, the subcellular localization of FSRV Gag is peri-
nuclear [5]. Cryo-electronmicroscopy allowed the direction
observation of trimers of the intact HSRV Env glycoprotein
[8]. Further studies to explore the role Env in budding and
virus release are currently carried out.

Expression profiling of human genes in human cells either
infected with HSRV or transfected with Bel1 transactivator
expression plasmids showed a surprisingly specific pattern
of induced cellular genes [9]. Insulin like growth factor 2
(IGF2), a known oncogene and cyclin-dependent protein
kinase inhibitor (p57Kip2), a tumor suppressor were
among those human genes that were strongly activated
[9]. The specific trans-activation of the IGF2 and p57Kip2
genes were confirmed by RNA blot hybridization and by
means of immunoblot analysis with monoclonal antibodies

Division Retroviral Gene Expression (F0800)

Head: Prof. rer. nat. Rolf M. Flügel

Figure 1:Regulation of spumavirus gene expression by the transcriptional trans-activator Bel 1. The different boxes represent the viral
genes. The bent arrows mark the bel1 DNA target sequences. The two rectangular arrows indicate both start sites of transcription sym-
bolized by red boxes marked RNA. LTR, long terminal repeats.
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directed against these proteins [9]. This result will have im-
pact on spumavirus vectors.
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The immune system distinguishes between self and non-
self to preserve the integrity of the body and to eliminate
tumor cells and infectious pathogens. Tumors, however,
are often recognized as self by the immune system and
are not eliminated.

The Tumorimmunology Program investigates growth,
activation, apoptosis (programmed cell death) and regula-
tion of cells of the immune system to better understand
their role in cancer, AIDS and autoimmunity. Immunologic,
cellular and molecular methods are used to improve the di-
agnostics and therapy of tumors of the immune system
and of other malignant diseases. It is the aim of the pro-
gram to bring the results of basic immunological research,
obtained through close collaborations within the program
and with national and international collaborators, forward
into the clinical arena.

The Division of Cellular Immunology investigates the mo-
lecular basis of tumor-host interactions at several levels
and in different micro-environments (interactions of lym-
phocytes with blood vessel endothelium or with stroma
cells in the thymus, the liver and bone marrow). This in-
cludes the study of specific cell surface adhesion mol-
ecules and sugar structures and their respective role in
cell-cell and cell-matrix interactions. These molecular stud-
ies are linked to in vivo animal studies in which we focus
on experimental metastasis research and research of im-
munotherapy of metastases. The immunotherapy research
concerns the development of tumor vaccines for active
specific immunotherapy studies and the use of activated
immune T lyphocytes for adoptive immunotherapy studies.
Research on tumor vaccines is also performed with human
cells and has been translated to clinical studies.

The research of the Division of Immunochemistry has
been dealing with the redox regulation of signal proc-
esses,  with the role of methylation processes in signal
transduction and tumor necrosis factor-mediated cell
death, and with novel therapeutic strategies for incurable
diseases.
The role of the redox state in sencescence and cancer
cachexia has been studied in a series of projects in coop-
eration with clinical partners. These studies have led to the
discovery that senescence and disease related wasting
are both associated with a shift in the redox state of the
plasma cysteine/cystine redox couple. Complementary
studies with a thiol containing antioxidant (N-acetyl-cys-
teine) suggested that this shift may be a target for thera-
peutic intervention.
Another clinical project has been dealing with the immun-
opathology of HIV infection and the therapeutic potential of
N-acetyl-cysteine as a means to compensate the massive
loss of sulphur in HIV infection.
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The Division of Immunogenetics investigates growth of
normal and malignant lymphocytes.  In model systems, the
division focuses on two particular subjects: 1) the investi-
gation of the molecular mechanism of the regulation of
growth factors secreted by lymphocytes, particularly the
cytokine Interleukin-4, and 2) the investigation of pro-
grammed cell death, apoptosis, with the aim to stop cell
growth.
Interleukin-4 is one of the cytokines important for growth of
T lymphocytes. Expression of the Interleukin-4 gene is
regulated by complicated negative and positive control
mechanisms. The elucidation of the regulation of Inter-
leukin-4 gene expression will yield information on the
mechanisms of regulation of expression of other genes im-
portant for cell growth.
Apoptosis is the most common form of cell death in the or-
ganism. It is the specific aim of the division to understand
the extracellular and intracellular signals for apoptosis to
target apoptosis therapeutically in a specific fashion to-
wards tumor cells. The division uses immunologic, cellular
and molecular methods and the cooperation between ba-
sic and clinical research to unravel the phenomenon of tu-
mor cell resistance towards induction of apoptosis and re-
sistance against therapy.

As a consequence of the BioFuture Prize rewarded to Dr.
H. Walczak in November 1999, the group Apoptosis
Regulation was formed in May 2000 as part of the Tumor
Immunology Program. The scientists in this division focus
on the understanding of the biochemical pathways that re-
sult in cell death by apoptosis and the therapeutic possi-
bilities associated with influencing apoptosis. Apoptosis is
a fundamental biological process. Under physiological
conditions cell growth and cell death occur at identical
rates. This equilibrium results in balanced tissue mainte-
nance. Dysregulated apoptosis is causative for many dis-
eases in need of treatment. These include cancer, autoim-
munity, stroke, AIDS, Alzheimer’s and Parkinson’s disease.
For many of these diseases there are as of yet no or only
insufficient therapies available. The group Apoptosis
Regulation investigates the therapeutic potential of
apoptosis induction or inhibition with a specific focus on
the therapeutic potential in cancer and autoimmunity.

The efforts of the Division of Molecular Immunology  are
concentrated on the processing and presentation of anti-
gens and their recognition by T cells. In the case of MHC
class I mediated antigen presentation, the role of the
transport molecules which translocate antigenic peptides
from the cytosol into the endosplasmatic reticulum, where
they bind to MHC class I molecules,  is the main focus.
The study of the MHC II pathway is concentrated on the
role of MHC II associated invariant chain and the HLA-DM
molecules for peptide loading. A detailed knowledge of
these molecular and cellular mechanisms will be crucial for
attempts to manipulate the immune system and for devel-
opment of cancer vaccines.

Recognition of tumor cells by T lymphocytes frequently
does not result in their activation but rather in silencing.
Therefore, the mechanisms of tolerance induction are
studied, and also ways are devised to break tolerance
against tumors, so that tumors can be eradicated by T
cells already present in the body. For these studies
transgenic mouse systems are being employed.

Finally, in a clinical project with direct applicability so-
called bispecific antibodies are produced, which target the
body’s own killer cells to tumors, thereby initiating their de-
struction.
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Research in this division is devoted to cellular aspects of
the immunobiology of T and B-lymphocytes. We investi-
gate the molecular basis of interactions between lympho-
cytes and non-lymphoid cells in organ micro-environments
and with blood-vessel endothelial cells. This should lead to
a better understanding of the role of defined cell adhesion
molecules and their terminal carbohydrate structures in im-
portant cell-cell interactions during lymphocyte differentia-
tion and activation as well as during lymphocyte recircula-
tion and homing in particular organs. Such molecular stud-
ies should at the same time lead to a better understanding
of the properties of malignant cells during tumorigenesis
and in particular during metastasis. A special focus of our
research is devoted to the problem of metastases and its
prevention by immunological means. We intensively inves-
tigate the immunobiology and immunotherapy of cancer
metastasis and try to transfer some of our findings into the
clinic. The research is performed in four project groups
which are headed by the head of the division and his three
research assistants. There is a balance between basic im-
munological research (projects 2, 3, 4), cancer research
(in particular metastasis and immunotherapy; projects 1, 2,
4) and clinically oriented research with human cells and
with cancer patients (projects 1 and 4).
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Ratter, (all from DKFZ); T. Ahlert, E.-F. Solomayer, G. Bastert, I.J.
Diel, C. Herold-Mende, R. Gerhards, University Clinic Heidelberg;
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Liaoning, P.R. China.

T-cell immunity in the induction and maintenance
of a tumor dormant state.
The DBA/2 derived lymphoma lines Eb (low metastatic)
and Esb (high metastatic were transfected with the lacZ
gene as a genetic tag and model tumor associated antigen
(TAA). This lacZ-tagging allowed a high resolution detect-
ion of metastases and of dormant tumor cells in the bone
marrow. When live tumor cells were injected into the exter-
nal ear-pinna - (i.e. a non-permissive site for tumor growth)
- a T cell mediated immune response against lacZ was in-
duced very efficiently. This prevented tumor growth locally
and established a status of tumor dormancy in the bone-
marrow which correlated with long-term protective immuni-
ty. Induction of the tumor dormant state was not possible
in CD8 T cell depleted mice. Also, the maintenance of the
tumor dormancy state was dependent on immune CD8 T
cells. There was break-down of tumor dormancy if such
mice were treated extensively with depleting anti-CD8 anti-
body [1].

Intra-pinna antitumor vaccination with self-
replicating infectious RNA.
To optimize polynucleotide vaccinations for protective anti-
tumor immunity we used a self-replicating RNA vaccine in
which Semliki-Forest-Virus replicase drives RNA expres-
sion of the lacZ gene, coding for β-galactosidase as model
TAA. Gene-expression following pinna inoculation lasted
for 2-3 weeks. Higher antibody responses to β-Gal were
obtained with RNA than with DNA-vaccine. β-Gal peptide
specific CTL memory responses were induced and lasted
for more than 6 weeks. Protective immune responses
against lacZ tumor cells could be induced very efficiently
with self-replicating RNA at about 100-fold lower dose in
comparison to DNA. Protective antitumor immunity could
be further increased upon co-inoculation of IL-2 DNA or
IL-12 RNA [2].

Molecular characterization of an aggressive
lymphoma variant.
The highly metastatic lacZ transduced T-cell lymphoma
ESb-L-CI was analysed with respect to phenotype modula-
tion. The full potential of lacZ tagging was utilized when
cell suspensions of metastasis bearing organs were gene-
rated and loaded with FDG, the dye which releases fluor-
escein in lacZ positive live tumor cells. The different sub-
populations of cells from the liver and of metastasized tu-
mor cells could be isolated and characterized by flow
cytometry. These studies revealed among others that

MIP1α mRNA expression was strongly reduced in ex vivo
isolated tumor cells as compared to in vitro grown cells, in-
dicating the modulatory role of the tumor micro-environ-
ment. PCR-analysis showed that ESb-L tumor cells ex-
press a Th-2 like cytokine pattern with mRNAs for IL-4, IL-
5, IL-6, IL-10 and IL-13 but not for IL-2 and interferon-γ
[3, 4].

Immune stimulatory effects of Newcastle Disease
Virus (NDV) and NDV modified tumor vaccine.
With regard to tumor vaccine development we extended
our studies on tumor cell modification by virus infection in
murine and human systems. NDV efficiently modified hu-
man tumor cells for vaccination purposes [5]. It also in-
duced T cell co-stimulatory activity in human melanoma
cells [6]. In murine studies, tumor specific CTL effector and
memory responses were analyzed in normal mice, in tu-
mor bearing mice and in animals treated by active specific
immunotherapy (ASI) with an autologous virus modified tu-
mor vaccine [7, 8]. The in situ peritoneal effector cell
(PEC) response was augmented when NDV was used to
infect tumor cells which expressed the correct tumor asso-
ciated antigen of the memory response. This was not the
case when a third party tumor cell was infected and ad-
mixed. A long-term CTL memory response could be dem-
onstrated even two months after post-operative ASI with
ESb-NDV vaccine [9].

NDV was also shown to activate macrophages directly for
antitumor activity. Direct macrophage activation by NDV
was seen under a variety of experimental conditions using
two different strains of NDV, different sources of macro-
phages and different strains of mice. NDV activated mac-
rophages performed antitumor activity in vitro such as anti-
tumor-cytostasis and antitumor cytotoxicity. The cytotoxic
antitumor activity was broad and active against all tumor
lines tested (including mammary carcinoma, lung-carci-
noma, mastocytoma and immune escape variants of a
lymphoma). Antitumor activity of NDV activated macroph-
ages could also be transfered in vivo [10]. An effective
strategy for human tumor vaccine production was devel-
oped which combined virus infection with coupling of
bispecific costimulatory molecules [11, 12].

Immune cell mediated adoptive immunotherapy
(ADI)
Complete tumor remissions were achievable even at ad-
vanced metastasized stages by transfer of immune T cells
from donor B10.D2 mice into ESb-MP tumor bearing DBA/
2 mice. We showed that this graft versus leukemia (GvL)
effect was dependent on synergistic interactions of trans-
ferred CD4 and CD8 immune T cells with host
sialoadhesin (SER) positive macrophages [13]. In our lat-
est study we show that the CD40-CD40L (CD154) interac-
tion is involved in the induction of inducible nitric oxide
synthase (iNOS) expression during ADI. Blocking of
CD40L in vivo at days 5 and 20, when all iNOS cells ex-
press CD40, leads to significantly reduced CD40 and
iNOS expression as well as to a marked inhibition of the
therapeutic effect [14]. NO was found to induce apoptosis
in human leukemic lines via mitochondrial lipid degrada-
tion and cytochrone C release [15].
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Breaking tolerance to a tumor associated-viral
superantigen as a basis for GvL-reactivity.
In the above ADI model system we could show that immu-
nological tolerance exists in the ESb-MP tumor-bearing
host (DBA/2) to a tumor-associated viral superantigen
(SAG). This SAG was encoded by retroviral genes derived
from mouse mammary tumor pro-virus (MMTV). The toler-
ance could be overcome by transfer of allogeneic T cells
expressing SAG reactive vβ6 T cell-receptor chains. Upon
contact wiht SAG expressing lymphoma cells, Vβ6 T cells
became activated rather than tolerized as reported previ-
ously. They developed SAG specific cytotoxic T lympho-
cyte (CTL) activity and secreted IL-2 and interferon-γ. The
grafted T cells infiltrated liver metastases, formed close
contact with SAG-expressing tumor cells and caused sig-
nificant GvL-effects [16].

Enrichment of memory T cells and other
profound immunological changes in the bone-
marrow from untreated breast-cancer patients.
Following our pre-clinical studies on tumor dormancy and
immunological memory in the bone-marrow, we now inves-
tigated bone marrow of breast cancer patients with respect
to tumor cell content, immune activation status and
memory T cell content. BM derived cells from primary op-
erated breast-cancer patients (n = 90) were compared with
those from healthy donors (n = 10) and also with cells from
respective blood samples. Cytokeratine 19 positive tumor
cells were detected by nested PCR. Three colour flow-
cytometry was used to identify numbers and activation
state of T cells, NK-cells, monocytes/macrophages and
subsets by a panel of monoclonal antibodies. The propor-
tion of memory T cells among the CD4 and CD8 T cells
was much higher in BM of cancer patients than in healthy
donors. The extent of memory T cell increase was related
to the size of the primary tumor. Patient derived BM
memory CD8 T cells could be shown to contain specific
HLA-A2/Her-2/neu-peptide tetramer binding cells. Our
proposition that bone-marrow is a special compartment for
immunological memory and tumor-dormancy was fully
supported by these clinical data [17].
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[8] Schirrmacher V., Umansky, V., Lindner, M., Müerköster, S. and
Rocha M.: Models for immunotherapy and cancer vaccines. In:
Cancer Handbook; Macmillan Publ. Ltd., G. Nicolson, ed., in
press.

[9] Schirrmacher V.: In situ analysis of tumor-specific CTL effector
and memory responses elicited by tumor vaccination. Int. J.
Oncol. 15: 217-227 (1999).

[10] Schirrmacher, V., Bai, L., Appelhans, B., Umansky, V., Yu, L.,
Xing Y., Qian Z.: Newcastle Disease Virus activates macrophages
for antitumor activity. Int. J. Oncol. 16: 363-373 (2000).

[11] Haas C., *Herold-Mende C., *Gerhards R., Schirrmacher V.:
An effective strategy of human tumor vaccine modification by cou-
pling bispecific co-stimulatory molecules. Cancer Gene Therapy
6: 254-262 (1999).

[12] Schirrmacher V.: Tumorvakzinierung, In: Zentralblatt
Chirurgie, 125, Suppl. 1: 33-36 (2000).

[13] Muerköster, S., Rocha, M., Crocker, P.R., Schirrmacher, V.
and Umansky V.: Sialoadhesin-positive host macrophages play an
essential role in graft versus leukemia (GvL) reactivity in mice.
Blood 93: 4375-4386 (1999).

[14] Müerköster S., Laman J.D., Rocha M., Umansky V. and
Schirrmacher V.: Functional and in situ evidence for nitric oxide
production driven by CD40 - CD40L interactions in graft-versus-
Leukemia-reactivity. Clin. Cancer Res.,16: 1988-1996 (2000).

[15] Ushmorov, A., Ratter, F., Dröge W., Schirrmacher V.,
Umansky V.: Nitric oxide-induced apoptosis in human leukemic
lines requires mitochondrial lipid degradation and cytochrome C
release. Blood 93: 2342-2352 (1999).

[16] Schirrmacher, V., Müerköster, S., Bucur, S., Umansky, V.,
Rocha M.: Breaking tolerance to a tumor-associated viral super-
antigen as a basis for graft versus leukemia (GvL) reactivity. Int. J.
Cancer 87: 695-706 (2000)

[17] Feuerer, M., Rocha, M., Bai, L., Umansky, V., Solomayer, E-
F., Bastert G., Diel I.J. and Schirrmacher V.: Enrichment of
memory T cells and other profound immunological changes in the
bone marrow from untreated breast cancer patients. Int. J. Cancer
92:96-105 (2001)
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Cell Adhesion in Lymphocyte Homing and
Tumor Metastasis (G01002)

P. Altevogt

Collaborators: Prof. Vance Lemmon, Case Western Reserve Uni-
versity, USA;  Dr. Zeev Sthoeger and Dr. Mina Fogel, Kaplan Hos-
pital Rehovot, Israel; Dr. Rachel Bar-Shavit, University of Jerusa-
lem, Israel; Prof. Klaus Ley and Dr. Ali Hafezi-Moghadam,
Charlotteswille, USA; Prof. Uwe Rauch, University of Lund, Swe-
den; Prof. H.-J. Gröne DKFZ.

Adhesive interactions between cells or cells and the extra-
cellular matrix (ECM) are mediated by specialized cell sur-
face receptors known as cell adhesion molecules. Adhe-
sion molecules are of central importance for cell migration
in embryonic development and in malignant situations like
tumor metastasis. The objective of our work is to characte-
rize the function of adhesion molecules focussing on CD24
and L1 adhesion molecule (CD171) that are frequently re-
expressed by human tumors. We investigate the binding
partners, the physiological role of these molecules and
their potential importance in tumor development.

Human L1 intacts with integrins and neurocan
[2,7]

M. Oleszewski, P. Gutwein, and P. Altevogt

In collaboration with U. Rauch.

CD171 is an established adhesion molecule in the ner-
vous system playing an important role in neurite out-
growth. On neural cells L1 is primarily involved in homo-
philic L1-L1 interactions which involves several domains of
L1. We have identified binding sites for the integrins VLA-5
and αvβ3 and the proteoglycan neurocan in L1. The L1-
neurocan interaction is important for axonal pathfinding
during neural development. Integrin binding to L1 is con-
fined to the sixth Ig-like domain whereas neurocan binds
to the first Ig-like domain. Neurocan binding prevents
homophilic binding. We are studying the biological role of
heterophilic interactions of L1 with its ligands and analyze
the structural basis of the contact sites.

Membran-proximal proteolytic cleavage of L1
[1,5]

S. Beer, P. Gutwein, M. Oleszewski, N. Agmon-Levin,
S. Mechtersheimer and P. Altevogt

In collaboration with Vance Lemmon.

 L1 can be shed from the membrane of many human tu-
mor cells by a member of the ADAM family of metallo-
proteinases. The cleavage can be regulated by a variety of
agents including cytokines and cell-cell contact. L1 is not
only a membrane protein but occurs in association with the
ECM. The proteolytic cleavage of L1 is necessary for ECM
integration. We are analyzing L1 shedding with particular
emphasis on the use of soluble L1 as a tumormarker and
the function of L1 shedding during the migration process.

CD24 as a ligand for P-selectin  [3,6]

J. Friederichs, Y. Zeller and P. Altevogt

In collaboration with A. Hafezi-Moghadam, H.-J. Gröne, K.Ley.
M.Fogel and Z.Sthoeger.

P-selectin is involved in the binding of leukocytes to endo-
thelial cells and activated platelets. The main ligand for P-
selectin is PSGL-1. Many human tumor cells can bind to
P-selectin in a PSGL-1-independent fashion. We have
identified CD24, a highly glycosylated membrane protein
as a novel ligand for P-selectin. Transfection of tumor cells
with CD24 and fucosyltranferases that alter the glycosyla-
tion of CD24 augment the ability to bind to P-selectin and
enhances the P-selectin dependent lung arrest of the
cells. Tumor cells in the blood are frequently surrounded
by activated platelets and a promoting role of platelets in
tumor metastasis has been documented in the literature.
In addition, tumor cells can roll on P-selectin expressing
endothelial cells of the vessel wall which is an essential
step for transmigration. The CD24/P-selectin binding path-
way could be important for the interaction of tumor cells
with cells of the vascular system.

Membrane rafts and the regulation of integrin
function [4]

S. Joumaa, K. Krauss and P. Altevogt

As a glycosyl-phosphatidylinositol (GPI)-linked protein
CD24 is localized in membrane domains refered to as
membrane-rafts. Rafts are small microdomains of the cell
membrane that are considered as platforms for numerous
cellular events including protein trafficking, signalling and
cell adhesion. We find that mouse CD24 and other raft as-
sociated molecules can modulate integrin-mediated cell
binding due to the clustering of rafts. We are studying the
function of membrane rafts in cell adhesion and investi-
gate their role in cell migration and proteolysis.

Publications (* = external co-authors)
[1] Beer,S., Oleszewski,M., Gutwein, P., Geiger C. and Altevogt,
P.: Metalloproteinase-mediated release of the ectodomain of L1
adhesion molecule. J.Cell Sci. 112:2667-2675 (1999)

[2] Oleszewski,M., Beer,S., Katich,S., Geiger,C., Zeller,Y.,
Rauch,U.* and Altevogt,P. : Integrin and neurocan binding to L1
involves distinct Ig-domains. J.Biol.Chem.274:24602-24610
(1999)

[3] Fogel, M.*, Friederichs, J., Zeller,Y., Husar,M.*, Smirnov,A.*,
Roitman,L.*, Altevogt,P. and  Sthoeger, Z.M*.: CD24 is a marker
for human breast carcinomas. Cancer Lett., 143:87-94 (1999)

[4] Krauss, K. and Altevogt,P.: Integrin leukocyte function-associ-
ated antigen-1 mediated cell binding can be activated by cluster-
ing of membrane rafts. J.Biol.Chem.274:36921-36927 (1999)

[5] Gutwein, P., Oleszewski, M., Mechtersheimer, S., Agmon-
Levin, N.*, Krauss, K. and Altevogt,P.: Role of src kinases in the
ADAM mediated release of L1 adhesion molecule from human
tumor cells. J.Biol.Chem. 275:15490-15497 (2000)

[6] Friederichs,J., Zeller,Y., Hafezi-Moghadam,A.*, Gröne,H.-J.,
Ley K.* and Altevogt,P.: The CD24/P-selectin binding pathway ini-
tiates lung arrest of human A125 adenocarcinoma cells. Cancer
Res. 60:6714-22 (2000)

[7] Oleszewski, M., Gutwein, P., von der Lieth,W. , Rauch,U.* and
Altevogt , P.: Characterization of the L1-neurocan binding site. Im-
plications for L1-L1 homophilic binding. J.Biol.Chem. 44:34478-
34485 (2000)
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T-cell Differentiation / T-cell Tolerance / T-cell
Activation (G01003)

B. Kyewski

In cooperation with: Ludger Klein, Dana Farber Cancer Institute,
Boston, Cambridge, USA; Klaus-Armin Nave, Max-Planck Institut
für Medizinische Forschung, Göttingen; Mark Pepys, Royal Free
and University College Medical School, London, UK;  Vince
Tuohy, The Cleveland Clinic Foundation, Cleveland, Ohio, USA.

Positive selection of the T-cell repertoire in the
thymus

S. Schmitt

One focus of our studies is a further understanding of the
structure-function relationship of the thymic microenviron-
ment, with respect to differentiation and selection of the T-
cell repertoire and with special reference to the role of thy-
mocyte-stromal cell interactions. During intrathymic differ-
entiation two selection events, positive and negative selec-
tion, match a randomly generated T-cell receptor (TCR)
repertoire with the particular peptide/major histo-
compatibility complexes (MHC) expressed by an indivi-
dual. As a result, only T cells recognizing self-MHC in as-
sociation with non-self peptides exit the thymus. Positive
selection can be mimicked in vivo by crosslinking TCRs on
immature thymocytes to cortical epithelial cells via bispeci-
fic hybrid antibodies (HyAbs). We have used this experi-
mental approach to study the requirements and kinetics of
positive selection by making use of various gene-deficient
mice. Treatment of young mice with purified HyAbs leads
to specific in vivo selection of the targeted thymocyte sub-
set. The HyAb-induced differentiation of thymocytes from
the immature, double-positive to the mature, single-posi-
tive stage closely resembles natural positive selection with
respect to kinetics of phenotypic and functional maturation.
This experimental approach is particularly suited to induce
functionally competent CD4 T cells in mice completely
lacking MHC complexes [Schmitt, S et al. European Jour-
nal of Immunololgy 27 (1997) 2139-2144]. In this way it is
possible to analyze the composition of the T-cell repertoire
without the selecting influence of self-MHC (“pre-T-cell
repertoire”).  Comparing the reactivity of the T-cell reper-
toire selected by self-MHC in wild type mice and by HyAbs
in MHC-deficient mice surprisingly showed a similar reac-
tivity towards different allo-MHC complexes (“allo-reactiv-
ity”). This result suggests, that MHC recognition is already
genetically encoded in the TCR structure implying co-evo-
lution between the TCR and the MHC complex. In view of
the random generation of the TCR repertoire this geneti-
cally fixed receptor-ligand recognition is remarkable
(manuscript in preparation).

Intrathymic tolerance and promiscuous gene
expression of tissue-specific self tolerance

J. Derbinski, J. Gotter, A. Schulte

Studies on tolerance towards an inducible self antigen, the
major acute phase protein C-reactive protein (CRP) re-

vealed that self tolerance to this liver-specific antigen is
due to intrathymic, ectopic expression of CRP in medullary
epithelial cells of the thymus [1]. This result suggested that
ectopic gene expression in the thymus is a biological
mechanism to impose central tolerance to tissue-specific
self-antigens. In order to study this phenomenon in more
detail, we analyzed an array of self-antigens in various pu-
rified stromal cells of the mouse and human thymus. Inter-
estingly, putative target structures of auto-immune dis-
eases like diabetes mellitus, thyroiditis and multiple sclero-
sis (i.e. insulin, thyroglobulin or proteolipid protein, respec-
tively) were all expressed in medullary epithelial cells. Ec-
topic gene expression appears to be an autonomous prop-
erty of these epithelial cells. When analyzed in situ at the
single cell level, expression of particular genes is con-
finded to rare stromal cells in the medulla [Klein L et al.
submitted].

Components of the myelin sheath are presumed target
structures for autoreactive T  cells in the auto-immune dis-
ease multiple sclerosis.The major myelin protein PLP is
expressed in the thymus and mediates T cell tolerance. In-
terestingly, only a shorter splice variant of PLP is ex-
pressed in the thymus thus tolerance is lacking to those
PLP sequences which are missing in the thymus. This
finding offers an explanation for the difference between
certain mouse inbred strains in their susceptibility to the
experimental autoimmune disease EAE (experimental
auto-immune encepholmyelitis). In contrast to resistant
mice, mice which are susceptible to EAE, do have T cells
which react against the PLP region which is not present in
the thymus. Since PLP expression in the human thymus is
also restricted to the shorter splice variant, self tolerance
to PLP may also be „leaky“ in humans and in part explain
the different genetic susceptibility to multiple sclerosis. T
cell autoreactivity against PLP in the early phase of mul-
tiple sclerosis is compatible with this proposition [2].

Future studies will be directed at the identification of the
complexity of self antigens  expressed by human thymic
epithelial cells including tumor-associated antigens, and
possible polymorphisms regulating this expression. In ad-
dition, the molecular mechanisms  underlying this promis-
cuous gene expression will be addressed [3-5].

Induction of the immune response: analysis in
situ

M. Hommel

Induction of an antigen-specific immune response (so-
called adaptive immunity) requires the interaction between
naïve T-cells and mature dendritic cells presenting pep-
tides of foreign antigens in secondary lymphatic organs.
High avidity interactions between the TCR and the pep-
tide/MHC complex will result in activation, proliferation and
differentiation of the respective T-cells. Combining adop-
tive T-cell transfer with the ex vivo analysis of cell-cell in-
teraction complexes we studied in detail the characteristics
of these T-cell / dendritic cell interactions. This approach
revealed that T-cell proliferation is initiated in direct contact
with dendritic cells, 6 to 12 hours after initial contact. Dif-
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ferent epitopes of the same protein result in different kinet-
ics and degrees of clonal T-cell expansion. Two T-cell
populations specific for different epitopes of the same pro-
tein influence each other in the degree of clonal expansion
(socalled intramolecular help). The mechanisms control-
ling these parameters are currently being analyzed.
Supported by grants form the DFG: Ky 7/6-1 und Ky 7/8-1 and
SFB 405 (A8).

Publications (* = external co-author)
[1] Klein, L.; Klein, T.; *Rüther, U.; Kyewski, B. Immunological tol-
erance to acute phase proteins, a class of highly inducible serum
proteins. The Journal of Experimental Medicine 188 (1998) 5-16.

[2] Klein, L; *Klugmann, M; *Nave, K; *Tuohy, V; Kyewski, B.
Shaping of the autoreactive T-cell repertoire by a splice variant of
self-protein expressed in thymic epithelial cells. Nature Medicine 6
(2000) 56-61.

[3] Klein, L; Kyewski, B.  Self-antigen presentation by thymic  stro-
mal cells: a subtle division of labor. Current Opinion in Immuno-
lolgy 12 (2000) 179-186.

[4] Kyewski, B; Röttinger, B; Klein, L. Making central T-cell toler-
ance efficient: thymic stromal cells sample distinct self-antigen
pools. Current Topics in Microbiology and Immunololgy 251
(2000) 139-145.

[5] Klein L; Kyewski, B. „Promiscuous“ expression of tissue anti-
gens in the thymus: a key to tolerance and autoimmunity? Journal
of Molecular Medicine 78 (2000) 483-494.

Structure and Function of Adhesion- and
Differentiation Markers of Normal and
Malignant Lymphocytes and Hematopoietic
Precursors (G1004)

R. Schwartz-Albiez

In cooperation with: Prof.Dr.H.Baumann (Technische Universität
Aachen), PD Dr.W.Bergler (HNO Klinik Mannheim),
Prof.Dr.P.Crocker (University of Dundee, UK), Prof.Dr.H.-J.Groß
(Universitätsklinikum Ulm), Prof.Dr.R.Haas, Prof.Dr.A.D.Ho,
Dr.S.Hohaus (Universitätsklinik Heidelberg), Prof.Dr.G.Herrler
(Virologisches Institut der Tiermedizinischen Hochschule
Hannover), Dr.O.Keppler, Dr.M.Pawlita (Angewandte
Tumorvirologie, DKFZ), Prof.Dr.F.Sanchez-Madrid University of
Madrid, Spain), Prof.Dr.I.Stamenkovich (Harvard University Bos-
ton, USA).

This project aims at the elucidation of structure and func-
tion of highly glycosylated surface structures on human
normal and malignant lymphocytes as well as on hemato-
poietic precursor cells. These macromolecules render con-
tacts to other cells and to components of the extracellular
matrix (ECM) and thus contribute to the regulation of cellu-
lar maturation and growth in specific tissues [M.Kirschfink
et al. J. Immunol. 158, 1324-1331 (1997), S. Engelmann
et al. Carbohydrate Res. 302, 85-95 (1997)].

In particular we investigate the interaction between sur-
face expressed oligosaccharides and respective carbo-
hydrate binding proteins (lectins).

Surface expressed sialoglycans of hematopoietic cells
play an important role during the activation of lymphocytes
[6], apoptosis and infection with lymphotropic virus [8],
pathogenesis of distinct genetic diseases [2] and may be
applied as tumor markers [W.Bergler et al. Eur. Arch.
Otorhinolaryngol. 254, 437-441 (1997)]. They are ex-

pressed in different patterns during the differentiaton of
lymphocytes [M.Vater, et al. Immunol. Letters 59, 151-157
(1997); 10] and are regulated by several enzyme systems
[6, 7].

The B cell specific lectin (CD22) which is involved in the
regulation of B cell activation recognizes a group of sialo-
glycans. We studied its lectin function under physiological
conditions. We found several molecular mechanisms
which influence the binding capacity of CD22. Sialylation
of CD22 itself downregulates its lectin function. Distinct ar-
rangements of sialoglycan ligands can also modulate
CD22 binding to target cells.. Sialylated serum glycoprote-
ins impede CD22-mediated adhesion processes in peri-
pheral blood. Sialylation of CD22 and its ligands is at least
to a certain extent regulated by a cell surface expressed
sialyltransferase recently described by us.

Adhesion processes are also mediated by cytoskeleton-
associated phosphoproteins which concomitantly alter cell
morphology during adhesion. T-lymphocytes and myeloid
cells express the cytoskeleton-associated phosphoprotein
MOESIN, which contributes to formation of uropods on ac-
tivated T lymphocytes [J.M.Serrador et al. J.Cell Biol. 138,
1409-1423 (1997); H.J.Groß et al. submitted; 1, 10].

Human hematopoietic stem cells are situated in distinct ar-
eas of the bone marrow. Interactions between ECM,
stroma cells and other hematopoietic cells together with
soluble factors regulate both maintenance of the stem cell
pool as well as proliferation and differentiation to mature
blood cells. These interactions are mediated via surface
expressed adhesion receptors which are differentially ex-
pressed during maturation of stem cells. Here, also lectins
are involved.

Closer knowledge of these molecular processes is impor-
tant for clinicians for several reasons:

A) Transplantation of autologous hematopoietic precursors
derived from bone marrow or peripheral blood is applied
successfully to support high dose therapies of leukemias.
A basic knowledge of adhesion properties of CD34+ pre-
cursor cells is a prerequisite for optimizing standard proto-
cols for mobilisation and enrichment and possible ex vivo
treatment of hematopoietic precursors. An improved hem-
atopoietic reconstitution after myeloablative therapy may
improve prognosis of the respective patients and may di-
minish the risk of myelo-dysplasia.

B) For ex vivo stem cell therapy long term cultures of
primitive stem cells are required. These in vitro systems
are highly dependent on adequate culture conditions, in
particular on an array of distinct cytokines and stroma cells
and other soluble products such as ECM constituents.

Highly glycosylated sialic acid containing glycoproteins
and glycolipids on the cell surface can influence adhesion
behaviour both negatively due to their negative charge as
well as positively by specific reactions with lectins.

We have analysed surface expression of sialic acid con-
taining macromolecules of CD34+ stem cells derived from
bone marrow and peripheral blood. We found that over
90% of all surface glycans on CD34+ stem cells are termi-
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nally masked by sialic acid. In particular, most of these gly-
cans are sialylated in α2,6 linkage. Specific lectin inter-
action both with CD22 and sialoadhesin indicate possible
interactions of CD34+ precursor cells with mature lympho-
cytes.

Sialoglycans or analogous synthetic structures may be ap-
plied as blocking agents for adhesion to optimize the
mobilisation of hematopoietic precursors.
Grants: Tumorzentrum Heidelberg/Mannheim, Forschungsförde-
rung Klinikum Mannheim (together with PD.Dr.W.Bergler, HNO-
Klinik Mannheim), BMBF Projekt „Glykotechnologie“, DFG

Publications (* = external co-author)
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The Division of Immunochemistry is dealing mainly with
the analysis of redox-dependent mechanisms of disease-
related wasting, aging and immunodeficiencies, and with
the development of novel therapeutic strategies. The pro-
gram includes laboratory studies on the redox regulation
of biological processes and complementary clinical stud-
ies.
At higher concentrations, free radicals and radical-derived
reactive non-radical species are hazardous for living
organisms and damage all major cellular constituents.
Higher organisms have learned, however, to use nitric ox-
ide and reactive oxygen species (ROS) also as signaling
molecules in the regulation of various physiological func-
tions. These include the regulation of the vascular tone,
the monitoring of oxygen tension in the control of respira-
tory ventilation and erythropoietin production, and the sig-
nal transduction from various membrane receptors. Impor-
tantly, changes in the intracellular thiol/disulfide redox
state cause in many cases chemical modifications of re-
dox-sensitive signaling compounds similar to the modi-
fications caused by ROS. Signaling mechanisms that re-
spond to changes in the thiol/disulfide redox state include
the bacterial oxyR system, protein tyrosine phosphatases,
the insulin receptor, Src family kinases, JNK and p38
MAPK signaling pathways, the AP-1 and NFκB transcrip-
tion factors, the control of immunological functions and the
control of replicative senescence. In higher organisms,
such signaling pathways may, therefore, be sensitive
against local or systemic changes in the thiol/disulfide re-
dox state.
Earlier work of the Division of Immunochemistry has
shown that exposure of activated T cells to superoxide an-
ion (O2

• -) or low micromolar concentrations of its derivative
hydrogen peroxide enhances the production of the T cell
growth factor interleukin-2, i.e. an immunologically impor-
tant T cell protein (Roth and Dröge, 1987, J. Bd. Nr. S.). In
addition, it was shown that the immunologically important
transcription factors AP-1 and NFκB and corresponding
upstream signaling cascades are strongly enhanced by
oxidative changes in the thiol/disulfide redox state. Sys-
temic changes in the thiol/disulfide redox state have been
found in old age and in patients with advanced malignan-
cies or other catabolic diseases and conditions. More re-
cently, the program of the Division of Immunochemistry
has focused on the detailed analysis of redox-regulated
signaling processes and on the development of therapeu-
tic strategies to reverse the age- and disease-related
changes in the thiol/disulfide redox state and their putative
pathological consequences. The work on signaling cas-
cades includes also studies on the activation of the redox-
sensitive insulin receptor tyrosine kinase and on the regu-
lation of signaling pathways by methylation and the char-
acterization of novel signaling proteins.

Division Immunochemistry (G0200)

Head: Prof. Dr. Wulf Dröge
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Redox Signaling and Gene Activation in
T-lymphocytes (G0200-2)

S. Bacher, O. Dienz, L. Florin, S.P. Hehner,
T. Hofmann, A. Möller, M.L. Schmitz and W. Dröge

In cooperation with: Prof. Walter Fiers (University Gent, Belgium),
Prof. Michael Heinrich (University London, UK), Prof. Christian
Kaltschmidt (University Witten-Herdecke), Prof. Norman Lassam
(University Toronto, Canada), Prof. Claus Scheidereit (MDC Ber-
lin), Prof. Klaus Schulze-Osthoff (University Münster), Prof. John
Wood (Yale University, Boston, USA).

The simultaneous ligation of the T-cell receptor (TCR) to-
gether with the accessory CD28 receptor leads to the acti-
vation of tyrosine kinases and to signaling processes that
result in the activation of several transcription factors in-
cluding NF-AT, AP-1 and NF-κB. These transcription fac-
tors act in concert to upregulate transcription of the IL-2 re-
ceptor, IL-2, IL-4 and other cytokines which modulate dif-
ferentiation and proliferation of T-cells. In contrast, dam-
aged T-cells induce transcription factor p53, which medi-
ates a stop of cell proliferation and/or induction of
apoptosis.

Our work has focused on 4 topics:
1)  Early redox-regulated signaling events following T-cell

costimulation.
2)  Activation pathways leading to the induction of the re-

dox-sensitive transcription factors AP-1 and NF-κB.
3)  Physiology of transcription factor NF-κB and its role in

innate immunity and cell death.
4)  p53-mediated cell cycle arrest in response to oxidative

DNA-damage.

1) One of the earliest events in TCR signal transduction is
the activation of Src family tyrosine kinases such as
p56Lck and p59 Fyn. Among the substrates for p56Lck is
the Vav protein. Mild oxidative conditions concomitant with
T-cell activation result in decreased GSH/GSSG ratios and
provide an important costimulatory signal for the activation
of Src family tyrosine kinases. Kinase activity of recombi-
nant p59 Fyn can be augmented by glutathione disulfide
(GSSG). This effect may involve the covalent modification
of Src kinases by glutathione. Since tyrosine kinases are
early targets for the stimulatory activity of oxidants, one of
the prominent substrates phosphorylated in response to
redox signals is the Vav protein [1]. In the unstimulated T-
cell, Vav forms a heterodimer with PKCΘ [2]. T-cell costi-
mulation leads to the dissociation of Vav and PKCΘ [3].
While PKCΘ is recruited to the plasma membrane, Vav is
incorporated in a redox-sensitive T-cell activation signaling
complex (TASC) [4]. Once stably phosphorylated, Vav ini-
tiates a cascade of signaling events such as Rac GDP/
GTP exchange and activation of JNK (via MLK3 and
MKK4/7) and NF-κB. Vav strongly synergizes with PKCQ
for the activation of NF-κB [3] and JNK [5], thus resulting
in a cooperative induction of IL-4 transcription [2]. Vav-de-
rived signals are transmitted by Ca2+-independent and
Ca2+-dependent signaling routes. Since Vav is an impor-
tant signal integrator affecting many signaling pathways,
caspase-dependent cleavage and inactivation of the Vav1
proto-oncogene product during apoptosis prevents IL-2
transcription [6]. PKCΘ may also be partly regulated by re-
dox-events, as PKCΘ is found in association with PICOT,

a protein containing a thioredoxin homology domain.
2) The Vav-derived signals are transmitted to MLK3, which
delivers its signals either to the JNK pathway or into the
IκB kinase complex and thereby activates the redox-sensi-
tive transcription factor NF-κB. Expression of MLK3 in-
duces nuclear immigration, DNA-binding and transcrip-
tional activity of NF-κB. MLK3 directly phosphorylates and
thus activates IKKα and IKKβ, revealing its function as an
IκB kinase kinase (IKKK). MLK3 binds to components of
the IkB kinase complex in vivo. A kinase-deficient version
of MLK3 strongly impaires NF-κB-dependent transcription
induced by T-cell costimulation, but not in response to
TNF-α or IL-1. Accordingly, endogenous MLK3 is phos-
phorylated and activated by T-cell costimulation, but not by
treatment of cells with TNF-α or IL-1 [7]. In collaboration
with external partners we are currently characterizing
novel MLK3 inhibitors and NF-κB inhibitors derived from
natural products [8-10] or steroids [11].

3) The prolonged and sustained NF-κB activation seen in
costimulated T-cells is achieved by the activation of IKKε,
a recently discovered novel IKK. The pathways leading to
the activation of IKKε are currently under investigation. We
also investigated the dual role of NF-κB as an inhibitor or
promoter of apoptosis [12-15], and its role in cell prolifera-
tion [16]. The role of NF-κB in human breast cancer and
the suitability of NF-κB inhibitors as adjuvants in breast
cancer therapy is under investigation. We found a co-sti-
mulatory effect of nitric oxide (NO) on endothelial NF-κB.
Furthermore, IκB-independent control of NF-κB activity by
modulatory phosphorylations of the DNA-binding subunits
were investigated [17].

4) Transcription factor p53 is activated by oncogenic ras-
derived signals or in response to DNA-breaks induced by
oxidants or UV radiation. We have recently cloned the hu-
man form of serine/threonine kinase HIPK2 (homeodo-
main interacting protein kinase 2) [18] and find that human
HIPK2 interacts and co-localizes with p53 and the coacti-
vator CBP within PML nuclear bodies, subnuclear struc-
tures disrupted in acute promyelocytic leukemia and other
diseases. Nuclear bodies also contain the Daxx protein
which is not involved in CD95-induced JNK activation [19].
HIPK2 mediates site-specific phosphorylation at the p53
N-terminus and acetylation of p53 at lysines 373/382, thus
promoting p53-dependent gene expression and the growth
regulatory function of p53. Accordingly, the kinase function
of HIPK2 mediates increased expression of p53 target
genes such as p21WAF1 and growth arrest. Our results im-
ply that HIPK2 is a novel regulator of p53 effector func-
tions involved in T-cell growth and proliferation.
Financial Support: Land Baden-Württemberg, EU (QLK3-CT-
2000-00463), Deutsche Krebshilfe and Fonds der chemischen
Industrie.

Publications (* = external co-author).
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Chem. 275, 24547-24551.
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Tumor Necrosis Factor-ααααα (TNF-ααααα)-induced
Signaling Cascades and Their Regulation by
The Cellular Methylation State: a Novel
Strategy Towards a Tumor Therapy (G0204)

V. Lehmann, C. Gaßner, F. Ratter, V. Shatrov

TNF-α triggers cell death-inducing signals and survival sig-
nals. The objective of this project was to shift the balance
between both signals in tumor cells in favor of cell death.
Our earlier work has shown that the TNF-α-induced cell
death of tumor cells is regulated by the cellular methyla-
tion state as defined by the ratio of S-adenosyl-methionine
to S-adenosylhomocysteine. Administration of adenosine
plus homocysteine reduces the methylation state and po-
tentiates in vitro and in vivo the TNF-α-induced cell death
of tumor cells. It also converts TNF-α-resistant tumor cells
including melanoma and breast cancer cells into TNF-α-
sensitive tumor cells and potentiates TNF-α-mediated cy-
totoxicity even in the presence of heat shock proteins, glu-
cocorticoids and radical scavengers, which normally pro-
tect tumor cells against the cytotoxic action of TNF-α. It
was shown that the TNF-α-induced cell death is influenced
by the methylation state of proteins that carry lipids (pre-
nylated signal proteins) [1]. In their methylated state, these
proteins suppress TNF-α-induced cell death. They mediate
a TNF-α-signal cascade which includes the activation of
phosphatidyl-inositol-3-kinase (PI-3-kinase), and the phos-
phorylation of Akt and Bad. Phosphorylated Bad protects
cells towards the cytotoxic action of TNF-α. If methylation
is blocked, these proteins are no longer capable of trans-
mitting survival signals. This condition results in the induc-
tion of apoptotic processes including the production of re-
active oxygen species (ROS) in mitochondria, release of
cytochrome C into the cytosol and the disruption of the mi-
tochondrial membrane potential. Moreover, an additional
apoptotic pathway is activated that is not stimulated by
TNF-α alone. This pathway is caspase-independent and
involves the incorporation of PMLs (promyelocytic leuke-
mia proteins) in nuclear bodies, and the expression of
phosphatidylserine on the cell surface.

A major goal of this project is to develop an antitumor
strategy that widens the therapeutic window of TNF-α
without causing toxic side effects.

Publications
[1] Ratter, F., Gaßner, C., Shatrov, V., and Lehmann, V. Modula-
tion of tumor necrosis factor-α-mediated cytotoxicity by changes
of the cellular methylation state: mechanism and in vivo rel-
evance. Int. Immunol. 11:519-527 (1999).

[2] Ushmorov, A., Ratter, F., Lehmann, V., Dröge, W.,
Schirrmacher, V., and Umansky, V. Nitric oxide-induced apoptosis
in human leukemic lines requires mitochondrial lipid degradation
and cytochrome C release. Blood 93:2342-2352 (1999).

The Immunopathology of HIV-infection and
Studies on the Therapeutic Potential of
Cysteine Derivatives such as N-acetyl-
cysteine (NAC) (G02006)

W. Dröge and R. Breitkreutz

In cooperation with Prof. Dr. Eggert Holm and Dr. Stefanie Holm,
University Hospital Heidelberg/Mannheim, and Dr. Dieter
Schuster, Dr. Jürgen Brust, and Nicole Pittack, HIV-Schwerpunkt-
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praxis Mannheim, Dr. Matthias Beichert, University Women’s Hos-
pital, Mannheim, and Dr. Volker Daniel, Institute of Immunology
and Serology, University of Heidelberg

Earlier studies from this division have shown that lympho-
cytes from healthy subjects or laboratory animals have, on
the average, an approximately optimal glutathione level
and do not benefit from additional cysteine supplementa-
tion. In the course of HIV infection, in contrast, patients
pass through a stage with abnormally low plasma cystine,
glutamine and arginine levels and abnormally low intra-
cellular glutathione levels [1-3]. The more detailed analysis
revealed that HIV-infected patients lose massive amounts
of cysteine. The net loss of sulphur among asymptomatic
patients was found to be greater than 4 g cysteine per day
[2,4]. The excessive cysteine catabolism in HIV-infected
patients yields mainly sulfate and can be easily demon-
strated by determination of sulfate in urine samples [2,4].
The relatively high ratio of urinary sulphur (i.e. sulfate) ver-
sus urinary nitrogen (i.e. urea) from asyptomatic HIV-in-
fected patients indicated that the excessive cysteine ca-
tabolism drains mainly the intracellular glutathione rather
than the protein pool [4]. Metabolite exhange studies in the
lower extremities of HIV-infected persons indicated further-
more that the skeletal muscle tissue of the HIV-infected
patients releases substantial amounts of sulfate indicating
that the excessive cysteine catabolism occurs mainly in
the skeletal muscle tissue [4]. The detailed analysis
showed furthermore that the excessive sulphur loss is not
ameliorated by antiretroviral therapy including at least one
protease inhibitor [4].

Two randomized placebo-controlled double-blind studies
revealed that treatment of HIV-infected patients with a cys-
teine derivative (N-acetyl-cysteine) mediated in both stud-
ies a significant improvement of all immunological func-
tions under test [5]. The NK cell activity was reconstituted
by NAC treatment to almost normal levels. These results
indicated, amongst other things, that the virus-induced de-
crease in the plasma cystine level is one of several
mechanisms by which a virus can avoid its elimination by
the immune system. It remains to be tested whether the
method of cysteine supplementation may also be useful in
the treatment of other diseases with abnormally low
plasma cystine (and glutamine) levels and impaired immu-
nological functions. Patients with chronic inflammatory
bowel diseases (Crohn’s disease and ulcerative colitis)
were found to experience certain biochemical changes
similar to those seen in patients with HIV infection.

Publications (* = external co-author)
[1] Dröge, W. and Breitkreutz, R. Glutathione and immune func-
tion. Proc. Nutr. Soc. 59:595-600 (2000).

[2] Dröge, W. and Breitkreutz, R. N-acetyl-cysteine in the therapy
of HIV-positive patients. Curr. Op. Clin. Nutr. Metabol. Care
2:493-498 (1999).

[3] Dröge, W. Cysteine and glutathione in catabolic conditions and
immunological dysfunction. Curr. Op. Clin. Nutr. Metabol. Care
2:227-233 (1999).

[4] Breitkreutz, R., Holm, S.*, Pittack, N.*, Beichert, M.*, Babylon,
A., Yodoi, J.*, and Dröge, W. Massive loss of sulphur in HIV infec-
tion. AIDS Res. Hum Retrovir. 16:203-209 (2000).

[5] Breitkreutz, R., Pittak, N.*, Nebe, C.T.*, Schuster, D.*, Brust,
J.*, Beichert, M.*, Hack, V., Daniel, V.*, Edler, L.*, and Dröge, W.
Imrovement of immune functions in HIV infection by sulfur supple-
mentation. - Two randomized trials. J. Mol. Med. 78: 55-62(2000).

Prooxidative Changes in the Redox State in
Cancer Cachexia and Elderly Subjects. -
Studies on the Therapeutic Potential of
Cysteine Derivatives such as N-acetyl-
cysteine (G0207)

W. Dröge and R. Breitkreutz

In cooperation with Prof. Dr. Eggert Holm, University Hospital
Mannheim/Heidelberg, Dr. Friedemann Taut, Dr. Christina
Zapletal, Prof. Dr. Ernst Klar, Dr. Johann Motsch, Dr. Jochen
Thies, and Prof. Dr. Eike Martin, University Hospital Heidelberg

The ratio of cystine versus acid-soluble thiol (mainly cys-
teine) in the blood plasma is an indicator of the thiol/disul-
fide redox state that can be determined easily. This ratio
increases strongly with age and in patients with malignant
diseases [1]. The prooxidative change in the thiol/disulfide
redox state is associated with a decrease in the plasma
albumin level, a decrease in body cell mass (i.e. mainly
skeletal muscle mass) and, in cancer patients, a decrease
in “functional activity”. The progressive loss of muscle
mass and muscle function compromises the quality of life,
impairs social functions and causes severe psychological
stress. Complementary laboratory experiments with tumor-
bearing mice have shown that the prooxidative shift in the
plasma thiol/disulfide redox state is associated with a cor-
responding prooxidative change of the intracellular glu-
tathione redox state (i.e. the GSH/GSSG ratio) and a de-
crease in mitochondrial functions [2]. Changes in mito-
chondrial functions may be either the cause or the conse-
quence of oxidative stress [3]. In this context, we studied
amongst other aspects the effect of carnitine on the intra-
cellular glutathione level and on the muscular uptake of
the glutathione precursor glutamate [4]. Last but not least,
we determined also the therapeutic effect of N-acetyl-cys-
teine in liver transplantation [5].

Publications (* = external co-author)
[1] Dröge, W. Cysteine and glutathione in catabolic conditions and
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2:227-233 (1999).

[2] Ushmorov, A., Hack, V., and Dröge, W. Differential reconstitu-
tion of mitochondrial respiratory chain activity and plasma redox
state by cysteine and ornithine in a model of cancer cachexia.
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(1999).



330

Research Program
Tumor Immunology

Division
Immunogenetics

DKFZ 2001: Research Report 1999/2000

Scientists:
Dr. Kirsten Dern Dr. Bernd Elser
Dr. Sören Eichhorst Dr. Kerstin Herzer
Dr. Sabine Kirchhoff Dr. Inna Lavrik
Dr. Min Li-Weber Dr. Ana Martin-Villalba
Dr. Susanne Müerköster Dr. Marcus Peter
Dr. Ute Sartorius Dr. Henning Walczak
Dr. Markus Weigand

Visiting scientists:
Dr. Nobuaki Nakayama
Dr. Toshifumi Shinbori

PhD students:
Anne Große-Wilde Alexander Stegh
Elena Ritsou Jörg Volkland
Olaf Schickling

Graduate student: Axel Bouchon

Technicians :
Marco Giaisi Sibylle Klevenz
Wolfgang Müller Marlene Pach
Eva Rieser Ursula Matiba
Monika Treiber Heiko Stahl
Dorothee Süss

Secretary: Heidi Sauter

Lab. Manager: Hanspeter Götz

Lab. Kitchen: Irmgard Black
Lieselotte Seemuth

The Division of Immunogenetics investigates growth of
normal and malignant lymphocytes. In model systems, the
division focuses on two particular subjects:
 1) the investigation of the molecular mechanism of the
regulation of growth factors secreted by lymphocytes, par-
ticularly the cytokine Interleukin-4, and
2) the investigation of programmed cell death, apoptosis,
with the aim to stop cell growth.
Interleukin-4 is one of the cytokines important for growth of
T lymphocytes. Expression of the Interleukin-4 gene is
regulated by complicated negative and positive control
mechanisms. The elucidation of the regulation of
Interleukin-4 gene expression will yield information on the
mechanisms of regulation of expression of other genes im-
portant for cell growth.
Apoptosis is the most common form of cell death in the or-
ganism. It is the specific aim of the division to understand
the extracellular and intracellular signals for apoptosis to
target apoptosis therapeutically in a specific fashion to-
wards tumor cells. The division uses immunologic, cellular
and molecular methods and the cooperation between ba-
sic and clinical research to unravel the phenomenon of tu-
mor cell resistance towards induction of apoptosis and re-
sistance against therapy.

Regulation of Human IL-4 Gene Expression

M. Li-Weber, B. Elser  and P.H. Krammer

Interleukin-4 (IL-4) plays a central role in the pathogenesis
of allergic inflammation by inducing Ig class switch to IgE.
IL-4 is also the most potent factor that drives naive T help-
er (Th) cells to differentiate to the Th2 phenotype. Based
on cytokine production patterns Th cells can be grouped
into two distinct subsets: Th1 and Th2 cells. The Th1 cells
produce interleukin-2 (IL-2), interferon-γ (IFN-γ), tumor ne-
crosis factor (TNF) and lymphotoxin and are associated
with cell-mediated immune functions. The Th2 cells pro-
duce IL-4, IL-5, IL-6, and IL-10 and assist the humoral im-
mune response. Recently, efforts have been made to ex-
plore the molecular basis of Th2-specific IL-4 expression
in CD4 T cells. Transcription factors, such as NF-AT, NF-
IL6, c-Maf and GATA-3 were found to be preferentially ex-
pressed in Th2 cells and to play an important role in regu-
lation of IL-4 promoter activity.

It has been shown that CD28, a costimulatory cell surface
molecule in T cell activation, promotes the production of
Th2 cytokines including IL-4 and plays a role in differentia-
tion of T helper cells into either the Th1 or the Th2 type.
We have recently found two important IL-4 enhancer ele-
ments PRE-I and P1 which respond to CD28-stimulation-
induced transactivation. In correlation with CD28 induced
transcriptional activation, proteins of AP-1 and NF-κB/Rel
family members are found to bind to these two regulatory
elements upon CD28 stimulation. NF-κB was thought to
be not important for human IL-4 promoter transactivation
(Casolaro et al., PNAS, 1995, 92:11623). We could dem-
onstrate, however, that NF-κB is involved in activation of
the human IL-4 gene. We also showed that Vav and, par-
ticularly, PKC-Θ which is required for T-cell-receptor
(TCR)-induced NF-κB activation in mature T cells, syner-
gistically activate IL-4 gene expression in vitro and in vivo.
Thus, the study on transcriptional regulation of IL-4 gene
expression shows substantial progress. These data will
make it possible to understand the biology of normal and
pathological responses which involve IL-4.

Key References:
Li-Weber, M., Giasi, M. and Krammer, P. H. Involvement of Jun
and Rel Proteins in Up-Regulation of Interleukin-4 Gene Activity
by the T Cell Accessory Molecule CD28. The Journal of Biological
Chemistry, 1998, 273:32460-32466.

Hehner, S. P., Li-Weber, M., Giaisi, M., Dröge, W., Krammer, P. H.
and Schmitz, M. L. Vav Synergizes with Protein Kinase CΘ to Me-
diate IL-4 Gene Expression in Response to CD28 Costimulation in
T Cells. The Journal of Immunology, 2000, 164:3829-3836.

Division Immunogenetics (G0300)

Head: Prof.Dr. Peter H. Krammer
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Apoptosis in the APO-1(CD95/Fas) System

P.H. Krammer, K. Dern, B. Elser, S. Eichhorst,
K. Herzer, S. Kirchhoff, I. Lavrik, M. Li-Weber,
A. Martin-Villalba, S. Müerköster, M. Peter,
U. Sartorius , H. Walczak, M. Weigand,
N. Nakayama, T. Shinbori, A. Große-Wilde, E. Ritsou,
O. Schickling, A. Stegh, J. Volkland, A. Bouchon,
M. Giaisi, S. Klevenz, W. Müller , M. Pach, E. Rieser,
U. Matiba, M. Treiber, H. Stahl, D. Süss

B and T lymphocytes contact antigen at different stages of
maturation and in a different cellular context. Depending
on these circumstances their response can be entirely dif-
ferent. Immature double positive (CD4 + CD8 +) thymocytes
can be positively selected and exit the thymus to populate
the peripheral immune system. Alternatively, autoreactive
thymocytes are negatively selected and die within the thy-
mus by programmed cell death, apoptosis. A similar pro-
cess, however less well defined, might be operative for im-
mature B cells in bone marrow. These events are the basis
of self-tolerance and generate lymphocytes that react with
foreign antigens. Under the appropriate conditions antigen
stimulation of resting mature lymphocytes in the peripheral
lymphoid organs can induce expansion of the reactive lym-
phocyte pool or anergy in the absence of costimulatory
signals. In previously activated lymphocytes triggering of
the antigen receptor may lead to proliferation and memory
or to death by apoptosis. The molecular switches leading
to these different responses are partially unknown.
Apoptosis in the peripheral lymphoid system may serve
several functions. It may be a second safeguard to assure
self-tolerance and control autoreactive cells that arise in
the periphery from cells that have escaped tolerization in
the central lymphoid organs. In addition, apoptosis may
prevent uncontrolled expansion of specific, antigen reac-
tive lymphocytes and may be one mechanism of immuno-
suppression. We discovered the APO-1/Fas(CD95) system
and describe its involvement in apoptosis within and out-
side the immune system.

The APO-1 receptor and its ligand

In an attempt to generate monoclonal antibodies that react
with cell surface molecules and downregulate tumor cell
growth we discovered the anti-APO-1 antibody. Anti-APO-
1 reacts with a glycosylated cell surface molecule of ap-
proximately 45 to 52 kD which we termed APO-1 (for
apoptosis 1). Binding of anti-APO-1 (IgG3, k) to cell sur-
face APO-1 induces apoptosis in apoptosis sensitive cells.
We found that APO-1 is a type I transmembrane receptor
(identical to CD95/Fas) but can also occur in soluble form.
APO-1 belongs to the NGF/TNF receptor superfamily
(NGF-R, TNF-RI, TNF-RII, TNF-RRP, CD27, CD30, CD40,
4-IBB, OX40) characterized by cysteine-rich extracellular
domains. The human APO-1 gene, APT, was localized to
chromosome 10q23 and the mouse gene to chromosome
19. Expression of the APO-1 gene and cell surface protein
are enhanced by IFN-γ and TNF and by activation in lym-
phocytes.

Apoptosis via the APO-1 receptor can be triggered by ago-
nistic antibodies such as anti-APO-1 and by the natural
ligand of the receptor. The APO-1/Fas(CD95) ligand was
shown to be a TNF-related type II transmembrane mol-
ecule (members of the ligand family: TNFα, LTα, LTβ,
CD27L, CD30L, CD40L, Trail). The mouse and human
ligand genes were mapped to chromosome 1. Killer cells
expressing the ligand were shown to kill target cells in a
Ca++-independent fashion via ligand - APO-1 receptor in-
teraction. In addition, the human ligand overexpressed in
COS cells was found in the supernatant and induced
apoptosis in a soluble form. This soluble APO-1 ligand is
generated from the transmembrane form by the activity of
a metalloprotease.
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The APO-1 signal

The cytoplasmic domain of the APO-1 receptor does not
contain any known consensus motifs for enzymatic activi-
ties such as kinases or phosphatases and the signaling
pathway by which the apoptosis signal is propagated has
not been elucidated. Despite a considerable homology of
the intracellular part of APO-1 with the one of the TNF re-
ceptor I in the so called “death domain” signaling via the
two receptors seems to follow at least partially distinct
routes. Dimerization of APO-1, e.g. by F(ab’)2 anti-APO-1,
was found to be insufficient to induce an apoptotic signal.
Multimerization of APO-1, however, induced apoptosis.
This finding suggests that in analogy to TNF that triggers
cytotoxicity as a trimer via TNF receptor I, also the APO-1
ligand may act as a trimer to induce apoptosis via the
APO-1 receptor. In a search to identify intracellular signal-
ing molecules coupling to oligomerized APO-1, several cy-
totoxicity-dependent APO-1-associated proteins (CAP)
were co-immunoprecipitated with the APO-1 receptor from
the apoptosis-sensitive human leukemic T cell line HUT78
and the lymphoblastoid B cell line SKW6.4.  CAP1-3 (27-
29 kDa) and CAP4 (55 kDa), instantly detectable after
crosslinking of APO-1, were associated only with aggre-
gated (the signaling form of APO-1) and not with mono-
meric APO-1. CAP1 and CAP2 were identified as serine
phosphorylated MORT1/FADD. The association of CAP1-4
with APO-1 was not observed with C-terminally truncated
non-signaling APO-1. In addition, CAP1 and CAP2 did not
associate with an APO-1 cytoplasmic tail carrying the lprcg
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amino acid replacement. Our data suggest that in vivo
CAP1-4 are the APO-1 apoptosis transducing molecules.
Using electro-nanospray tandem mass spectroscopy we
sequenced CAP4. CAP4 turned out to be a “chimeric” mol-
ecule with two death effector domains (DED), homologous
to the DED of FADD/Mort-1/Cap1, 2, and an ICE-like pro-
tease domain (FLICE, now called caspase 8). Upon APO-
1 triggering, the death domain (DD) of the receptor attracts
FADD via the DD of FADD. FADD then attracts FLICE via
its DED. FLICE is then autocatalytically cleaved to gener-
ate an active “FLICE protease” to cleave other down-
stream proteases and initiate a signaling cascade of fur-
ther proteolytic cleavage. Taken together, APO-1-mediated
apoptosis requires APO-1 cell surface expression at suffi-
cient density, multimerization by a soluble or membrane
bound APO-1 ligand and an apoptosis sensitive cell in
which anti-apoptotic programs have been switched off.
Only if these three requirements are met, cells are suscep-
tible towards induction of APO-1-mediated apoptosis.
APO-1 expression alone is not sufficient. This statement is
supported by the following finding. APO-1 is expressed on
cells of many lineages including lymphoid and nonlympho-
id tissue, e.g. human colon epithelium expresses a high
and human liver cells a low density of APO-1. Expression
may be similar in mice. Mice, however, that have a defect
in the APO-1 receptor-ligand system show overt gross pa-
thology primarily in the lymphoid organs and in the liver
and uterus. This suggests that APO-1-mediated apoptosis
plays a major role in the immune system and that this sys-
tem is most sensitive to APO-1-mediated apoptosis.
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APO-1 involvement in peripheral T cell deletion
and in T cell survival upon costimulation

The lpr defect does probably not affect negative selection
and clonal deletion of T cells in the thymus. Therefore, T
cell pathology in lpr mice might best be explained by a de-
fect in APO-1-mediated apoptosis in peripheral T cells.
This assumption is supported by data which show that T
cells from lpr and gld mice in vitro were resistant to activa-
tion-induced apoptosis. Taken together, these data sug-
gest a model in which the inability of peripheral lpr T cells
to undergo TCR-induced APO-1-mediated apoptosis
causes accumulation of aberrant T cells in the mutant mice

resulting in a large spleen and in large lymph nodes (lym-
phadenopathy). Likewise, similar symptoms in gld mice
that express a nonfunctional APO-1 ligand are generated
by the same pathophysiological mechanism.

In order to investigate directly in the human system
whether APO-1 is involved in TCR-mediated apoptosis we
used F(ab’)2 anti-APO-1, itself incapable to induce apop-
tosis due to insufficient cross-linking of APO-1 receptors,
to block APO-1. In addition, soluble human APO-1-Fc fu-
sion proteins were used to neutralize the APO-1 ligand.
Malignant Jurkat T cells were triggered via immobilized
anti-CD3 in the presence of F(ab’)2 anti-APO-1 or APO-1-
Fc fusion proteins. These reagents completely prevented
anti-CD3-induced apoptosis. Dexamethasone-induced
apoptosis, however, was not prevented by F(ab’)2 anti-
APO-1 and APO-1-Fc. The same findings were obtained
with an activated human T cell clone and activated periph-
eral human CD4+ T cells. In these cells apoptosis induced
with anti-CD3 antibodies and by stimulation with the
superantigen SEB was blocked by the above reagents

Taken together, these results suggest that APO-1 receptor
and ligand are specifically involved in TCR-triggered
apoptosis. T cell apoptosis may occur as “fratricide” by in-
teraction of the membrane-bound receptor with the mem-
brane-bound ligand on neighbouring T cells that kill each
other. Further experiments also show that TCR-triggered
APO-1-mediated apoptosis is found in single Jurkat T
cells. Thus, a single TCR-activated T cell in the absence of
costimulation may autonomously decide to die by apop-
tosis via the APO-1 pathway. These results suggest a mini-
mal model in which TCR-induced death in activated T cells
involves autocrine soluble APO-1 ligand-mediated suicide.
A model involving a soluble APO-1 ligand faces the diffi-
culty to explain specificity and directionality of T cell
apoptosis. In fact, we were able to induce apoptosis with
supernatant transferred from activated T cells to APO-1+

cells. Therefore, the APO-1 ligand may have a short half
life and may act only at a short distance at a sufficiently
high concentration. In addition, a soluble APO-1 ligand
might only induce apoptosis in TCR-triggered T cells. Col-
lectively, TCR-induced APO-1-mediated apoptosis may oc-
cur in several forms: fratricide, paracrine death, and
autocrine suicide.

Activation-induced T cell death can be suppressed when
the T cells are costimulated, e.g. via CD28. The counter-
acting survival signal is observed at three levels: 1) DISC
formation is prevented through FLIP upregulation, 2) mito-
chondrial activation is prevented by BclXL upregulation and
3) APO-1 ligand is downregulated at the transcriptional
level.

Elucidation of the TCR/APO-1 death mechanism may shed
new light on peripheral T cell tolerance by deletion, on
suppression of the immune response, and on the develop-
ment of memory in the surviving T lymphocyte pool. Fur-
thermore, it may open new exciting possibilities for experi-
mental and therapeutic interventions.
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APO-1 involvement in depletion of CD4+ T cells in
AIDS

In AIDS the number of T cells, e.g. in the peripheral blood,
productively infected with HIV is relatively low (in the range
of one in several thousand). This implies that T cell deple-
tion in AIDS may also affect noninfected CD4+ T cells.
Depletion of such cells may occur by induction of apop-
tosis. This assumption raises several questions, mainly: 1.
what is the (main) mechanism of apoptosis of noninfected
CD4+ T cells and 2. how is sensitivity towards apoptosis in-
duced in noninfected CD4+ T cells? We tested the hypoth-
esis that regulatory viral gene products (e.g. HIV-1 Tat)
made by HIV infected cells may penetrate HIV noninfected
cells and render these cells hypersensitive to TCR-in-
duced APO-1-mediated apoptosis. HIV Tat might induce a
prooxidative state in the affected cells, increase APO-1
ligand expression and facilitate TCR-triggered APO-1-me-
diated suicide. Further sensitization of the CD4 + T cells
might result from binding of HIV gp120 to the CD4 cell sur-
face receptor and from crosslinking of bound gp120 by
gp120 antibodies in the patients’ sera. We tested this hy-
pothesis in an in vitro model system using Jurkat T cells
or peripheral blood lymphocytes triggered via the TCR and
incubated with synthetic Tat, or with Tat, gp120 and anti-
gp120, respectively. We observed that TCR-triggered
apoptosis was accelerated by the combination of these re-
agents. Significantly, most of the apoptosis seen under
these conditions could be blocked by F(ab’)2 anti-APO-1
and soluble APO-1-Fc receptor decoys. These data rein-
force our hypothesis that depletion of noninfected CD4 + T
cells in AIDS might involve TCR-triggered APO-1-mediated
suicide sensitized by HIV Tat and gp120 and anti-gp120
antibodies in patients’ sera. Our findings warrant testing
this hypothesis in animal model systems and in patients
and, if correct, open new exciting possibilities of AIDS
therapy by stabilizing the pool of CD4 + T cells.

To test further whether the APO-1 system might play a role
in AIDS we investigated APO-1 expression on isolated pe-
ripheral blood lymphocytes. We found that, although APO-
1 expression was highly variable, it was significantly in-
creased in CD4+ and CD8+ T cells from HIV-1+ children in
comparison to HIV-1- controls. Thus APO-1 expression on
T cells of the CD4+ and the CD8+ subset is increased in
HIV infection. The mechanism of this increase may be di-
rectly related to HIV infection or stimulation by HIV prod-
ucts or may be caused by a general stimulation of T cells

in this disease. It is interesting that the increase of APO-1
expression is observed in both CD4+ and CD8+ T cells
from HIV-1+ children. Assuming a role of the APO-1 recep-
tor and its ligand in apoptotic depletion of CD4+ T cells in
AIDS requires, therefore, that sensitization of the APO-1
pathway is mainly directed at the CD4+ subset of T cells.
As suggested above, sensitization may involve stimulation
of CD4 on these cells by gp120 and anti-gp120. In addi-
tion, other viral gene products such as Tat might have an
additional sensitizing effect. Our data, therefore, provide
an interesting potential link between APO-1-mediated
apoptosis and T cell depletion in AIDS.

Recently, we also found that a CD95 independent death
can be induced by triggering CD4 and CXCR4 (Fusin) in
CD4+ T cells. This type of death is independent on the
known caspases and involves the mitochondria as key or-
ganelles for a particular apoptosis pathway. These findings
increase the possibilities of CD4+ T cell depletion.

In patients or HIV-1+ individuals it becomes increasingly
evident that T cell death follows several distinct pathways
including APO-1, TNF-RII, NO, caspase-dependent and –
independent signals, etc. It is unclear how the T cell de-
cides between these pathways or whether they coexist. In
any, case the molecular events of T cell death will deter-
mine future prevention and treatment strategies.

Key References (* = external co-author)
Westendorp. M., Shatrov, V., Schulze-Osthoff, K., Frank, R.*,
Kraft, M.*, Los, M., Krammer, P.H., Dröge, W., and Lehmann, V.
HIV-1 Tat potentiates TNF-induced NF-kB activation and TNF-me-
diated cytotoxicity by altering the cellular redox state. EMBO J.
14, 546-554, 1995.

Westendorp, M.O., Li-Weber, M., Frank, R.W. and Krammer, P.H.
Human immunodeficiency virus type 1 Tat upregulates interleukin-
2 secretion in activated T cells. J. Virol. 68, 4177-4185, 1994.

Westendorp, M.O., Frank, R.*, Stricker, K.*, Dhein, J., Walczak,
H., Debatin, K.-M., Krammer, P.H. Sensitization of T cells to
CD95-mediated apoptosis by HIV-1 Tat and gp120. Nature 375,
4497-50, 1995.

Berndt, C., Möpps, B.*, Angermülller, S.*, Gierschik, P.*,
Krammer, P.H. CXCR4 and CD4 mediate a novel type of
apoptosis in CD4 positive T cells. PNAS 95, 12556-12561, 1998.

Involvement of the APO-1 system in liver damage

Apoptosis occurs in the normal liver and in various forms
of liver disease. Liver cells in animal models are acutely
sensitive to apoptosis initiated by the APO-1 receptor. We
have used primary human hepatocytes as a model system
to investigate APO-1-mediated apoptotic liver damage.
Treatment of fresh human hepatocytes with low concentra-
tions of agonistic antibodies against APO-1 resulted in
apoptosis of the cultured liver cells within several hours.
Immunohistology of a panel of explanted liver tissues re-
vealed that hepatocytes in normal livers and in alcoholic
cirrhosis expressed low constitutive levels of APO-1. APO-
1 receptor expression was highly elevated in hepatocytes
in hepatitis B virus-related cirrhosis and in acute liver fail-
ure. By in situ hybridization, APO-1 ligand messenger RNA
expression was absent in normal liver but detected at high
levels in livers with ongoing liver damage. In cases of
hepatitis B virus-related cirrhosis and acute hepatic failure,



334

Research Program
Tumor Immunology

Division
Immunogenetics

DKFZ 2001: Research Report 1999/2000

ligand expression was found primarily in areas with lym-
phocytic infiltration. In contrast, in patients with alcoholic
liver damage, high APO-1 ligand messenger RNA expres-
sion was found directly in hepatocytes. These findings
suggest that liver destruction in hepatitis B may primarily
involve killing of hepatocytes by T lymphocytes using the
APO-1 receptor-ligand system. In alcoholic liver damage,
death of hepatocytes might occur by fratricide and para-
crine or autocrine mechanisms mediated by the hepato-
cytes themselves and, thus, resemble the mechanism of
activated T cell death.
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Drug-induced apoptosis in hepatoma cells
involves activation of p53 and AP-1 and is
mediated by the APO-1 system

Chemotherapeutic drugs kill drug-sensitive cancer cells
mainly by apoptosis. The mechanisms of drug-induced
apoptosis, however, are not understood. Therefore, we in-
vestigated the mechanism of bleomycin-induced cytotoxic-
ity in hepatoma cells. Bleomycin-induced transient accu-
mulation of nuclear wild-type (wt) p53 in hepatoma cells
and upregulated expression of cell surface APO-1 in hepa-
toma cells carrying wt p53 (HepG2) but not in hepatoma
cells with mutated p53 (Huh7) or in hepatoma cells which
were p53-/-(Hep 3B). In addition, sensitivity towards APO-
1-mediated apoptosis was also increased in wt p53 posi-
tive HepG2 cells. Microinjection of wt p53 cDNA into
HepG2 cells had the same effect. Furthermore, bleomycin
treatment of HepG2 cells increased APO-1 ligand mRNA
expression as detected by in situ hybridization. Expression
of the APO-1 ligand upon drug treatment, however, was
dependent on an AP-1 site in the ligand promoter. Most
notably, bleomycin-induced apoptosis was almost com-
pletely inhibited by antibodies which interfere with APO-1
receptor/ligand interaction. Thus, these data suggest that
apoptosis induced by bleomycin is mediated, at least in
part, by p53- and AP-1-dependent stimulation of the APO-
1 receptor/ligand system. We have recently found that
wtp53 binds to an intronic enhancer of the CD95 gene and
causes increased expression of the gene. This sensitizes
the cell for CD95 mediated apoptosis. The same findings
might apply to other anti-cancer drugs and have not only
been found for hepatoma cells but also for a variety of T
cell leukemias. These data will have major consequences
for drug treatment of cancer and the explanation of drug
sensitivity and resistance.
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Involvement of the APO-1 system in other
diseases

The APO-1 system may play a role in all diseases in which
acute and chronic cellular destruction is observed. This
applies e.g. to acute injury of the brain (stroke) and to spi-
nal cord injury. This may also apply to chronic diseases of
the brain such as  Alzheimer‘s disease and other neuro-
degenerative diseases. Finally, APO-1 ligand may play a
role in tumor counterattack. This is a situation in which an
apoptosis resistant tumor produces the APO-1 ligand to
destroy attacker anti-tumor lymphocytes to shut down the
anti-tumor immune response with a deleterious effect for
the patient.

Future studies in our group will focus on above and related
pathological situations to define rational treatment strate-
gies.
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Two major biochemical pathways lead to the induction of
apoptosis under physiological conditions: the death recep-
tor pathway and the mitochondrial pathway. In many can-
cer cells one of these pathways or both pathways are
blocked due to mutations in genes encoding proteins that
are part of the apoptotic cascade or due to overexpression
of genes that code for anti-apoptotic proteins. This results
in the incapability of the cancer cell to die when triggered
by physiological means. Consequently, the equilibrium be-
tween cell growth and cell death is unbalanced. In recent
years it has been appreciated that most currently used
post-operative cancer therapies - i.e. radiation and chemo-
therapy - achieve their therapeutic effect by killing tumor
cells via induction of apoptosis. Both, chemotherapy and
radiation, mainly trigger the mitochondrial apoptotic ma-
chinery of cancer cells. These therapeutic measurements
often fail in the long run because the tumor develops
therapy resistance by generating variants of the original
tumor cell which are resistant to apoptosis induction via
the mitochondrial pathway.
It is the aim of the group Apoptosis Regulation to define
novel apoptosis targets for cancer and autoimmune
dieseases, to unravel the biochemical mechanisms that
result in resistance to current cancer and autoimmunity
treatments, and to develop novel therapeutic strategies for
these dieseases on the basis of influencing apoptosis in
tumor cells or cells of the immune system.

The TRAIL (APO-2L) Apoptosis System

H. Walczak, A. Bouchon, T.M. Ganten,
A. Große-Wilde, E. Rieser, S. Maier, M.R. Sprick,
M.A. Weigand

In 1995 the TNF-related apoptosis-inducing ligand, TRAIL,
was identified purely on the basis of sequence homology
to the other members of the TNF family [1]. The revealing
homology resided within two short but highly conserved
sequence motifs characteristic for TNF family members.
Amongst the members of this family CD95L shares highest
sequence homology with TRAIL. In addition, TRAIL was
capable of inducing apoptosis. Interestingly, however,
TRAIL induced apoptosis in many of the tumor cell lines
that were tested yet normal cells were not be killed.

In order to understand the function and regulation of the
TRAIL apoptosis-inducing system the TRAIL receptor had
to be identified. The outcome of the resulting cloning race
was surprising. With many different receptors at its dis-
posal TRAIL emerged as the most promiscuous of all
cytokines known. TRAIL can bind two apoptosis-inducing
receptors, TRAIL-R1 (DR4) and TRAIL-R2 (Killer, DR5,
TRICK2) [2], two additional cell-bound receptors incapable
of transmitting an apoptotic signal, TRAIL-R3 (LIT, DcR1)
and TRAIL-R4 (TRUNDD, DcR2), and, lastly, a soluble re-
ceptor called osteoprotegerin (OPG). OPG does not only
bind to TRAIL but also to another member of the TNF fam-
ily, the osteoclast differentiation factor (ODF, OPGL,
RANKL). At first it seemed as if the existence of these
functionally distinct receptors might provide an answer to
the differential sensitivity to TRAIL observed between nor-
mal and transformed cells. The initial findings indicated
that TRAIL-R3 and TRAIL-R4 may act as so-called ”decoy
receptors” by competing with TRAIL-R1 and TRAIL-R2 for
binding of TRAIL. However, these results were obtained
solely by relying on overexpression data. By using mono-
clonal antibodies specific for each one of the individual
surface-bound TRAIL receptors it was recently shown for
various cellular systems that TRAIL resistance is controlled
intracellularly rather than at the level of TRAIL-R3 and/or
TRAIL–R4, the putative ”decoy receptors”. In melanoma
cells TRAIL-R expression levels did not correlate with sen-
sitivity towards TRAIL. In addition, in primary versus trans-
formed keratinocytes the levels of cFLIP inversely corre-
lated with sensitivity to TRAIL and TRAIL-R1/R2-specific
antibodies whereas TRAIL-R3 and –R4 were not involved
[3]. When human blood-derived dendritic cells (DC) were
examined we found that immature DC were susceptible to
TRAIL whereas mature DC were not. Again, while the
TRAIL-R surface expression pattern did not change upon
DC maturation c-FLIP levels increased over time in DC.
The increase in cFLIP expression may thus be responsible
for TRAIL resistance of fully mature DC [4]. Regarding T
cells, thus far, we have not been able to kill significant
amounts (always less than 5%) of human peripheral T
cells with TRAIL regardless of their activation status. Yet,

Apoptosis Regulation (G0310)
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upon incubation with cycloheximide T cells become TRAIL
sensitive and, again, sensitization of the T cells is not
regulated at the receptor level but rather due to the disap-
pearance of intracellular resistance factors. Thus, the ”de-
coy” concept awaits confirmation in non-overexpression
systems and the biochemical function of the non-apop-
tosis-inducing receptors, TRAIL-R3, TRAIL-R4, and OPG,
remains unsolved. Taken together, c-FLIP seems to be
one of the prime candidates as an intracellular regulator of
TRAIL sensitivity versus resistance in a number of different
cell types. Yet, other intracellular inhibitors of apoptosis
are likely to also be involved in resistance to TRAIL.
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Biochemical pathway of TRAIL-induced
apoptosis
Soon after its discovery TRAIL was shown to use a
caspase-dependent pathway to kill its target cells. In order
to understand the signaling pathways triggered by TRAIL
stimulation in more detail we now studied the exact se-
quence of intracellular biochemical events following TRAIL
stimulation. TRAIL-induced apoptosis involves late dissi-
pation of the mitochondrial membrane potential and cyto-
chrome c release that follows activation of caspase-8 and
caspase-3 and induction of DNA fragmentation. In addi-
tion, inhibition of caspase-8 but not caspase-9 or –3 pre-
vents mitochondrial permeability transition (PT) and
apoptosis. Various cell lines overexpressing the anti-
apoptotic proteins Bcl-2 or Bcl-xL are not or only marginally
protected against TRAIL-induced apoptosis. In contrast,
apoptosis induced by the chemotherapeutic drug
etoposide was severely impaired in these cells. Thus,
TRAIL can induce apoptosis via a caspase signaling cas-
cade that executes apoptosis independently of the pro-
apoptotic machinery of mitochondria [5,6]. Yet, in other cell
types this can be rather different as e.g. in pancreatic tu-
mor cell lines which are primarily TRAIL-resistant can be
reendered TRAIL-sensitive by Bcl-xL antisense treatment
[7]. Thus, as in the CD95 system also in the TRAIL system
two pathways for apoptosis induction seem to exist, one
that works via direct caspase activation operating indepen-
dently from mitochondria, and another one that is depen-
dent on mitochondrial apoptotic events and is, therefore,
inhibitable by bcl-xL overexpression.

The question remained which molecules actually transmit
the TRAIL death signal under native conditions. When the
TRAIL-Rs were cloned this question was addressed in a
number of studies. Again, they solely relied on overexpres-
sion of possible interaction partners. Thereby, a tremen-
dous number of proteins known to be involved in various
aspects of apoptosis signaling have been suggested to
also play a role in TRAIL-induced apoptosis. In particular a
discussion arose concerning the use of FADD in TRAIL-
induced apoptosis. In order to solve this question we di-
rectly analyzed the TRAIL DISC under native conditions in
analogy to studies of the CD95 DISC [8]. This analysis re-
vealed that both, FADD/Mort1 and caspase-8 are recruited
to the TRAIL DISC in all cell lines tested (BJAB, BL60,
CEM and Jurkat) and that these two proteins constitute in-
tegral components of the TRAIL-R2-DISC. They are in fact
necessary for the TRAIL-R2 DISC to be functional as
Jurkat cells that lack either FADD/Mort1 or caspase-8 are
completely resistant to apoptosis induced either by TRAIL-
R2-specific agonistic antibodies or by TRAIL itself. It re-
mains to be solved whether TRAIL-R1- or heteromeric
TRAIL-R1/R2-DISCs also use these signalling molecules
or whether the various possible complexes use different
pathways to signal cell death.
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Physiological role of the TRAIL apoptosis system
For quite some time after the identification of TRAIL and its
receptors the physiological function of this novel apop-
tosis-inducing system remained unknown. In that respect,
we could not detect any role for TRAIL in e.g. the activa-
tion-induced death of human B cells [9] or in other types of
cell death in the immune system we have studied so far
[10-12]. Recently, in a number of studies the functional ex-
pression of TRAIL was discovered on the surface of differ-
ent cells that had previously been known to induce apop-
tosis in target cells by an unknown mechanism. Amongst
them are type II interferon (IFN-γ)-stimulated monocytes,
cytomegalovirus (CMV)-infected fibroblasts, type I IFN-
 (IFN-α and IFN-β) or TCR-stimulated T cells, non-stimu-
lated CD4+ T cells, IFN-α- and IFN-γ-stimulated as well
measles virus-infected DC, and natural killer (NK) cells. In-
terestingly, functional surface expression of TRAIL was of-
ten associated with stimulation by interferons. Therefore, it
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is likely that the anti-tumoral effect of IFNs may at least be
partially mediated by TRAIL-induced direct killing of
TRAIL-sensitive tumor cells. Yet, the main physiological
function attributed to IFNs resides in their anti-viral activity.
In fact, it was shown that TRAIL induced apoptosis specifi-
cally in virally-infected cells while sparing non-infected nor-
mal cells. Thus, the TRAIL system might have evolved in
order to control viral transformation. The fact that many
oncogenically transformed cells are also sensitive to
TRAIL might be a beneficial side effect of the function of
TRAIL to kill virally transformed cells. Further insight into
the physiological function of TRAIL will be provided by the
analysis of mice that are deficient for this cytokine.

Given the different TRAIL receptors it will be a complex
undertaking to determine which individual receptor is re-
sponsible for the different physiological functions exerted
by TRAIL. As mentioned before, the physiological function
of the non-apoptosis-inducing receptors for TRAIL remains
undefined. On the other hand, the apoptosis-inducing re-
ceptors for TRAIL have to be involved on the target side of
the newly discovered physiological activities of TRAIL.
However, it is still unclear which one of the two receptors
or combination thereof serves as the transducer of the
apoptotic signal in different physiological and pathophysi-
ological situations. Studies with monoclonal antibodies ca-
pable of blocking or inducing individual receptors will pro-
vide useful information. In addition, experiments with mice
deficient for one or a combination of the TRAIL receptors
will prove to be crucial in the determination of the function
of each individual receptor. At this point, however, only one
mouse TRAIL receptor has been identified and this recep-
tor is capable of inducing apoptosis. It will be interesting to
see whether all human TRAIL-R will have a murine coun-
terpart.
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Anti-tumor potential of TRAIL
The other known apoptosis-inducing members of the TNF
family, CD95L and TNF, are detrimental upon systemic ad-
ministration. The property of TRAIL to kill tumor cells more
efficiently than normal cells prompted us to test the anti-tu-
mor potential of TRAIL in vivo. We showed that TRAIL was
capable of inhibiting tumor growth in mice in the absence
of any overt toxicity [13]. Another group that had indepen-

dently discovered TRAIL and had named it APO-2L then
showed that the in vivo effect of TRAIL/APO-2L could also
be observed in cynomolgous monkeys and that TRAIL
could act in synergy with chemotherapeutic drugs.

A number of studies have been performed combining
TRAIL with different chemotherapeutic drugs[e.g. 14].
Most chemotherapeutic drugs and radiation therapy used
in the treatment of malignancies lead to apoptosis prima-
rily by engagement of the mitochondrial pro-apoptotic ma-
chinery. Upon treatment tumors often acquire resistance to
conventional anti-tumor therapy. In many cases Bcl-2 or
Bcl-xL overexpression is the main reason for chemo-
therapy resistance. As mentioned above, TRAIL can by-
pass the anti-apoptotic effect of Bcl-2 or Bcl-xL

overexpression. These data suggest a novel alternative
anti-tumor strategy by using TRAIL against Bcl-2- or Bcl-
xL-overexpressing tumors. Preferably, though, one would
envisage a treatment that combines the cytotoxic potential
of TRAIL with that of chemo- and/or radiotherapy. By at-
tacking the tumor cells from two different angles such a
combinatorial treatment of cancer will most likely diminish
the chances of the tumor to develop a therapy-resistant
variant. This is due to the fact that TRAIL and chemothera-
peutic agents work primarily via distinct apoptotic path-
ways. While TRAIL preferentially makes use of the direct
caspase pathway that bypasses mitochondria most che-
motherapeutic agents and radiation exert their apoptotic
potential primarily via the mitochondrial apoptotic pathway.

Thus, the treatment of cancer by direct induction of
apoptosis in tumor cells, first proposed upon identification
of the anti-APO-1 antibody, may now become reality as
clinical trials with TRAIL/APO-2L are bound to start soon.
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Identification and Preclinical Evaluation of
Novel Apoptosis Targets

H. Walczak, J, M. Schader, H. Stahl,
D. Willen

To date almost exclusively unspecific therapeutic ap-
proaches are applied in order to fight cancer and autoim-
mune diseases. These include, in the case of cancer, pre-
dominantly irradiation or chemotherapy while autoimmune
dieases are mainly treated with anti-inflammatory drugs.
Although these treatments are usually associated with
strong side effects they are characterized by rather low
therapeutic success rates. Therefore, it is necessary to de-
velop novel therapeutic concepts. In recent years recombi-
nant technologies have facilitated the expression of highly
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active human proteins in mammalian cells. These so
called biopharmaceuticals have already entered various
clinical applications resulting in specific therapies for a
number of diseases.

Within the last few years it has become apparent that
pathological changes of apoptosis play a major role in the
development and maintenance of cancer and autoimmune
diseases. Furthermore, recombinant apoptosis-inducing or
-inhibiting proteins are now being applied as specific
therapeutic agents in order to fight cancer and autoim-
mune diseases. The aim of the BioFuture project “New
Apoptosis Targets” which started in May 2000 is to (i) iden-
tify novel members of apoptosis-modulating protein fami-
lies and to (ii) preclinically evaluate these novel proteins
and inhibitors thereof in animal models for cancer and
autoimmmune diseases.
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The exploitation of the body’s own immune system for the
defense against tumors and metastasis is a central chal-
lenge of immunological research. T lymphocytes recognize
antigens only after their degradation in the cytosol or
endosomal/lysosomal compartments into peptides which
are then loaded onto major histocompatibility (MHC) class
I or class II molecules, respectively, and presented at the
cell surface. T lymphocytes continuously screen cell sur-
faces for the appearance of new MHC/peptide complexes
which will be recognized as a danger signal and result in
elimination of the respective cells, e.g., tumors. Therefore,
our efforts are concentrated on the processing and pre-
sentation of antigens and their recognition by T cells. In
the pathway for MHC class I mediated antigen presenta-
tion we focus on the role of the transport molecules which
translocate antigenic peptides from the cytosol into the
endosplasmatic reticulum, and on accessory molecules in-
volved in loading onto MHC class I. Likewise, in the MHC
class II pathway we concentrate on the mechanism of pep-
tide loading and critical accessory molecules. A detailed
knowledge of these molecular and cellular mechanisms
will be crucial for attempts to manipulate the immune sys-
tem and for development of cancer vaccines.

Recognition of tumor cells by T lymphocytes frequently
does not result in their activation but rather in silencing.
Using transgenic mouse systems, we are studying the
mechanisms of tolerance induction, and we also devise
ways to break tolerance against tumors. Our studies indi-
cate that certain tumors are not erradicated by activated T
cells because access to the tumor tissue is prevented.
Changes in the microenvironment of the tumor, however,
can render the tissue accessible for T cells resulting in tu-
mor destruction. Similar observations have been made in
models of organ-specific autoimmunity. These findings
may open new ways for therapeutic intervention in tumor
immunity and autoimmunity.  Finally, in a clinical project
with direct applicability we generate so-called bispecific
antibodies which target the body’s own killer cells to tu-
mors, thereby initiating their destruction. After successful
application to human tumors in animal models these
bispecific antibodies are presently evaluated in clinical
studies.

Division Molecular Immunology (G0400)

Head: Prof. Dr. rer. nat. Günter J. Hämmerling
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Antigen Presentation - The Role of TAP
Peptide Transporters and Chaperones in the
Endoplasmic Reticulum during Antigen
Presentation by MHC Class I Molecules
(G0400-1)

F. Momburg, N. Garcia-Garbi, P. Tan, J. Albring,
J.-O. Koopmann, E. Hüter, S. Tanaka, N. Bulbuc,
B. Plischka, N. Sommer, G.J. Hämmerling

In collaboration with: Hartmut Hengel, Robert-Koch-Institut, Berlin;
Yuval Reiss, Tel Aviv University, Ramat Aviv, Israel; Lea
Eisenbach, The Weizmann Institute, Rehovot, Israel; Mario Lobigs
and Arno Müllbacher, John Curtin School of Medical Research,
Canberra, Australia; Barbara Seliger, III. Medizinische Klinik,
Universität Mainz, Mainz; Jacques Neefjes and Pieter Spee, The
Netherlands Cancer Institute, Amsterdam, The Netherlands

The recognition of tumor antigens by specific cytotoxic T
lymphocytes (CTL) is essential for a successful anti-tumor
response. These CTL do not react with whole proteins but
recognize peptides generated from intracellular proteins
(e.g., proteins overexpressed by tumor cells) that are pre-
sented by major histocompatibility complex class I (MHC-I)
molecules on the cell surface. In the cytosol, intracellular
proteins are degraded to peptide fragments by multicata-
lytic protease complexes, the proteasomes. For binding
and stabilization of MHC-I molecules these peptides are
translocated across the membrane of the endoplasmic
reticulum by the TAP peptide transporter in an ATP-depen-
dent fashion. Following biosynthesis into the ER mem-
brane, MHC-I molecules transiently associate with various
helper molecules (chaperones) that facilitate folding and
peptide loading. After successful peptide loading MHC-I
molecules leave the ER to the cell surface. In various sub-
projects we investigate aspects of these complex pro-
cesses.

Together with our Israeli partners we have studied the role
of the 26S proteasome during the degradation of the
model antigen ovalbumin and their subsequent TAP-medi-
ated transport in a fully reconstituted in vitro system. From
certain substrate proeins, 26S proteasomes generate pep-
tides that represent N-terminally extended precursors of fi-
nally processed MHC-I binding ligands. Precursor peptides
transported into the ER undergo trimming by an ER-resi-
dent metallo-aminopeptidase. The trimming to the definite
peptide epitope is strictly dependent on the presence of Kb

MHC-I molecules which serve as receptors for the ovalbu-
min epitope [Komlosh et al., manuscript in preparation].

In order to escape the immune response several viruses
utilize inhibitory molecules that subvert the MHC-I antigen
presentation pathway. Together with Dr. H. Hengel we
have characterized a viral protein, gpUS6, that interferes
with TAP-mediated peptide translocation in the course of
infection by human cytomegalovirus [1, 2]. Presently we
study the molecular mechanism used by gpUS6 to block
peptide transport from the ER-luminal side. In contrast to
cytomegalovirus, infection with flaviviruses transiently aug-
ments antigen presentation by MHC-I. The major flavivirus
gene product integrates into the ER membrane and en-

hances the function of TAP peptide transporters leading to
up-regulation of MHC-I surface expression and viral eva-
sion from recognition by natural killer cells [3]. The interac-
tion of flavivirus with TAP is studied in collaboration with
Drs. M. Lobigs and A. Müllbacher.

During the last years we have essentially contributed to
the elucidation of the substrate specificities of TAP peptide
transporters in different species [4; 5]. These transporters
are composed of two homologous polypeptides, TAP1 and
TAP2, that cross the ER membrane several times. The
membrane topology of TAP1 and TAP2 polypeptides was
investigated in cooperation with Dr. Neefjes [6]. In addi-
tion, we have analyzed the peptide transport mechanism
of TAP in detailed kinetic analyses. In collaboration with
B. Seliger we have studied the frequently occurring down-
regulation of TAP expression and transport function in hu-
man malignancies (renal cell carcinoma, melanoma) and
oncogene-transduced murine fibroblasts [7–11].

Many peptides that are translocated into the ER by TAP
fail to find an appropriate MHC-I receptor because se-
quence restrictions imposed by MHC-I molecules often
prevent stable binding of a given peptide ligand. We have
found that such „superfluous“ peptides are removed from
the ER lumen by an ATP-dependent mechanism employ-
ing transient binding to ER chaperones and export through
the Sec61 channel to the cytosol [12]. Also, misfolded ER
proteins undergo retrotranslocation into the cytosol for
degradation by the proteasome. We are currently studying
the energy requirements and involvement of accessory ER
and cytosolic proteins that facilitate the protein release
from the ER [Albring et al., manuscript submitted].

The ER-resident helper molecule, tapasin, has recently
become an important focus of our work. Tapasin functions
as a bridge between MHC-I molecules and TAP. The re-
quirement for tapasin in the course of peptide loading var-
ies significantly among allelic forms of MHC-I. Different do-
mains of the membrane-integrated tapasin molecule facili-
tate peptide binding of MHC-I on the one hand and stabili-
zation of TAP1/TAP2 heterodimers on the other hand. By
expressing point mutants or truncated tapasin variants in
tapasin-deficient cells we could assign these functions to
different domains in the tapasin molecule [Tan et al.,
manuscript submitted]. Mice in which the tapasin gene
was deleted show a strongly diminished surface expres-
sion of MHC-I molecules and MHC-I-restricted antigen
presentation as well as reduced numbers of CD8+ cyto-
toxic T cells [13]. CTL responses against certain viruses
were found to be impaired and natural killer cell-mediated
responses were abnormal. Furthermore, we have discov-
ered that the loading complex consisting of MHC-I,
tapasin, TAP, and calreticulin also contains the thiol-de-
pendent oxidoreductase ER60 that may assist during the
formation of the proper disulfide bonds of MHC-I mol-
ecules prior to peptide loading [12]. The generation of
ER60-deficient mice will help to define the role of this fold-
ing enzyme in the maturation of MHC-I molecules.
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Antigen Presentation by MHC Class II
Molecules: Role of The Non-Conventional
MHC Molecules HLA-DM and HLA-DO
(G0400-2)
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MHC class II molecules are polymorphic peptide receptors
of antigen presenting cells (APCs) and specialized in pre-
senting foreign antigen to CD4+ T cells. To this end, inter-
nalized antigens are sorted to endosomal/ lysosomal or-
ganelles where they are proteolytically degraded thereby
giving rise to antigenic peptides. MHC class II-peptide
complexes are finally targeted to the cell surface where
they are continuously scrutinized by helper T cells. To effi-
ciently reach acidic loading compartments, class II αβ
dimers have to associate in the endoplasmic reticulum
(ER) with another protein, the invariant chain (Ii), which
mediates trafficking by help of a sorting signal in its cyto-
solic tail. Moreover, formation of nonameric (αβ Ii)3 com-
plexes in the ER postpones loading of antigen to later
stages of the MHC II pathway, as Ii obstructs the antigenic
binding site until endosomal compartments have been
reached. Recently, evidence has been accumulated that
two accessory molecules, HLA-DM (DM) and HLA-DO
(DO), are controlling peptide loading in acidic compart-
ments of the endocytic pathway. In continuation of our pre-
vious studies, the objective of the present work was to elu-
cidate the mechanism of how DM facilitates peptide load-
ing and how DO interferes with this process. Both ques-
tions turned out to be of central importance for under-
standing how the repertoire of class II-associated peptide
ligands is shaped, maintained and regulated by APCs.

HLA-DM - a catalyst of peptide loading
Ii binds to class II αβ dimers mainly via a membrane-proxi-
mal region, denoted CLIP (class II-associated Ii peptide),
that blocks the peptide binding groove. After proteolysis of
Ii in endosomes, CLIP is the terminal fragment and re-
mains bound to class II molecules. In context of some
MHC II alleles, CLIP dissociates by itself due to its low sta-
bility, however, with most alleles investigated so far, CLIP
has to be actively removed by DM: DM binds to class II-
CLIP complexes whereupon conformational changes lead
to the release of CLIP. In agreement with the fact that DM
is only expressed in substoichiometric amounts in loading
compartments, we found that one DM molecule releases
5-12 CLIP molecules per minute at pH 5.0, thus acting as
a catalyst of loading. By accelerating the off-rate of CLIP,
DM speeds up binding of cognate peptides [9,11].

HLA-DM - an endosomal / lysosomal chaperone
It is well known that class II αβ dimers devoid of Ii or cog-
nate peptide are not stable but tend to aggregate and de-
nature, thus becoming inactive. We have observed that
DM serves as a stabilizer and chaperone for MHC-II mol-
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ecules. In endosomal / lysosomal compartments DM is
found associated with MHC-II molecules that don’t carry a
peptide, and thus prevents  their functional inactivation at
low pH. DM will dissociate from ab dimers when a stably
binding peptide has been captured, which is typical for a
molecular chaperone. DM is the first chaperone of lyso-
some-like compartments described in the literature so far.
The immunologic advantage is that empty ab dimers are
kept peptide-receptive by DM and can be rapidly loaded
with antigen thereby enabling the immune system to rap-
idly deal with pathogens [1,3,7,11].

HLA-DM - a peptide editor and quality control
DM also fulfills an important role as peptide editor. It accel-
erates not only dissociation of CLIP but also of other pep-
tides that have a low kinetic stability. This is facilitated by
preferential binding of DM to those class II-peptide com-
plexes that carry a low-stability peptide. In contrast, DM it-
self dissociates from class II αβ dimers when the groove is
occupied with a high-stability peptide. Thus, DM acts as a
peptide editor and selects for class II-peptide complexes of
high stability. This finding provides a rationale for the ob-
servation that in DM-positive APCs class II-peptide com-
plexes on the cell surface are long-lived so that T cells
have the possibility of screening for appropriate ligands for
long periods of time [4,8,10].

HLA-DM at the cell surface and in the recycling
compartment
Most antigens are loaded onto MHC-II in late endosomal
or lysosomal compartments. Some antigens, however, are
loaded in early endosomal compartments, the socalled re-
cycling compartments, which were assumed to be nega-
tive for DM. We have observed that about 10% of DM can
be found at the cell surface and recycles through the recy-
cling compartment. There, DM is also immunologically ac-
tive and controls loading of MHC-II at the cell surface and
in the recycling compartment. In agreement with its func-
tion as a peptide editor, DM prevents the binding of pep-
tides of low affinity, such as peptides derived from myolin
basic protein and collagen, which are candidates for self-
antigens in the autoimmune diseases multiple sclerosis or
rheumatoid arthritis. These results suggest that modulation
of DM activity (for ex. by DO, see below) may play a role in
the pathogenesis of autoimmune diseases and in immuno-
logical tumor defense [2,6,13].

HLA-DO - a regulator of DM activity
Another non-classical MHC-II molecule, DO, associates
tightly with DM in loading compartments, but forms multi-
meric complexes containing also tetraspan in molecules.
We have demonstrated that DO acts as a co-chaperone
for DM that regulates the chaperone and editor function of
DM. As the expression rate of DO can vary in antigen pre-
senting cells it is likely that the presented repertoire of self
and foreign peptides is influenced. These results may in-
fluence the presentation of tumor antigens or selfantigens
in context of autoimmune diseases [3,10].
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T lymphocytes with self-destructive capacity are often
found in healthy individuals, suggesting the existence of
efficient control mechanisms that prevent autoimmune dis-
eases. This beneficial effect, however, may in turn be re-
sponsible for tumor immune evasion. Indeed, tumors often
continue to grow in patients despite the presence of T cells
specific for the respective tumor antigens. This project is
designed to elucidate mechanisms leading to the develop-
ment and maintenance of self-protection, as well as to un-
ravel processes resulting in the breakdown of tolerance.

In order to understand the conditions leading to either acti-
vation or silencing of mature T lymphocytes one has to be
able to follow the fate of the respective T cells. We, there-
fore, established some time ago  T cell receptor (TCR)
transgenic mice specific for the major histocompatibility
(MHC) class I antigen Kb. Most CD8 T cells in these trans-
genic animals express this particular Kb-specific TCR and
can be identified by anti-clonotypic antibodies (Desire-1).
Additional expression of Kb in various extrathymic tissues
illustrated that the immune system can by-pass undesir-
able reactivity of mature peripheral T cells by employing
various forms of deletional or non-deletional tolerance
[1,2,3].

However, the mechanisms remained unclear, because it
has been argued that extra-thymically expressed tissue
antigens are ignored by naive T cells because of their re-
stricted migration pattern. In the adult sheep, naive T cells
have rarely been found to enter tissues and drain to re-
gional lymph nodes. Therefore, the concept has emerged
that tissue-specific antigens can only tolerize T cells by be-
ing presented through professional antigen-presenting
cells (APC) in the lymphoid compartments (termed cross-
presentation). How could we then explain the above de-
scribed tolerance to Kb expressed, for example, only on
keratinocytes (2.4KerlV-Kb mice). Large-scale trafficking of
virgin  T cells through extra-lymphoid tissues has been ob-
served in fetal sheep. Similarly, we found in mice that neo-
natal skin, but not adult skin, was accessible for naive CD8
T cells [1]. To investigate, whether T cell migration through
neonatal tissue might influence tolerance induction to tis-
sue-specific self-antigens, 2.4KerIV-Kb mice were crossed
onto the Rag-2-deficient background and reconstituted as
neonates or adults with bone marrow from Des-TCR
transgenic mice. After efficient repopulation of the lym-
phoid compartments tolerance could only be observed in
the neonatally reconstituted mice, and was not detectable
in the adult recipients [1,2]. Furthermore, blockade of T
cell migration neonatally prevented tolerance induction.

Thus, T cell trafficking through non-lymphoid tissues in the
neonate is crucial for the establishment of self tolerance to
sessile, skin-expressed antigens.

Since Kb-specific T cells were present in the tolerant Des-
TCRx2.4KerIV-Kb and Des-TCRxCRP-Kb (expressing Kb

only in hepatocytes) mice, we asked whether the observed
tolerance could be reversed in vivo, and whether this
would result in autoaggression. When these mice were
challenged with syngeneic tumor cells expressing simulta-
neously the Kb autoantigen and interleukin (IL)-2 reversal
of tolerance was indeed achieved. However, despite the
presence of activated autoreactive T cells that were able
to reject the Kb-positive tumor no autoaggression against
the Kb-positive liver was observed. Apparently, reversal of
tolerance per se is not sufficient to cause destructive auto-
immunity. However, when in addition to breaking tolerance
Des-TCRxCRP-Kb mice were infected with a liver-specific
pathogen transient autoaggression occurred. This was not
due to structural homology between pathogen-derived
peptides and self-peptides presented by Kb, as a CpG con-
taining oligonucleotide had a similar effect.  Thus, in these
systems at least two independent steps seem to be re-
quired for organ-specific autoimmunity: reversal of periph-
eral tolerance leading to activation of autoreactive T cells,
and conditioning of the organ microenvironment by so far
undefined inflammatory processes which enable the acti-
vated T cells to cause tissue damage. Nevertheless, even
repeated injections of the oligonucleotide leading to rever-
sal of tolerance and liver damage did not result in a
chronic autoimmune disease [4].

Additional evidence for the capacity of non-professional
APC to induce T cell tolerance was obtained from studies
on liversinusoidal endothelial cells (LSEC). These organ-
resident, non-myeloid antigen-presenting cells are capable
of cross-presenting soluble exogenous antigen to CD8+ T
cells. While LSEC employ similar molecular mechanisms
for cross-presentation as dendritic cells, the outcome of
cross-presentation by LSEC is CD8+ T cell tolerance rather
than immunity. As uptake of circulating antigens into LSEC
occurs efficiently in vivo, it is likely that cross-presentation
by LSEC contributes to CD8+ T cell tolerance observed in
situations where soluble antigen is present in the circula-
tion [5].

Since the accessibility of a tissue is crucial for induction of
tolerance or autoimmunity, we asked the question whether
the frequently observed lack of tumor rejection, despite a
successful activation of tumor specific T lymphocytes,
could be due to inaccessibility of the tumor. Indeed, we ob-
served in a transgenic mouse model of multistep carcino-
genesis that highly angiogenic tumors contain an irregular
vascular network and develop intrinsic resistance to leuko-
cyte infiltration and effector function [6]. Even persistently
high levels of activated tumor-specific T lymphocytes fail to
eradicate the tumors. For effective tumor therapy an addi-
tional event is required, namely irradiation-mediated induc-
tion of a proinflammatory microenvironment that permits T
cells to extravasate and destroy the tumor. Early after ini-
tiation of the irradiation / adaptive transfer therapy the cap-
illary network re-acquires almost normal appearance, a
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likely consequence of strong Mig and IP10 induction. Re-
modelling of the vasculature in a proinflammatory environ-
ment might directly affect lymphocyte extravasation and ef-
fector function. Thus, irradiation / adoptive transfer therapy
combines antigen-driven tumor cell eradication with anti-
angiogenic effects on tumor endothelium, a powerful
mechanism which has not been previously appreciated.

Since apparently T cell activation is not necessarily the de-
cisive step for induction of autoimmune diseases and tu-
mor eradication, we have started to study molecules in-
volved in inflammatory processes. Gelatinase B has been
detected in the cerebrospinal fluid of patients with optic
neuritis, multiple sclerosis (MS), and other inflammatory
neurologic diseases, but not in normal control patients.
Similarly, in experimental autoimmune encephalomyelitis
(EAE), an animal model for MS, elevated levels of gelatin-
ase B were found in the cerebrospinal fluid of the diseased
mice. To determine whether gelatinase B plays a crucial
role in the onset of the disease, we established gelatinase
B knockout mice. Indeed, we found that gelatinase B-defi-
cient mice younger than 4 weeks of age were significantly
less susceptible to the development of EAE than age-
matched controls [7-9]. The mechanisms how gelatinase B
is contributing to EAE are presently being studied.
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Since the early days of Paul Ehrlich who considered anti-
bodies as „magic bullets“ immunologists were attracted by
the idea to destroy tumor cells with antibody molecules
alone or conjugates made thereof. With the advent of
monoclonal antibody technology 25 years ago new enthu-
siasm came up to develop a modern immunotherapy of
cancer. This promise was fulfilled, however, only in rare
cases namely in leukemia and malignant lymphoma. The
systemic application of mouse monoclonal antibodies for
therapy has raised several problems. One major drawback
is for instance the insufficient penetration of large antibody
molecules into the tumor tissue especially in poorly vascu-
larized solid tumors. The tumor-associated immunosup-
pression of humoral and cellular effector mechanisms con-
stitutes another prominent reason for the low response
rates observed after therapy with unconjugated mono-
clonal antibodies. In addition, the vast majority of antibod-
ies used for tumor therapy recognizes differentiation anti-
gens which (although at a lower density) are also ex-
pressed on normal cells.

Historically the first therapeutic antibodies were applied as
unmodified mouse monoclonal protein. Later on, the
specificity of antibodies was used to guide cytostatic
drugs, toxins or radionuclides to the tumor site. A break
through represented the approval by the American Food
and Drug Administration of the chimeric (mouse/human)
Rituximab antibody for the treatment of relapsed Non-
Hodgkin´s lymphoma. Previously, the humanized
Herceptin antibody was also approved for therapy of cer-
tain types of mammary carcinoma. Thus, antibody engi-
neering finally has led to a renaissance of antibody
therapy, which now is evolving as a promising option to
synergize with or even replace conventional chemothera-
peutic regimens.

The main objective of our project is to develop novel thera-
peutic strategies for the treatment of both carcinomas and
malignant lymphomas. To this end we have constructed
several bispecific monoclonal antibodies and recombinant
single-chain Fv constructs in order to focus and redirect
cytotoxic T cells against various tumor targets. Using
bispecific antibodies, cytotoxic T lymphocytes from a pa-
tient can be activated and directed to the respective tumor
targets inducing their destruction. The specificity of this re-
action is solely determined by the bispecific antibody and
is independent from the genetically fixed T cell receptor
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specificity. In essence, hybrid monoclonal antibodies are
employed with one binding site being directed against the
CD3/TCR receptor complex on T cells and the other one
against a tumor-associated antigen. In contrast to antibody
conjugates with toxins, radionuclides, cytostatic drugs etc.,
in case of bispecific antibodies the patient´s own killer cells
are activated and responsible for tumor cell elimination.
Applying such a biological strategy one might expect an in-
crease in therapeutic efficiency and at the same time a re-
duction of side effects.

Bispecific monoclonal antibodies for treating
carcinomas:
Women suffering from advanced stage ovarian or mam-
mary carcinoma frequently develop malignant ascites or
pleural effusions consisting of tumor cells and tumor-asso-
ciated lymphocytes (TALs). We investigated whether TALs
can be used as bispecific antibody-guided effector cells
without prior in vitro stimulation. For this we established a
bsAb, HEA125xOKT3, which recognizes the epithelial anti-
gen Egp34 on carcinoma cells and the CD3 molecule on T
cells. Surprisingly, preactivation of TALs appears not to be
required in case of HEA125xOKT3 mediated lysis of au-
tologous tumor cells. Flow cytometry revealed that such tu-
mor-associated lymphocytes are already in an activated
state as demonstrated by the expression of the early acti-
vation antigen CD69 on a subset of CD4+ and CD8+ TALs.
Previous investigations using bispecific antibody for loco-
regional therapy have mostly chosen peripheral blood leu-
kocytes as effector cells that have been stimulated and ex-
panded ex vivo and loaded with bsAb before reinjection.
By employing the cytotoxic capacity of bispecific antibody-
guided TALs the laborious and cost intense preactivation
and expansion procedures of effector cells can be omitted.

Together with our colleagues at the University Hospital we
have conducted a clinical trial for patients with advanced
ovarian cancer and malignant ascites refractory to stan-
dard therapy. Ten women were treated by the intraperito-
neal instillation of 1 mg of bsAb HEA125xOKT3 at weekly
intervals. The observed side effects were mild and con-
sisted mainly of fever, shivers and hypotension. All pa-
tients responded clinically to the treatment and achieved
an increase in quality of life. Eight women showed a com-
plete and sustained remission of ascites production
whereas a significant reduction of ascites volume was no-
ticed in two of them. In addition, a decrease of the CA125
tumor marker level was observed in the serum of several
patients. In summary, the intraperitoneal therapy using
bsAb HEA125xOKT3 appears to be a promising, easy and
cost effective palliative approach for the treatment of re-
current ascites due to ovarian carcinoma. In future, we in-
tend to treat the patients at an earlier time point of dis-
ease, preferably immediately after surgical removal of the
primary tumor in order to extinguish residual tumor cells.

Bispecific monoclonal antibodies for treating B
cell malignancies:
Employing somatic cell hybridization we have obtained hy-
brid-hybridomas of the specificity CD19xCD3. The CD19
antigen was chosen as target molecule for therapeutic ap-
proaches since it represents a pan-B cell antigen, stably

expressed on most if not all leukemias and lymphomas of
B cell origin. The bispecific antibody was subjected to an
extensive preclinical evaluation in order to demonstrate its
efficacy in vitro. Activated T cells, targeted to tumors by the
addition of CD19xCD3 bispecific antibody could efficiently
lyse the respective allogeneic and autologous tumor cells
derived from patients with common acute lymphoblastic
leukemia (cALL) and B-chronic lymphocytic leukemia (B-
CLL). Furthermore, we could demonstrate in a SCID
mouse model that bsAb-targeted T cells in combination
with CD28 costimulation are able to prevent growth of a
human B cell lymphoma.

In a collaborative effort with our clinical partners a trial for
patients with low-grade B-NHL was started taking advan-
tage of an ex-vivo strategy. For this, large amounts of pe-
ripheral T lymphocytes were harvested by leukapheresis,
stimulated in vitro by low-dose IL-2 and monoclonal anti-
CD3 antibody and subsequently loaded with bispecific an-
tibody CD19xCD3. These preactivated and bsAb-loaded T
cells were then reinfused into the patient. Five patients
with advanced disease have been included in the study so
far. The treatment resulted in a dramatic but only transient
lymphomonocytopenia. Interestingly, activated T blasts
could be persistently detected in the peripheral blood of
patients up to 15 days following treatment.

Recombinant antibody constructs:
One major obstacle to antibody therapy is the insufficient
accessibility of the tumor tissue by the large antibody mol-
ecule (molecular weight of IgG: 150 kDa). In addition,
since the production and purification of bispecific hybrid
antibodies is rather laborious and expensive it was tried to
produce smaller recombinant antibody molecules. In col-
laboration with the group of Prof. Little we have obtained a
series of recombinant single chain Fv antibodies directed
against the B cell antigens CD19, CD20 and CD22 as well
as against the T cell antigens CD3, CD5 and CD28. A
heterodimeric CD19xCD3 diabody was constructed and
expressed in E. coli. Flow cytometry analysis revealed a
specific interaction of the diabody with both CD3- and
CD19-expressing cells, to which it bound with affinities
close to those of the parental scFvs. In cytotoxicity tests,
the diabody proved to be a potent agent for retargeting pe-
ripheral T cells to lyse CD19 positive tumor cells. Due to its
smaller size (60 kDa) we expect an improved tumor tissue
penetration.

To increase the affinity, stability and therapeutic potential
of CD19xCD3 bispecific antibodies, we designed novel re-
combinant molecules. Thus, tetravalent bispecific dimers
with a molecular mass of 114 kDa (tandem diabodies) and
intramolecularly folded bivalent bispecific antibodies with a
mass of 57 kDa (single chain diabodies) were obtained,
the relative amounts being dependent on the length of the
linker in the middle of the construct. Compared to the
above described heterodimeric diabody, the tandem
diabodies exhibited a higher apparent affinity of antigen
binding and slower dissociation from both CD19+ and
CD3+ cells. They were also more effective than diabodies
in inducing T cell proliferation in the presence of tumor
cells and in effector cell retargeting. Of particular interest
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for potential clinical applications was their higher stability
in vivo and longer blood retention compared to single
chain Fv fragments and diabodies.
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In order to guarantee an efficient collaboration between all
divisions that are concerned with genome research, in
1996 the DKFZ decided to assign these activities to the re-
search program “Genome Research and Bioinformatics“.
This has resulted in the creation of a central structure for
genome analysis which provides the necessary basis and
infrastructure for the already previously existing activities
concerned with gene localisation, genetic mapping,
bioinformatics and last but not least the functional analysis
of cancer-relevant genome parts which had until then
been carried out in different research programs. The theo-
retically working groups within the research program com-
bine mathematical, statistical, physical and informatics ap-
proaches with computer-aided methods, thus bridging the
gap between the theoretically and the experimentally
working groups in cancer research. Through cooperations
with numerous other divisions of the DKFZ the methodo-
logical developments within the research program can be
immediately applied in molecular and genomic structure
research, cancer documentation, medical image process-
ing and biostatistical evaluation of experimental and clini-
cal data.

The division Medical and Biological Informatics deals
with problems of digital image processing in medicine
aimed at supporting both diagnosis and therapy. Another
essential field of activity are computer simulations of com-
plex biological processes. After having succeeded in find-
ing ways to visualize medical objects (organs) on the basis
of CT, MR, and ultra-sound image sources, visualization
has now to be integrated in clinical routine. The group is
working on speeding up image calculation by means of
parallelization and interactive control of visualizing and
segmenting processes (EVIMED project). The MEDICUS
project, the cooperation of radiologists, surgeons, and im-
age processing specialists from various fields is continu-
ously being intensified. The group working on simulation of
biological processes concentrates on analyzing the cell
population dynamics of the epithelium of interspinal crypts.
The aim of the analyses is to understand the structural
and functional organization of highly proliferative tissues.

The Division of Molecular Biophysics I examines mo-
lecular and genomic structure problems with the help of
biophysical and computer scientific methods and develops
computer simulation methods for their modelling on the
genomic, molecular and electronic levels. On the phenom-
enological level of genome research its activities are con-
centrated on the implementation of an integrated data
model for the representation of all relevant data related to
the complex genomes of higher organisms (topological
and genetic genome maps, molecular sequence and
structure data, clinical data for disease-related genes, etc.)
as well as for the development of new methods to analyse
genomic sequence data. This is part of the European
project to decipher the human genome, and the depart-
ment develops and maintains the European Data Re-
source for Human Genome Analysis at the DKFZ. On the
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molecular level, artificial neural networks, genetic algo-
rithms and molecular dynamic simulation methods are de-
veloped with the aim of modelling the spatial structure of
gene products. The goal of this research is to gain reliable
secondary and tertiary structure predictions for various
protein molecules from the genomic DNA with the help of
neural networks. With these structural data simulations
concerning their biological function can then be carried
out. The department is also working on the further devel-
opment of microphysical methods to examine intermolecu-
lar interactions in biopolymers (DNA-protein, protein-
ligand, etc.). In collaboration with various experimental
groups at the DKFZ, these methods are used for the simu-
lation of specific molecular processes.

The Theoretical Bioinformatics division was established
in October 1995. The head of the Division accepted a new
position at the Max-Planck-Institut für Molekulare Genetik
in Berlin in 2000.

The division Classical and Molecular Cytogenetics aims
at identifying the role of genomic alterations in human can-
cers. Experimental approaches include the analysis of
damage of  both genes and chromosomes. An important
aspect is the study of biochemical consequences of al-
tered gene function on cellular growth. Particular empha-
sis is on the analysis of neuroblastoma, the most fre-
quenced childhood cancer, and on hereditary and sporadic
colon and breast cancer. Tumor-modifying loci could be
linked to 1p35-36 for colon cancer, and to 9p 23-24 for
breast cancer.

The primary research goal of the division Biophysics of
Macromolecules to understand the relationship between
the cellular organization of the genome and its function,
using simple theoretical and experimental models. Empha-
sis is on the influence of local structure changes on the
global conformation of larger DNA domains, the role of
DNA structure in the regulation of transcription at a dis-
tance, and the dynamics of the chromatin fiber in the inter-
phase nucleus. As model systems we are studying the
structure and dynamics of superhelical DNA, of DNA
complexed with regulatory proteins and of oligonucleo-
somes by using various biophysical techniques. The physi-
cal studies are complemented by direct biochemical stud-
ies of the effects of DNA structure on the regulation of
transcription. Another large effort of the group goes into
the development and application of computer models for
large biopolymers. By direct comparison between pre-
dicted and measured structural parameters, these models
allow us to quantitatively describe the structure and dy-
namics of DNA molecules, chromatin fibers and chromo-
somes.

The main long term goal of the division Molecular
Genome Analysis is the identification and analysis of the
genes and gene products, which are involved in heritable
human diseases. The development of techniques to facili-
tate and speed up the identification of genes is a further
focus. Within this frame the division succeeded in the past
years in developing techniques to isolate functional se-
quences of large genomic areas. In parallel investigations

a systematic molecular analysis of a 10 mega base part of
the human  X-chromosome was performed (Xq27.3-qter).
This work can serve as a model for the molecular analysis
of the whole human genome and comprises mapping,
cloning and isolation of all gene sequences of this region.

Main focus of the division Organisation of Complex Ge-
nomes is the two- and threedimensional analysis of the
structure of the human genome. The chromosomal map-
ping of more than 100 genes in the past three years ren-
dered not only an important contribution to clarify the ge-
nomic primary structure but also lead to interesting in-
sights in the distribution of different sequences along of
the chromosomes of men and mice. The further mapping
will center at genes with products of regulatory functions
and candidates for tumor relevant genes (e. g. the forhead
genes which will be analyzed in cooperation with the divi-
sion Molecular Biology of the Cell I, see p. 25 ff). The aim
is to get further information on a potential oncogenic func-
tion of such genes by chromosomal localisation of them in
normal cells and aberrant chromosomes of tumor cells.
Beside twodimensional genome analysis and its applica-
tion in diagnostics the division concentrates on the spatial
organisation of the genome in eukaryotic cells.

The division of  Functional Genome Analysis is involved
in the development of technologies for the analysis of
large genomic areas to entire genomes with respect to the
encoded functions and their regulation. Based on technical
advances, various functional aspects are being analysed.
Technically, one emphasis is the work on DNA-, protein-
and peptide-microarrays. Apart from addressing chemical
and biophysical issues, the resulting methods are immedi-
ately put to the test in relevant, biologically driven projects.
Determination of gene expression is another important
field of investigation. Besides analyses on all genes of
various model organisms, the system is being developed
toward acting as a tool for early diagnosis, prognosis and
evaluation of the success of disease treatment. Compara-
tive studies on transcription and actual protein expression
as well as epigenetic factors are under way. Large-scale
mapping and sequencing is another area of activity. Such
projects are usually done as a preparation for subsequent
functional analyses in world-wide collaborations with other
groups. A more recent addition to the portfolio is the estab-
lishment of methods for studies on a correlation between
DNA-structure and enzyme activity, with a perspective not
only toward a basic understanding of DNA-protein interac-
tion but also toward the use of DNA for non-binary comput-
ing.

The group Intelligent Bioinformatics Systems works on
the development of technologies in bioinformatics and
computational biology for the interpretation of complex
data generated by analytic processes in molecular genet-
ics and cell biology. In the recent years an increasing num-
ber of high throughput screening systems have been de-
veloped in molecular and cellular biology. High throughput
screening techniques generate a huge amount of data,
which is difficult or even impossible to analyse without
computer assistance. The development of computer as-
sisted methods for the analysis of complex data in molecu-
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lar biology as well as the development of models and com-
putational methods in cell biology is at the core of this
group established in 2000 at the DKFZ. The central
achievements of the group include several patented soft-
ware systems for knowledge based data mining in life sci-
ences, for fully automated diagnostics in molecular cytoge-
netics and for the study of dynamic processes in living
cells.

Interfacing biomedicine and statistics the task of the
Biostatistics Unit is described in general terms by compu-
tational statistical consulting, project-oriented collaboration
and methodological statistical research. The task force of
biometrical consulting develops and adapts statistical
methods for experimental design of biomedical research
project. This is supported by the Statistical Laboratory
which is designed to foster interactive statistical analyses
and methods of visualizing data in a user-friendly program-
ming environment. Statistical methods of classification and
regression are applied to new problem arising from mo-
lecular biocomputing as e.g. the prediction of protein fold
structure. For carcinogenic risk assessment the unit devel-
ops pharmacokinetic models for transport an metabolism
of carcinogenic agents and it creates mechanistic stochas-
tic models to be fitted to data of experiments exploring the
multistage hypothesis carcinogenesis. Analytical solutions
of model equations and the methods of model falsification
allows insight into mechanisms of tumor development and
points to new models. Biometric methodological research
for the design, conduct and evaluation of Phase I and
Phase II clinical studies is performed in cooperation with
the Working Group of Internal Oncologist in the German
Cancer Society.



350

Research Program
Genome Research and Bioinformatics

Division
Medical and Biological Informatics

DKFZ 2001: Research Report 1999/2000

Scientists:
Dr. Uwe Engelmann
Dr. Harald Evers
Dipl. Inform. Andre Schröter
Dipl. Inform. Med. Markus Schwab

Postdocs:
Dr. Manuela Makabe
Dr. Gerald Glombitza
Dipl. Inform. Med. Christoph Gieß

Postgraduate students: 
Dipl. Inform. Med. Volker Braun
Dipl. Inform. Med. Carlos Cardenas
Dipl. Inform. Med. Markus Gumbel
Dipl. Inform. Med. Peter Haßenpflug
Dipl. Ing. Mark Hastenteufel
Dipl. Inform. Med. Tobias Kunert
Dipl. Biol. Ute Platzer
Dipl. Inform. Med. Matthias Thorn
Dipl. Ing. Marcus Vetter
Dipl. Phys. Ivo Wolf

Graduate students:
Michael Klemke Marco Knödler
Kilian Lorenz

Technicians: Thomas Wolf

Secretary: Irmhild Kocks

The Division of Medical and Biological Informatics (MBI) is
a group headed by Prof. Dr. H.-P. Meinzer since Prof. Dr.
C.O. Köhler retired in 1995. Our scientific objective is to
facilitate medical diagnoses and therapy planning by using
medical images (mainly from CT, MRI and US) that are al-
ready available in routine clinical practice. We want to ac-
quire additional insight into medical problems by expand-
ing the currently employed 2D images to an interactive
form of 3D and 4D information.
In the Sonderforschungsbereich (SFB) 414 for ”Computer-
based and Sensor-based Surgery”, this work will be inte-
grated and expanded in the direction of planning for mini-
mal invasive surgery. SFB 414 is a cooperative effort be-
tween three medical clinics (radiology, craniofacial and
heart surgery) at the University of Heidelberg, three engi-
neering institutes (robotics, cognitive systems, industrial
information technique) at the Karlsruhe Technical Univer-
sity and ourselves at the DKFZ. They are granted by the
German Science Foundation (Deutsche Forschungsge-
meinschaft, DFG) only after extensive and comparative
evaluations.
Our work is inherently multidisciplinary; it fuses computer
science with medicine. Therefore, we have many partici-
pating clinical partners, located in various cities, who have
a background in diverse specialities.
Currently, we are working on 3D images of the liver, heart,
head, kidney and the lung for use in surgery and on one of
the very first 4D presentations of a living, beating heart.

For a tool to prove useful to radiologists and surgeons, it
must be so perfectly integrated into the clinical routine.
We have one more field of scientific interest that focuses
on understanding the internal and external control of cell
and tissue growth. We are developing an interactive
graphic tool to possibly replace animal experiments by
computer simulations or at the very least to make better
use of such experiments.
The integration into clinical applications is the next impor-
tant step when a research result has been achieved. Thus,
we are working on integration aspects with radiological
workstations, telemedicine applications and on mobile
computing. Parts of that work are funded by the commis-
sion of the European union in the IST research program
(IST Project MTM 11100).

Modeling and Simulation of Biological
Processes

M. Gumbel, V. Braun, U. Platzer

Collaborations: Haddasah Medical School, Hebrew University
Jerusalem, Israel (Prof. Dr. Zajicek); Technical University of
Braunschweig Biocenter/Genetics A (Prof. Dr. Schnabel); Univer-
sity of Uppsala, UDAC, Sweden (Dr. Sandblad); ICRF London, UK
(Prof. Dr. Wright), Imperial College of Science, Technology and
Medicine, Dept. Of Biology, London, UK (Dr. Leroi)

The division develops cell and tissue models to support
the analysis of dynamic biological systems. For instance,
the intestinal crypts (Lieberkühn’s crypts) are a dynamic
system and the nematode Caenorhabditis elegans is a
model organism in developmental biology. A large number
of experimental studies exist in both systems which de-
scribe the proliferation and differentiation of their cells and
the parameters of their cell dynamics.
However, little is known about comprehensive and generic
control mechanisms that regulate these dynamic proces-
ses. Various assumptions and effects that cannot be con-
firmed in nature or have not yet been examined can be
studied in a model. Computer simulations are an appro-
priate approach for modeling complex dynamic processes
in biology.
A comprehensive computer model that combines the dis-
crete event-oriented and continuous simulation approach
has been developed for modelling of a wide range of bio-
logical processes. It includes a three-dimensional repre-
sentation of cells and a framework to simulate genetic net-
works. Many simulations of the intestinal crypt have been
performed that suggest or reject different mechanisms of
cell proliferation. Current work focuses on the pattern for-
mation of embryonic cells in C. elegans. [14] This requires
also knowledge about rules to determine a cell’s fate.
Hence, methods are studied that explain the differentiation
of cells in C. elegans.
As computer experiments, and more and more, computer-
based biological analysis methods produce a great
amount of data, data management and data mining tech-
niques are also included in the simulation tool.

Division Medical and Biological Informatics (H0100)

Head: Prof. Dr. Hans-Peter Meinzer (comm.)
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Information Technology in Medicine -
Surgery Supported by Computers and
Sensors (SFB 414)

Chr. Giess, H. Evers, C. Cardenas, T. Kunert, I. Wolf

Collaborations: University of Heidelberg, MKG Surgery, (Dr.
Hassfeld, Prof. Muehling), Cardiac Surgery (Dr. Vahl); University
of Karlsruhe, IPR (Prof. Dillmann, Prof. Rembold), IAKS (Prof.
Beth); Mannheim Clinic, Radiology (Dr. Walz)

The Department of Medical and Biological Informatics is
represented in three partial projects of the Special Field of
Research (SFB). Research focuses on methods for inter-
active segmentation and visualization in the applied fields
of cardiac and craniofacial surgery. The intensified use of
three-dimensional imaging results in an improved diagno-
sis and facilitates the individualized, patient-oriented plan-
ning of surgical procedures. Since conventional analysis is
a complex task because of the quantity of image data,
computer-supported processing is gaining increased inter-
est. Systems that play a supportive role in surgery benefit
from continuously improved imaging as well as new ana-
lysis and presentation techniques which simplify preope-
rative planning procedures and - in the future - also their
intraoperative implementation.

The successful concept of navigational interfaces in a hy-
brid visualization, which combines a precise volume repre-
sentation with the hardware-supported, rapid graphical in-
terface, will continue to be expanded [6]. The concept of
hybrid visualization, itself, can be improved with respect to
the speed of execution which is based on low-cost archi-
tectures and less than optimal image quality [3]. The very
promising approaches of the haptic rendering will be fur-
ther developed in the context of visualization and segmen-
tation. Furthermore, an important aspect involves the intra-
operative presentation and implementation of surgical
planning in the operational environment. The project part-
ners favor a solution that uses see-through displays, be-
cause they do not significantly limit the surgeon’s overall
field of vision and freedom of movement. Information re-
lated to preoperative planning will be made accessible in
this way. The implementation of interactive visualization
and segmentation occurs as a CHILI plug-in [1,  4]. In this
context, navigational interfaces will be pursued that can be
configured for the particular clinical indication. This permits
the development of systems for comprehensive proce-
dures in surgical planning as well as dedicated solutions
for experimental studies in the various partial projects of
the SFB.

Diagnosis and Therapy Support through
Imaging Techniques

G. Glombitza, M. Makabe, C. Cárdenas,
P. Hassenpflug, M. Hastenteufel, M. Thorn, M. Vetter,
I. Wolf

Collaborations: Dept. of Surgery, University of Heidelberg (Dr.
Lamadé, Prof. Dr. Lehnert, Prof. Dr. Herfarth); Dept. of Cardiac
Surgery, University of Heidelberg (PD Dr. De Simone, Dr. Albert,
Prof. Dr. Hagl); Beth Israel Hospital, Harvard Medical School Bos-
ton, USA (Dr. Pearlman); Benjamin Franklin University, Berlin (PD
Dr. Heicapell); Dept. of Urological Surgery, University of Heidel-

berg (PD Dr. Riedasch, Prof. Dr. Wiesel); Dept. of Radiology, Uni-
versity of Heidelberg (Dr. Hallscheidt, Prof. Dr. Richter); Dept. of
Abdominal Surgery, Ludwig Maximillians University Munich (PD
Dr. Rau); Div. of Radiation Physics, Stanford University, USA
(Prof. Dr. Boyer); Harvard Medical School, Children’s Hospital
Boston, USA (Prof. Dr. Van Praagh)

The emphasis of image processing and visualization meth-
ods is on computer-supported diagnosis and surgical plan-
ning. Diagnostic methods for cardiac diseases and opera-
tion planning in liver surgery are the main areas of inter-
est. The development of new methods of image analysis,
especially segmentation algorithms and interactive seg-
mentation tools, are always a topic of research, because
new clinical projects often require dedicated segmentation
tasks.

In the cardiac field, image-supported methods have been
developed for various diseases. The quantification of car-
diovalvular defects is achieved through the volumetric
measurement of blood reflux that can be detected with ul-
trasound images [7, 21, 23]. The visualization of these
structures allows conclusions to be drawn about the type
of the valvular defect [8, 9, 10, 19]. The volume of heart
cavities has to be measured to calculate several diagnos-
tic parameters like ejection fraction and cardiac output. An
algorithm to perform this time-consuming segmentation
task almost automatically has been developed. This
method is also used to improve the accuracy of the blood
reflux quantification.

The segmentation and measurement of the cardiac valve
ring (annulus) with respect to its diameter, saddle-shaped
form and cross-sectional area serves as preparation for
the insertion of valvular and annular prostheses. The ana-
lysis of regional wall movement provides information about
the status of the various areas of the heart wall and is
used to obtain indications of possible susceptibility to myo-
cardial infarction [29]. We have developed two different
methods to automatically extract heart wall motion from
tagged magnetic resonance images. Additionally, we are
currently studying the applicability of tissue Doppler ultra-
sound for this task.

Precise knowledge of cardiac anatomy in congenital heart
disease forms the basis for diagnosis and therapy. Be-
sides books, pathology collections are sources of  this
knowledge. Only a few centres worldwide provide access
to specialized pathology collections of hearts with congen-
ital malformations. Furthermore rare specimens cannot be
replaced after loss or damage. We are currently creating a
CD-ROM which allows to preserve, reproduce and publish
the unique specimens of the Cardiac Registry, Children’s
Hospital Boston for worldwide teaching and research pur-
pose. The ”Heidelberg Raytracing Technique” developed
in our department offers 3D display in all spatial directions
with endoluminal visualization of the atria, ventricles and
great arteries (see fig. 1). Laserlithographic produced 3D
models with high spatial resolution and high quality in de-
tail add further didactic possibilities.

The computer-supported planning of a liver resection com-
bines the knowledge about the location of the tumour
within the liver and the individual anatomy of the venous
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vascular trees [5, 16]. Additionally, anatomical information
is important during the operation concerning the position
of the eight liver segments and in particular the position of
their interfaces. The objective of the project is the preope-
rative option of planning the operation quantitatively with
the intent of being able to estimate postoperative liver
function. A software system including the whole planning
procedure is developed and is embedded in the radiolo-
gical workstation ”CHILI” [24, 28]. The planning procedure
starts with the segmentation of important areas (liver, tu-
mour, etc.), the processing of the vessel trees, and it ends
with the proposal of an individual surgical strategy. The
next mandatory step is the integration into the operation
theatre. Here, intra-operative visualization and navigation
of the surgical instruments will be used.

Clinical Applications and Tools

U. Engelmann, A. Schroeter, M. Schwab, E. Borälv

Collaborations: University of Uppsala, Sweden, Institute of Infor-
mation Technology, Department of Human - Computer Interaction
(Prof. Dr. Sandblad); DKFZ, Department of Oncological Diagnos-
tics and Therapy (Prof. van Kaick, PD Dr. Delorme); Steinbeis-
Transfer Center Medical Informatics (STZ Medizinische
Informatik), Heidelberg; University School of Medicine, Stanford,
CA, USA (Prof. A. Boyer); Chirurgische Universitätsklinik (Dr.
Bahner); Université Avignon, Avignon, France (Prof. Nocera);
Universidad Politecnica de Madrid, Spain (Prof. Hojas); Klinikum
Nürnberg (Dr. Dr. Loose); Clinica Femenia, Palma de Mallorca,
Spain (Dr. Tabadoa Gomila); Hospital Ntra. Sra. del Rosario,
Madrid, Spain (Dr. Martinez Fernandez); Sistemas Expertos,
Madrid, Spain (A. M. Rey); Comune di Roma-Eurolaboratorio,
Rom, Italy (F. Bellini); Matla, Madrid, Spain (J. J. Minambres);
Sirius, Brussels, Belgium (Dr. Vanhoof); Pointercom, Rom, Italy
(A. Pappa)

The central theme in basic image processing research is
the development of new methods of image analysis, image
presentation and data processing for use in diagnostics as
well as treatment planning and implementation. The re-
sults of this research are usually prototypes that demon-
strate the feasibility of a new method and still find them-

selves in the laboratory stage. Software ergonomics, data
protection or the integration into the clinical environment
do not play a role initially. This is why many image pro-
cessing projects have failed in the past or have not man-
aged to make the transition into the clinical routine.

It is the objective of this field of research to create generic
platforms and tools which make it possible to develop re-
search prototypes with a minimal investment of technology
and personnel. In this manner, software developers or im-
age processing researchers are relieved of repetitive tasks
which are instead provided by software tools or basic plat-
forms. By developing integration platforms that have ge-
neric communication and data interfaces, systems can be
created that are more easily integrated into the clinical en-
vironment. [11]

In European projects, the working group has developed
tools and methods for reusable software components
which are based on object-oriented methods. Generic
communication services (middleware) were researched
and developed for the distribution of software components
in local computer networks or even over long-distance net-
works (e.g., Internet, ISDN). On this basis, the group is
working on new and vendor independent concepts for ra-
diological workstations and teleradiology [13]. The creation
of data protection concepts plays an important legal role in
this regard. In order to promote user acceptance of the
systems, knowledge gained from cognitive psychology and
software ergonomics is transformed into user-friendly and
reusable concepts. The subsequent expansion of existing
software systems is an additional field of research. The
concept and realization of an expansion mechanism (plug-
in concept) is already underway; it will now be evaluated
during further development and clinical use.

Another field of research of this working group is mobile
computing. This work is currently done in a EU funded
project MTM (Information Society Technologies Program 
of the Commission of the European Union).   The main ob-
jective is to introduce the next generation of wireless tele-
communication (UMTS) running on personal digital assis-
tants (PDAs). MTM integrates value services geared to-
wards the emerging of applications such as data and video
signal exchange based on IP protocol, Internet access, e-
mail, voice messaging, and teleradiology for remote con-
sultation.  The project group is working on the design of a
PDA based teleradiology application and the test bed
evaluation at clinical sites in Europe. Nine european part-
ners from Italy, Spain, France, Belgium and Germany are
cooperating.

The objective of all these studies is the increased efficien-
cy and quality of the people participating in the therapeutic
and diagnostic process, so that the quality of the health
care system will likewise improve [27]. In this context,
methods of digital image processing which assist in the
detection and treatment of cancer are especially important.

Fig 1.: A volume rendered image gained with the „Heidelberg
Raytracer model“, visualizing a CT dataset of a children’s
heart.
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The Division of Molecular Biophysics I examines molecular
and genomic structure problems with the help of biophysi-
cal and computer scientific methods and develops com-
puter simulation methods for their modelling on the ge-
nomic, molecular and electronic levels.

The German EMBnet Node and Genomic
Databases

R. Bräuning, K.-H. Glatting, S. Suhai,
C. Suter-Crazzolara

In cooperation with Dr. Agnes Hotz-Wagenblatt, Steinbeis Center
for Genome Informatics, Heidelberg

The German EMBnet node - GENIUSnet - is a biocom-
puting facility for German scientists providing interactive
access to all important international databases and ana-
lytical methods in the fields of molecular biology and ge-
netics, respectively. The Deutsches Krebsforschungs-
zentrum in Heidelberg was appointed in 1990 by the Ger-
man Federal Ministry of Research and Technology to es-
tablish and maintain this facility (current total number of
users: 1600). Its research activities are integrated into the
Division of Molecular Biophysics and its services are ex-
tensions of those of the Central Data Processing (ZDV) of
the DKFZ.

During the years 1999-2000, our group continued the de-
velopment of the genomic information management sys-
tem IGD (Integrated Genome Database) with the purpose
of structurally and functionally integrating genomic data.
The main purpose of these developments is the provision
of a software package which by means of semantic inte-
gration, efficient storage and retrieval, data access through
query languages, textual and graphic browsing tools as
well as comprehensive operators enables the user to
analyse new experimental data in connection with public
domain databases.

Helmholtz Network for Bioinformatics

P. Ernst, M. Falkenhahn, K.-H. Glatting,
M. van der Linden, B. Pardon, S. Suhai

In collaboration with several member institutions of the
Helmholtz Society (GBF, GSF, GMD, MDC) and with the
MPI for Molecular Genetics, Berlin and the University of
Cologne our group develops an integrated bioinformatics
platform to unify several local developments in the above
institutions. The purpose is to provide an efficient and up-
to-date bioinformatics tool for the German biomedical sci-
ence community in the post-genomic era. The major com-
ponents of the system to be developed include advanced
biological sequence analysis, new methods for the predic-
tion of biological function from genomic sequences, pro-
tein family analysis, functional classification and syste-
matic genome analysis, methods for the analysis of gene
regulation and genome annotation, homology-based mo-
delling and structural classification, target identification for
pharmaceutical applications, molecular docking and com-
puter-aided drug design, etc. A web-based and user-
friendly design will facilitate the easy access to the
programmes and databases and supplementing courses
will provide training for the critical scientific use of the envi-
ronment.

Division Molecular Biophysics I (H0200)

Head: Prof. Dr. Sándor Suhai
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Computer-aided Editing of Genomic
Sequences

B. Chevreux, T. Pfisterer, S. Suhai

DNA sequence data are nowadays obtained to a large ex-
tent in automatic processes which has become necessary
because of various large-scale projects such as the hu-
man genome project. In order to gain high throughput
rates with low error probability it is necessary to minimize
the manual effort in processing, thus making optimal use
of the available data. During a three-years project we de-
veloped and implemented methods which provide a close
connection between assembly and editing although both
programs can be used seperately as well.

The key features of our new MIRA-assembler are the pri-
mary use of sequences with a low error probability in con-
nection with additionally available information such as re-
gions with high error probability, signal data, clone identifi-
cation data or markers for repetitive regions. Furthermore,
we developed the automatic sequence editor EDIT which
operates on the basis of the input signal data. Complex er-
ror patterns are reduced to elementary editing operations
which are decided by neural networks. Tests with mouse
and human genome data yield promising results with re-
gard to both the assembly quality – reaching the error rate
of 1 error in 10 kilobases which is the standard defined by
the human genome project – and the recognition and pre-
vention of false assemblies for long and unmarked repeti-
tive sequences, even in projects where base probability
values are not available.

Computer Simulation of Structural and
Spectroscopic Properties of Biomolecules

W.-G. Han, K. Jalkanen, M. Knapp-Mohammady,
T. Niehaus, B. Paizs, S. Suhai

The relative stability of the different conformations of
nucleic acids and proteins which plays an essential role in
several biological processes, depends on the equilibrium
of several forces. These forces influence, e. g., protein-
ligand and carcinogen-DNA interactions and play a major
role in protein engineering and rational drug-design, re-
spectively.

The basis for the exact, computer-aided modelling of such
molecule conformations are quantum mechanical calcula-
tions of the intermolecular interactions with the help of ab
initio methods. One of the strongest forces, the electro-
static interaction, has until now been insufficiently repre-
sented in computer simulations since the description of the
dielectric properties of biomolecules was based on very
simple physical models. Therefore, we developed a better
founded quantum-mechanical theory of dielectric screen-
ing for biopolymers, taking into account the most important
(electronic and vibrational) polarisation effects as well as
structural boundary conditions (e. g. rigid secondary struc-
ture elements).

Besides the static structure, time-dependent configura-
tional changes of biopolymers are of great importance for

their biological function. The explanation of the physical
mechanisms of such vibrations does not only contribute to
our better understanding of their biological functions, but it
also provides a key to their modification (protein engineer-
ing). Through the usage of the theory of phonon spectra,
we have simulated the co-operative motions of different
molecule elements and have characterised them energeti-
cally. The knowledge of the explicit form of the above men-
tioned dielectric matrix defined the starting point in our
work for calculating the dynamic matrix of the electron-
nuclear system of the molecules in the harmonic approxi-
mation. The next step we took was to compute the phonon
spectrum of simpler DNA and polypeptide models. A better
understanding of the phonon energies will make a detailed
discussion possible concerning a number of biological
problems in biopolymers like the role of soft phonon
modes, conformational phase transitions and other ther-
modynamic processes, melting and transport properties,
etc.

Model Studies on Conformation and
Function of Bacteriorhodopsin

B. Paizs, S. Suhai, E. Tajkhorshid, H.-Y. Zhou

The transmembrane protein bacteriorhodopsin (BR) is
used as a modell system for a large group of protein mo-
lecules (e. g. G-protein coupled receptors). The simulation
of the structure of BR and the investigation of the interac-
tions of its chromophore with light and with the active cen-
ter of the protein make it possible to gain interesting infor-
mation on the mechanism of proton and ion transport in
this molecule class. As a first step we carried out density
functional calculations for a series of Schiff base structures
and analysed the proton affinity in dependence on the
length and conformation of the conjugated electron sys-
tem. In order to understand the mechanism of light absorp-
tion at the chromophore, we calculated the potential sur-
face of excited states in the retinal. In these investigations
we also took into account, in a further step, the interaction
of the retinal with the amino acids of the chromophore
binding pocket for the ground state as well as the excited
state and we modelled light-induced conformational
changes of the retinal. With the help of these data we can
trace the translocation of a proton in the proton transport
channel. We then further developed non-linear transport
models based on the soliton mechanism.

Simulation of Hydration Effects in
Biopolymers

K. Jalkanen, M. Knapp-Mohammady, S. Suhai

Most of the molecular dynamics simulations of biopoly-
mers suffer from the fact that it is very difficult to include
the presence of the aqueous environment of the living cell
which is substantially influencing the structural and func-
tional features of the molecules studied. To improve the
predictive power of such simulations beyond the results
obtained for vacuum we carried out several investigations
on modell systems for peptides and nucleotides in order to
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understand the effects of hydration on the structural and
spectroscopic properties of these molecules. We calcu-
lated in particular intramolecular and intermolecular vibra-
tional frequencies, absorption properties and circular
dichroisms. With the help of neural networks we suc-
ceeded in constructing the structural coordinates of the
molecules from spectroscopic data through inverse trans-
formation. This method makes it possible to analyse the
development of secondary structure elements in proteins.

Development of a New Quantum Mechanical
Method to Simulate The Structure and
Intermolecular Interactions in Biomolecules

C. Köhler, T. Niehaus, S. Suhai

In cooperation with Dr. Marcus Elstner and Prof. Dr. Thomas
Frauenheim, University of Paderborn

With empirical force fields, which in the past were para-
metrized by us for dynamic simulations of large structures
with the help of ab-initio calculations, it is not possible to
describe real chemical reactions in the active center of a
biological system. The latter usually consists of, including
solvent molecules, several hundred up to a few thousand
atoms. For such system sizes we need quantum mechani-
cal methods which combine the chemical accuracy and
transferability of Post-Hartree-Fock and DFT calculations
with the efficiency and simplicity of more approached
semiempirical methods.

The self-consistent charge density-functional based tight-
binding method (SCC-DFTB) is based on the development
of a Kohn-Sham energy functional according to charge
density fluctuations at a given reference electron density.
While the variation of the energy expression at zeroth or-
der leads to a non-selfconsistent standard tight-binding
scheme, the variation treatment of at second order ap-
proximated Kohn-Sham energy results in Kohn-Sham
equations, in which the generalized Hamilton matrix ele-
ments take into account a self-consistent adjustment (re-
distribution) of Mulliken charges. The related total energy
expression includes besides the usual band structures and
short-range repulsive (nucleus-nucleus plus “double-
counting”) energy terms an explicit Coulomb term as well,
which contains the interactions of the occuring charge fluc-
tuations.

Due to the introduced approximations the simplicity of the
usual tight-binding approach is maintained, so that the
computing time is only determined by the solution of a
general eigenwert problem of a previously calculated and
tabled Hamilton and overlap matrix. Because of the self-
consistence in the charge distributions the results are of
considerably higher accuracy and chemical transferability
compared to the standard methods. So far we applied this
method to biomolecules with several hundred atoms in or-
der to simulate e.g. helix forming properties of peptides,
structural problems in nucleic acid complexes and proton
transport mechanisms in the active center of enzymes.
The current development will also lead to the employment
of this method for the simulation of the short-term dyna-
mics in biopolymers.

Computer-aided Modelling of Mass Spectra
in Proteins

I. Csonka, B. Paizs, S. Suhai

Mass spectrometry has become a valuable tool for peptide
and protein research in the last few years. This is mainly
due to the development of “soft” ionization methods such
as matrix-assisted laser desorption (MALDI) and electro-
spray ionization (ESI) which allow the formation of singly
or multiply charged peptides and proteins in the gas
phase. Because of the complexity and huge amount of
fragmentation data, mass spectrometry sequencing of pro-
teins relies on the extensive use of sequencing programs
and protein/DNA databases. In spite of the importance of
mass spectrometry in protein analysis, fragmentation of
protonated peptides is understood only at the empirical
level, and the fine details of the fragmentation pathways
are still not known. This is, however, not very surprising
since the mass spectra of protonated peptides are usually
too complicated to unambiguously assign all the peaks
and rarely provide very detailed structural information on
the investigated species. In our project the missing ener-
getical and structural data are obtained in a straightfor-
ward way from the results of quantum chemical calcula-
tions. Our previous studies have yielded interesting results
on the mobility of protonated peptides and on the forma-
tion of a2

+ and b2
+ ions of peptides.
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Genes, chromosomes and cancer.

Genomic lesions are considered to be a central players in
the development of human cancers. The research topic of
this Division is to identify the contribution that genetic alter-
ations have to three types of human cancer: neuroblas-
toma, the most frequent extracranial, solid cancer in young
children; colorectal cancer; and breast cancer with particu-
lar emphasis on defining modifying factors. In pursuit of
analyzing the genome of the human cancer cell and of de-
termining the functional consequences of  genomic lesions
we are employing a combination of cytogenetic, molecular
genetic and protein-biochemical approaches.

Genomic Lesions in Neuroblastoma, Colon
Cancer and Breast Cancer

M. Schwab

In cooperation with: Prof. Peter Schlag, Robert-Rössle Clinic, Ber-
lin-Buch; Prof. Frank Berthold, Children’s Clinic University, Köln;
Prof. Siegfried Scherneck, MDC, Berlin-Buch; Dr. Javed Khan,
NCI, Bethsda, USA; Dr. Adi Kimchi, Weizmann Institute, Rehovot,
Israel.

1. Neuroblastoma
Neuroblastoma develops from the peripheral nervous sys-
tem and is the most frequent extracranial solid tumor in
young children. Two genomic lesions have been found fre-
quently associated with neuroblastoma: a) amplification of
the MYCN oncogene; and b) alterations, mostly deletions
and translocations, in chromosome 1p. Amplification is a
parameter predicting poor patient outcome, and these pa-
tients are subjected to more intensive therapeutic regi-
mens; and patients with stage 1-3 status lacking amplifica-
tion do not benefit from chemotherapy.

A fascinating feature is the unusually high incidence of
spontaneous regression. Up to 10% of the tumors, in spite
of metastatic features, regress without any therapeutic
interference. It has been suggested that this clinical out-
come results from apoptosis. Our aim is to identify cell
death relevant genes in neuroblastoma and to analyze if
they are related to spontaneous regression.

In pursuit of this we have developed a cellular system in
which we can study apoptosis. An important gene in neu-
roblastoma is the MYCN gene, which is frequently over-
expressed, either consequent to amplification, as the re-
sult of gene duplication or by deregulation at the level of
gene expression or of RNA/protein stabilization. We have
introduced MYCN under the control of the bacterial tetra-
cycline repressor into a human neuroblastoma cell line.
Programmed cell death can be triggered in this in vitro
system by inducing MycN protein expression and addi-
tional treatment with the cytokine IFNγ or with cytostatic
drugs. Obviously the enhanced expression of the MYCN
protein results in a sensitization of neuroblastoma cells for
drug induced apoptosis. Why then are neuroblastomas ex-
pressing enhanced level of MYCN consequent to amplifi-
cation are not more sensitive to therapeutic drugs? The tu-
mor cells appear to be in a state where apoptosis is dys-
functional.

To isolate genes related to drug-associated apoptosis in
neuroblastoma cells both a global and a functional ap-
proach were initiated: In the global approach we have en-
riched differentially expressed, pro-apoptotic genes by
suppression subtractive hybridization. A cDNA library was
the basis for generating a microarray, to which RNA pro-
bes extracted at different time points after induction of
apoptosis were hybridzed. In parallel we are in the process
to generate, by using microarrays of differential cDNA li-
braries, expression profiles of individual tumor samples,
both from regressing and progressing tumors.

Division Cytogenetics (H0400)

Head: Prof. Dr. rer.nat. Manfred Schwab
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The functional “Technical Knock Out” (TKO) approach is
based on the random inactivation of gene expression with
antisense cDNA libraries, followed by selection of those
cells that survive in the continuous presence of an apop-
totic stimulus. DNA clones in cells of surviving colonies
have been isolated and further characterized. The sub-
tractive library of pro-apoptotic genes has been cloned into
the episomal EBV-based pTKO vector, transfected into the
MYCN expressing neuroblastoma cells and selected in the
continuous presence of IFNγ. After 4 weeks of IFNγ selec-
tion we isolated 6 different cDNA clones from surviving
colonies. Mapping by chromosomal fluorescence in situ
hybridization (FISH) will inform us about the chromosomal
position of apoptosis related genes. Their analysis in neu-
roblastoma should reveal if deletion might be a molecular
basis for apoptosis dysfunction in tumors and if they are
related to spontaneous regression.

2. Colorectal cancer
We were the first to demonstrate the significance of distal
1p damage for colorectal cancer, although the relevant re-
gion appears to be slightly different from that associated
with neuroblastoma. This region is being subjected now to
a vigorous analyses of its genomic structure. It is possible
that this region contains a modifier gene contributing to the
severity of tumor phenotype expression. Independent ana-
lyses by other groups had revealed the existence of a
modifier gene, MOM1, determining the number of here-
ditary colon polyps in the mouse. We have mapped the
candidate gene, secretary phospholipase A2 to 1p35-36
within the region frequently altered in human colorectal
cancers. Further studies should show, if genetic informa-
tion in this region is involved in modifying human colo-
rectal tumor development. More recently we have cloned
the gene Aflatoxin B1-Aldehyde Reductase from 1p35-
36.1, which could also be an important determinant of tu-
mor susceptibility.

3. Breast cancer modifier genes
Inheritance of one defective allele of the BRCA2 gene pre-
disposes humans to familial breast cancer. Tumor cells
usually have lost the other, normal allele, often by loss of
heterozygosity as if BRCA2 acts as a tumor suppressor
gene. Comparison between different families carrying the
same BRCA2 mutation has shown that the risk for cancer
can widely differ. Some families have high risk (in the or-
der of 80-90%), others have low risk (in the order of 50%).
Further, the same BRCA2 mutation can be associated with
breast cancer in females in some families, and with breast
cancer in males in others. And finally, some families de-
velop other types of cancer while others exclusively show
a breast cancer phenotype. Collectively this has sug-
gested that the cancer phenotype, in spite of a strong
germline transmitted genetic determinant, can be modified
by other, genetic or environmental, factors.

In pursuit of defining genetic modifying factors we have
systematically analyzed constitutional karyotypes of
BRCA2 carriers and have originally identified conspicuous
chromosome 9p alterations in a family in which four males

(father and 3 sons) have breast cancer. Chromosomal
fluorescence in situ hybridization (FISH) has allowed to
map the intrachromosomal rearrangements to 9p23-24,
distal to a „multiple tumor suppressor“ locus (MTS1), that
is frequently deleted in different types of human cancer, in-
cluding breast cancer. High resolution FISH revealed that
the rearrangement consists in a duplication of a roughly 3
Megabase long DNA region. This region is present in mul-
tiple copies in a male breast cancer cell line established
from an unrelated patient. The three brothers, from which
DNA is available, have a mutation in their BRCA2 genes,
as expected from studies of other labs that had deter-
mined the role of BRCA2 mutation in male breast cancer.
Thus, we have identified the first breast cancer family in
which two independent genetic alterations, 9p23-24 dupli-
cation and BRCA2 mutation, are transmitted through the
germ line. More recently we have identified three similar
families, one from Philadelphia, one from Berlin, and the
other from Iceland. It has been shown that BRCA2 muta-
tions are associated with breast cancer in females as well
as in males. Further, the same BRCA2 mutation has been
found in the Icelandic population, in some families respon-
sible for breast cancer in females and in others in males.
Future analyses should show, in co-operation with col-
leagues from Iceland, whether 9p23-24 harbours a modi-
fier gene that targets breast cancer to males.

While this observation could point to the genomic position
of modifying factors, another possibility is that the rear-
rangements signal the biological activity of mutant BRCA2
proteins. It is thought that the BRCA2 protein has a role in
DNA repair and recombination. Mutant BRCA2 genes of-
ten encode truncated BRCA2 proteins apparently unable
to assume a nuclear localization  and a range of possibili-
ties exists for how they might contribute to breast cancer.
One of the current ideas is that deficient DNA repair re-
sults in the stepwise accrual of chromosomal changes with
the consequence of the activation of oncogenes and inac-
tivation of tumor suppressor genes. The genomic pheno-
type of gross chromosomal changes often is a hallmark of
advanced cancers, however, this model so far has failed to
explain the tissue specificity with which the basic cellular
mechanism of DNA repair and recombination might lead to
breast cancer development. It is possible that mutant
BRCA2 is involved in the distal 9p-rearrangements, and
this perspective will be analyzed in more detail.

Publications (* = external co-author)
Original papers and invited reviews

[1] Fulda*, S., Lutz, W., Schwab, M. and Debatin*, K.-M. MYCN
sensitzies neuroblastoma cells for drug-induced apoptosis.
Oncogene, 18, 1479-1486 (1999)

[2] Schwab, M. Human neuroblastoma: From basic science to
clinical debut of cellular oncogenes. Naturwissenschaften 86, 71-
78 (1999)

[3] Savelyeva, L., Claas, A., An, H., Weber, R.G., Lichter, P.,
Schwab, M. Retention at 9p23-24 during karyotypic evolution in
human breast cancer cell line COLO-824. Genes, Chromosomes
& Cancer 24, 87-93 (1999)

[4] Schwab, M. From fish to FISH: the comperative pathology of
neuroblastomas in humans, mice and fish. Cancer Res. Clin.
Oncol. 125, 141-149 (1999)
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Division Biophysics of Macromolecules (H0500)

Head: Prof. Dr. Jörg Langowski

The principal research goal of the division is to elucidate
the three-dimensional structure of the genome and its rela-
tionship to its function, using simple theoretical and experi-
mental model systems. In particular we are interested in
the influence of local structural transitions on the global
conformation of large DNA domains, the role of DNA con-
formation in transcriptional regulation at a distance, chro-
matin structure and the functional organization of the inter-
phase nucleus. As an experimental model system we in-
vestigate the structure and dynamics of superhelical DNA,
of complexes between DNA and regulatory proteins and of
oligonucleosomes. The effect of DNA structure on tran-
scription regulation is analyzed by in vitro transcription as-
says using superhelical DNA and a prokaryotic enhancer/
promoter model system.
For our studies we use different biophysical techniques in-
cluding light scattering, analytical ultracentrifugation, scan-
ning force microscopy, fluorescence correlation spec-
troscopy as well as fluorescence and absorption spectro-
scopy. The data obtained from these methods is inter-
preted with the aid of advanced computer modeling tech-
niques such as Brownian dynamics, which allow us to pre-
dict the time course of structural transitions in large
biomolecules on a millisecond time scale. Similar models
serve to describe the organization of the chromatin fiber
and chromosome territories in the cell nucleus.
Particular effort is taken in the development of single mol-
ecule spectroscopy techniques for the analysis of
biomolecular interactions in vitro and in vivo, such as fluo-
rescence correlation spectroscopy combined with laser
scanning microscopy.
The biophysical methods established in our group are also
available to other researchers in the DKFZ and outside
who want to study the structure and dynamics of large
biomolecules.
General information about our research activities is avail-
able on our web page:
http://www.dkfz.de/Macromol/Welcome.html
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Long-range Interactions in the Genome
Many genes, especially in eukaryotes, are regulated ‘at a
distance’, that is by transcription factors binding to en-
hancer sequences on the DNA far away from the pro-
moter. The question arises how the information that a pro-
tein has bound to its recognition sequence can be trans-
mitted to another point on the DNA tens of kilobases or
more away. The model to explain this process which is
currently best supported by experimental evidence is the
formation of a DNA loop between promoter and enhancer.

For understanding the mechanism of eukaryotic gene
regulation it is essential to develop a view of long-range in-
teractions in DNA, their physical basis and how they are
influenced by the global packing of the genome. A good
model system to study such interactions is superhelical
DNA, in which a covalently closed circle of DNA is put un-
der torsional stress and forms a highly ordered structure in
which two double strands of DNA are wound around each
other. One focus of our research is the study of the struc-
ture and dynamics of superhelical DNA, both experimen-
tally and with computer models, with the aim of developing
models for gene regulation at a distance.

Dynamics of long-range interactions in
superhelical DNA
Computer simulations

K. Klenin and J. Langowski

While it is well known that reactions such as initiation of
transcription and site-specific recombination require a
close spatial contact between two distant DNA sites, the
mechanism through which those two sites interact is not
yet fully understood. One important question that has been
discussed in recent work is whether sites in a superhelical
DNA come into proximity through an overall bending of the
superhelix structure or rather through a reptational motion
of the two DNA double strands relative to each other.

In order to analyze this process, we considered an irre-
versible intrachain reaction of supercoiled DNA as a ran-
dom event that occurs, with certain probability, at the in-
stant of collision between two reactive groups bound to
distant DNA sites. Using the Brownian dynamics tech-
nique, we modeled this process for a supercoiled DNA
molecule of 2.5 kb length in dilute aqueous solution at a
NaCl concentration of 0.1 M [1, 2]. We calculated the
mean reaction time τΣ as a function of the intrinsic second
order rate constant kI, the reaction radius R, and the con-
tour separation S of the reactive groups. At the diffusion-
controlled limit (kI → ∞), the kinetics of reaction are deter-
mined by the mean time τF of the first collision. The depen-
dence of τF on R is close to inversely proportional, implying
that the main contribution to the productive collisions is
made by bending of the superhelix axis. At sufficiently
small kI, the mean reaction time can be satisfactory ap-
proximated by τΣ = tF

(app) + 1/kIcL, where cL is the local con-
centration of one reactive group around the other, and
τF

(app) is an adjustable parameter, which we called the ap-
parent time of the first collision. The value of τF

(app) de-

pends on R very weakly and is approximately equal to the
mean time of the first collision caused by mutual reptation
of two DNA strands forming the superhelix. The quasi-one-
dimensional reptation process provides the majority of pro-
ductive collisions at small kI.

The internal reptation of DNA strands was simulated by a
‘repton’ model, in which a superhelix branch is approxi-
mated by a string of beads placed in a row of cells. This
simple model allows semi-quantitative estimation of τF

(app)

and cL (in some arbitrary units) for a large range of the
DNA lengths L. The repton chain was calibrated with the
help of the data available for small supercoiled plasmids
from Monte Carlo and Brownian dynamics simulations.
The repton model and the Brownian dynamics give the
same form of the distribution of the first collision time. Our
estimations show that, for opposite sites of the chain, the
mean first collision time τF

(app) varies from 5 ms (L = 2.5 kb)
to 1 s (L = 20 kb). The corresponding cL values (for the re-
action radius 10 nm) are 3 × 10–6 M and 2 × 10–7 M.

Kinetics of long-range interactions in super-
helical DNA by quench-flow measurements and
scanning force microscopy

M. Bussiek and J. Langowski

In this part of the project we study the influence of local
DNA-bending on the global structure of superhelical DNA
and the effect of structural changes in DNA on long-range
intramolecular interactions. Site–specific labeling tech-
niques have been developed (i) to determine directly the
position of a curved sequence in superhelical plasmid DNA
and (ii) to allow structural studies of superhelical DNA free
in solution. We have developed techniques for site-specific
labeling of superhelical DNA with biotin [Pfannschmidt, C.
et al. (1996) Nucleic Acids Research 24, 1702-1709] and
then bind streptavidin-conjugated markers. These can be
localized on the DNA by scanning force microscopy (SFM)
[3].

The DNAs under study contain an 80 bp insert of repeated
A-tracts that shows a nearly planar curvature. SFM mea-
surements show that the distance from the label to the ver-
tex of the superhelical end loop is equal to the distance to
the center of curvature. This indicates that the curve is lo-
cated preferentially in the end loop.

Since streptavidin can bind 4 biotins, an intramolecular
crosslink can form in plasmids that are biotinylated at two
sites. This allowed us to determine the kinetics of crosslink
formation in plasmids which carry an insert of varying cur-
vature between two labeled positions, using a quenched-
flow apparatus. In a first set of measurements, the initial
association kinetics of streptavidin to the first binding site
on the plasmid were determined by using a single-labeled
DNA; the association rate constant for this process is k

1 =
(5.3±0.3).107 M-1s-1. Then, the cross-linking rate was deter-
mined indirectly through a competition reaction between
intramolecular cross-linking and association of a second
streptavidin to the second binding site by reacting the
double-labeled plasmid with excess concentrations of
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streptavidin. Here, cross-linking rate constants between k2

= (14.2±2.3) s-1 for relaxed circular DNA and k2 = (193±11)
s-1 for the superhelical DNA with the strongest curvature
were found, in qualitative agreement with predictions from
Monte-Carlo and Brownian dynamics simulations
(Bussiek, Klenin and Langowski, in preparation).

Transcriptional Regulation from a Distance

K. Rippe, A. Schulz, N. Mücke, J. Langowski

The physical contact between the transcription machinery
at the promoter and the regulating protein(s) at enhancer
sequences can be realized by DNA looping, leading to the
initiation of transcription. To examine this mechanism ex-
perimentally, we are studying a prokaryotic enhancer as a
simple model for transcriptional activation. The system
consists of E. coli RNA polymerase/sigma 54 holoenzyme
(RNAP·σ54) and the nitrogen regulatory protein C (NtrC,
also designated nitrogen regulator I or NRI). Multimers of
the activator protein NtrC bind to a specific recognition
site, contact the RNAP-σ54 via DNA looping, and upon hy-
drolysis of ATP catalyze the transition to the open complex
(melting of the promoter DNA).

Measurements of the transcription activation rate with
different DNA templates
The rate of transcriptional activation is expected to depend
on the contact probability of the enhancer and promoter
bound proteins. To test this idea, we compared in vitro
transcription assays on DNA templates that vary in the pro-
moter - enhancer distance, have intrinsic or protein in-
duced DNA curvature and/or DNA superhelicity, in order to
determine the effect of the DNA conformation on the kinet-
ics of the activation process. The results obtained so far
demonstrate that depending on DNA conformation, the
transcription activation rate can vary by about two orders
of magnitude, in agreement with our theoretical estimates
[4].

Analysis of DNA-protein and protein-protein interac-
tions by fluorescence anisotropy and fluorescence
correlation measurements
Fluorescence anisotropy (FA) and fluorescence correlation
(FCS) measurements of fluorescently labeled DNA oligo-
nucleotide duplexes have been used to monitor the pro-
teins-DNA interactions: If the protein binds to the fluores-
cently labeled DNA duplex both the rotational and transla-
tional mobilities are reduced as compared to the free DNA.
This can be detected in the FA and FCS measurements.
With these methods equilibrium binding constants [Rippe,
K. (1997) B. I. F. Futura 12, 20-26.] have been determined
free in solution for the binding of NtrC protein to DNA and
the assembly of different NtrC association states at the en-
hancer sequence [5]. In an extension of the work con-
ducted so far with the NtrC protein we plan to perform ki-
netic measurements of protein-DNA and protein-protein in-
teractions via fluorescence anisotropy, as well as binding
studies of RNA polymerase to various types of promoters.

Association states of E. coli NtrC protein determined
by analytical ultracentrifugation
DNA binding of activator proteins at the enhancer can lead
to the formation of a specific multimeric protein complex
that is not formed free in solution. The DNA can serve as a
scaffold on which proteins assemble at certain position so
that a protein complex with a special biological function is
created. We have studied this process with E. coli wild
type NtrC by analytical ultracentrifugation [6]. With this
method the absolute molecular weight of a protein or a
protein-DNA complex can be determined very accurately
free in solution. In addition the hydrodynamic shape of
macromolecules can also be determined [Spiess, C et. al.
J. Biol. Chem. 272, 22125-22133 (1997); [6]]. The results
reveal that the protein binds as one dimer to a single bind-
ing site and forms an octameric complex at the enhancer if
it is phosphorylated. From the hydrodynamic analysis the
shape of the NtrC dimer and its various complexes with
DNA have been derived [6].

From Nucleosome to Chromatin Structure
The DNA is packed into the cell nucleus by binding to his-
tones, forming a structure known as the nucleosome.
While the detailed structure of the nucleosome has re-
cently been solved by X-ray crystallography (Luger, K. et
al. (1997) Nature 389, 251-260.), the packing of the nu-
cleosomes into the so-called ’30-nm fiber’ and higher or-
der structures is far from clear. We are trying to determine
basic structural parameters of oligonucleosome organiza-
tion and to construct a model that accommodates the
known experimental facts. The main questions that we are
presently dealing with are the effects of salt on the struc-
ture of oligonucleosomes, the structure of the linker DNA
entering and exiting the nucleosome, and a model descrip-
tion of the packing of the chromatin fiber.

The geometry of the linker DNA on the
nucleosome

K. Tóth, N. Brun and J. Langowski

While the structure of the nucleosome core is known in
atomic detail, the precise geometry of the DNA beyond the
core particle is still unknown. The strategy of this experi-
ment is to explore the linker DNA geometry through mea-
surements of the end-to-end distance of DNA fragments of
varying length that are bound to the nucleosome, using
the method of fluorescence resonance energy transfer
(FRET). The DNA of a length of 150 to 220 bp was labeled
with rhodamine-X on one end and fluorescein or Alexa 488
on the other. Assembling nucleosomes on these DNA frag-
ments leads to a measurable energy transfer. The end-to-
end distance computed from the FRET increases mono-
tonically from 60±5 Å at 150bp to 75±5 Å at 170 bp and
then levels off to a plateau. These distances are compat-
ible with different geometries of the linker DNA, all having
in common that no crossing can be observed up to 220 bp.
Addition of H1 histone leads to an increase in energy
transfer, indicating a compaction of the linker DNA towards
the nucleosome [7]. The linker DNA distances do not vary
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significantly with monovalent ion concentration, but de-
crease by addition of Mg2+ up to 2mM.

Dynamics of chromatin remodelling

Th. Weidemann and J. Langowski

In collaboration with Peter Becker, LMU München and Karl Night-
ingale, Cambridge University, UK

In recent years remodeling complexes (e.g. CHRAC, ACF,
NURF) have been discovered which modify the chromatin
fiber in a energy dependent manner (Imbalzano, A. N.
(1998) Crit Rev Eukaryot Gene Expr 8, 225-55). For un-
derstanding the mechanism of action of these remodeling
factors it is of interest how and to what extent histones are
removed and recovered from the DNA template and there-
fore an exchange of histones between free solution and
different sections of chromatin can take place. To address
this problem we use the method of fluorescence correla-
tion spectroscopy (FCS) recently introduced in our group.
In FCS one observes single fluorescent molecules in the
focus of a confocal microscope and determines their num-
ber and diffusion coefficient from the fluorescence fluctua-
tions. By using two color channels, the binding between
two differently labeled biomolecules can be measured by
their correlated diffusion (FCCS).

We could show that a native, histone depleted, nuclear ex-
tract derived from Drosophila embryos could reconstitute
chromatin from labeled histones and a 2950bp DNA plas-
mid by the appearance of a slowly diffusing species in the
mixture that corresponded to plasmid-bound histone. Fur-
thermore, the exchange of histones between chromatin fi-
bers could be shown by FCCS on mixtures of rhodamine-
and fluorescein-labeled chromatin fragments: at low salt, a
species that carries both types of label is formed after sev-
eral hours.

A structural model of the 30 nm chromatin fiber

G. Wedemann and J. Langowski

In collaboration with Peter Grassberger, Universität Wuppertal

The higher order organization of the nucleosome chain
into the chromatin fiber is currently under very active dis-
cussion. The classical ‘solenoidal’ model of chromatin,
where the nucleosomes are organized in a regular helix,
has recently been challenged by several groups [Wood-
cock, C. L. et al. (1995) Trends in Cell Biology 5, 272-277;
van Holde, K. et al. (1995) The Journal of Biological
Chemistry 270, 8373-8376]. Based on one alternative pro-
posal, the zig-zag model of Woodcock [Woodcock, C. L.
ibid.] we developed a new chromatin model based on the
fundamental physical properties of DNA and nucleosomes
[8,9; Wedemann, G. et al. submitted]. DNA is modeled by
harmonic, elastic potentials and a Debye-Hückel potential
describing the electrostatic interactions between charges
on the phosphate backbone. Nucleosome core particles
are represented by oblate ellipsoids; their interaction po-
tential is parameterized by a comparison with data from
liquid crystals of nucleosome solutions. DNA and chroma-

tosomes are linked either at the surface of the chromato-
some or through a rigid nucleosome stem. We sample
thermodynamic equilibrium ensembles of configurations
using a Metropolis Monte Carlo algorithm. The model is
implemented in an object-oriented manner using the pro-
gramming language C++ for use on parallel computers.

Equilibrium ensembles of 100-nucleosome chains at
physiological ionic strength were simulated. For a DNA
linked at the nucleosome stem and a nucleosome repeat
of 200 bp, the simulated fiber diameter of 32 nm and the
mass density of 6.1 nucleosomes per 11 nm fiber length
are in excellent agreement with experimental values from
the literature. The experimental value of the inclination of
DNA and nucleosomes to the fiber axis could also be re-
produced. While the linker DNA connects chromatosomes
on opposite sides of the fiber, the overall packing of the
nucleosomes leads to a helical aspect of the structure.
The persistence length of the simulated fibers of 200-260
nm is compatible with known experimental values. For ran-
dom tilt angles between two nucleosomes chosen accord-
ing to a Gaussian distribution, the persistence length de-
creases with the increase of the width of the distribution.
The experimentally observed decrease of the mass den-
sity with decreasing concentration of salt in the surround-
ing medium is reproduced qualitatively. Polynucleosomes
with repeat lengths of 212 bp also form fibers with the ex-
pected experimental properties.  Systems with larger re-
peat length form fibers but the mass density is significantly
lower than the measured value. The theoretical character-
istics of a fiber with a repeat length of 192 bp where DNA
and nucleosomes are connected at the core particle are in
agreement with the experimental values. Systems without
a stem and a repeat length of 217 bp do not form fibers.

Effects of histone modification on chromatin
structure – towards a well-defined model system

K. Fejes Tóth and K. Rippe

In collaboration with Martina Schnölzer, DKFZ

For the initiation of transcription, the chromatin fiber has to
decondense and adopt a biologically active conformation.
Factors controlling this process include the reversible
acetylation of histones by specific acetylases (HATs) and
deacetylases (HDACs). Acetylation of lysine residues
causes the N-terminal histone tails to partially lose their
positive charge. This modification is thought to decrease
the affinity of histones to DNA as well as the interactions
between nucleosomes within the chromatin fiber. The ac-
tivity of HATs and HDACs may thus control the transcrip-
tion of certain genes and influence cell proliferation.

So far we have over-expressed and purified the core his-
tones, histone chaperone NAP-1, the chromatin assembly
factors ACF-1 and ISWI, and the histone acetylases hGCN
and PCAF. These recombinant proteins will enable us to
reconstitute chromatin fibers of defined composition with
specific DNA sequences, and to study the effect of histone
acetylation by various biophysical techniques. In inital ex-
periments mononucleosomes were reconstituted with re-
combinant core histones and characterized by analytical
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ultracentrifugation. The in vitro acetylation reaction of
these nucleosomes by hGCN5 and hPCAF was compared
to other histone substrates and analyzed by Western blot-
ting, mass spectroscopy, microsequencing and a spectro-
scopic assay.

Three-dimensional organisation of chromosomes
and the human interphase nucleus

T.A. Knoch, W. Waldeck and J. Langowski

In collaboration with F. Bestvater, E. Spiess, A. Alonso, P. Lichter,
DKFZ; C. Cremer, Uni Heidelberg; T. Cremer, D. Zink, LMU
München; P. Quicken, GSF München; R. Lohner, Uni Karlsruhe

Despite the successful linear sequencing of the human ge-
nome, its three-dimensional structure is widely unknown.
However, the regulation of genes – their transcription and
replication - is closely connected to the three-dimensional
organization of the genome in the cell nucleus. For a long
time the cell nucleus has been viewed as a ‘spaghetti
soup’ of DNA bound to various proteins without much in-
ternal structure, except during cell division when chromo-
somes are condensed into separate entities. Only recently
has it become apparent that chromosomes occupy distinct
‘territories’ also in the interphase [Zirbel, R. M. et al. (1993)
Chromosome Res. 1, 93-106]. The distribution of the chro-
matin fiber within a chromosome territory is also far from
random; many indications exist now that replication and
transcription are localized into ‘chromosomal foci’ of about
400 nm diameter. A quantitative view of interphase ge-
nome organization can be obtained by combining results
from high resolution optical microscopy with appropriate
models of chromatin chain folding. For the folding of the
30-nm chromatin fiber within these territories we devel-
oped the Multi-Loop-Subcompartment (MLS) model. Here
the chromatin fiber folds into ~120 kbp-sized loops, which
are forming rosettes (subcompartments) 1–2 Mbp in size.
These rosettes are connected by segments of chromatin fi-
ber and correspond to the typical ideogram bands during
mitosis. The folding and unfolding of chromosomes is
simulated with our model through Monte-Carlo and Brown-
ian Dynamics methods.

From the simulations, experimentally accessible param-
eters were calculated for various models of human inter-
phase chromosomes and whole cell nuclei: Only the MLS
model leads to the formation of non-overlapping chromo-
some territories and distinct functional as well as dynami-
cal subcompartments which is in agreement with FISH ex-
periments. Spatial distances between FISH labeled ge-
nomic markers as function of their genomic separation de-
scribe the detailed folding of a specific genomic region.
Here a comparison to simulations favors an MLS model
with loop sizes and linker sizes between the rosettes of
~120 kbp. The calculation of chromatin distributions as
found in confocal laser scanning microscopy or electron
microscopy show also qualitative agreement with experi-
ments. Furthermore, in a collaboration with Peter Quicken
(LMU Munich) the DNA fragment distribution after heavy
ion irradiation was simulated based on a detailed model-
ling of the chromosome structure. Here, we were able to
show for the first time that the simulated fragment distribu-

tions differ between various chromosome models. Again,
the results are in best agreement with the MLS model.

Assuming that the three-dimensional structure can be
traced within the DNA sequence itself, we analyzed the fin-
ished sequences of chromosome 21q and 22q with fractal
correlation analysis. Surprisingly, strong correlations were
found on the entire scale from 1 to 106 basepairs. Such
correlations can only be explained by a block structure of
the human genome, such as suggested by the MLS
model. Fractal analysis is also suitable to quantify the un-
ordered distribution of the 3D distribution of chromatin in
whole nuclei. The dynamic behavior and the diffusion of
particles in the nucleus are closely connected to the fractal
dimension. Fractal analysis of the simulations show
multifractality of chromosomes in agreement with porous
network theory and suggest that chromosomes show a
higher degree of determinism than previously thought.

Beyond the pure structural features, we a also investigated
dynamical aspects of the cell nucleus. Therefore we simu-
lated the diffusion of particles with different sizes in nuclei
with a range of diameters. The calculated diffusion coeffi-
cients agree with the FCS measurements from our group
(see below). Changing the interaction between particles
and structure leads to the expected changes in the diffu-
sion behavior.

To visualize the chromatin distribution and dynamics in
vivo we were able to develop and express fusion proteins
of all 5 histone classes with autofluorescent proteins
(AFPs). Processes depending on the cell cycle, after appli-

Fig. 1:
Simulation of the human interphase chromosome 15 with the MLS
model shows functional and dynamical distinct subcompartments
(upper left). Simulation of a whole nucleus with all 46 chromo-
somes with the MLS model leads to the formation of chromosome
territories (upper right). The simulation of a confocal image from
the simulated nuclei (lower right) shows qualitative and quantita-
tive similarity to the in vivo chromatin distribution visualized with
H2A-YFP fusionproteins in a real confocal image (lower left).
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cation of drugs or irradiation can also be investigated.
Qualitatively the chromatin distribution is very similar to the
simulated distribution observed in whole nuclei using the
MLS model. First fractal analysis revealed significant dif-
ferences between different morphologies found in vivo and
could also favor an MLS like model. For the quantitative
description of chromatin dynamics, first time series during
mitosis and induced apoptosis were taken using confocal
laser scanning microscopy. Further applications range
from co-localization experiments of proteins or other sub-
stances with chromatin to simply controlling a cell culture
based on a morphologic classification and is now used by
a number of collaborators.

One important spin-off resulting from this new technique
was achieved during co-localization experiments of a hu-
man cathepsin B fusion protein with the yellow fluorescent
protein (YFP) and human histone H2A coupled to the cyan
fluorescent protein (CFP). We found that during double
transfection of both constructs the fluorescent properties of
the fusion proteins are exchanged due to homologous re-
combination. The generality and efficiency (up to 26% of
cells show conversion) of this process is not only important
to avoid misinterpretations in a growing number of co-
transfection experiments, but also opens new possibilities
to construct and clone vectors more efficiently and in vivo.
In addition it is now far easier to investigate recombination/
repair/replication processes quantitatively (Bestvater,
Knoch, Langowski and Spiess, in preparation).

Fluorescence Correlation Microscope (FCM)

M. Wachsmuth, M. Tewes, W. Waldeck, J. Langowski

Fluorescence correlation spectroscopy (FCS) is a tech-
nique in which the fluorescence of single molecules is ob-
served by laser excitation in the focal volume of a micro-
scope (0.3x0.3x1.5 µm3). Due to the Brownian motion of
the molecules, the emitted fluorescence shows fluctua-
tions from which the concentration (typically in the order of
1 nM) and the diffusion coefficient of the different fluores-
cent species can be obtained through an autocorrelation
analysis. The high sensitivity and the small focal volume
make FCS a suitable tool for mobility measurements in liv-
ing cells. Additionally, with two color FCS (Schwille et al.,
1997, Biophys. J. 72, 1878) one can determine the asso-
ciation state of differently labeled molecules from the cross
correlation of their fluorescence.

In previous work we developed a two color FCS module
which can easily be attached to the video port of an in-
verted microscope [10, 11]. The prime advantages com-
pared to commercially available instruments are the modu-
larity and the good optical and mechanical stability. With
experiments concerning e.g. the triple helix formation of
oligonucleotides with superhelical DNA, the binding of
NtrC to its recognition sequence, and the exchange of
vimentin subunits between tetramers, FCS has proven to
be a fast and reliable analytical method. Here we added
scanning optics, giving the unique opportunity to take a
confocal image through a cell and measure FCS through

the same optics at a spot defined with a precision of 0.1
nm.

Diffusion of fluorescent probes inside the cell
nucleus studied by fluorescence correlation
spectroscopy

M. Wachsmuth, Th. Weidemann, W. Waldeck,
T.A. Knoch and J. Langowski

In collaboration with I. Grummt, DKFZ; M. Hendzel, University of
Edmonton, USA; P. Verschure, University of Amsterdam, The
Netherlands

It has been suggested that macromolecules in the living
cell nucleus are transported through a network of channels
that is formed by the space between and inside chromo-
some territories [Cremer, T. et al. (1995) in Kew Chromo-
some Conference IV (Brandham, P. E., and Bennett, M.
D., eds.) pp 63-81, Royal Botanic Gardens, Kew]. In re-
cent model calculations, we could correlate the geometry
of this network with microscopic images of living cell nuclei
[12]. Some recent experimental results on the diffusion of
fluorescent probes inside the nucleus can now help to un-
derstand the mechanism of intranuclear transport and the
structure of chromosome territories. We used FCS to ob-
serve the diffusion of enhanced green fluorescent protein
(EGFP) and an EGFP-lacZ construct inside the nuclei of
AT-1 and COS-7 cells. Using our FCS device attached to a
microscope with a scanning table, we could measure the
diffusion of the fluorescent probe with a lateral resolution
of 0.3 µm. The FCS data can either be evaluated as a two
component model with one fraction of the molecules un-
dergoing free Brownian motion with a diffusion coefficient
approx. 5 times smaller than in aqueous solution, and an-
other fraction diffusing one or two orders of magnitude
slower. This latter component is especially noticeable in
the nuclei. Alternatively, we can fit the data to an anoma-
lous diffusion model where the time dependence of the dif-
fusion serves as a measure for the degree of obstruction,
which is large especially in nuclei. Possible mechanisms
for this long tail behavior include corralling, immobile ob-
stacles, and binding with a broad distribution of binding af-
finities. The diffusion can be interpreted using theories that
describe diffusion in the presence of obstacles and poly-
mer chain models of the interphase nucleus [13]. In recent
measurements using our newly constructed scanning fluo-
rescence correlation microscope (FCM), we also studied
the motion of fluorescently labeled dextrans that were in-
troduced into HeLa cell nuclei by microinjection. Surpris-
ingly, we found that the diffusion anomaly for dextrans of
comparable dimensions was significantly higher than for
GFP. Our hypothesis is that the fluorescence-labeled dex-
trans can interact with non-specific binding sites in the
nucleus, which would lead to a behavior similar to the
anomalous diffusion in the presence of obstacles.

Other systems studied with the FCM include the interac-
tion of the TTF transcription factor with binding sites in the
nucleolus, the mobility of the free histone pool in the
nucleus (amounting to about 10% of the total histones),
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and the mobility of various other transcription factor / AFP
constructs in the nucleus.

Publications (* = external co-author)
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The long-term goal of the department‘s work is to contrib-
ute to an understanding of human biology and especially
to decipher the mechanisms that underlay human disease.
This should be accomplished through the identification
and analysis of the genes and gene products involved in
these processes. This has obvious medical implications,
since many diseases are directly caused by defects in one
or more genes, either transmitted through the germline, or
as is the case in many cancers, somatic mutations lead to
uncontrolled proliferation and tumor development. In the
case of polygenic diseases, the probability of getting the
disease will depend on the occurrence of mutations in mul-
tiple genes, as well as complex interactions between gene
products and environmental influences. Other genes and
gene products are involved at later stages of disease pro-
gression or play a role in determining the severity of the
symptoms. Therefore, it is the aim of genome analysis to
identify and functionally analyse all genes of the human
genome.
To achieve this goal, the department is carrying out bio-
logical research on a large scale. This necessitates a sub-
stantial effort in the high throughput of data generation
and analysis techniques, the development of new ap-
proaches for gene identification, as well as work on the
bioinformatics component to facilitate the handling of the
large amounts of data generated.
As a model system for the systematic analysis of the hu-
man genome the department has carried out a detailed in-
vestigation of a 10 megabase large region at the distal end
of the long arm of chromosome X. This region is particu-
larly interesting due to the large number of diseases which
have been associated with it. During this systematic mo-
lecular analysis the team has developed solutions for map-
ping, gene isolation and gene characterization.
Based on the experience gained and technical develop-
ments made in these projects, the group is now able to
also tackle multifactorial disorders such as cancer and
psychiatric diseases.
In extension of the disease oriented projects described
above the department has established units for the sys-
tematic and large scale analysis of the human genome. In
order to analyse the changes in gene expression during
tumor progression complex hybridisations on cDNA arrays
(DNA chips) are performed. Our initial aim is to generate
diagnostic markers for tumor classification, but there is
also a focus toward the identification of targets for therapy.
We generate and sequence cDNA libraries in the course of
the German cDNA Consortium. The protein coding regions
of novel full-length cDNAs are cloned into eukaryotic ex-
pression vectors to determine the subcellular localization
of the encoded proteins as an initial step in a comprehen-
sive functional characterization.
To aid the work of the German Humane Genome Project
the Heidelberg component of the Resource Center devel-
ops new techniques and protocols for functional genomics.
With the new materials generated we also provide a ser-
vice for library screening and practical courses.

Division Molecular Genome Analysis (H0600)
Head: Prof. Dr. Annemarie Poustka
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Cloning and Analysis of Genes Causing
Monogenic Diseases
The telomeric part of the X chromosome, Xq27.3-Xqter, is
of special interest due to its high gene density and the
many diseases which have been linked to this region. The
systematic generation of physical and transcript maps has
facilitated the identification of most of the genes, which to-
gether with the extensive large-scale genomic sequencing
has led to the establishment of a region-specific gene map
with a very high resolution.

The knowledge of the methodologies and resources which
were accumulated during this work together with the col-
lected patient samples and clinical co-operations are valu-
able tools for the identification of as yet unknown genes in
this region. Altogether it was possible to identify the nature
of 12 out of 23 inherited diseases linked to Xq28. Func-
tional characterization is currently under way for myo-
tubular myophathy, X-linked mental retardation (MRX3),
dyskeratosis congenita (Zinsser-Cole-Engman syndrome)
and incontinentia pigmenti (IP2). The analysis of the un-
derlying mechanisms causing these rare inherited dis-
eases are an important contribution for the human ge-
nome project [1-7].

I. The X-linked Dyskeratosis Congenita
Causing Gene, DKC1: Expression Analyses
and Functional Characterization of its Gene
Product Dyskerin

N.S. Heiss, R. Salowsky, A. Kolb

In collaboration with: I. Dokal, S.W. Knight, T. Vulliamy (Imperial
College School of Medicine, London, UK); A.Girod, R. Pepperkok
(Cell Biophysics, EMBL Heidelberg); D. Bächner (Institut für Zell-
biochemie und klinische Neurobiologie, Hamburg); A. Benner
(Biostatistics, DKFZ)

X-linked recessive dyskeratosis congenita (DKC, MIM
305000) is a congenital multisystem disorder character-
ized by progressive and fatal bone marrow failure and cer-
tain phenotypic features reminiscent of premature aging.
Mainly missense mutations in the DKC1 gene, located at
Xq28, are responsible for causing DKC and Hoyeraal-
Hreidarsson syndrome (HHS, MIM 600545), a more se-
vere allelic variant of DKC [8-14].

We confirmed the nucleolar localization of Dyskerin, the
DKC1 gene product, by microinjecting mammalian cell
lines with constructs expressing Dyskerin fused to the en-
hanced green fluorescent protein (EGFP). EGFP-Dyskerin
also co-localises to the coiled bodies which are function-
ally linked with the nucleoli. Furthermore, we demon-
strated that the intracellular mislocalization of mutated
Dyskerin does not play a role in the pathogenesis of DKC
[15]. The intracellular localization of Dyskerin corresponds
to the proposed participation of Dyskerin with rRNA and ri-
bosomal biosynthesis as a core component of the box
H+ACA snoRNPs and with stabilization of telomeric ends
of chromosomes.This would correlate with the increased
cancer risk and premature ageing of DKC patients, due to
essential functions of Dyskerin in cells of high proliferative

capacity. RNA in situ hybridization analyses on embryonal
and adult mouse tissues revealed ubiquitous expression of
the homologous mouse gene Dkc1 with a notably higher
level of expression confined to epithelial and specific neu-
ronal tissues (Purkinje cells, mitral cells) [16]. We deter-
mined a core promoter region in the human and mouse
genes to identify the different cis-regulatory elements for
the tissue specific functions of Dyskerin. Additionally the
sequencing of the Dkc1 gene and the determination of its
gene structure allowed us to create a Dkc1 knock out con-
struct for further in vivo studies.

II. Mutations in the NEMO gene (NFκκκκκB essential
modulator) cause the inherited disorder
Incontinentia pigmenti
In collaboration with: A. Smahi, A. Munnich (Department of Genet-
ics, Unité de Recherches sur les Handicaps Génétiques de
l’Enfant, Paris, Frankreich); T. Esposito, A. Ciccodicola, M. D’Urso
(International Institute of Genetics and Biophysics, Naples, Italy);
H. Woffendin, S.J. Kenwrick (Wellcome Trust Centre for the Study
of Molecular Mechanism in Disease and University of Cambridge,
UK); S. Aradhya, R.L. Lewis, D.L. Nelson (Departments of Mo-
lecular and Human Genetics, Baylor College of Medicine, Hous-
ton, Texas, USA )

Incontinentia pigmenti (IP, MIM 308310) is a neurocutane-
ous genodermatosis segregating as an X-linked dominant
disorder and usually lethal prenatally in males. Within the
scope of the international Incontinentia pigmenti consor-
tium the department screened more than 20 candidate
genes in the region for mutations [17-19]. It could be
shown that over 80% of cases are due to a new genomic
rearrangement in the NEMO gene (NF-κB essential modu-
lator). Frameshift mutations were identified in other pa-
tients [20]. NEMO is required for the activation of the tran-
script factor NF-κB and is therefore central to many im-
mune, inflammatory and apoptotic pathways. It was dem-
onstrated that NEMO mutations caused a drastic reduction
of NF-κB activation in IP patients. This is the first descrip-
tion of a mendelian inherited disorder caused by a defect
in the NF-κB pathway.

Analysis of Tumor Associated Genes
I. Molecular characterization of tumor associated
regions on the short arm of human chromosome
17

H. Koepf, C. Hoff, P. Seranski, S. Dhorne-Pollet,
B. Waldau

In collaboration with: U. Hamann (DKFZ); L. Fuezesi (Georg-Au-
gust -Universität Göttingen); W. Scheurlen (Universitäts-Kinder-
klinik, Mannheim); H. Lehrach (Max Planck-Institut für Molekulare
Genetik, Berlin); Ch. Schwartz (Greenwood Medical Center,
Greenwood, USA)

The short arm of human chromosome 17 is linked to a
number of diseases, including breast cancer, ovarial can-
cer, medulloblastoma, osteosarcoma and leukemia. The
aim of this project is to systematically isolate and map tu-
mor associated genes along chromosome 17p and to
identify genomic abnormalities that are linked to tumor for-
mation and progression [21]. Our mapping and sequenc-
ing efforts are concentrated on two distinct intervals -
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17p11.1-11.2 and 17p13.3 – with known causal involve-
ment in the development of a number of malignancies and
neurological disorders.

The combination of genomic sequencing together with
cDNA selection and exon trapping has led to a transcript
map of a 1.5 Mb region in 17p11.2 together with the isola-
tion and localisation of 53 new transcripts [22]. A candidate
gene named RAI1 has been further investigated for its
contribution to the Smith-Magenis Syndrome [23].

Using a number of microsatellite markers we have nar-
rowed down the breast cancer candidate region in
17p13.3 to around 100 to 150 kilobases (kb) by LOH (loss
of heterozygosity) mapping of normal/tumor DNA pairs of
breast cancer patients [24-25]. Candidate genes from this
area, previously located in a transcript map [26], are cur-
rently under investigation for their potential involvement in
tumorigenesis.

II. Mutational and functional analysis of DMBT1

J. Mollenhauer, S. Herbertz, G. Kollender, I. Krebs,
E. Schoepe, L. Schmitt, S. Wiemann

In collaboration with: U. Holmskov (Immunology and Microbiology,
Institute for Medical Biology, Odense University, Odense, Den-
mark); H.-J. Gröne (Cellular and Molecular Pathology, DKFZ); M.
Tolnay, A. Merlo (Institute for Pathology, Department of Neurosur-
gery, University Hospital Basel, Switzerland); B. Helmke (Institute
for Pathology, University Heidelberg); A. von Deimling (Depart-
ment of Neuropathology, Charite Humboldt University, Berlin)

Deleted in Malignant Brain Tumors 1 (DMBT1) locates at
human chromosome 10q25.3-q26, a region that under-
goes LOH in different types of cancer, especially in brain
cancer [27]. DMBT1 frequently shows genomic alterations
or a lack of expression in brain, lung and different gastro-
intestinal tumors. Based on these findings DMBT1 is con-
sidered as a candidate tumor suppressor gene.

DMBT1 encodes for a large secreted glycoprotein that be-
longs to the superfamily of scavenger receptor cysteine-
rich (SRCR) proteins. However, DMBT1 additionally con-
tains CUB domains and a ZP domain, and thus has a do-
main composition that is unique among the human pro-
teins. As SRCR-, CUB- and ZP-domains are involved in
the mediation of protein-protein interactions, DMBT1 rep-
resents a mosaic protein equipped with multiple interfaces
for intermolecular interactions.

During the last period, we have undertaken efforts to ini-
tially characterize DMBT1 at the genomic as well as at the
protein level. As a prerequisite for mutational analyses, we
have determined the genomic sequence and the exon/in-
tron structure of the gene [28]. The DMBT1 locus harbours
at least 54 exons. A putative further exon with coding po-
tential for a transmembrane domain is located at the 3‘-
end of the gene. The exons encoding the SRCR domains
and the SRCR interspersed domains (SIDs) share high
homologies to each other and are embedded in likewise
highly homologous intronic sequences. The major part of
the gene thus consists of tandem arrayed repeating units
that may confer a susceptibility to genomic instability [28].
Accordingly, the SRCR and SID exons have been found to
be subjected to frequent structural changes in brain and

lung tumors and also appear to be polymorphic within the
normal population [29]. Interestingly, initial evidence has
been gained that these exons are subjected to a complex
alternative splicing that may produce a variety of DMBT1
isoforms [28].

By studies at the cDNA and protein level, we have gained
initial evidence that DMBT1 may fulfill a set of distinct
functions within the human organism. At first, glycoprotein-
340 (gp-340) could be identified as one of the subforms of
DMBT1 [29-30]. DMBT1GP340 is secreted to the lung where
it may play a role in mucosal protection by hinderance of
infection. Secondly, DMBT1 is present in certain subsets of
macrophages, among these tumor-associated macroph-
ages, rendering a role in the immune surveillance of tu-
mors possible. At third, DMBT1 locates to the extracellular
matrix of developing human epithelia, indicating that it ad-
ditionally may be involved in processes of epithelial differ-
entiation as has been shown for hensin, the rabbit homo-
logue of DMBT1 [29, 31].

Our current efforts concentrate on the analysis of the
gene/protein in different types of human cancer as well as
on its basic characterization within the human organism
and on the investigation of structure-function relationships.

Complex Diseases of the Nervous System
Autism

S. Klauck, K. Beyer

In collaboration with: F. Poustka (Department of Child and Adoles-
cent Psychiatry, J.W. Goethe University, Frankfurt); The Interna-
tional Molecular Genetic Study of Autism Consortium (IMGSAC)
(http://www.well.ox.ac.uk/~maestrin/iat.html); A. Benner (Biostatis-
tics, DKFZ)

Infantile autism is a severe developmental disorder char-
acterized by marked social deficits, deviant language and
a restricted range of stereotyped repetitive behaviours
usually occurring within the first 3 years of life. The preva-
lence in autism is 4/10,000 births and the ratio of affected
male to female 3:1. A genetic etiology in autism is now
strongly supported by family and twin studies, which
makes a linkage strategy aimed at finding genes in this
complex disorder feasible.

The goal of the project is to identify disease genes for au-
tism with two main approaches. Family-based association
studies of the department’s patient sample examined poly-
morphic markers in candidate genes and defined gene
loci. A genome wide linkage study using the affected sib-
pair method was performed in collaboration with the ”Inter-
national Molecular Genetic Study of Autism Consortium”
(IMGSAC).

A series of studies showed elevated levels of 5-HT in
platelets of children with autism and several serotonin
transporter (5-HTT) re-uptake inhibitors have been demon-
strated to be partially successful in treatment of autistic
symptoms. We have genotyped two polymorphisms in the
5-HTT gene in 65 complete trios at this stage and trans-
mission of alleles from parents to patients were analysed
with the Transmission/Disequilibrium Test (TDT). Trans-
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mission distortion and therefore association was evident
with the ”long” allele of the promoter polymorphism
(5-HTTLPR). Extended analyses with an increased patient
samples of 100 trios with polymorphic markers in the sero-
tonin receptor genes 5-HT2C and 5-HT5A, as well as in
the monoamine oxidase A, an enzyme in the degenerating
pathway of serotonins, did not reveal any significant asso-
ciation. This eliminates these genes to have major effects
in autistic disorder in our patient pool.

In the second approach a two-stage genome search has
been completed in a sample of 99 sib-pair families using
354 polymorphic markers at a distance of 10 cM. Regions
on six chromosomes (4, 7, 10, 16, 19, 22) were identified
which generated a multipoint maximum lod score (MLS)
greater 1 [32-33]. A region on chromosome 7q31-q35 was
the most significant result with an MLS of 3.55. A follow-up
study using an extended sample of 153 sib-pairs gener-
ated a MLS of 3.37 at D7S477 in 7q31 [34]. Linkage dis-
equilibrium mapping identified two regions of association –
one lying under the peak of linkage, the other some 27 cM
distal. These results are supported in part by findings in
our singleton sample and an independent American
singleton sample. A fine mapping approach was carried
out resulting in an integrated 3 Mb BAC and transcript map
in 7q31-q32, which should lead finally to the identification
of susceptibility genes for infantile autism.

High Throughput Analysis of the Human
Genome
I. Gene expression profiling by complex
hybridization on cDNA arrays

J. Boer, H. Sültmann, W. Huber, F. Wilmer,
K. Steiner, S. Süß, F. Bergmann, A. Poustka

In collaboration with: M. Vingron (DKFZ, MPI for Molecular Genet-
ics, Berlin); L. Fuezesi (Georg-August-Universität, Göttingen); J.
Volz (Universitätsklinikum Mannheim); A. Merlo (University Hospi-
tal Basel, Switzerland); G. Riggins (Duke University, Durham,
USA)

Cancer cells are genetically different from normal cells and
exhibit aberrant gene expression. Knowledge of the
changes in gene expression typical for certain types and
stages of tumors can give insight into the molecular
changes involved in tumor development and progression
and provide molecular markers for tumor diagnosis and
prognosis. The cDNA array technology is a semi-quantita-
tive high throughput method that allows the simultaneous
determination of the expression levels of many thousand
genes.

We use cDNA arrays of ~ 32,000 different cDNA clones
spotted in duplicate onto nylon membranes. 33P-labelled
single stranded cDNA samples generated from normal and
primary tumor tissues are hybridized on membranes using
a standardized protocol. Phosphoimage plates are ex-
posed to the membranes, and expression profiles are cal-
culated through spotwise quantification of the signal distri-
bution. The amount of hybridized target cDNA on each
spot is detected through the radioactive or fluorescent la-
bel. It reflects the relative abundance of the corresponding

mRNA in the tissue and thus the level of expression of the
corresponding gene. The procedure is repeated for differ-
ent samples derived from normal and various tumor tis-
sues, and the signal intensities are compared [35-37]. The
main objective is to gain insight into the correlation of spe-
cific (marker) genes and physiological pathways with tu-
mor development and progression.

Tissue samples from kidney, brain, breast, and gastro-
intestinal stroma tumors are currently investigated. As of
February 2001, we have collected array expression data
for 47 renal cell carcinoma samples of different tumor
stages and differentiation grades. More than 1700 genes
were identified with statistical significance to be expressed
at different levels between normal and tumor tissue.
Among these were several genes which had been known
to be differentially expressed in renal carcinoma, e.g.
vimentin, VEGF, haptoglobin, and metallothionein. This re-
sult supports the utility of the experimental approach of
typing expression levels of thousands of genes simulta-
neously. In addition to the genes known to be associated
with kidney cancer, many other genes and expressed se-
quence tags (ESTs) were found. We identified a statisti-
cally significant set of genes distinguishing the renal clear
cell and chromophobic cancer types [38]. cDNA clones
representing the renal cell carcinoma specific genes and
other genes with known oncogenic potential in various
cancer types, have been amplified by PCR and spotted
onto nylon membranes and glass slides (DNA chips). This
kidney tumor specific gene chip consists of more than
4200 cDNA, EST and control clones. With this, we are
conducting a further focused investigation on the differen-
tially transcribed genes in renal cell carcinoma and their
correlation with tumor development and progression, clini-
cal parameters and cytogenetic data. Further hybridiza-
tions have been performed with other cancer types (brain,
breast, and gastrointestinal stroma tumors). At present,
specific chips are being constructed for each of these tu-
mor types.

A queryable web-linked database containing all tumor-rel-
evant patient data, experimental parameters and results is
currently under development. This database will enable re-
searchers to link histopathological and clinical follow-up in-
formation with experimental results and perform the mining
of these large data sets.

II. Systematic Analysis of Full-length cDNAs
and Encoded Proteins
1. Generation of full-length cDNAs of the genes
of the human genome

R. Wellenreuther, D. Heiss, S. Wiemann

The long-term goal of the human genome project is the es-
tablishment of a comprehensive gene catalog that con-
tains all human genes and physical clones representative
for every single gene. In the frame of the Human Genome
Project, we generate cDNA libraries, that are enriched in
full-length clones, i.e. that contain the complete protein
coding part of the gene. We amplify and clone defined size
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windows of the full-length enriched cDNA to find genes,
which have been underrepresented and therefore uniden-
tified in existing conventionally generated libraries. These
libraries serve as sole clone ressource for the worldwide
second large-scale cDNA sequencing project, the German
cDNA Sequencing Consortium. All clones of the libraries
are available through the Resource Center of the German
Genome Project (RZPD).

2. Systematic sequencing of human full-length
cDNAs - The German cDNA Consortium:

S. Wiemann/ P.Heidrich/ A. Poustka (Coordinator DKFZ
Heidelberg); W. Ansorge (EMBL Heidelberg); H. Blöcker
(GBF Braunschweig); H. Blum (LMU Münhen); A.
Düsterhöft (QIAGEN Hilden); K. Köhrer (BMFZ
Düsseldorf); W. Mewes (MIPS München); B. Obermaier
(MediGenomix München); R. Wambutt (AGOWA Berlin)

We have formed a consortium that aims to systematically
sequence full-length cDNAs. By December 2000 the Mo-
lecular Genome Analysis Division had sequenced 408
cDNAs (over 1 Mb). Within the same time interval, 3928
cDNA clones covering 9.6 Mb were sequenced by the con-
sortium in total. The sequences are first submitted to MIPS
where they are analyzed and annotated prior to submis-
sion to public databases. All clones that are sequenced by
the consortium are supplied by the Molecular Genome
Analysis Division [39]. Web-access is provided through
www.dkfz-heidelberg.de/abt0840/GCC.

3. Automated localization and functional analysis
of proteins encoded by full length cDNAs

S. Wiemann, D. Bannasch, A. Duda, M. Klein,
A. Poustka

In collaboration with: R. Pepperkok (EMBL, Heidelberg)

To begin to functionally characterise the cDNAs, based on
the cDNA clones and sequences that are generated in the
two projects described above, we are interested in identify-
ing the protein coding regions in the cDNAs. The open
reading frames are systematically amplified and cloned
into expression vectors to generate fusion constructs with
the green fluorescent protein. When transfected into eu-
karyotic cell lines, the fusion proteins are expressed and
the subcellular localization of the recombinant proteins is
monitored [40-41]. We are presently setting up the pipeline
to continue the cloning and expression experiments at a
higher throughput. Web-access is provided through
www.dkfz-heidelberg.de/abt0840/GFP.

4. Automated DNA sequencing as core unit of the
Molecular Genome Analysis Division

S. Wiemann, S. Burmeister, U. Ernst, M. Stauch

In addition to the projects described above, the sequenc-
ing unit provides a sequencing service for the various de-
partmental research projects. The cDNAs are sequenced
either in full-length (”Systematic sequencing of human full
length cDNAs”) or they are end-sequenced depending on
the requirements of the different projects of the division.
The software program PRIDE is used to automatically
design primers and to speed up the primer walking steps

in the sequencing projects [42]. Selected genomic tem-
plates are sequenced to speed up the identification of
gene structures and these sequences are incorporated
into the exisiting physical and transcript maps. Further,
PCR products are directly sequenced to facilitate mutation
screening in patients to detect new mutations in known
genes on the one hand, and to alleviate the identification
of new disease-causing genes on the other [1, 3-5, 11, 15-
17, 20, 22-26, 28-29, 43-44]. The unit is currently
equipped with 4 (ABI-377) automated DNA sequencers,
two Qiagen DNA template prepping robots, and also has
access to the pipetting robot (Beckman Biomek 2000) of
the department for the pipetting of sequencing reactions.
The capacity is 240 kb of raw data every day and the
throughput is approx. 40,000 sequencing reactions per
year.

Selection of Hybridoma Cells by Surface
Expression of Antibodies

F. Breitling, T. Kühlwein

In collaboration with: G. Moldenhauer (Molecular Immunology,
DKFZ)

Monoclonal antibodies are important tools to trace specific
gene products. However, for ever increasing numbers of
known genes monoclonal antibodies are not available.
Therefore, the project team is developing a method to sim-
plify and fasten the selection of monoclonal antibodies.
Such procedures are of importance for industry and re-
search institutes. They can be used for the selection of tu-
mor accociated antigens and for proteome analysis. The
first step consisted in fusing B lymphocytes and myeloma
cells in order to produce hybridoma cells. Different from
conventional hybridoma technique, a surface-anchored
antibody-binding protein was expressed in the myeloma
fusion partner. Thereby, antigen specific antibody can be
selected together with its producing hybridoma out of a
high background of other hybridoma cells. The method
combines the advantage of the hybridoma technique with
the superior selection methods developed for recombinant
antibodies produced in bacteria. Furthermore, it should be
possible to enrich many different hybridoma cells in paral-
lel with different antigens due to the coupling of antibody
and antigen [Breitling, F. et al. submitted].

In collaboration with Gerd Moldenhauer different myeloma
cell lines have been generated, which carry a large
amount of antibody-binding protein on their surface. The
genes of the antibody binding domains from the bacterial
proteins G and L were fused to a signal sequence and a
membrane anchoring sequence. Transfection of these arti-
ficial genes into myeloma cell line X63-Ag8.653 yielded
several cell lines selected by FACS sorting for maximum
expression of the antibody-binding protein. Labeling one of
these cell lines with FITC-coupled antigenes gives a 500
times increased fluorescence signal compared to the pa-
rental cell line X63-Ag8.653. Even after 2 months in cell
culture the cell line shows stable expression of the anti-
body-binding protein.
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Fusion of the new myeloma cell line with B lymphocytes
yields as much hybridoma cells as the parental myeloma
cell line X63-Ag8.653. No difference in the amount of anti-
bodies secreted into the medium was detected. The anti-
body-binding protein from the myeloma cell line is detect-
able in the hybridomas after several months of cultivation.

Resource Center of the German Human
Genome Project

C. Maercker, P. Kioschis, B. Korn, D. Bongartz, L.
Ebert, O. Heil, F. Schwarz, R. Will, M. Schick

The German resource center (RZPD) provides the scien-
tific community with research tools for high throughput
genomics and proteomics and is conducted as non-profit
facility by the Deutsches Krebsforschungszentrum (Heidel-
berg) and the Max-Planck-Institut (Berlin). Since July 2000
the RZPD is legally running as independent GmbH.

The activities of the section in Heidelberg are confined to
(1) the production of new materials for the functional
analysis of genes (cDNA libraries, expression libraries,
DNA and protein arrays) and (2) a service group which
carries out gene identifications and gene expression
profilings on request of national and international scientific
groups. (3) Additionally, different practical courses, e.g.
bioinformatics, sequence managment, and gene expres-
sion profiling are held at the DKFZ.

1. cDNA clones as a tool for functional genome
analysis
An important prerequisite for the isolation of expressed
genes of a tissue is the construction of a gene library.
Therefore, the collection of cDNA libraries of the Resource
Center has been extended not only by tissue specific hu-
man libraries, but also by libraries made from model or-
ganisms like rat, mouse, Xenopus, and chicken.

With the help of  the bioinformatics all known gene and
EST sequences of human, mouse and rat where collected
to assemble minimal clone sets on filters as a tool for com-
plex gene expression profilings [46-47]. The Human
Unigene Sets RZPD 1 and 2 (about 36.000 and 70.000
clones, respectively), the Mouse Unigene Set RZPD 1
(25.000 clones) and the Rat Unigene Set (25.000 clones)
have already been finished. In addition, about 4000 hu-
man genes where identified as specific for oncology, im-
munology, neurobiology, cardio-vascular subject,
haematology, G-proteins and G-protein coupled receptors
and toxicology. With such indication arrays it becomes
possible to find answers to specific questions in these
fields by expression analysis. At the end, these subarrays
even might serve as diagnostic tools. To improve the ar-
rays, all clone sets are permanently subjected to clustering
analyses and amplified with gene-specific primers to get
homogenously sized 3´ end PCR fragments without repeti-
tive sequences.

Cloning of cDNA lilbraries in prokaryotic expression vec-
tors allows the production of high density protein arrays.
These expression libraries permit identification of genes by

hybridization and protein assays in parallel like antibody
binding analyses.

In the near future, however, it will be indispensable for ge-
nome research to test the function of complete proteins
specifically by high-throughput assays. Therefore, we have
started a project, where we clone full length open reading
frames (ORFs) via shuttle vectors in pro- and eukaryotic
expression systems to produce recombinant proteins for
functional studies like two-hybrid binding, FRET analysis
(fluorescence resonance energy transfer), phosphorylation
assays etc. With the help of a special reporter vector about
1.200 complete ORFs have been constructed until now.

2. Screening and gene expression profiling
service

The RZPD Screening Service has been able to continue
the successful work of the last years. The Resource Cen-
ter is equipped with about 180 cDNA and genomic librar-
ies, which are screened by order of laboratories in Ger-
many and worldwide. After about 280 screenings in 2000
around 1000 clones were isolated and characterized [2,
48-51].

In addition, a gene expression profiling service has been
established during the last year. A probe, made from a tis-
sue or an experimental system, is hybridized to PCR frag-
ments, which represent all known genes and EST se-
quences from human, mouse or rat (RZPD Unigene sets).
The evaluation of the hybridization signals by different
software tools allows a quantitative gene expression
analysis. Until now about 15 projects have been finished
successfully. Beside optimization of hybridization and data
analysis methods, at present a database is developed in
cooperation with the RZPD Berlin, which will make the pro-
filing results available for all users and allow the compari-
son of different profiling experiments. Another goal is to in-
clude follow-up experiments into the service by working
with customized subarrays and RZPD indication arrays on
filters or glass slides.

3. Courses

Again, in the last two years several courses for bio-
informatics have been offered by the RZPD. The two top-
ics sequencing management and gene expression profil-
ing analysis met great interest, last but not least by the
contribution of national and international experts in the
field. In 2001 the first practical course on gene expression
profiling will take place.

Publications (* = external coauthor)
[1] Coy, J.F., Sedlacek, Z., Bachner, D.*, Delius, H., Poustka, A. A
complex pattern of evolutionary conservation and alternative
polyadenylation within the long 3’-untranslated region of the me-
thyl-CpG-binding protein 2 gene (MeCP2) suggests a regulatory
role in gene expression. Hum. Mol. Genet. 8 (1999) 1253-1262

[2] Reichwald, K.*, Thiesen, J.*, Wiehe, T.*, Weitzel, J.*, Strätling,
W.H.*, Kioschis, P., Poustka, A., Rosenthal, A.*, Platzer, M.*.
Comparative sequence analysis of the MECP2-locus in man and
mouse reveals novel transcribed regions. Mammalian Genome 11
(2000) 182-190
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rab GDI genes. Mol. Biol. Evol. 9 (1999) 1231-1237
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XAP-5-like (X5L) genes: Identification of an ancient functional
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U. Hamann
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Breast cancer is the most common malignancy among
women.  In developed countries approximately one in ten
women will be diagnosed with breast cancer.  Whereas the
vast majority of breast cancer cases are sporadic and not
attributable to inherited traits, about 5% are due to an in-
herited predisposition, largely manifested as site-specific
hereditary breast cancer or the breast-ovarian cancer syn-
drome.  The aim of our research is the identification of ge-
netic and environmental factors involved in the pathogen-
esis of hereditary and sporadic breast and ovarian cancer.
The identification of such factors and their genetic alter-
ations will lead to a better understanding of the develop-
ment and progression of this disease and will improve
early detection.

1.   Molecular analysis of hereditary breast cancer

Two genes responsible for inherited predisposition to
breast and ovarian cancer, BRCA1 (BReast CAncer gene
1) on chromosome 17q and BRCA2 (BReast CAncer gene
2) on chromosome 13q have recently been identified by
positional cloning strategies.  The proportion of breast
and/or ovarian cancer families attributable to germline mu-
tations of these genes varies widely among various popu-
lations.

1.1  Germline mutations of the BRCA1, BRCA2 and
TP53 genes

In Germany, 16% of the breast and/or ovarian cancer fami-
lies have been shown to be due to BRCA1 germline muta-
tions.  To evaluate the prevalence of BRCA2 and TP53
germline mutations in hereditary breast and/or ovarian
cancer families of German origin, we have undertaken a
systematic search for germline mutations in both genes in
a series of BRCA1-negative breast/ovarian cancer fami-
lies.  All families contained at least three breast or ovarian
cancer cases.  Genomic DNA samples from patients´ lym-
phocytes were screened for mutations using a combina-
tion of single strand conformational polymorphism analysis

(SSCP), and the protein truncation test (PTT) for the exon
11, followed by DNA sequencing analysis as directed by
abnormalities in these two tests.  We identified several dis-
ease associated novel BRCA2 germline mutations includ-
ing missense, frameshift, and nonsense mutations and two
intronic germline mutations in the TP53 gene in 12% and
8% of the cancer families, respectively.  These findings
show that BRCA2 and TP53 are implicated in a small frac-
tion of German breast and/or ovarian cancer families sup-
porting the notion that additional susceptibility gene(s) ap-
pear to be important in Germany.

The mutation spectrum of BRCA1 mainly involves small
base pair changes, mostly leading to premature termina-
tion of translation.  Methods used to screen for BRCA1
mutations focused mainly on PCR-based assays on ge-
nomic DNA, which do not allow the detection of large DNA
rearrangements.  This may explain why only a few large
rearrangements and hundreds of small insertions, dele-
tions, and point mutations have been described.  Recently,
a large rearrangement, a 6-kb duplication of exon 13,
which creates a frameshift in the coding sequence, has
been identified in the BRCA1 gene.  This mutation was
found in three, unrelated U.S. families of European ances-
try and in one Portuguese family.

To estimate the frequency and geographic diversity of car-
riers of this duplication, a collaborative international
screening study was performed including 3580 unrelated
individuals with a family history of the disease and 934
early-onset breast and/or ovarian cancer cases.  Eleven
additional families carrying this mutation were identified in
Australia, Belgium, Canada, United States and Great Brit-
ain.  Haplotype analyses revealed that they are likely to
derive from a common ancestor, possibly of northern Brit-
ish origin.  These results demonstrated that it is strongly
advisable, for laboratories carrying out screening in either
English-speaking countries or in countries with historical
links with Britain, to include within their BRCA1 screening
protocols the PCR chain reaction-based assay as de-
scribed by us [1].

1.2  BRCA1 mutation status as prognostic parameter

It is unclear whether the prognosis of hereditary breast
cancers differs from that of sporadic cases.  Pathological
features suggested that there may be underlying differ-
ences in hereditary breast cancers compared to sporadic
cases.  Further information on the biological differences
may be revealed by survival studies.

Therefore we investigated overall and disease-free sur-
vival for German hereditary breast cancer patients.  Our
results showed that German breast cancer patients from
hereditary breast and/or ovarian cancer families with a
BRCA1 mutation had a significantly earlier age of diagno-
sis and more frequently developed contralateral breast
cancer than breast cancer patients from families that did
not harbor a BRCA1 mutation.  BRCA1-associated tumors
more frequently were of larger size and higher grade of
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malignancy than non-BRCA1-associated tumors.  Further-
more, patients harboring BRCA1 mutations had an im-
paired disease-free survival at 10 years.  However, this
prognostic impact of the BRCA1 mutation status was lost
after stratification for age and in multivariate analysis.
These results suggested that the worse prognosis of
BRCA1 mutation carriers may be due to their younger age
at diagnosis [2].  Thus, BRCA1 mutation status does not
appear to be an independent prognostic factor.

1.3  Cancer risks associated with BRCA2 mutations

Carriers of BRCA2 germline mutations are at high risk of
breast and ovarian cancers, but the risks of other cancers
in mutation carriers are uncertain.

To provide a more comprehensive assessment of the can-
cer risks of BRCA2 mutation carriers we have studied in
collaboration with the Breast Cancer Linkage Consortium
these risks in 173 BRCA2-positive breast-ovarian cancer
families identified in 20 centers in Europe and North
America.  Our results showed that there is evidence for an
increased risk of several other cancers including prostate
cancer, pancreatic cancer, gall bladder and bile duct can-
cer, stomach cancer and malignant melanoma.  Further,
women who had already developed breast cancer have in-
creased cumulative risks of a second, contralateral breast
cancer and of ovarian cancer [3].  The determination of
these cancer risks is important for genetic counseling and
clinical management of BRCA2 mutation carriers.

1.4  Breast cancer and predictive factors:
Association with genetic polymorphisms
and expression of human xenobiotic and
drug metabolizing enzymes
Known risk factors for breast cancer involve reproductive,
hormonal, nutritional, genetic and environmental factors,
however their molecular basis and possible interplay are
not well understood.  We hypothesize that low penetrant
susceptibility genes may act in concert to give rise to
breast cancer rather than mutations of a single highly pen-
etrant gene.  Xenobiotic enzymes may be likely candidates
since they are key players in metabolism and detoxifica-
tion of endogenous and exogenous compounds.  Such en-
zymes are frequently polymorphic with respect to gene
structure and phenotype and thus may provide the basis
for interindividual differences in cancer susceptibility.

We are involved in establishing a case control study of
women with breast cancer and healthy controls in order to
compare frequencies of constitutional genotypes of poten-
tially relevant polymorphic enzymes, i. e. phase I and
phase II enzymes, enzymes of the reactive oxygen me-
tabolism and others as well as growth factors and signal
transductors.  Their role in breast tumorigenesis will be
evaluated in light of specific exposures related to repro-
ductive history, life style and occupational history inquired
by questionnaire.  Within two years we aim to recruit 600
to 800 patients with histologically confirmed diagnosis of
breast cancer and women without cancer.  Cases and con-
trols will be from relevant hospitals of a defined geo-
graphic region of about one million inhabitants in Ger-

many.  Patients will be followed-up for the clinical course
of disease and survival under systemic therapies.  Accord-
ing to our working hypothesis there may be differences in
breast cancer risk among carriers of certain constitutional
genotypes or patterns of genotypes of xenobiotic enzymes
or related factors in relationship to endogenous and/or ex-
ogenous exposures.  Likewise genotypes may govern re-
sponse or resistance to systemic breast cancer therapy in
patients.
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The characterization of genomic aberrations in human tu-
mors has substantially contributed to the identification of
genes, the activation (in case of oncogenes) or inactivation
(in case of tumor suppressor genes) of which is involved in
the etiology or development of tumors. While in case of
oncogenes the alteration of one gene copy is sufficient to
promote tumor growth, in case of tumor suppressor genes
the inactivation of both gene copies by deletion or muta-
tion is needed for its pathogenic function.
For the identification of chromosomal aberrations (dele-
tions, translocations, amplifications) molecular cytogenetic
methods provide powerful screening tools [1-7]. The basic
molecular cytogenetic method is fluorescence in situ hy-
bridization (FISH), which allows visualization of specific
chromosomal regions or sub-regions in cellular specimen
using defined DNA probes. Since this procedure allows
the detection of tumor-relevant genomic alterations in in-
terphase cell nuclei, it is applied to perform interphase cy-
togenetics on tumor tissue samples. A comprehensive
screening for genomic imbalances is achieved by the ap-
proach of comparative genomic hybridization (CGH). A
combination of these molecular cytogenetic analyses with
molecular genetic methods, such as DNA-cloning and mu-
tation analysis of candidate genes, allows identification of
tumor suppressor genes and protooncogenes within the
frequently altered genomic regions. More recently these
investigations have been supplemented by DNA-Chip
based analyses to establish comprehensive profiles of ge-
nomic alterations as well as of the expression of large sets
of genes (see below) [1,6,7].
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Molecular Cytogenetic and Molecular
Genetic Analyses of Human Tumors

P. Lichter

Analysis of hematological neoplasias
These studies were performed in collaboration with Hartmut
Döhner, Martin Bentz and Stefan Stilgenbauer (Internal Medicine
III, University of Ulm), Peter Möller and Thomas Barth (Pathology,
University of Ulm), H. K. Müller-Hermelink (Pathology, University
of Würzburg), Martin Reincke (Internal Medicine, University of
Freiburg), Guido Reifenberger (Neuropathology, University of
Düsseldorf) and Lorenz Trümper (Internal Medicine, University of
Göttingen).

The aims of our molecular cytogenetic analyses of leuke-
mias and lymphomas are: i) to identify tumor suppressor
genes and oncogenes and ii) to isolate genetic aberrations
which are of prognostic relevance.

In collaboration with Prof. Hartmut Döhner’s lab we estab-
lished interphase cytogenetics for the clinical routine diag-
nostics of B-cell chronic lymphocytic leukemia (B-CLL) and
mantle cell lymphoma (MCL). For this purpose, sets of ge-
nomic DNA probes were developed, which allow detection
of the most common numerical and structural chromosome
aberrations by FISH. Analyses of a large series of B-CLLs
using the established probe sets led to the identification of
frequently occurring, specific deletions of chromosomal re-
gions such as loss of 13q, 11q, 17p, 6q [8-12].

FISH analysis of interphase cells revealed the incidence of
specific aberrations with much higher accuracy. Further-
more, such studies allowed detailed characterization of the
deleted regions. Fine mapping of the deleted chromo-
somal region provides a basis for the identification of tu-
mor suppressor genes which play a role in the pathogen-
esis of the respective tumor type. By FISH screening the
critical region of 13q14 deletions, which represent the
most frequent structural aberration in B-CLL, was nar-
rowed down to two small commonly deleted segments,
each about 100 kb in size. Expressed sequences isolated
in these critical regions have been investigated by muta-
tion and expression analyses to assess a potential patho-
genic function. In the course of these studies we identified
a pseudogene on chromsome 1, homologous to one of the
candidate genes, as well as the so-called BCMS gene,
which is at least 560 kb in size, spanning both deleted
segments [17,18]. BCMS transcripts occur in multiple
splice variants distributed in a tissue specific manner. It is
a strong candidate for a pathogenic factor in B-CLL cells.

Interphase FISH analyses of T-prolymphocytic leukemia as
well as of a large series of B-CLLs and MCLs allowed de-
tailed characterization of deletions affecting chromosomal
bands 11q22-q23, which are recurrently observed in all
three tumor entities. By these analyses, commonly deleted
regions were identified, which in all cases contained the
ATM (“ataxia telangiectasia mutated”) gene. ATM repre-
sented an interesting candidate for a tumor suppressor
gene playing a pathogenic role in the development of leu-
kemias and lymphomas since germ-line inactivation of the

gene in ataxia telangiectasia patients leads to a marked
predisposition to lymphoproliferative disorders. Detailed
mutation analysis of the ATM gene revealed frequent inac-
tivation of both gene copies by deletion and mutation in
the tumor cells of T-PLL, B-CLL and mantle cell lymphoma
patients. The tumor associated alterations of the gene
were detected in patients who were not suffering from
ataxia telangiectasia indicating that ATM is involved in the
pathogenesis of sporadic leukemias and lymphomas [13-
16].

Correlation of the genomic alterations in B-CLL with clini-
cal parameters revealed patient subgroups carrying spe-
cific deletions which display a high tumor load and have a
shorter survival time [19]. As these high risk patients are
subject to an individualized therapy protocol new diagnos-
tic tools are being developed for a better differentiation of
patient subclasses. Such tools include DNA chips consist-
ing of microarrayed genomic DNA fragments [6] (see be-
low).

Similar studies have been performed in a variety of B-cell
leukemias and non-Hodgkin-lymphomas [20-24] as well as
Hodgkin lymphoma [25,26]. In Hodgkin lymphomas the
malignant cells (so-called Hodgkin- and Reed-Sternberg
cells) are present at only low frequencies (1-3% of the tis-
sue sample). Therefore, these cells have to be isolated by
micromanipulation. Combining the amplification of ge-
nomic DNA by an universal polymerase chain reaction pro-
cedure with CGH we analyzed a series of Hodgkin cases.
A novel finding was the frequent gain of the short arm of
chromosome 9, which was subsequently shown to contain
the Jak2 gene applying molecular genetic methods [25].

Analysis of solid tumors
These studies were performed in collaboration with Martin
Reincke (Internal Medicine, University of Freiburg), Guido
Reifenberger (Neuropathology, University of Düsseldorf), M.
Weller (University of Tübingen), G. Mechtersheimer (Pathology,
University of Heidelberg), Thomas Gress (Internal Medicine, Uni-
versity of Ulm), Torsten Pietsch (Neuropathology, University of
Bonn) and Dirk Schadendorf (DKFZ).

The procedures of interphase cytogenetics and CGH were
applied to a variety of solid tumor entities with special em-
phasis on tumors of the central nervous system [27-30],
soft tissue sarcomas [31-33], pancreatic adenocarcinoma
[34-36] and adrenocortical carcinoma [39]. These studies
revealed a wealth of data on previously unidentified recur-
rent chromosomal gains and losses characteristic for the
investigated tumor type and paved the way for the identifi-
cation of a number of genes playing a pathogenic role in
the respective tumor entity. Candidate genes have been
investigated in detail, in particular in glioma [27,28] and
meningoma [30]. In addition malignant glioma and mela-
noma cell-lines, which were selected for their different sen-
sitivity to chemotherapeutical reagents were analyzed by
CGH revealing highly characteristic chromosomal imbal-
ances that point to the localization of genes, which are in-
volved in drug-resistance mechanisms [29,38].
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Development of DNA-Chips for Genomic and
Expression Profiling of Tumors

P. Lichter

Genomic profiling
To increase the resolution of the genomic hybridization
(CGH) a DNA-microchip based method (Matrix-CGH) was
developed. The metaphase chromosomes are replaced as
targets by an array of DNA-fragments, which are immobi-
lized on a glass surface. Comparative genomic hybridiza-
tion is performed against this array, and the fluorescent
signals for test- and control-DNA are measured. After nor-
malization and statistical analysis gains or losses of chro-
mosomal material can be detected with a resolution of the
size of cosmids. BACs or PACs.
We have developed Matrix-CGH chips for a variety of ap-
plication:
•     A disease specific CGH-chip allowing a quick, parallel

analysis of prognostic relevant aberrations in B-CLL
and MCL. These chips are tested in collaboration with
Prof. Döhner (University of Ulm, Germany) (see above)
[6].

•     DNA-microarrays consisting of overlapping and neigh-
boring sequences as targets, which are used for fine
mapping of genomic imbalances such as gene amplifi-
cations or deletion breakpoints. Currently, chips are
generated for the fine analysis of gene amplification on
chromosomes 12 and 13 in gliomas and B-cell lympho-
mas (Collaboration with Guido Reifenberger University
Düsseldorf and Martin Bentz, University Ulm and Raju
Kucherlapati, Albert Einstein College New York).

•     Oncogene/tumor suppressor gene specific chips,
which are used for detection of genomic imbalances
within tumor relevant genes in a single hybridization.
Such a chip is currently tested on series of breast can-
cer and non-Hodgkin lymphoma (Collaboration with
Martin Bentz, University Ulm).

Expression profiling in human tumors
Gene products exert their function in a timely and spatially
defined fashion, within a specific molecular and cellular
environment. Knowledge of qualitative and quantitative
gene expression profiles is central to the understanding of
the role and activity of gene products in complex biological
processes. Global gene expression profiles of a given cell
type or tissue should be explored at the transcripome and
at the proteome levels, since both are contributing to de-
fine a comprehensive molecular phenotype. Monitoring
global profiles of a gene expression allows the capture of
dynamic molecular changes associated with cell differen-
tiation and proliferation, developmental stages, disease
status such as cancer or response to drug and treatments.
Therefore a so called ‘Onco-Chip’ with approximately 2000
different genes with oncogenic potential has been devel-
oped allowing the comprehensive profiling of the expres-
sion of cancer related genes.

This chip is currently being used to profile hematological
neoplasias as well as tumor samples from the central ner-
vous system to compare the previously obtained genomic
profiling data (see above) with the expression on the RNA

level. Such studies are supplemented with real-time PCR
analysis using the so-called Taqman technology.

Furthermore, in collaboration with Dr. Klaus Wilgenbus
and his co-workers from Boehringer Ingelheim, Austria, we
performed a comprehensive expression profile analysis of
B-CLLs [41] using various commercially available plat-
forms. A number of genes was identified that showed el-
evated expression in B-cells from the peripheral blood of
B-CLL patients. While the genes located in the chromo-
somal regions, which are identified by their tumor-specific
alterations, are mainly involved in cell cycle control and
regulation of the induction of apoptosis, the genes identi-
fied by expression profiling on DNA-chips through their
changed activity are not located in such altered genomic
areas and function in cell to cell interactions. Thus, expres-
sion profiling will provide additional aspects of biochemical
pathways involved in the pathomechanism of the tumor
under investigation.

Spatial Organization of the Mammalian
Genome

P. Lichter

Two different approaches in collaboration with Harald
Herrmann and Michaela Reichenzeller (both DKFZ) ad-
vance our understanding of the organization of the mam-
malian genome: The revelation of the linear arrangement
of functional sequences along the chromosomes, and the
study of the functional architecture of the interphase cell
nucleus. The methods established in our laboratory allow
the design of experiments on the basis of molecular cyto-
genetic, histological and imaging technology, notably
FISH-applications like Fiber-FISH and interphase FISH,
and microscopic techniques including confocal laser scan-
ning as well as electron microscopy.

Fluorescence-In-Situ-Hybridization of specific DNA-probes
onto metaphase chromosomes allows to detect the
complementary gene locus. Besides mapping of human
and murine genes the method has been employed to un-
cover the chromosomal integration site of transfected DNA
[42-54].Gene mapping on the condensed chromatin of
metaphase chromosomes suffers from a relatively poor se-
quential resolution of only 3 Mbp. Fiber-FISH, in contrast,
utilizes fully extended chromatin resulting in a much im-
proved resolution of better than 1 kbp. Using this tech-
nique, we could directly visualize the copy-number of the
opsine-gene on the human X-chromosome [42].

Our interest in studying the architecture of the interphase
nucleus is to explore the influence of its structural organi-
zation on transcription regulation [55-60]. Based on elec-
tron microscopic data, a number of nuclear substructures
are described since long time. However, our knowledge
about the biochemical processes involved in DNA-tran-
scription and DNA-replication still lacks insight in their spa-
tial organization. Reasons for this are the notorious difficul-
ties in the preparation of samples that allow for the
immunodetection of the factors of interest in conjunction
with a reasonable structural preservation of the cell
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nucleus. Our studies are based on a model of functional
nuclear architecture which is tested utilizing modern meth-
ods in live-microscopy and correlative electron microscopy
[55-58].

The working hypothesis postulates the existence of a bio-
chemically distinct, extended compartment between the
chromosome territories, the ICD (interchromosomal do-
main department). The ICD is thought to be the site for
nuclear activities like RNA-transcription, and -transport. In
agreement with the ICD-model, naturally occurring accu-
mulations of proteins or nucleoprotein particles like
interchromatin granule clusters, coiled bodies, and PML-
bodies, do not co-localize with chromosome territories.

We currently investigate the behavior of ectopically ex-
pressed proteins in the nucleus, engineered to contain a
nuclear localization sequence (NLS) plus a fluorescent en-
tity (e.g. GFP) [56-58]. Due to the fluorescent entity, the
protein’s expression in the nucleus of a transfected cell
can be observed by fluorescence microscopy. Relocation
techniques allow to inspect the identical signal subse-
quently in the electron microscope. Different proteins ex-
amined show distinct differential distributions, and for
some factors the localization is shown to be external from
painted chromosome territories.

We also investigate the intraterritorial organization of chro-
mosomes. According to the ICD-model and earlier studies
within out group, active genes are expected to locate close
to the territory periphery. Differential mapping of putative
transcriptionally active or inactive chromosomal subre-
gions in interphase nuclei revealed non-random localiza-
tion, which is compatible with this view [55]. The evalua-
tion of the 3D image data was performed with an in-house
analysis program in collaboration with the group of Roland
Eils (DKFZ).

Cultured cells usually display restricted differentiation. HL-
60 cells derived from human myeloic leukemia can be in-
duced to differentiate e.g. in granulocytes upon administra-
tion of retinoic acid. This cell differentiation involves typical
changes in nuclear morphology: lobulation, increase of
heterochromatin, and formation of so-called extended
lobular chromatin sheets. The factors involved in the in-
duction and maintenance of nuclear differentiation pro-
cesses are characterized [60].
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The division is involved in the development of technolo-
gies for the analysis of large genomic areas to entire ge-
nomes with respect to the encoded functions and their
regulation. Based on technical advances, various func-
tional aspects are being analysed. Technically, one em-
phasis is the work on DNA-, protein- and peptide-micro-
arrays. Apart from addressing chemical and biophysical
issues, the resulting methods are immediately put to the
test in relevant, biologically driven projects. Determination
of gene expression is another important field of investiga-
tion. Besides analyses on all genes of various model or-
ganisms, the system is being developed toward acting as
a tool for early diagnosis, prognosis and evaluation of the
success of disease treatment. Comparative studies on
transcription and actual protein expression as well as epi-
genetic factors are under way. Large-scale mapping and
sequencing is another area of activity. A more recent addi-
tion to the portfolio is the establishment of methods for
studies on a correlation between DNA-structure and en-
zyme activity, with a perspective not only toward a basic
understanding of DNA-protein interaction but also toward
the use of DNA for non-binary computing. Many projects
are being done in a large number of national and interna-
tional co-operations and collaborations.
Apart from publications in scientific journals, the division
filed in the period 1999/2000 a total of 21 patent applica-
tions.

Division Functional Genome Analysis (H0800)

Head: Dr. Jörg Hoheisel

DNA-chip with one Pfennig as scale
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DNA-Microarray/DNA-Chip Technology
While the deciphering of the basic sequence information
on a genomic scale is moving into ever higher gear, ex-
perimental procedures for an elucidation of the cellular ef-
fects and consequences of the DNA-encoded information
become critical for further analyses. In recent years, DNA-
chip technology has emerged as a prime candidate for the
performance of many such assays even on a routine ba-
sis. The basic methodological arrangement could be
adapted to serve as an analytical tool in a variety of differ-
ent applications.

Technical developments toward the production of
high-quality DNA-chips
Different methods for the creation of DNA-arrays are being
used, but the basic idea on how to perform analyses re-
mains the same: hybridisation of an unknown sample to an
ordered array of immobilised DNA sensor molecules of
known sequence produces a specific hybridisation pattern
which can be analysed or compared to a given standard.
The sensor molecules consist either of synthetic oligo-
nucleotides or longer, enzymatically generated DNA, spe-
cifically PCR-products and isolated clone DNA.
Hybridisation techniques, on their own or in combination
with methods such as PCR, open up many avenues of ge-
netic analyses.

Very many aspects that influence the production of DNA-
microarrays have been investigated. Besides normal syn-
thesis procedures, also the photolithographically controlled
in situ synthesis process has been dramatically improved
in terms of yield. Also, methods for the inversion of the oli-
gonucleotides‘ synthesis direction were developed and the
relevant monomers synthesised.

Versatile derivatisation of solid support media for
covalent bonding on DNA-microchips
(funded by BMBF)
A chemistry was developed that permits on DNA-arrays
both the covalent immobilisation of pre-fabricated nucleic
acids - such as oligonucleotides, PCR-products or peptide
nucleic acid (PNA) oligomers - and the in situ-synthesis of
such compounds on either glass or polypropylene sur-
faces. Bonding was found to be stable even after some 30

cycles of stripping. Due to a dendrimeric structure of the
linker molecule, the loading can be modified in a controlled
manner and increased beyond the capacity of glass with-
out negative effects on hybridisation efficiency. Also, the
chemistry warrants the modulation of other surface proper-
ties such as charge or hydrophobicity. Preferentially, at-
tachment of nucleic acids takes place only via the terminal
amino-group of amino-modified oligonucleotides or the ter-
minal hydroxyl-group of unmodified molecules so that the
entire molecule is accessible to probe hybridisation. This
derivatisation represents a support chemistry versatile
enough to serve nearly all current forms of DNA-arrays or
microchips.

Production by quantitative photolithographic
synthesis of individually quality-checked DNA
microarrays (funded by BMBF)

For DNA-chip analyses, oligonucleotide quality has im-
mense consequences to accuracy, sensitivity and dynamic
range. Quality of chips produced by photolithographic in
situ synthesis depends critically on the efficiency of photo-
deprotection. By means of base-assisted enhancement of
this process using 5'-[2-(2-nitrophenyl)-propyloxycarbonyl]-
2'-deoxynucleoside phosphoramidites, synthesis yields im-
proved by at least 12% per condensation compared to cur-
rent chemistries. Thus, the eventual total yield of full-
length oligonucleotide is increased more than tenfold in
case of 20-mers. Furthermore, the quality of every indi-
vidual array position was checked quantitatively after syn-
thesis. Subsequently, the very, quality-tested chips were
used in successive hybridisation experiments.

Synthesis of photolabile 5'-O-phosphoramidites
for the photolithographic production of micro-
arrays of inversely oriented oligonucleotides.
(funded by BMBF)

Photolabile 3'-O-[2-(2-nitrophenyl)propoxycarbonyl]-pro-
tected 5'-phosphoramidites were synthesised for an alter-
native mode of light-directed production of oligonucleotide
arrays. Because of the characteristics of these monomeric
building blocks, photolithographic in situ DNA-synthesis
occurs in 5'-3' direction, conform to the orientation of enzy-
matic synthesis. The production of such oligonucleotide
chips adds new procedural avenues to the growing num-
ber of applications of DNA-microarrays.

Manufacturing DNA-microarrays of high spot
homogeneity and reduced background signal
(funded by BMBF)

Analyses on DNA-microarrays depend considerably on
spot quality and a low background signal of the glass sup-
port. By using betaine as an additive to a spotting solution
made of saline sodium citrate, both the binding efficiency
of spotted PCR-products and the homogeneity of the
DNA-spots is improved significantly on aminated surfaces
such as glass slides coated with the widely used poly-L-
lysine or aminosilane. In addition, unspecific background
signal is markedly diminished. Concomitantly, the betaine
reduces during the arraying procedure evaporation from
the microtitre dish wells, which hold the PCR-products.
Subsequent blocking of the chip surface with succinic an-
hydride was improved considerably in presence of the
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unpolar, non-aqueous solvent 1,2-dichloroethane and the
acylating catalyst N-methylimidazole. This procedure pre-
vents overall background signal that occurs with the fre-
quently applied aqueous solvent 1-methyl-2-pyrrolidone in
borate buffer because of DNA that re-dissolves from spots
during the blocking process, only to bind again across the
entire glass surface.

Use of peptide nucleic acids (PNAs) for chip-
analyses  (funded by BMBF, VDI and EU)
Although there are working systems of array technology,
several technical problems remain. One important aspect
is the sensitivity and selectivity of the binding of the as-
sayed DNA molecules. Also, DNA sequences form stable
duplexes with arrayed DNA-molecules only in the pres-
ence of ions which are needed to counteract  interstrand
repulsion. Such conditions, however, also stabilise sec-
ondary and tertiary structures within a probe molecule. Se-
quences might therefore not be accessible and be pre-
vented from hybridisation to the gridded DNA-probe. Pep-
tide nucleic acid (PNA) oligomers exhibit a much higher
duplex stability with DNA than pure DNA-DNA hybrids do.
More importantly, however, PNA is an uncharged mol-
ecule. Because of this fact, DNA/RNA-molecules can
hybridise to PNA even in the absence of ions, thereby
avoiding at least in part the sterically caused prevention of
binding. In addition, as an artificial molecule, PNA is not
degraded by either nucleases nor proteases. Last, the
structural difference between PNA-probes and the DNA-
targets allows for detection methods that could be much
more simple and sensitive than current techniques.

The technique of directly synthesising PNA oligomers in
ordered grids was established. Optionally, the individual,
fully deprotected PNA oligonucleotides can be removed
from the support for further use. Apart from technical de-
velopments with respect to synthesis, also the hybridisa-
tion behaviour of DNA probes to PNA arrays is being in-
vestigated for a precise understanding of PNA-DNA inter-
actions on solid support. Practical applications that are be-
ing worked at range from early detection of bacterial con-
taminations in waste water treatment plants to expression
profiling experiments on human cells and tissues. As part
of a „Leitprojekt Medizin“ funded of the BMBF, for ex-
ample, disease-specific arrays are being used, in addition
to comparative studies on the variation of all transcripts
and actual protein levels in Bacillus subtilis.

New Applications of Microarray
Technologies
Besides technical developments such as described above,
new types of applications are being pursued. One such
project concerns the epigenetic status of genomic DNA
and its variation in disease. Based on the experience with
peptide chemistry, peptide and protein arrays are being
produced, also. The eventual aim is a comprehensive
analysis of the initial regulative factors in cells – methyla-
tion, transcription and translation – for better understand-
ing of the interaction between different levels of regulation
and thus a improved target identification.

Another, more recent addition to the portfolio is the estab-
lishment of methods for studies on a correlation between

DNA-structure and enzyme activity, with a perspective not
only toward a basic understanding of DNA-protein interac-
tion but also toward the use of DNA for non-binary comput-
ing.

Genome-wide Transcriptional Analyses on
Microbial Systems, S. cerevisiae,
Arabidopsis, Drosophila, B. subtilis, Mouse
and Man
For the understanding of the complex regulative mecha-
nisms and the investigation of the cellular control manage-
ment, a parallel determination of the expression of all
genes under various growth conditions is indispensable.
On the basis of early work in yeast, we proceeded quickly
to analyses in Arabidopsis, funded by various grant agen-
cies, and more recently to a large number of  other organ-
isms. Data analysis software tools were developed in a
close and still ongoing collaboration with the Division of
Theoretical Bioinformatics headed by Martin Vingron.

Transcriptional profiling in Saccharomyces
cerevisiae   (funded by BMBF and EU)
Based on our involvement in the EU yeast genome se-
quencing, expression profiling on all yeast genes was
started as part of the German and European (EUROFAN)
yeast functional analysis networks. The relatively small
number of some 6200 genes makes the unravelling of the
basic processes of expression control in a eukaryotic cell
much easier or even at all possible. Since there exists a
surprising degree of structural and partially even functional
homology between some human (disease and cancer)
genes and their yeast equivalents, an analysis of the ex-
pression patterns of this complete gene set is not only very
informative for the analysis of yeast gene expression and
regulation itself but also very much of relevance to the
grasp of such mechanisms in higher eukaryotes.

Transcription analysis in Arabidopsis thaliana
(funded by EU and BMBF)
As part of the EU PPMdb-network and extended as part of
the ZIGIA consortium, a non-redundant set of some
12,000 EST-clones provided by the Ohio Resource Centre
were being analysed. Various conditions have been
analysed. While in most cases, relatively moderate
changes in the transcript levels were identified, a couple of
experimental set-up revealed changes of up to 80% of all
genes. While difficult to analyse, the latter data set could
be invaluable in determining the regulative changes and
interrelations that take place on transcriptional level.

Functional analysis of gene and protein networks
in Drosophila with microarray based genome
expression studies  (funded by BMBF)
The complete genomic sequence of several metazoan or-
ganisms such as Drosophila melanogaster and Caeno-
rhabditis elegans are available. The most challenging task
arising from this sequence data will be to decipher the role
and function of the identified genes and their correspond-
ing protein products in the context of an entire organism.
We use the information derived from the Drosophila ge-
nome project in order to achieve such an aim for a well-
characterised genetic model organism. As often the ex-
pression pattern of a gene provides clues to its function,
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we therefore are in the process of establishing a cDNA
microarray that will enable us to monitor gene expression
in the context of the entire Drosophila genome. Such a
system should enable us to identify genes whose activities
are required for the execution of complex developmental
gene networks and signal transduction pathways. Further,
we will make use of the powerful Drosophila genetics to
establish the functional relevance of the proteins encoded
by the identified genes. These combined analyses of gene
and protein function should provide valuable insights into
the molecular mechanisms underlying complex cellular
processes. As essential gene networks and signal trans-
duction pathways are evolutionary highly conserved
among metazoans, the analyses of gene and protein func-
tion in Drosophila should also provide valuable clues for a
better knowledge of corresponding pathways in verte-
brates.

„MouseExpress“: In silico analysis of expression
profiles in mouse-mutants (funded by BMBF)

The world wide effort to sequence the mouse and human
genomes will soon be accomplished. The next step in the
integration of this genomic information into biological and
biomedical research, will be the systematic analysis of
gene function. The similarities between man and mouse in
their genomes, molecular pathways, physiology and devel-
opmental mechanisms make the mouse the most impor-
tant model organism for the study of inherited diseases in
man. To discover new mutants that serve as model for hu-
man diseases or that have developmental defects, mice
that have been subjected to ENU mutagenesis are rou-
tinely examined for clinical parameters, behaviour and
dysmorphologies (Mouse ENU Mutagenesis Screen, Insti-
tute of Experimental Genetics, GSF, Neuherberg-Munich,
Germany). In the ‘MouseExpress’ project, we extend phe-
notypic description to a new molecular level: using DNA
microarrays in a high-throughput approach, we compare
RNA expression profiles of thousands of genes from tis-
sues or embryos of mutant and wildtype mice. We use the
RNA expression profiles to identify molecular pathways
that are affected in disease and analyse interdependen-
cies between pathways within a molecular network. Ex-
pression profiles of mutant and wildtype mouse strains are
filed in a database and will be linked to the phenotype and
mutant databases of the Mouse ENU Mutagenesis Screen
of the GSF.

Identification of marker genes as new diagnostic
and therapeutic targets in colorectal cancer
(funded by BMBF)

Colorectal carcinomas evolve from benign pre-malignant
adenomatous polyps or adenomas in the large intestine.
Progression to cancer is usually slow and takes several
years. Functional genetic defects in genes that normally
protect from cancer (tumor suppressor genes) or lead to
activation of cancer-promoting genes (oncogenes) play a
major role in the development of benign adenomas and
the progression to invasive colon carcinomas. As a result
of these genetic alterations, expression of a number of ad-
ditional genes is changed in tumor cells. In particular, iden-
tification of genes overexpressed in tumor cells is of spe-
cial biomedical interest for diagnostic purposes. These

biomarker genes allow the introduction of novel specific
cancer screening tests and are the basis for early detec-
tion of tumours that develop in the colon mucosa.

The goal of the project is the identification of novel candi-
date tumor markers which show highly differential expres-
sion in neoplastic or preneoplastic lesions compared to
normal colon tissue. For this purpose, we will use high-
throughput analysis of gene expression, including cDNA
and oligonucleotide microarrays, and apply highly sensi-
tive PCR (polymerase chain reaction) detection methods.
Our cancer-chips currently contain not only about 3,500
known cancer-related genes but also several thousands of
new, partly even anonymous genes that have been identi-
fied in various tissues as part of other studies. We also in-
tend the functional analysis of identified marker genes,
that could lead to preventive or diagnostic drugs, antibod-
ies and vaccines. Candidate genes identified in this project
have a high potential for clinical diagnostic and therapeutic
application.

Transcription analysis in microbial organisms
(funded BMBF and DFG)

Besides on the organisms which are being mapped and
sequenced in consortiums that we are directly involved in
(see below), also other organisms are analysed with re-
spect to transcriptional changes. From genomic clones of
Trypanosoma brucei, for example, a chip of some 20,000
features has been produced and is being used for tran-
scriptional studies.

Isolation and Characterisation of Disease
Genes
Complementary to the differential hybridisation techniques,
representational difference analysis (RDA) is being em-
ployed as an alternative method for the detection of spe-
cifically expressed genes. The technique was adapted
from the original protocol of Hubank and Schatz (1994) so
that analyses are possible even with small amounts (nano-
grams) of starting material or even individual cells. Also,
work toward a direct quantification is being carried out. In
various projects, this technique is being applied for the iso-
lation of genes related with and potentially causative to
diseases. However, also other applications are being pur-
sued.

Isolation and characterisation of genes relevant
to pancreas carcinogenesis
(funded by BMBF and EU)

One of many practical application was the analysis of pan-
creas tumorogenesis. Pancreatic cancer is the fifth most
common cause of cancer related deaths in industrialised
countries, with a dismal prognosis, an increasing incidence
and no or only ineffective means of treatment. The devel-
opment of new treatment modalities and diagnostic and
preventive approaches requires the understanding of the
molecular mechanisms of tumorogenesis in pancreas.
Since the mechanisms of carcinogenesis in pancreas are
poorly understood, it is of major importance to identify
genes involved. Analyses of differences between tumor
and healthy tissue on the level of mRNA offer a very good
prospect for this. mRNA made of chronic pancreatitis and
healthy pancreas was mixed prior to RDA. By this means,
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the influence of stromal tissue components present as a
contamination in the cancer-specific preparations was
eliminated leading, at the highest stringency level, to the
isolation of 16 distinct, cancer-specific genes, all of which
were confirmed to be overexpressed in pancreatic cancer
tissues only. Sequence analysis revealed homologies to
five genes previously implicated in the carcinogenesis of
the pancreas or other tissues. Eleven fragments had no
significant homology to any known gene and thus repre-
sent novel candidate disease genes which are being
characterised further.

In a concerted action as part of the BIOMED-2 program-
me, a group of nine laboratories coordinated by Thomas
Gress at the University of Ulm is working at the identifica-
tion of disease genes relevant to pancreatic cancer.

Development of a DNA-chip for the diagnosis of
gastrointestinal tumours (funded by Deutsche Krebshilfe)

In collaborations with the group of Thomas Gress, a DNA-
microarray has been designed and is being evaluated that
not only will provide the means for an early diagnosis but
also offers a high potential for disease prognosis and a
controlling during therapy.

Identification and characterisation of disease
genes (funded by Merck, Hoffman La Roche, Knoll and BMBF)

In collaborations with Merck, Hoffman la Roche and Knoll,
analyses are being carried out for the identification of dis-
ease-related genes on a wide variety of tissues. Large
number of cancer-related transcriptional differences have
been identified, for example. While some of the relevant
genes are analysed in more detail, all are placed on our
cancer-chips that contains not only about 3,500 known
cancer-related genes but also several thousands of new,
partly even anonymous genes that had been identified in
various tissues as part of other studies.

Genome Mapping and Sequencing
For large scale sequencing projects, the availability of
physical maps is desirable, although alternative tech-
niques have been proposed and are being applied. Still,
the existence of a reliable clone map is extremely helpful
for efficient genomic sequences. Based on earlier results
on Drosophila melanogaster, Schizosaccharomyces
pombe, Saccharomyces cerevisiae, Arabidopsis thaliana,
Trypanosoma cruzi and human, various mapping projects
are under way for subsequent sequence analysis or di-
rectly a preparation for functional studies.

Template mapping on shotgun libraries: an
efficient strategy for the systematic analysis of
genomic DNA   (funded by BMBF)

As an extension of basic genomic mapping, a strategy was
developed and implemented to minimise the redundancy
of large scale genomic sequencing. Our approach, sorting
shotgun libraries by hybridisation prior to sequencing,
combines the advantages of the primer walking strategy
and shotgun sequencing – sequencing in an ordered man-
ner but using a single primer system. This technique is
also amendable to direct transcriptional and many other
analyses. Especially in micro-organisms – because of their
high gene density and the lack of intron sequences –
many such clones should contain at least part of a gene.

Therefore, a minimal set of clones spanning the entire ge-
nome instantly represents a normalised gene library. On
such a DNA-substrate, expression profiling will define
genes and the corresponding genomic regions of interest.
By this approach, functional analyses on an entire organ-
ism will precede its sequencing or even limit the still rather
laborious sequence analysis to specific areas of the ge-
nome that are found to be interesting on the basis of the
transcriptional and other functional analyses.

Mapping and sequencing of Arabidopsis thaliana
chromosome 4  (funded by EU)

The higher plant Arabidopsis thaliana is an important
model for identifying plant genes and determining their
function. To assist biological investigations and to define
chromosome structure, a coordinated effort to sequence
the Arabidopsis genome was initiated in late 1996. The se-
quence of chromosome 4 was determined by a European
effort. Analysis of 17.38 megabases of unique sequence,
representing about 17% of the genome, revealed 3,744
protein coding genes, 81 transfer RNAs and numerous re-
peat elements. Heterochromatic regions surrounding the
putative centromere, which has not yet been completely
sequenced, are characterised by an increased frequency
of a variety of repeats, new repeats, reduced recombina-
tion, lowered gene density and lowered gene expression.
Roughly 60% of the predicted protein-coding genes have
been functionally characterised on the basis of their ho-
mology to known genes. Many genes encode predicted
proteins that are homologous to human and
Caenorhabditis elegans proteins.

Mapping and sequencing of the Xyllela fastidiosa
genome (funded by FAPESP)

The complete genome sequence of X. fastidiosa clone
9a5c, which causes citrus variegated chlorosis - a serious
disease of orange trees, was mapped and sequenced.
The genome comprises a 52.7% GC-rich 2,679,305-base-
pair (bp) circular chromosome and two plasmids of 51,158
bp and 1,285 bp. Putative functions to 47% of the 2,904
predicted coding regions could be assigned. The mecha-
nisms associated with pathogenicity and virulence involve
toxins, antibiotics and ion sequestration systems, as well
as bacterium–bacterium and bacterium–host interactions
mediated by a range of proteins. Orthologues of some of
these proteins have only been identified in animal and hu-
man pathogens; their presence in X. fastidiosa indicates
that the molecular basis for bacterial pathogenicity is both
conserved and independent of host.

Physical mapping in the genome of Neurospora
crassa (funded by DFG)

In a collaboration coordinated by the University of Düssel-
dorf, chromosomes 2 and 5 of N. crassa are being se-
quenced in addition to a limited shotgun sequencing of the
entire genome. Within this network, we provided a physical
map of both chromosomes and are producing genomic
DNA-microarrays for transcriptional and other studies.

Physical mapping of and transcriptional profiling
on the 6.1 Mb genome of Pseudomonas pudita
(funded by BMBF)

In a network made up by the Medizinische Hochschule
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Hannover, the GBF in Braunschweig, QIAGEN in Hilden
and us and in collaboration with TIGR (U.S.A.), the entire
genome of P. pudita is being sequenced. Within this net-
work, we provided a physical map and produce DNA-
microarrays for transcriptional analysis.

Physical clone mapping in the pathogen
Trypanosoma cruzi (funded by WHO)
For the mapping of the entire genome of the pathogen or-
ganism Trypanosoma cruzi, a representative cosmid li-
brary of about 25-fold coverage was generated. In a col-
laboration with laboratories of the „Nordic Genome Initia-
tive“ and groups located in Buenos Aires, Argentina,
hybridisations of mainly cDNA clones are being carried out
aiming at the mapping of the genome. We ourselves have
finished mapping of chromosomes 3 and 4. Simulta-
neously, EST-sequencing on cDNA clones and genomic
sequencing of parts of the already mapped regions is be-
ing done for the identification of genes that could be of
medical relevance.

Publications  (* = external co-author):
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The group “Intelligent Bioinformatics Systems” works on
the development of technologies in bioinformatics and
computational biology for the interpretation of complex
data generated by analytic processes in molecular genet-
ics and cell biology. In the recent years an increasing num-
ber of high throughput screening systems have been de-
veloped in molecular and cellular biology. While in the past
decade most such techniques were devoted to sequencing
the genome of humans and other organisms, more re-
cently such techniques emerged to relating genomic struc-
ture to function. One example is the DNA chip technology,
which allows the screening of the expression level of all
genes in a given organism under different conditions in
one experiment. With this technology the study of the ge-
netic effects of certain drugs has become possible thus
paving the way for optimised design of new drugs and
therapies. High throughput screening techniques generate
a huge amount of data, which is difficult or even impos-
sible to analyse without computer assistance. The devel-
opment of computer assisted methods for the analysis of
complex data in molecular biology as well as the develop-
ment of models and computational methods in cell biology
is at the core of this division established in 2000 at the
DKFZ. The research areas of major interest include
•  Integrated modelling of heterogeneous genomic and

clinical data

•  Knowledge based data mining in large genomic and
clinical databases

•   Highly automated computational methods for the inter-
pretation of complex cell biological data

•  Modelling and simulation of cellular processes

•   Computer vision and multidimensional image analysis

The central achievements of the group include several pat-
ented software systems for knowledge based data mining
in life sciences, for fully automated diagnostics in molecu-
lar cytogenetics and for the study of dynamic processes in
living cells. The group is actively collaborating with several
corporate partners to market these systems.

Intelligent Bioinformatics Systems (H0900)

Head: Dr. rer. nat. Roland Eils
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Knowledge-based data mining of genomic and
clinical data

S. Bulashevska, D. Berrar, W. Dubitzky, R. Eils,
M. Granzow, T. Kochmann, O. Krebs

In cooperation with: Prof. H. Döhner, Department of Internal Medi-
cine III, University Hospital Ulm; Dr. K. Wilgenbus, Department of
Exploratory Research, Boehringer Ingelheim Austria, Vienna, Aus-
tria; Prof. P. Lichter, Division “Organization of Complex Genomes“
DKFZ; Dr. A. Schuster University of Ulster at Jordanstown, North-
ern Ireland, UK; Dr. F. J. Azuaje, Department of Computer Sci-
ence, Oriel House, Trinity College, Dublin, Ireland

The considerable complexity of biological systems re-
quires a huge amount of detailed information for their com-
plete description. Current high-throughput technologies
such as microarrays are generating an overwhelming
amount of data of biological systems at the molecular and
cellular level. To adequately organize, analyze and inter-
pret this deluge of information the adaptation of existing
and development of novel data mining and data ware-
housing concepts is required.

Our data mining activities are concerned with the auto-
matic or semiautomatic exploration and analysis of large
quantities of data in order to discover meaningful and pre-
viously unknown, and potentially useful knowledge in mo-
lecular biology [10,11,14]. Data mining is a continuous and
iterative process. It involves the use of software, sound
methodology and human creativity to achieve new insight
through the exploration of data to uncover patterns, rela-
tionships, anomalies and dependencies [11,14]. Compared
with classical statistical approaches, data mining is per-
haps best seen as a process that encompasses a wider
range of integrated methodologies, techniques, and tools
including databases, modeling, statistics and machine
learning, knowledge-based techniques, and visualization.
The general process of data mining seeks new knowledge
about an application domain via an iterative execution of
several knowledge discovery steps. Each discovery step is
concerned with a specific discovery task (e.g., classifica-
tion, regression, temporal modeling, or clustering) that is
accomplished through the application of a suitable discov-
ery technique (e.g. neural networks, decision trees, k-
nearest neighbor, Bayesian techniques, and classical sta-
tistical methods) [10,11].

The transfer and application of data warehousing concepts
and technology from customer-centered business sce-
narios to life sciences is an important prerequisite for ef-
fective data mining of genomic data [13]. The most impor-
tant difference between the two scenarios in business and
life science is the lack of a (1) reasonably stable, (2) low-
complexity, and (3) local business process or model in life
sciences. The notion of a ”business process“ in biology is
problematic. A business process refers to a particular
workflow within the organization, such as purchasing
something, the workings of an internal business depart-
ment, activities involved in satisfying a customers order,
and so on. Such processes are relatively easy to formal-
ize. The business process in science, on the other hand,
involves process-like activities such as hypothesis genera-
tion/testing, experiment planning/execution, motivation,

creativity, brain storming, thought experiments, reading of
papers, crowd-defying assumptions, lateral reasoning.

Modeling and computational cell biology

C. Athale, C. Conrad, R. Eils, D. Gerlich,
K. Saracoglu, K. Sätzler, M. Weismüller

In cooperation with: Prof. B. Sakmann, Max Planck Institute for
Medical Research, Heidelberg; Prof. M. Frotscher, Anatomisches
Institut, Albert Ludwigs University, Freiburg; Prof. T. Cremer,  PD
Dr. M.R. Speicher, Ludwig-Maximilian-University München; Dr. L.
Kearney, The Weatherall Institute of Molecular Medicine, John
Radcliffe Hospital, Headington, Oxford, UK; Dr. J. Ellenberg,
EMBL, Heidelberg; Dr. D. Spector, Cold Spring Harbour Laborato-
ries, NY, USA; Dr. K. Sullivan, Scripps Research Institute, CA,
USA; Tom Misteli, National Cancer Institute, NIH, Bethesda, MD,
USA; Dr. R. Pepperkok, EMBL, Heidelberg; Dr. S. Wiemann, Divi-
sion “Molecular Genome Analysis“, DKFZ; Dr. F. Wingender,
TRANSPATH-BIOBASE, Braunschweig; Dr. P. Angel, Div. “Signal
Transduction and Growth Control”, DKFZ; Dr. H. Herrmann, Divi-
sion “Cell Biology“, DKFZ; Prof. P. Lichter, Division “Organization
of Complex Genomes“, DKFZ.

The focus of this project group is to provide highly auto-
mated computational methods for the interpretation of
complex cell biological data. Our software tools are ex-
ploited to analyze biological relevant data that we obtain
from our collaboration partners. The emerging field of
computational biology is first concerned with the gathering
of quantitative results from complex, often multi-dimen-
sional datasets. Four projects deal with the quantitative
analysis of different kind of imaging experiments, including
microscopical serial sections [3,9,21], cytogenetics [5,6,7,
12,15], live cell imaging [2,4,8], and high throughput scan-
ning [20]. Based on the quantitative data obtained with our
in-house developed software, a major issue in this group is
modeling and simulation of cellular processes, including
two projects focused on signaling networks and nuclear ar-
chitecture [1,9]. These projects are presented in the follow-
ing.

 (1) For standard grey level images a set of tools was de-
veloped to preprocess, visualize and extract objects. A
special focus thereby was put on the extraction of 3D ob-
jects organized in a graph-like structure in order to access
in an efficient way morphological data. A software tool
named CAR (Contour Alignment Reconstruction) was de-
veloped for the purpose of reconstructing 3D objects out of
electron microscopical serial sections. This software pack-
age was applied to manifold biological structures to visual-
ize and quantitatively analyze e.g. a complete synaptic ter-
minal [22].

 (2) Multi-colour Fluorescence In Situ Hybridization (M-
FISH) is a combinatorial staining technique for the simulta-
neous detection and discrimination of the 24 human chro-
mosomes. This technique has been shown to readily iden-
tify both structural and numerical aberrations in cancer
cells. An automated classification approach termed
goldFISH has been developed in our group, which com-
bines direction in color space with spatial information [12].
This method can be applied for improving classification ac-
curacy of the traditional M-FISH approach [5,6,7,15].
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(3) The recent development of techniques for visualizing
structures and processes in the living cell has paved the
way for studies of the functional organization of the cell
nucleus in vivo. A detailed understanding of complex dy-
namic cellular processes in living cells is ideally studied in
three spatial dimensions over time (4-D imaging) [2,4,23].
We have set up and utilized quantitative 4-D imaging soft-
ware modules to analyze the breakdown and reconstitu-
tion of nuclear organization throughout mitosis.

 (4) Modern data mining methods combined with optimized
imaging processing applied to pattern recognition tasks is
a new research focus in the group. The defined goal of the
project is to train classifiers by artificial neural networks
that are able to automatically identify different cellular
structures on different scanning platforms. In close coop-
eration with chosen partners in the genomic field these
trained classifiers of commonly known subcellular struc-
tures should systematically identify novel functional gene
families related to its distinct topological conformation in
the living cell [21].

 (5) The aim of the modeling projects is on the one hand to
model cellular processes and on the other its architecture.
Signaling networks are the method cells react on stimuli
and their malfunction being responsible for many of known
diseases like cancer. Our aim is to model signaling net-
works computationally and to use this model for simulation
of protein-protein interactions describing an information
flow through the cell. For the modeling a synchronous pro-
cess algebra, named pi-calculus, is used. By linking the
comprehensive signal transduction database
TRANSPATH, computational access is gained to the latest
information on signal transduction.

 (6) The functional organization of the mammalian cell
nucleus has been driven into the spotlight with the publica-
tion of the human genome and the concurrent lack of a
comprehensive picture of how the nucleus is spatially or-
ganized. This project aims to generate kinetic and physical
models to integrate the data coming from quantitative live
cell microscopy and biochemical analysis. Some of the
phenomena being studied include the polymerization of
protein probes in the nucleus and motion of marked inert
particles like Dextrans. Through this, we aim to arrive at a
mathematical model of the geometry of the inter-chromo-
somal domains.

Intelligent analysis of DNA microarray data

D. Berrar, B. Brors, S. Bulashevska, W. Dubitzky,
R. Eils, M. Granzow, R. König

In cooperation with: Prof. P. Lichter, Division “Organization of
Complex Genomes“, DKFZ; Dr. Christoph Klein, Institut für
Immunologie, Ludwig-Maximilians-Universität, München; PD Dr.
Torsten Haferlach, Medizinische Klinik und Poliklinik III, University
Hospital Großhadern, München.

DNA Microarrays represent an important step towards the
comprehensibility of organisms on the genomic level.
Transcriptional activities of tens of thousands of genes can
be determined at the same time, even the whole genome
of one organism can be investigated. This process pro-

vides huge quantities of data, which can only be investi-
gated by computerized methods.

We are developing an integrated concept in order to store
microarray data in a central data warehouse and to access
these data in an analyzable way [13]. Considering the het-
erogeneity of experimental techniques and of the descrip-
tion of microarray experiments, this includes the reorgani-
zation of data in combined data models. We further de-
velop analytical techniques  to establish generalizable
analysis processes such as normalization, identification of
differentially transcribed genes as well as clustering of
probes and genes in databases. In addition, we are apply-
ing techniques from the field of data mining, especially de-
cision trees, neural networks and association mining to
microarray data [11,14]. Thus classes may be discovered
and predicted for new probes, either on the basis of newly
discovered classes or based on a training set, of which the
distribution is known. Some important examples would be
the classification of tumor probes on the basis of already
existing groupings (tumor stage,  cytogenetic data) or the
discovery of new subclasses in a set of tumor probes
based on the expression profile of these probes [14] .

Biomedical Computer Vision and Modelling

R. Eils, J. Fieres, M. Gebhard, J. Mattes

In cooperation with: Dr. J. Ellenberg, EMBL, Heidelberg; Dr. D.
Spector, Cold Spring Harbour Laboratories, NY., USA; Prof.
Brugal, Prof. J. Demongeot, IAB, Université J. Fourier, Grenoble,
France; Dr. K. Sullivan, Scripps Research Institute, CA, USA.

Modern imaging devices make it possible to study in vivo
the mechanisms of dynamics in living systems. Intra-op-
erative MRI devices, for instance, producing several im-
ages per second, offer physicians nowadays the possibility
to follow the heart-cycle in real-time. Tumor growth can be
supervised by imaging systems, which also guide the fo-
cus of a radiation source. In cell biology, fluorescent confo-
cal microscopy permits to observe cellular structures such
as chromosomes or the nuclear envelope over time [2,3].
To provide researchers of these different fields with new
technologies for a detailed insight into the mechanisms of
dynamic processes we developed an image analysis sys-
tem for quantification and visualization of motion [2]. We
also offer the possibility to create a model, which allows
the simulation of quantified motion. In particular we are de-
veloping algorithms to reconstruct, to visualize, and to
quantitatively analyse the movements of objects in image
time series. The research currently focuses on the follow-
ing topics:
- Object segmentation using deformable models

- Object tracking and visualization of trajectories

- Motion estimation and registration of subsequent time
steps in order to quantify and visualize movement

- Statistical analysis for the concise description of quanti-
fied values

- Comparison of the extracted movement with given mo-
tion models

Research grants: 1997-1999 Research grant within the German
Human Genome Project (approx. 850.000 DM for three years);
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1999-2002 Research grant within the German Human Genome
Project (GF KW 01619098; approx. 404.000 DM for three years);
1998-2001 Research grant from the German Israeli Foundation
for scientific research and development (G.I.F. no. 6-491-112.13/
96; ca. 60.000 DM for three years); 1998-2001 Research grant
from the Deutschen Forschungsgemeinschaft, Research group
”Image sequence analysis” (FOR 240; ca. 240.000 DM for three
years); 1999-2004 BioFuture grant by the BMBF (BEO/31/11880;
approx. 2.4 Million DM for 5 years)

Publications (* = external co-author)
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The tasks of the Biostatistics Unit comprise research and
consulting for the application of biostatistical methods in
cancer research. Thereby, we aim at the optimal and effi-
cient use of biostatistical methods for experimental and
clinical cancer research given the unit’s mission to contrib-
ute by its expertise to the understanding, the prevention
and the treatment of cancer. This aim encompasses the
development of new biostatistical methods and their appli-
cation in new fields. Our approach is strongly interdiscipli-
nary, combining biostatistical consulting, cooperation in re-
search projects in collaboration with experimental units of
the cancer center, and selfdirected methodological statisti-
cal research. Our main research areas are optimal experi-
mental design and new designs for oncological clinical
studies, mathematical and statistical model building for
mechanisms of carcinogenesis, applications of mathemati-
cal models and quantitative methods in risk assessment
and the development of new methods of data analysis,
data presentation and quality assurance (Table 1).

Further Information:
http: //www.dkfz-heidelberg.de/biostatistics

Table 1: Research and Service Program of the Biostatistics Unit

1. Statistical Laboratory
•   Training and Education in Statistical Data Analysis
•   Graphical Methods and Diagnostic Tools for Data Analysis
•   Data Management and Quality Assurance
•   Methods for Classification and Discrimination
•   Evaluation and Comparison of Software
•   Methods for Genetics and Genome Research
•   Methods for Cancer Prevention Surveys

2. Experimental Design
•   Training and Education in Experimental Design
•   Biometric Designs for Animal Experiments
•   Software for Experimental Design and Sample Size Calculation
•   Statistical Methods for Toxicology
•   Pharmacokinetic Models

3. Carcinogenesis Models
•   Carcinogenesis Models

- Development of New Models
- Applications on Experimental Data

•   Design and Evaluation of Moleculargenetic Experiments
•   Pharmacodynamic Models
•   Risk Assessment Methodology

4. Clinical Oncology
•   Biometry for Design and Evaluation of Clinical Trials

- Biometric Center for Phase I/II Studies
- Clinical Cancer Trials for Treatment Optimization

•   Statistical Methods for Determining Prognosis
•    Statistical Methods for Survival Data

Statistical Laboratory (R0700-01)

A. Benner, L. Pilz, W. Rittgen, L. Edler

In cooperation with: Dr. P. Lichter, Dr. S. Klauck, Dr. S. Suhai, Dr.
M. Vingron, Dr. N. Becker, Dr. M. Volm,Dr. M. Pötschke-Langer,
DKFZ;
AG Stat. Methodik in der klin. Forschung der GMDS, AG Compu-
tational Statistics, Deutsche Region der IBS; AG Statistische
Auswertungssysteme der GMDS; Dr. C. Ortseifen,
Universitätsrechenzentrum, Universität Heidelberg; Dr. A. Krause,
Novartis, Basel, Switzerland; A. Hörmann, GSF, München; Dr. B.
Lausen, Universität Erlangen; Dr. R. Bender, Universität Bielefeld;
Dr. T. Barth, Klinikum Ulm.

Statistical Computing
Computational methods have become essential tools for
quantitative biology and for biomedical research since sta-
tistical science is needed for an intelligent and method-
ologically sound data analysis such that precise and un
biased conclusion can be made [18]. The Laboratory of
Statistical Computing aims at statistical software
development and software consultance for experimental
design and data analysis applications serving the
requirements of the DKFZ at highest possible
methodological level. In this course we could enlarge our
resources and tool boxes by important new procedures for
the center’s daily needs in data analysis as well as for its
large scale research projects:
- support software for the conduct of exploratory evalua-

tions

- software for sample size determination, especially  in sur-
vival analysis and equivalence testing

Biostatistics Unit (R0700)

Head: Dr. rer. nat. Lutz Edler
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- evaluation and quality control of statistical software

- modern graphical statistics for model diagnostic

- methods for classification and cluster analysis

- tools for the analysis of diagnostic studies

Software engineering was continued with the self devel-
oped statistical software package (ADAM) for an improved
menu-technique. New ActiveX connections to spread-
sheets and databases were integrated and the range of
statistical procedures was extended. A dedicated package
for the evaluation and sample size calculation of special
carcinogenesis tests was developed.

Evaluation and Comparison of Software
Ordinal logistic regression models, their implementation
and possible extension in SAS and S-Plus were evaluated.
Special emphasis was on model diagnostics, model vali-
dation and the use of graphical tools for model selection
[2].

Actual research concentrates on the statistical analysis of
gene expression data. We compare the use of aggregation
methods for unstable classifiers, like CART or Variable Se-
lection in Regression, with special focus on Bootstrap Ag-
gregation and Boosting methods. Primary topics are “inter-
pretability” and the use of these methods for survival end-
points. This is done in cooperation with B. Lausen, Univ.
Erlangen, and A. Krause, Novartis, Basel.

Statistical Methods in Genetics and Genome
Research
The subproject Statistical Bioinformatics for Structure Pre-
diction applies methods of statistical data analysis for the
prediction of protein structure and compares them with
computerbased algorithms of machine learning. The statis-
tical procedures (logistic regression, additive models and
projection pursuit regression; the linear, quadratic and flex-
ible discriminant analysis; and the K-nearest-neighbour
(KNN) classification rule were compared with machine
learning methods for classification. Results were obtained
for prediction of the four super-secondary classes and of
42 fold structure classes [19,20,25].

Responding to a new approach for the statistical analysis
of Comparative Genomic Hybridization (CGH) data by
mixed effects models a comparison with the widely used
approach to use a priori defined cutoff values for the iden-
tification of genomic imbalances was performed. Using
Fluorescent in situ hybridization as gold standard our re-
sults suggest that the new method has an unacceptable
high risk for false positive test results [1]. Comparative ge-
nomic hybridization (CGH) data were analyzed for the fre-
quency and distribution of numerical chromosomal imbal-
ances in a screening study in benign and malignant pe-
ripheral nerve sheath tumors (MPNSTs) [36].

Statistical Analysis of Diagnostic Studies
An ad-hoc working group of the GMDS concentrates on
the evaluation of methods for the statistical analysis of di-
agnostic studies. The methods include binary and ordinal
logistic regression, classification and regression trees
(CART), ROC curve analysis as well as classical discrimi-
nant analysis. Using results from this evaluation we ap-

plied some of these methods, especially ordinal logistic re-
gression and CART to analyze diagnostic markers for dis-
ease progression of patients with malignant melanomas.
This was done in cooperation with Dr. Deichmann from the
Dept. of Dermatology, University of Heidelberg [9,10].

Data Analysis Support for Surveys
Prevention and Screening: In cooperation with the Can-
cer Prevention unit of the DKFZ, the Heidelberg Children
Health Surveys performed in 1996 and 1998 were ana-
lyzed to investigate the age dependent life style behavior
relevant to health in young people. One of the main ques-
tions was the age-dependent development of the preva-
lence of smoking and its determining factors which are
likely to manifest the smoking behavior in later life. We ad-
dressed the prevalence of smoking among young school
children and its association with risk behavior and health
risks [21]. Another survey studied fourth-year medical stu-
dents subject to a computer-based training (CBT) -pro-
gram by surgeons for student training [37].
Additional Financing through: DFG-KOFEG Projekt 446KOR-113/
139/0-1, Partner: Yonsei University, Seoul

Experimental Design (R0700-02)

W. Rittgen, A. Benner, A. Kopp-Schneider, L. Edler

In cooperation with: Dr. R. Klein, Prof. Dr. H. W. Thielmann, Dr. E.
Frei, Prof. Dr. M. Berger, Dr. M. Pötschke-Langer, DKFZ; Dr. G.
Sawitzki, Institut für Angewandte Mathematik, Universität Heidel-
berg; Dr. L. Hothorn, Fakultät für Gartenbau, Universität
Hannover; Prof. Dr. W. Urfer, Fachbereich Statistik, Universität
Dortmund; Dr. V. Guiard, Forschungsinstitut Dummerstorf; Prof.
Dr. C. P. Kitsos, Athens University, Greece.

Experimental Design - Biometric Study Design
Biostatistical thinking and methodology is a necessary part
of natural and life sciences. The unit has a role as a col-
laborating partner for life-scientists taking responsibility for
adequateness and correctness of the design and analysis
of  experiments and as an institution bridging biometric
technology to statistical science [52]. Projects on research
and development of experimental design are strongly con-
nected with service duties for experimental units of the
DKFZ, including the biostatistical consultance of a consid-
erable number of PhD students in planning, conduct and
analysis of experiments, additional service is proviled by
organizing and co-organizing trainee programs at the
DKFZ and giving seminars on biostatistical methodology.
Furthermore, the scientific staff has been continuously ac-
tive as lecturers at the Universities of Heidelberg and
Karlsruhe.

Biometric methodology optimized for the establishment of
experimental designs and adapted to the requirements of
German animal protection laws are applied for about 30
elaborate biometric assays each year for the final approval
by state governmental authorities. All animal projects of
the center are screened biostatistically.

Statistical Analysis Methods
We found a modification of nonlinear regression models
for repeated measures data with heteroscedastic error
structures by combining the transform-both-sides and
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weighting model from CAROLL & RUPPERT with the non-
linear random effects model from LINDSTROM & BATES.
The proposed parameter estimators are a combination of
pseudo maximum likelihood estimators for the transform-
both-sides and weighting model and maximum likelihood
(ML) or restricted maximum likelihood (REML) estimators
for linear mixed effects models. The new method is investi-
gated by analyzing simulated enzyme kinetic data [24].

The evaluation of epidemiological follow-up studies is fre-
quently based on a comparison of the number O of deaths
observed in the cohort from a specified cause with the ex-
pected number E calculated from person years in the co-
hort and mortality rates from a reference population, using
the ‘standardized mortality ratio’ SMR=100xO/E. While
person years can easily be calculated from the cohort and
reference rates are generally available from the national
statistical offices or the WHO, problems can arise with the
accessibility of the causes of death of the deceased study
participants. A statistical model was developed to derive a
ML-estimator for the true (but unknown) number O* of
deaths from a specified cause which uses the known num-
ber O of deaths from this cause and the proportion p of all
known causes of death among all deceased participants. It
is shown that the standardized mortality ratio SMR* based
on this estimated number is equal to SMR*=SMR/p. Easily
computable confidence limits are obtained by dividing the
usual confidence limits of the SMR by the opposite limit of
the proportion p [45].

Biometric support and continuing collaboration
Consulting and collaboration was provided for the evalua-
tion of
�   a tetravalent tandem diabody (Tandab) specific to both

human CD3 (T-cell antigen) and CD19 (B-cell marker)
tested for its antitumor potency in the immunotherapy of
human B-cell leukemias and lymphomas [7];

�   S100 beta in serum and  melanoma inhibiting activity
(MIA) compared as serum marker for malignant mela-
noma in the clinical course valuable both in therapy-
monitoring and in detection of tumour progression [12];

�   hepadnaviral hepatocarcinogenesis using in situ visual-
ization of viral antigens, cytoplasmatic compartmenta-
tion, enzymic patterns, and cellular proliferation in pre-
neoplastic hepatocellular lineages in woodchucks [43];

�   the potential effect of the NAT genotypes in individual
susceptibility to lung cancer using multivariate logistic
regression analyses taking into account levels of smok-
ing, age, gender and occupational exposure [55];

�   genomic PCR/RFLP DNA data when investigating the
influence of three metabolic susceptibility genes
(CYP1A1, GSTM1 and GSTT1) on BPDE-DNA adducts
levels in total WBC from coke oven workers and
matched controls [47];

�   cytotoxic immune response against HPV 16 LI Delta
CE7(1-60), and LI Delta CE7(1-55) CVLPs [48];

�   blood samples harvested of patients undergoing resec-
tion of liver metastases of colorectal cancer dissemi-
nated tumor cells using cytokeratin 20 reverse tran-

scriptase-polymerase chain reaction to identify patients
at high risk for tumor recurrence [54];

�    the significance of angiogenesis in different stages of
epithelial skin tumours in normal skin samples, actinic
keratosis (AK), hypertrophic AKs, and in early- and
late-stage squamous cell carcinomas [50];

�   data on N-acetyl-LTE4, LTB4, and 20-hydroxy-LTB4
quantified in urine samples for the metabolic derange-
ment of leukotriene inactivation by ethanol in humans in
vivo [51];

�   the potential role of the beta-catenin proto-oncogene in
the development of Wilms’ tumors [35];

�   truncated hepatitis B virus RNA data of human hepato-
cellular carcinoma for a relationship between the pres-
ence of truncated RNA and the presence of RNA carry-
ing core gene sequences [29].

Additional financing through: EVCAM-Projekt, Partner: Universität
Hannover, Start Mai 2001; NATO Science Program CLG 976042,
F823

Applied Carcinogenesis Models (R0700-03)

A. Kopp-Schneider, I. Geisler, C. Ittrich, L. Edler

In cooperation with: Dr. G. Fürstenberger, Prof. Dr. P. Bannasch,
DKFZ; Dr. C. Portier, Dr. M.Kohn, Dr. S. Masten, Dr. G. Lucier,
NIEHS, RTP, N.C., USA; Dr. G. Luebeck,  Fred Hutchinson Can-
cer Center, Seattle, WA, USA; Prof. Dr. A. Yakovlev, Dr. A.
Tsodikov, University of Utah, Salt Lake City, USA; Dr. L. Hanin,
University of Utah, Pocatello, USA; Prof. Dr. J. Konietzko, Dr. D.
Jung, Dr. A. Muttray, Institut für Arbeits- u. Sozialmedizin,
Universität Mainz; Prof. Dr. M. Schwarz, Institut für Toxikologie,
Universität Tübingen; Prof. Dr. W. K. Lutz, Institut für Toxikologie,
Universität Würzburg.

Biologically based carcinogenesis models are developed
to test biological hypotheses of cancer research. This is
achieved by applying models to data and interpreting the
resulting model parameters as well as assessing the good-
ness-of-fit. Hypotheses are investigated for mechanisms of
carcinogenesis and for dose-response relationship rel-
evant for public health and quantitative risk assessment.

Modeling
The two-stage model with clonal expansion of intermedi-
ate cells has often been used to describe the carcinogen-
esis process. The model hypothesizes that cells have to
undergo two mutations on their way from the normal to the
malignant stage. Biological experiments indicate the exist-
ence of three types of preneoplastic focal lesions in
hepatocarcinogenesis representing three successive inter-
mediate stages in the development of malignant cells from
normal cells. This finding suggests that hepatocarcino-
genesis should be described by a multi-stage model with
three intermediate stages, leading to a four-stage mutation
model with clonal expansion of all types of intermediate
cells. This model was presented and mathematical ap-
proximations for the number and size of nonextinct prema-
lignant clones of the different cell types were derived. The
model was applied to focal lesion data from a rat hepato-
carcinogenesis experiment. The model parameters ob-
tained from Maximum Likelihood estimation implied a cell
cycle time for intermediate cells which was unrealistically
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short. In addition, the expected size distribution of liver fo-
cal lesions was far from the observed size distribution,
both arguments suggesting that the four-stage model does
not reflect the biological reality [23].

The four-stage model is characterized by movement of
single cells from one compartment to another rather than
clonal colonies of cells. Biological evidence and the above
mentioned application of a four-stage model to liver focal
lesion data suggests that preneoplastic liver lesions with
different phenotypes arise directly from an entire clonal
colony rather than from a single cell within that colony
(shifting of colonies). The socalled ”Color Shift Model” was
used to investigate what sequence of phenotypic changes
is in accordance with experimental data. Since Color Shift
Models with different permutations of the sequence of
phenotypic changes are non-nested models, computer
simulation methods were used to investigate if the value of
the likelihood at the maximum can be used to decide
which model is the correct one.  The results showed that
the value of the likelihood may be used to correctly identify
the sequence of phenotypic changes in the Color Shift
Model [32].

Dose-response relationships for tumor induction in animal
bioassays for carcinogenicity are often postulated to in-
clude thresholds, particularly for nongenotoxic chemicals
that increase the rate of cell proliferation at high dose only.
In a recent investigation, thresholds were postulated also
for genotoxic carcinogens, based on the assumption of a
J-shaped (or: U-shaped) dose response for cell turnover.
Recent observations indicate that DNA damage can result
in a delay of the cell cycle. With increasing dose levels, cy-
totoxicity and regenerative hyperplasia is expected to be-
come the dominant factor for the rate of cell turnover. Us-
ing J-shaped dose responses for the rates of cell birth and
death, dose-response relationships were calculated for tu-
mor incidence on the basis of the two-stage clonal expan-
sion model for carcinogenesis. Under certain conditions, J-
shapes were obtained. The dose at which the tumor inci-
dence reverts to the background value can be calculated
and was considered to represent the “threshold”. The pro-
posed model could reconcile opposing views on thresh-
olds on a biologically plausible mechanistic basis and
show a way for the estimation of threshold doses [35].

The use of complicated models of the cancer process has
been limited by the need to have a mathematical frame-
work allowing for a general expansion of the theory of car-
cinogenesis while maintaining numerically tractable re-
sults. A system of ordinary differential equations was de-
rived for calculating tumor incidence in multistage models
of carcinogenesis. The resulting system of equations is ap-
plicable to nonhomogenous processes (i.e. ones in which
the rates change with time, age, etc.). In addition, a solu-
tion was given for the case of instantaneous initiation.
These formulae can be coupled with physiologically-based
pharmacokinetic models to link biomarkers of exposure to
cancer risks [41].

Risk assessment
We explored possible neurotoxical effects of polychlori-
nated dibenzo-p-dioxins and -furans (PCDDs/Fs) on the
autonomic nervous system (ANS), which may be subclini-
cally recognized by an impairment of the autonomic inner-
vation of the heart. Heart rate variability (HRV) was used
for noninvasive investigation of the sympathetic and para-
sympathetic function of the ANS and we focussed on the
question whether there is a potential ability of TCDD expo-
sure to alter HRV, and if so, whether a dose-response rela-
tionship between HRV alterations and the internal TCDD
body burden can be established. We used data of a Ger-
man cohort occupationally exposed to PCDDs/Fs adjust-
ing for age, obesity, smoking and alcohol consumption.
The results of our statistical analyses do not support the
hypothetically assumed potential ability of TCDD to alter
HRV and no dose-response relationships could be estab-
lished either. Based on our analyses it can be reasonably
assumed that such possible effects will be considerably
weaker than the effect of age on HRV [28]. Information of
concentration measurements (biomonitoring) in persons
occupationally exposed during their work life and informa-
tion of their working history from questionnaires and com-
pany files were used in pharmacokinetic models for recon-
structing the individual exposure levels as a function of
time.

Half-lives and body burdens for dioxin and dioxin-like com-
pounds in humans were estimated from an occupational
cohort in Germany using a pharmacokinetic model applied
to a cohort of workers from a chemical plant in Germany
[44]. In order to assess uncertainty in biomonitoring and
kinetic modeling these data were further analysed and
general conclusions on the reliability of risk estimates were
derived [14].
Additional financing through: DFG Projekt, KO 1886-1(2); BMBF-
Verbund Projekt, BEO 031/11834; EU-Projekt shared cost action,
FIGH-CT1999-00005; Theme Group in FOSIE, Concerted Actrion
in 5th Framework, EU, QLK1 1999-00156; CCMS-NATO Projekt
Pilot Study 2
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Biometry for Clinical Oncology (R0700-04)

L. Pilz, A. Benner, G. Friedrich, A. Kopp-Schneider,
L. Edler

In cooperation with: Dr. R. Breitkreutz, Prof. Dr. W. Dröge,  DKFZ;
Dr. H. Fiebig, Universitätsklinik Freiburg; Dr. K. Mross, Klinik f.
Tumorbiologie, Freiburg; Prof. Dr. W. Queißer, Dr. G.Hartung,
Onkologisches Zentrum, Klinikum Mannheim; Prof. Dr. H. Döhner,
Dr. R. Schlenk, Med. Klinik III, Universitätsklinikum Ulm; Prof. Dr.
C. Manegold, Thorax-Klinik Heidelberg; Prof. Dr. M. von Knebel
Doeberitz, Chirurgische Universitätsklinik Heidelberg; Dr. H.
Goldschmidt, Dr. S. Frühauf, Med. Klinik und Poliklinik
Heidelberg; Prof. Dr. N. Victor, Dr. J. Windeler, Dr. U. Abel, IMBI,
Universität Heidelberg; Dr. G. Antes, Prof. Dr. M. Schumacher,
Inst. f. Medizinische Biometrie, Universität Freiburg.

Research and service is devoted to biometrical methodol-
ogy for clinical trials which are conducted in clinical units of
the DKFZ, the Tumorzentrum Mannheim-Heidelberg, or in
national clinical study groups. We are involved in the de-
velopment of quality standards in connection with GCP
principles (Good Clinical Practice) and we foster biometric
methodology for the improvement of clinical oncological
studies in the medical oncology community in Germany.

Continuing cooperation for Phase I, II and III rials is
achieved now in the Central European Society for Antican-
cer Drug Research (CESAR).

General methodology
To achive a modern state of the art of statistical evaluation
of therapeutic studies and in order to transfer biometric
knowledege to clinical research we collaborate with
oncologists in Germany in programs of continued
educuation and tutorials.

Persisting and changing characteristics of clinical trials
were linked to analytical biometric strategies suitable for
the search and approval of best treatment . Novel bio-
metric designs are needed when traditional anticancer
drug treatment based on the efficacy in terms of remission,
is replaced by new concepts due to better understanding
of the mechanisms of tumor development and more
knowledge of the action of anticancer drugs [15].

Biometric methodology is continuously developed and ap-
plied in ongoing projects for treatment optimization in adju-
vant treatment of colorectal cancer and in the treatment of
advanced lung cancer.

Research was devoted to the question of defining new de-
signs for phase I studies and the determination of an MTD
(maximum tolerated dose). Phase I methodolgy has been
summarized for a better use in clinical projects [16] and
advice has been given for using appropriate evaluation
strategies and software [3]. An S-Plus implementation for
design and analysis of phase-I cancer treatment trials with
special attention to dose and toxicity has been provided.

Published prospective randomized and nonrandomized
studies on the effect and the efficacy of misteltoe were in-
vestigated with respect to the paradigm of evidence based
medicine. Criteria and development strategies used for
new drug approval were applied. Out of only 5 prospective
randomized trials between 1979 and 1995 where misteltoe
has been investigated in at least one treatment arm, the

only study with a sufficiently large sample size was nega-
tive in the treatment of the non-small cell lung cancer. Not-
withstanding the long lasting discussion about a benefit of
alternative cancer therapies, too few clinical studies have
been performed, evaluated and published in order to as-
sess their efficacy and to provide a basis for a fair and
honest patient information [17].

In collaboration with an international group of biostatisti-
cians, organized in the ISCB Subcommitte on Fraud for in-
vestigating the issue of fraud in clinical trials, a position
paper was published which argued that biostatisticians
should be involved in preventing fraud, detecting it, and
quantifying its impact on the outcome of clinical trials.
Measures to prevent fraud are simplification of the eligibil-
ity criteria, reduction in the amount of data requested,
quality control through random sampling schemes. Statis-
tical techniques to detect “strange” patterns in highly di-
mensional multivariate data and exploiting the multicen-
tric nature of clinical trials would be useful [6]. Furthermore
characteristics of fraud in medical research were invest-
igated in a cross-sectional survey of biostatisticians of the
International Society for Clinical Biostatistics performed
between April and July 1998. This showed that a majority
(51%) of the respondents knew about fraudulent projects.
Different forms of fraud, e.g. fabrication and falsification of
data, deceptive reporting of results, suppression of data
and deceptive design or analysis had been observed in
fairly similar numbers. However, relatively few considered
the impact of fraud to be other than negligible [44].

Clinical research projects in efficacy and safety
of new anticancer treatment
Phase I studies

�   The first Phase I study of MTX-HSA was designed and
evaluated to determine dose-limiting toxicity (DLT) and
maximum tolerated dose (MTD) in a weekly regimen. A
regimen with MTX-HSA injections of 50 mg/m2 every 2
weeks was recommended for a further clinical Phase I
study [27].

�   Titanocene dichloride (TD) is an organometallic com-
pound with antiproliferative properties in vitro and prom-
ising antitumor activity in preclinical was investigated in
a phase I study to determine the maximum tolerated
dose (MTD) and the dose-limiting toxicity (DLT). Dose
intensification by alterations of the application mode
does not seem to be possible [38].

Phase II studies
�   A phase II trial was evaluated for the clinical activity of

Titanocene dichloride (MKT4) an inorganic early-transi-
tion metal complex in patients with metastatic breast
cancer.  No sufficient effiacy was found given accept-
able toxicity [34].

�   A phase II clinical trial of interferon alpha-2a (IF) and
13-cis-retinoic acid (RA) was evaluated in patients with
metastatic renal cell carcinoma (mRCC). The proportion
and the nature of response as well as the toxicity pat-
tern suggest the deletion of this combination from the
therapeutical repertoire of medical oncologists [39].
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�   Full biometric service was given for a randomized
crossover phase II study with single agent gemcitabine
(G) and docetaxel (D) for patients with advanced non-
small cell lung cancer. Patients whose disease was in
stage IIIb (pleural effusion) or stage IV received differ-
ent sequential schedules of G and D. The sequence of
G followed by D should be further investigated showing
a more favorable toxicity profile, and survival data com-
parable to standard cisplatin-containing 2-drug or
3-drug regimens, even when investigated in the setting
of multicenter randomized trials [Manegold et al. 36th

Annual Meeting ASCO, New Orleans, May 20-23, 2000]
.

Phase III studies
�   A prospectively randomized study compared 12 vs. 6

months of 5-FU/leucovorin (LV) chemo-radiotherapy in
locally advanced or node-positive rectal cancer in stage
II and III, from 1993 to 1997 in 263 patients. Testing the
3-year recurrence rates and 3-year survival rates in the
two treatment arms showed a statistically significant
equivalence for recurrence (p = 0.03) and survival rates
(p = 0.03). Prolonged chemotherapeutic treatment over
12 months has no relevant advantage over a 6-month
protocol with 5-FU and medium-dose LV [44]. An interim
anlalysis was performed for the prospective randomized
study of adjuvant therapy with monoclonal antibody 17-
1a of stage II colcon carcinoma [11].

�   A randomized double-blind clinical trial studied the ef-
fects of L-carnitine, i.e., an agent known to enhance mi-
tochondrial integrity and function, on the glutamate
transport and plasma glutamate level of cancer pa-
tients. The carnitine-treated group in the randomized
clinical study showed also a significant decrease in the
plasma glutamate levels but only a moderate and statis-
tically non-significant increase in the relative glutamate
uptake in the lower extremities [4].

�   A randomized double-blind placebo controlled clinical
trial examined the therapeutic effect of sulfur amino
acid supplementation in HIV infection. N-acetyl-cysteine
caused a marked increase in immunological functions
and plasma albumin concentrations. The effect of N-
acetyl-cysteine on the viral load, in contrast, was not
consistent and may warrant further studies [5].

Molecular based prognosis studies
�    Analysis of 31 cellular factors (resistance proteins, pro-

liferative factors, apoptotic factors, angiogenic factors,
proto-oncogenes) can be used for predicting the resis-
tance of non-small cell lung carcinomas using data form
a short-term in vitro test that measures changes in the
rate at which radioactive nucleic acid precursors are in-
corporated into tumor cells after the addition of doxoru-
bicin [46,53].

�  The kinetics of bone marrow (BM) tumor load during the
course of sequential high-dose therapy (HDT) deter-
mined by quantitative PCR in patients with multiple my-
eloma is significant for the time to progression and the
duration of remission [8].

�   Genomic aberrations (17p- and 11q- and 13q- dele-
tions) are of prognostic value in chronic lymphocytic
leukemia in a multivariate analysis [13].

�   For assisting selection of patients for novel mobilization
regimens a correlation analysis was performed. A highly
significant correlation of the steady-state PB CD34+ cell
count with the mean leukapheresis CD34+ cell yield
was found, whereas no correlation was observed for
patients with a solid tumour [22].

�   To detect isolated cancer cells in peripheral blood,
lymph nodes and bone marrow samples of patients a
trend test on the stage of transitional cell carcinoma
was applied to data obtained from a nested Reverse
Transcriptase PCR assay on CK 20 transcripts in pe-
ripheral venous blood samples and tumor biopsies [26].

�   Reverse transcription PCR for alpha-fetoprotein was
specific and sensitive for the detection of disseminated
tumor cells in central venous blood and bone marrow
samples [30].

�   The hypothesis of an association of any polymorphic
status of p53 at codon 72 with an elevated risk ( higher
for Arg homozygotes) for cervical cancer was not sup-
ported in an evaluation of 87 cervical cancer and 151
normal control samples [31].

�   Incidence, localization and clinical significance of 6q
aberrations in patients with B-CLL affect overall survival
and the treatment-free intervals [49].

Additional financing through: Kolon-Rektum-Studiengruppe,
Onkologisches Zentrum, Prof. Queisser, Klinikum Mannheim;
GemTax Studiengruppe, Prof. Manegold, Thorax-Klinik Heidel-
berg; Studiengruppe, Prof. Ho, Dr. Goldschmidt, Poliklinik Heidel-
berg; Studiengruppe, Prof. Hossfeld, Dr. Laack, UKE Hamburg;
Studiengruppe, Dr. Oehm, Treuenbrietzen; Roche Diagnostics,
Mannheim
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