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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.
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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-� 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-� family recep-
tors and functions as an inhibitor of BMP, activin as well as
TGF-� 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-�
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-� 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-� 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.



39

Research Program
Cell Differentiation and Carcinogenesis

Division
Molecular Embryology

DKFZ 2001: Research Report 1999/2000

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/�-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/�-catenin pathway. This identifies dkk2 as the
first secreted effector able to activate Wnt/�-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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