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Introduction

The major focus of the Department of Developmental Genetics is on understand-
ing the regulatory networks controlling tissue formation and organogenesis dur-
ing embryonic development. We investigate patterning, induction and differentia-
tion processes in the trunk. Tightly linked to this major goal is the molecular analysis
of tumour formation. In recent years it has become apparent that tumours can
develop from cancer stem cells triggering aberrant tissue formation. Cancer stem
cells derive from adult stem cells required for tissue regeneration in the adult or-
ganism, and follow the principles of embryonic development. Thus, processes of
embryonic development, tissue regeneration and cancer are closely related. There
is also compelling evidence that tumour spreading to other sites in the body also
requires genetic programs regulating cellular shape changes, which are shared
between embryos and tumours. This switch in cellular behaviour, called epithe-
lial-mesenchymal transition (EMT), is a very old evolutionary event and the basis
for the evolution of complex organisms with many tissues and organs. Organo-
genesis is not possible without EMT, and thus it is also a central process of trunk
development.
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Finally, we have started to investigate the effects of genetic variability on disease
development. Individual genetic differences have an important impact on whether
we are likely to get, for example cancer, where one in three will be affected, or not.
We have set out to look for modifiers influencing intestinal tumour formation in
the mouse. In addition, we are investigating the evolution and action of modifiers,
which trigger male infertility in the mouse and, in combination with a mutant
gene, Tcr, contribute to non-Mendelian inheritance.

Scientific overview

Regulatory networks controlling trunk development

Trunk formation comprises many processes, such as patterning, endowment of
cells with position information, EMT, induction and maintenance of differentia-
tion programs, which are controlled by complex regulatory networks. In principle,
three different cell types are involved; stem cells, their descendants, and organizer
cells which provide instructive signals. Trunk formation takes place in a growth
zone located at the rear (caudal) end of the embryo, called the primitive streak (ps)
and, at a later stage, the tail bud (tb). Knowledge about the organization of the ps/
tb is still fragmentary. The organizer(s) and stem cells have been localized only
roughly, the genetic programs controlling their identities are far from being under-
stood.

In recent years we have put large efforts into developing cell type specific mark-
ers, methods and tools for a systematic molecular investigation of tissue differen-
tiation and organ development in vitro and in vivo. We have performed and com-
pleted a large-scale gene expression analysis in E8.5-E11.5 mouse embryos in
order to identify the important regulators of differentiation programs and cell spe-
cific markers. We have investigated the transcriptome of five regions dissected
from E8.5 mouse embryos, providing high-resolution sequence data on all known,
and many novel transcription units, including non-coding genes, splice variants,
and alternative promoters, to name a few. We have worked out a method for con-
ditional inactivation of gene function based on miRNA-mediated knock-down,
allowing the functional analysis of genes involved in embryonic processes. We
have introduced and improved the ChIP-seq technique for application on small
amounts of tissue typically obtained from embryos, permitting genome-wide analy-
sis of epigenetic modifications. Another advance is the genome-wide localization
of chromatin-bound regulators (such as transcription factors and co-factors, chro-
matin remodelling proteins) by ChIP-seq, enabling the identification of target genes
of such regulators. Another important breakthrough in the department was the
establishment of a protocol allowing the in vitro differentiation of mesodermal
cell types, which will be invaluable in analysing and understanding the early events
of differentiation from stem cells to a committed cell type. Finally, all these new
developments would not deliver interpretable results without the appropriate
bioinformatic evaluation tools, which have been developed and setup in our de-
partment.

Genetic variability and disease

One important aspect of regulatory networks controlling any process in a multi-
cellular organism is the fact that they differ from individual to individual. This
statement becomes quite apparent when we simply consider the differences be-
tween human individuals, for instance in size, looks and skills. Individual differ-
ences are due to differences in the genome and the regulatory networks expressed
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by the genome. Genetic differences not only determine our capabilities, they also
have impact on health and disease, e.g. if one develops cardiovascular disease or
cancer.

We follow two different approaches to identify modifier genes having an impact
on a particular phenotype. One is placed in the field of tumourigenesis, the other
in non-Mendelian inheritance.

Modifiers of intestinal tumour formation and progression

In this project we search for modifier genes exerting a global effect on intestinal
tumour formation and progression. It is based on the finding that individual ge-
netic differences have a strong impact on susceptibility to disease. It is completely
unclear which differences are important, and which are not. It is known that early
tumour formation is correlated with changes in the DNA methylation patterns
(hypo- or hyper-methylation) of genes, which influences gene expression (up- or
down-regulation). Therefore we set out to search for factors affecting gene methy-
lation, gene expression, and tumour number or phenotype. We assume that there is
a good chance to find genes controlling all three aspects. The system we are using
to introduce genetic variability, influencing tumour formation and gene control,
into the genome is the so-called chromosome substitution (consomic) strain sys-
tem developed by J. Forejt in Prague. It consists of 27 mouse strains in which a
single chromosome or chromosomal sub-region of a Mus musculus strain (PWD)
was introduced into the Mus domesticus inbred strain C57BL/6. In essence, all
strains differ by only one chromosome or less from the C57BL/6 strain. We use a
mouse model of colon cancer, the APCM" mouse, which has a pure C57BL/6 ge-
netic background, to ask if any of the PWD-derived chromosomes carried by the
consomic strains expresses a modifier(s) influencing the formation or phenotype
of tumours in the APCM" mouse. This, we have found, is indeed the case. Now we
can investigate what these factors are and if they also influence epigenetic modifi-
cations and gene expression. This project has the potential to reveal a pathway or
network controlling susceptibility to tumour formation and progression in the mouse,
which may become important for developing anticancer drugs in the future.

Modifiers of non-Mendelian inheritance and male fertility

Details of the system and approaches can be obtained in the research report of the
Transmission ratio distortion group. Here I want to point out the principal impor-
tant aspects of the project in terms of understanding the evolution of modifiers and
how they can trigger a disease phenotype. We have isolated four modifiers having
a strong impact on the motility of sperm. These modifiers have co-evolved to
produce a strong phenotype, almost exclusive transmission of a particular chro-
mosomal region, the so-called t-haplotype. This phenotype depends on the activ-
ity of another important gene, the t-complex-responder (Tcr), which can rescue a
sperm cell from the negative action of the modifiers. However, in the absence of
Tcr the combined action of several (probably six) such modifiers can trigger a
disease phenotype, male sterility. Each modifier alone contributes only approxi-
mately 10-15% to the phenotype, and sperm cells can tolerate modifier activity to
some degree. Too much activity, however, leads to imbalance and triggers the
disease.

The four modifier loci we have isolated evolved by different genetic alterations;
gene amplification, switch between alternative promoters leading to up-and down-
regulation of alternative transcripts, gene inactivation and a point mutation result-
ing in a dominant negative protein. The modifiers act on two signalling pathways,
one activating and one inhibitory, controlling parameters of sperm motility. It is
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quite striking how they interact to produce this phenotype. The inhibitory path-
way is down-regulated, while the activating pathway is up-regulated by the modi-

fiers, thus reinforcing each other.

It is conceivable that similar mechanisms may be involved in triggering multi-
factorial disorders in humans. Thus, studying the modifiers of non-Mendelian in-
heritance and male fertility can teach us a lesson about the molecular basis of

multi-factorial disease.

Cooperations within the Institute

Dept. of Vertebrate Genomics

m Jorn Glokler: SELEX for binding
sites of transcription factors re-
quired for murine axis development

m  Christina Grimm: NGFNplus Con-
sortium.: Modifiers, Establishment
of primary cell lines from consomic
mouse strains

m  Christina Grimm, Silke Sperling:
Screen for genes expressed in the
heart, and OPT of mutant mouse
hearts

®  Heinz Himmelbauer, Florian Mertes,
T. Nolden: Analysis of gene expres-
sion in the mouse embryo

m  Zoltan Konthur: Selection of phage
displayed antibodies for specific de-
tection of Smok/ Tcr; Selection of
Aptamers/Intrabodies affecting sig-
nal transduction pathways (together
with S. Krobitsch, Otto Warburg
Laboratory)

m  Bodo Lange, together with Ulrike
Korf, DKFZ: NGFNplus Consor-
tium: Mutanom

m  Hans Lehrach: NGFNplus Consor-
tia: Modifiers; Mutanom. Individu-
alized medicine on cancer patients

m  Markus Ralser: Generation of mu-
tant ES cell lines by gene targeting

m  Christoph Wierling: Computer
model of the segmentation clock in
the mouse

Dept. of Human Molecular Genetics
m  Andreas Kuss, Lars Jensen: Analysis
of gene expression

Dept. of Comput. Molecular Biology

m  Alexander Schliep, Ruben Schilling:
Development of standard 3D models
of mouse embryos for automated an-
notation of morphology and gene ex-
pression via 3D registration of vol-
ume data (OPT)

Research Group Development & Disease

m  Mateusz Kolanczyk: OPT of mouse
NF'I mutant cartilage and bone, and
of Nox mutant fetuses

m  Georg Schwabe, Daniel Birker: OPT
of Dsh (Shh hypomorphic) mutant
mouse embryos

m  Sigmar Stricker: OPF of chick organs
over-expressing muscle regulatory
genes

Otto Warburg Laboratory
m  Sylvia Krobitsch: Yeast-two-hybrid
screening

m  Ulrich Stelzl: Yeast-2-Hybrid Screen
for factors interacting with regula-
tors of embryonic development or
factors involved in non-Mendelian
inheritance; Interactions of t-hap-
lotype molecules, Identification of
protein-protein-interactions

Next Generation Sequencing Group
m  Bernd Timmermann: Transcriptome
analysis of the t-haplotype.

Electron Microscopy Group

m  Rudi Lurz: Localization of the Tcr-
protein and transcript in testis and
sperm, Electron microscopic analy-
sis of mouse tissues
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Current state of research and scientific findings

A considerable proportion of wild mice carry two variant forms of chromosome17,
the wild type and the ¢-form. Males heterozygous for the #-haplotype transmit this
chromosome at a high ratio to their offspring, at the expense of the wild type
chromosome. This is in opposition to Mendel’s laws, according to which two ho-
mologous chromosomes are transmitted at equal rates to the offspring. Thus trans-
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mission ratio distortion (TRD) by the
t-haplotype is a paradigm for non-Men-
delian inheritance in mammals. Mouse ge-
neticists have identified several mutant
loci involved in this phenomenon. The
central factor is the t-complex responder
(7er). Transmission of the chromosome
carrying 7Tcr, is promoted by t-complex
distorters (Tcdl - 4). The latter act as
quantitative trait loci. Cumulative action
of all Teds may enhance the transmis-
sion of 7cr to 99% (Fig. 1a).
A model explains these genetic obser-
vations: Tcds are distributed to all sperm
during meiosis and exert a harmful ef-
fect on both, 7~ and wild type meiotic
partners. Tcr is able to rescue the harm-
ful effect of Teds but remains restricted
to the cells carrying the gene, the future
t-sperm. Wild type sperm thus remain
compromised while #-sperm is rescued
(Fig. 1b). This leads to preferential fer-
tilization of the egg cells by #-sperm and
prevalence of f-animals in the next gen-
eration (Fig. 1c¢).
Work in our group is focused on under-
standing the molecular mechanisms of
TRD. A first step towards this goal was
the cloning of 7cr, which encodes a
dominant negative variant of a novel
Ser/Thr protein kinase, termed Smok!, and is expressed in spermatids (Herrmann
et al., Nature 402:141 - 146, 1999). Central to the model of TRD is the generation
of phenotypically different sperm by Tcr — an exception to the general principle of
equality of sperm due to gene product sharing between meiotic partners. We have
recently shown the basis for cellularly restricted action of Ter (Véron et al., Genes
& Development 2009).
Defining the molecular nature of the Disforter genes is crucial for a detailed un-
derstanding of the system and represents a particular challenge: Four large inver-
sions prevent recombination with the wild type chromosome, thus the genes can
be located only coarsely to very large genetic intervals. Despite this we were able
to clone the first Distorter gene Tedl, encoding Tagapl, a GTPase activating pro-
tein (GAP) for small G-proteins of the Rho subfamily (Bauer et al., Nature Genet-
ics 2005). Rho small G-proteins cycle between an active, GTP bound state and an
inactive conformation in which they have bound GDP. GAPs enhance GTP hy-
drolysis to GDP and thus inactivate G-proteins. We found the #-allele of Tagap! to
be a hypermorph. In contrast, previous genetic studies have shown that a deletion
allele of Ted1 phenocopies Distorter action. Thus, we have postulated additional
Distorter activity in the Tedl region, acting upstream or epistatically to Tagapl.
We have now isolated a candidate gene in the 7cd! region fulfilling this predic-
tion. Transgenic animals expressing an extra dose of this gene show decreased
t-haplotype transmission. We therefore propose that this gene encodes 7dclb
(Fig 2, Charron et al., unpublished).



In addition, we identified a positive regulator of Rho proteins as a transmission ratio
distorter in the 7cd? region. This gene, Fgd?2 (faciogenital dysplasia 2) encodes a GEF
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(guanosine nucleotide exchange factor). GEFs activate Rho proteins by promoting the

exchange of GDP for GTP (Bauer et al., Genes & Development, 2007).
The t-forms of Tagap!l and Fgd?2 represent hypermorphic alleles, and both pro-

mote the transmission ratio of the #-haplotype. Since the two factors have contrary

effects on their respective G-protein, but
act additively, we conclude that they act
on two different G-proteins, which exert
opposite effects on Smok1 (Fig 2, Bauer
et al., Genes & Development 2007).

We have also shown that 7cd2 similar
to Tedl is composed of more than one
gene. Analysis of a second candidate
gene revealed its activity as a transmis-
sion ratio distorter (7cd2b). Unlike
Tagapl and Fgd?2, the t-form of Tcd2b
is phenocopied by a knock-out allele
suggesting, that the z-allele encodes a
hypomorph. We are currently analyzing
whether this gene acts as a negative
regulator of the activating (Fgd2-) path-
way (Fig 2, Bauer et al., unpublished).
Since spermatozoa derived from #/+ males
show impaired flagellar function, we
suggest that Tcd2b, along with, Tagapl
(Tedla), Ted1b and Fgd2 act in signal-
ling pathways controlling sperm motil-
ity. We propose a model, in which the
Distorters hyperactivate Smok1, com-
promising sperm function. Tcr acts as
an “antidote”, bringing the signalling
pathway back to a level favourable for
normal flagellar function (Fig. 2).
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Introduction

The formation of complex organisms from a single cell requires tight control of
multiple reiterative steps of cell proliferation, patterning and differentiation, com-
prising frequent cell interactions and changes of the cellular readout. Trunk devel-
opment involves a large repertoire of cellular responses controlled by competing
signaling pathways, which employ different sets of transcriptional regulators forc-
ing cells into various differentiation pathways. Developmental geneticists in gen-
eral use mutagenesis tools to remove or alter the function of single genes to be
able to analyse their roles in embryogenesis (provided a phenotype is observed).
Often the knowledge gained from such analyses ends at the description of the
phenotype. However, advances in genomics research have set the stage for gain-
ing deeper insight into the genetic control of developmental processes, even of
such complexity as trunk formation. To reach a deeper understanding of the regu-
latory networks controlling complex cellular interactions and responses leading to
tissue and organ development, we have set up a number of techniques allowing the
faster generation and analysis of mutants, derive genome-wide datasets of epige-
netic gene control and gene expression, and analyse differentiation programs and
regulatory networks in vivo and in vitro.

* externally funded
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Scientific overview

We have recently completed a large-scale expression screen in mouse embryos
investigating the temporal and spatial control of several thousand genes in day 8.5
— 11.5 mouse embryos. The data are publicly available in the MAMEP database.
This herculean task was undertaken to determine the molecular anatomy of the
mouse embryo and thereby identify the genes controlling patterning, differentia-
tion and organogenesis. The data are invaluable in deciphering regulatory net-
works controlling these processes.

The database on individual gene expression patterns was recently complemented
by and extended to whole transcriptome data on five tissues (head, heart, somites,
spinal cord, presomitic mesoderm) dissected from E8.5 mouse embryos. A ge-
nome wide sampling of transcriptional activity was obtained by deep sequencing
of RNA on an Illumina GAIIx station (RNA-seq). Bioinformatics analysis
enabled annotations of all known and many novel transcription units, including
non-coding genes, splice variants, alternative promoters and novel long range span-
ning RNAs. Moreover, we complemented this transcriptome dataset by genome-
wide histone modification landscape data obtained by deep sequencing of immuno-
precipitated chromatin (ChIP-seq). We obtained an unmatched catalog of genome
activity on the expression and chromatin level in the developing murine embryo.
Throughout the analysis and evaluation of RNA-seq and ChIP-seq data we devel-
oped many important bioinformatics tools and established computational workflows
that are crucial for effective utilisation of these large scale data sets.

In addition to the above, we have also developed a vector system allowing mani-
pulation of cultured cells or embryos by conditional (spatially and temporally
controlled) expression of wild-type or mutant genes from transgene constructs
integrated as single copy genes into a defined recipient locus. Another technical
advance is the development of a vector system for conditional down-regulation of
gene transcripts using miRNA-mediated gene knock-down. These methods are
complemented by advanced embryological techniques allowing the production of
chimera, which are almost exclusively derived from ES cells. This technique per-
mits the immediate functional analysis of the consequences of genetic alterations,
introduced into ES cells in vitro, in chimaeric embryos derived from such ES
cells, thus avoiding time consuming establishment of transgenic mouse lines.
Finally, we have invested in the development of an in vitro differentiation system,
which allows the mass production of different cell types from embryonic stem cells in
the culture dish. This technology is essential for providing sufficient cellular material
of early stages of differentiation, which in the mouse embryo occur in very few cells.
The combined advances in technology introduced into our approaches now permit
us to manipulate embryonic stem cells, differentiate them in vitro to particular cell
types and study the genetic/epigenetic events controlling the differentiation pro-
gram, or use the cells to produce embryos and study the differentiation program in
vivo. We can manipulate the processes by changing gene expression and gene
function, and analyse the genetic/epigenetic effects of these alterations in vitro
and in the embryo. Such analyses will allow us to unravel the regulatory networks
controlling stemness, induction, commitment and differentiation into various cell types.
Trunk development involves patterning processes leading to the formation of sev-
eral transient stem cell types: preneural cells, presomitic, lateral and intermediate
mesoderm, and endoderm from epiblast stem cells. The patterning process is con-
trolled by two main signaling cascades, WNT and BMP signaling. Within hours
the transient stem cell types become committed to differentiation into neural tis-
sue (spinal cord), somites (precursors of skeletal muscle, cartilage and bones of
the axial skeleton), somatopleure and splanchnopleure, gonads and kidneys, and
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the midgut and hindgut. These early patterning events set the stage for subsequent
differentiation processes, in a strictly hierarchical manner. Therefore, understand-
ing the early patterning events during trunk formation will provide essential know-
ledge about the control of tissue and organ development in general.

Presomitic mesoderm formation and patterning

Our primary focus so far was on understanding the formation and segmentation of
presomitic mesoderm (psm). This is a highly integrated process controlled by the
WNT signal cascade. We have analysed the hierarchy of several transcriptional
regulators, which play an essential role in psm formation, and showed that signal
molecule Wnt3a controls this process in cooperation with the downstream tran-
scriptional regulators T, Tbx6 and Msgnl. Of course, many more genes are in-
volved in the regulatory networks controlled by these factors. For a detailed analysis
of this differentiation process we use a combination of target gene identification
and chromatin analyses using ChIP-seq, RNA-seq analyses of wild-type and mu-
tant tissue as well as in situ gene expression data.

Somitogenesis divides the presomitic mesoderm into a regular array of segments,
cellblocks, which are aligned on either

side of the neural tube and undergo

pairwise fusion to form vertebrae. Tight

spatial and temporal control of psm seg-

mentation is essential for the formation

of a well shaped vertebral column. We

have shown that the segmentation pro-

cess is also controlled by WNT signal-

ing, and that psm development and seg-

mentation are highly integrated pro-

cesses. Wnt3a plays a double role in the

segmentation process: it forms a mor-

phogen gradient and drives an oscilla-

tor, which together define where the

position of the segment boundary, the

separation between neighboring cell-

blocks, is set. The oscillator is defined

by the cyclic activity of three interact-

ing signal pathways, WNT, FGF and

Notch. Though many components of

and interactions between these path-

ways have been described, there is still

debate about the molecular mechanisms

controlling the segmentation process. It

is not known what is the pacemaker of

the oscillator nor what keeps neighbor-

ing cells synchronized. We work on

these fundamental questions. We have

cooperated with Christoph Wierling and

Ralf Herwig from the Lehrach depart-

ment to model the oscillator in the com-

puter, further improving our understand-

ing of the crosstalk between signaling

cascades involved in the oscillator.
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Work as scientific referee
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bridge, Genome Biology, Mechanisms
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m  GENES (Open Access Journal)

Service to scientific community

B.G. Herrmann serves as referee for the
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stitutions: Deutsche Forschungsgemein-
schaft (DFG), EMBO, Eidgendssische
Technische Hochschule Ziirich (ETH),
GEN-AU (Austrian Genome Research
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ence Foundation, The Wellcome Trust

Spin-offs

B.G. Herrmann is Co-Founder of
ALACRIS Pharmaceutical GmbH
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Introduction

In embryonic development, signalling networks interact in a controlled manner to
specify cell fates. During tumour formation and progression, oncogenic mutations
perturb such signals. As a consequence, the balance between stemness, prolifera-
tion, differentiation and apoptosis is lost in the tumour. The mouse is an excellent
model to study vertebrate development and disease, due to the availability of in-
bred and consomic strains, a complete and annotated genome sequence, and the
ability to modify the genome by transgenic techniques. In our projects, we expand
the toolkit of mouse genetics and genomics and apply innovative methods to study
tumour initiation and progression in the mouse.

Scientific Overview

Inducible and tissue-specific transgenesis and RNAIi in the mouse

In this project, we have developed an integrated system for mouse transgenesis,
consisting of a tetracycline-dependent on/off switch and a cassette for recombinase-
mediated cassette exchange (RMCE) in a single genomic locus. We have em-
ployed the system for the integration of transgene and RNA interference cassettes,
which subsequently can be expressed under the control of doxycycline. We have
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generated mice from embryonic stem cells carrying the transgene system and dem-
onstrated inducibility and efficacy of RNA interference in vivo, with minimal off-
target effects.

Importantly, the modular nature of the single-locus RMCE transgene system will
allow a wide array of applications, including general or tissue-specific transgene
overexpression and RNA interference in the embryo and in the adult mouse. Mouse
models based on this integrated vector system have several advantages over con-
ventional transgenics, such as transgene insertion lines or conditional knock-out
mouse lines: the use of tissue-specific promoters and/or an inducible tet-system
allows a high degree of control of transgene expression. In addition, transgenic
mice can be directly derived from transgenic embryonic stem cells, providing mouse
models with a uniform genetic background. Finally, crossing of transgenic mice
will generate offspring with a high percentage (50%) of transgenic animals, unlike
other complex genetic systems that rely on several transgenes in different genomic
locations.

Systematic analysis of oncogenes in the mouse (Mutanom)
High-throughput sequencing approaches have recently isolated a plethora of mu-
tations in tumour genomes. Functional studies however have mainly focussed on
a few of these mutations up to now. The NGFNplus project Mutanom aims at the
systematic functional characterisation of somatic mutations in breast, prostate
and intestinal cancer cells.

We complement this systematic approach in cancer cell biology by analysing key
mutations in tumour-prone mice, using the RMCE transgene system for the ex-
pression of mutated oncogenes in the intestine and the mammary gland. The pos-
sibility of systematic in vivo analysis of the roles of selected oncogenic mutations
in the mouse will likely unravel impor-

tant aspects of tumour biology that can-

not be assessed in cell culture or in retro-

spective analysis of human tumour

samples.

Modifiers of intestinal tumour
formation and progression

The individual genetic background is
known to have a major effect on the life-
time risk of developing cancer, and on
cancer progression. The genetics of can-
cer susceptibility are however complex
(polygenic), and thus it is almost im-
possible to assess the influence of the
individual genetic background of hu-
mans on the lifetime risk of developing
this disease.

We use two powerful new tools for ge-
netic analysis, B6/PWD chromosome
substitution strains and ultrahigh-
throughput sequencing (Solexa) to iso-
late genetic traits that affect intestinal
cancer initiation and progression in the
APCMi» mouse, which is an established
model for human intestinal cancer. In
the first phase of the project, we have
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found that PWD genomic sequences protect APCM" mice from intestinal cancer.
We have subsequently mapped multiple tumour modifiers to individual mouse
chromosomes and sub-chromosomal regions. In co-operation with the Depart-
ment of Vertebrate Genomics (Lehrach) the intestinal tumour transcriptome and
epigenome of mice carrying modifiers is analysed. Our newly developed system
for RMCE will facilitate the generation of mouse models with an uniform genetic
background for validation of modifier candidate genes. Ultimately, such research
will allow to define genetic networks of tumour susceptibility and progression,
and thus, to define high- and low-risk groups among colon cancer patients.

A loss of function phenotypic screen for EMT and metastasis genes in
intestinal tumour cells

Key signalling pathways, such as Wnt, Fgf and Tgf-beta signalling pathways in-
struct cells in the embryo to execute specific developmental programs and aquire
appropriate phenotypes. One key phenotypic switch during embryonic develop-
ment is epithelial-to-mesenchymal transition (EMT): cells that undergo EMT lose
apical-basal polarity, re-organize their cytoskeleton, down-regulate cell adhesion,
and become motile. Tumour progression to metastasis involves EMT-like changes
in tumour cell morphology and involves similar signalling pathways and key mole-
cules.

We have utilized a loss of function phenotypic screen to assess the effect of approx.
400 EMT candidate genes from the embryo on SW480 intestinal tumour cells.
Our esiRNA-based approach allowed for the first time to screen a large number of
EMT candidate genes in a simple functional assay. Multiple genes involved in
tumour progression were isolated, highlighting the similarity between EMT in
embryogenesis and tumour metastasis. We currently focus on the role of Fgf sig-
nals in intestinal cell biology and have delineated signalling cascades and down-
stream target genes of Fgf in the intestine, using tumour cell lines and primary
organ culture. We have found an essential role for Fgf signals for the maintenance
of a mesenchmal, motile phenotype in intestinal tumour cells.

Perspectives

Our work focusses on intestinal tumour initiation and progression, combining mod-
ern high throughput methods with innovative mouse models. Over the last years,
we have established or gained access to a wide array of resources, such as in vivo
RNAI and tissue-specific transgene systems in the mouse, an exhaustive library of
oncogenes, second generation sequencing methods, and intestinal crypt culture.
We are therefore well equipped to elucidate signalling networks that control cell
homeostasis, proliferation and differentiation in the normal and transformed intes-
tine.
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Scientific overview

Organogenesis is the process by which complex and highly specialized structures
develop from a small population of undifferentiated embryonic cells. The under-
standing of the role of signaling pathways, specific and general transcriptional
regulators, and cellular interactions in cell proliferation, cell differentiation, cell
migration, and development of organs is important for understanding tissue regen-
eration and repair, and ultimately for growing organs in culture.

Functional analysis of Slit-like 2 (Slitl2) in organogenesis

The Slitl2 protein is a typical single-pass type I transmembrane protein. Its extra-
cellular amino-terminal end contains a putative hydrophobic signal peptide, one
leucine-rich repeat (LRR) region comprising ten leucine-rich repeats flanked by
an amino- and a carboxy-terminal LRR motif, one epidermal growth factor (EGF)
repeat, and a fibronectin type I1I (FNIII) domain. It shows structural similarities to
Slit, a secreted cell guidance molecule, isolated and characterized first in Droso-
phila. 1t was shown that the human SlitI2-homologue Vasorin can bind to TGF-p1
and negatively modulate TGF-[ signaling. We generated a comprehensive tempo-
ral and spatial expression pattern by describing not only endogenous S/it/2 expres-
sion, but also reporter gene expression in Slit/2-LacZ knock-in and in Slitl2-Ve-
nus-BAC transgenic mice. These three approaches produced consistent results and
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revealed defined expression from early embryonic stages onwards, suggesting an
essential role for Slitl2 in the mouse. And indeed, S/i#/2-deficient mice, generated
via classical gene targeting in ES cells, die within 3-4 weeks after birth. We are
currently investigating the molecular basis and identifying the pathways leading
to the early postnatal death.

Role of Med12 in mouse development

The Mediator complex is commonly

seen as a molecular bridge that confers

information from transcription factors

bound to regulatory regions of genes to

the RNA polymerase II machinery as-

sembled on the promoter of these genes.

Itis a large complex of 30 subunits, some

of which seem to play a structural role

in the complex and are therefore gener-

ally required for transcription. Other

subunits, however, are thought to be re-

sponsible for specific interactions with

defined transcription factors. Med12 is

ubiquitously expressed in the embryo

(Fig. 1A, B) and in adult tissues (Fig.

1C). The ability of Medl2 to bind

[B-catenin suggests a role in Wnt signal-

ing. Sox9, Gli3, and Sox32 are other fac-

tors that have been shown to bind to

Med12, and the activation of their tar-

get genes is dependent on this interac-

tion. We have targeted the Med12 gene

on the X chromosome in male mouse embryonic stem (ES) cells and generated
two MedI2-mutant alleles, namely Med 2" a hypomorphic allele, and the
conditional Med 12"~ which behaves as a wild-type allele. Embryos derived from
hypomorphic Med12 mutant ES cells by tetraploid aggregation die around embry-
onic day 10.5 (E10.5) and have a drastic reduction in Med12 protein levels. We
are currently characterizing its function during mouse development and its inter-
action with other transcription factors like Sox9, and Gli3, that use Med12 as their
anchor to the Mediator complex.

Perspectives

We will continue our studies of S/it/2 and Med ]2 mutants by expression profiling
and marker gene expression analyses. Microarray data derived by comparing wild-
type and mutant expression profiles will be verified by whole-mount in situ hy-
bridization and immunohistochemical techniques. Tissue-specific mutations will
be generated by crossing the conditional mutant mice with various Cre recombinase-
expressing mouse lines. Resulting tissue-specific mutant embryos and mice will
be characterized using the above mentioned techniques.
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Teaching activities

Teaching activities at the Chariteé-
Universitdtsmedizin Berlin

Preclinical Course: Biology for medi-
cal students (each semester term since
2004); Organizer: Schrewe; Tutors:
Sporle, Wittler, Bauer, Morkel, Miiller,
Mayer, Schindler, Shin, Nandy, Proske

Master ‘s Programme: Molecular Medi-
cine (module 3, Developmental Genetics;
yearly 3 weeks course since 2006);
Organizer: Wittler; Tutors: Bauer,
Morkel, Sporle, Neidhardt

MPI for Molecular Genetics

Weekend Workshop: Human Genetics
(Humangenetik), Charité (since 20006).
Tutors: Sporle, Wittler, Grote, Schrewe

Teaching activities at other universities
Wittler: Design of the Module Devel-
opmental Biology of the Vertebrates as
part of the Masters Programme in Mo-
lecular Life Sciences, Humboldt Uni-
versity of Berlin; including lecture
Organization of the body axes in the ver-
tebrate embryo, seminar animal mod-
els in developmental biology and course
molecular embryology, summer term
2009

Schrewe: Practical Course: Develop-
mental Genetics at the School of Bio-
sciences, University of Birmingham,
UK (annually since 2004)

Schrewe: Practical Course: Embryonic
Stem Cell Culture at the Max-Planck
Institute for Molecular Genetics, Ber-
lin (6/2007 and 6/2008)

Teaching activities at the MPIMG

PhD Programme, Course 3: Develop-
mental Genetics (1 week) Tutors:
Morkel, Bauer, Schrewe, Grote, Wittler

Literature Tutorial for Students of the
Dept. Develop. Genetics (bi-weekly
since 1/2009) Tutors: Grote, Wittler,
Morkel
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