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Foreword 

The German Israeli Cooperation in cancer research was founded in 1976. The 35th 
Anniversary was celebrated in Heidelberg in March 2011 during the 34th Meeting of the Joint 
Scientifc Program Committee. 

In 2006, during the 30th Anniversary of the Cooperation, the idea of a “German Israeli Cancer 
Research School” was born to serve the students of the cooperation program. Our aim was 
to bring together young scientists of cancer research from both countries, Israel and 
Germany, in a friendly and casual atmosphere where the exchange of ideas could take 
place. Lectures by well-renowned scientists from both countries give the opportunity to 
discuss the most recent scientific methods and achievements. 

After the successful Schools in Pichl, Austria in 2008 and 2010 and in Ein Gedi at the Dead 
Sea, Israel, in 2009, we have decided that instead of covering the broad field of cancer 
research in general, the next School will focus on one topic. For this school of cancer 
research, the topic “Molecular Genetics and Epigenetics of Cancer” was chosen. We are 
indebted to Prof. Howard Cedar and Prof. Peter Lichter for organizing the scientific program 
and to Mrs. Nurit Topaz and Mrs. Elfriede Mang for all the organizational matters. 

In particular, we would like to express our sincere gratitude to Prof. Varda Rotter as the 
Israeli coordinator of the school for her dedication of this fall school. 

Again, as during the other schools, enough time will be reserved for social activities to 
enhance interactions amongst both the participating students and scientists. 

We look forward to an exciting and interesting 4th German Israeli Cancer Research School in 
Kfar Giladi, Israel.  

Wolfhard Semmler     Ilana Lowi, 
DKFZ-Coordinator Israel-Cooperation   Director, Division of International Relations, MOST 

 





 

 

Program 
SUNDAY, NOVEMBER 13TH, 2011  

09:30 Coffee and refreshments 

10:00 Welcome addresses  
Prof. Daniel Weihs, Chief Scientist, Ministry of Science and Technology; 
Mrs. Ilana Lowi, Director of International Relations, Ministry of Science and Technology 
Prof. Varda Rotter, The Weizmann Institute of Science; 
Prof. Wolfhard Semmler, German Cancer Research Center 

10:15 Welcome by the Scientific Organizers 
Prof. Howard Cedar, The Hebrew University, Jerusalem 
Prof. Peter Lichter, German Cancer Research Center, Heidelberg 

 Introduction of participants  

Signaling Networks and Transcriptional Programs 
11:15 Molecular Genetics and Epigenetics of Cancer: Introduction 

Peter Lichter, DKFZ Heidelberg 

12:00 Signaling networks and transcriptional programs underlying 
growth factor actions on solid tumors 
Yosef Yarden, Weizmann Institute of Science, Rehovot 

13:00 Lunch 

14:00 Transcriptional control of breast cancer differentiation state 
Ittai Ben-Porath, Hebrew University, Jerusalem 

14:45 Unraveling miRNA and protein activities in breast cancer signaling 
Stefan Wiemann, DKFZ Heidelberg 

15:30 Functional genomics and proteomics in cancer research; non-
invasive molecular diagnosis, functional disease definition, and 
more 
Jörg Hoheisel, DKFZ Heidelberg 

16:15 Coffee Break 

16:30  Tour in the Sliks in Kfar Giladi  
Kfar Giladi members belonged to the Hagana organization. One of their duties was to 
collect arms in Sliks in order to establish the Jewish defense force. 3 of these Sliks are now 
uncovered to the public. 
http://www.gogalilee.org/http://www.gogalilee.org/?p=4180&s=3643 

18:00 Poster Session (First session) 
19:30 Dinner 

21:00 Getting Together 

http://www.gogalilee.org/http:/www.gogalilee.org/?p=4180&s=3643


MONDAY, NOVEMBER 14TH, 2011 

Architecture of Gene Expression and DNA Replication 
09:00 Regulatory genomics: Computational approaches to gene regulation 

Martin Vingron, Max-Planck-Institut für Molekulare Genetik, Berlin 

09:45 Dynamics of gene expression in real-time 
Yaron Shav-Tal, Bar-Ilan University, Ramat Gan 

10:30 Genome-wide organization of DNA replication 
Itamar Simon, Hebrew University, Jerusalem 

11:15 Coffee Break 

11:30 Dissecting the mechanism of alternative telomere lengthening in 
cancer cells 
Karsten Rippe, DKFZ Heidelberg 

12:15 Crosstalk between chromatin organization and alternative splicing 
Gil Ast, Tel Aviv University, Tel Aviv 

13:00 Lunch 

13:45 Social Program: Excursion to Tel-Hai Museum  
The history of the first group of fighters against the Arab population around 1920, called 
HASHOMER (which means: the guards) and about Kibbutz Tel-Hai heroic battle. 

17:00 Poster Session (Second session) 
19:00 Dinner 

20:00 The programming of DNA methylation during development 
Keynote presentation by Howard Cedar, Hebrew University, Jerusalem 

21:00 Free time for social activities 



 

 

TUESDAY, NOVEMBER 15TH, 2011 

Novel Views on the Epigenome 
08:30 5-Hydroxy-methylcystosine in mammalian development - new 

concepts for epigenomic reprogramming 
Jörn Walter, Saarland University, Saarbrücken 

09:15 Evolution of cancer-like epigenomes 
Amos Tanay, Weizmann Institute of Science, Rehovot 

10:00 Epigenetic regulation of cell fate decisions 
Yehudit Bergmann, Hebrew University, Jerusalem 

10:45 Coffee Break 

The Role of RNAs in Epigenetic Regulation 
11:00 Noncoding RNA targets chromatin modifying enzymes to regulatory 

gene sequences 
Ingrid Grummt, DKFZ Heidelberg 

11:45 The tumorsuppressor mechanism in 13q14: A tale of epigenetics, 
non-coding RNA and more 
Daniel Mertens, DKFZ Heidelberg 

12:30 Epigenetic regulation by RNA methylation 
Frank Lyko, DKFZ Heidelberg 

13:15 Lunch 

14:00 Poster Session (Third session) 
16:00 Coffee Break 

Epigenetic Regulations in DNA Repair and Stem Cell Biology 
16:30 KDM histone demethylases: A new addition to the DNA damage 

response network 
Nabieh Ayoub, Technion, Haifa 

17:15 Chromatin plasticity in pluripotent stem cells 
Eran Meshorer, Hebrew University, Jerusalem 

19:00 Dinner 
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Crosstalk between chromatin organization and alternative splicing 
Hadas Keren, Galit Lev Maor and Gil Ast 
Department of Human Molecular Genetics and Biochemistry, 
Sackler School of Medicine, Tel Aviv University, Israel 

The decision as to whether an exon is alternatively or constitutively spliced is 
influenced by sequences in the pre-mRNA such as those defining exon/intron 
boundaries and by binding of splicing regulatory proteins. Recently, it has become 
apparent that chromatin structure is another factor that defines the recognition of 
exons: Exons have increased nucleosome occupancy levels compared with the 
flanking intron sequences, and the histones in nucleosomes bound to exons are 
enriched in certain modifications. Nucleosome positioning can affect the selection of 
exons by slowing down RNA polymerase II elongation, which leads to increased 
inclusion of alternative exons. Also, elongation rate of RNA polymerase II can affect 
inclusion level of alternative exons. We developed a minigene system that exhibits a 
shift in splicing pattern in cells as a function of time following transfection. The 
splicing pattern changed from constitutive inclusion to skipping of the internal exons. 
We evaluated nucleosome occupancy throughout the minigene by MNase digestion 
and showed that it is correlated with the change in the splicing pattern. Treatment 
with HDAC inhibitors restored the inclusion pattern and affected nucleosome 
occupancy as well, demonstrating that chromatin organization impacts AS. 
Remarkably, strengthening of the 5’ss of each internal exon in the minigene, as well 
as cotransfecting the minigene with a U1snRNA containing a compensatory mutation, 
abrogated the shift in splicing and affected nucleosome occupancy throughout the 
minigene. These results demonstrate that AS can affect nucleosome occupancy. Our 
results demonstrate crosstalk among transcription, chromatin organization and 
splicing. The link between chromatin organization and mRNA splicing is likely to be 
RNA polymerase II. The nucleosome positioning in exons seems to encourage the 
proper location of molecular interactions across the exon, which contributes to the 
exon definition mechanism and suggests another level of complexity in eukaryotic 
splicing regulation. 
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KDM histone demethylases: A new addition to the DNA 
damage response network 
Nabieh Ayoub 
Faculty of Biology 
Technion, Haifa, Israel 

DNA damage response (DDR) is a critical cellular process implicated in 
maintaining genome integrity and is often deregulated early in carcinogenesis. 
Histones undergo various post-translational modifications in response to DNA 
damage that impact chromatin structure at DNA breakage sites. Aberrant 
histone modifications can lead to defects in the DDR and are common 
hallmark of human cancer cell. Accordingly, over-activity of the KDM4 histone 
demethylase family (which selectively demethylates H3K9me1/me2/me3, 
H3K36me2/me3 and H1.4) is associated with genomic instability and 
predisposition to cancer. It has recently been shown that depletion of the C. 
elegans KDM4 protein leads to foci persistence of the DNA repair protein 
Rad51 in meiotic cells. This suggests that the C. elegans KDM4 may be 
involved in DDR, although its precise mode of action is unknown. Likewise, 
the role of the mammalian KDM4 histone demethylase family in DDR remains 
to be characterized.  
Using biochemical and interventional microscopy techniques we show that: 
(1) Members of the human KDM4 family are rapidly recruited to DNA damage 
sites (within 30 seconds). (2) The demethylase activity of KDM4 members is 
dispensable for their accumulation at sites of DNA damage. (3)  The minimal 
region of KDM4 proteins that mediates their recruitment to DNA damage sites 
is defined. (4) Novel post-translational modifications of KDM4 proteins 
regulate their recruitment to sites of DNA damage. Collectively, our results 
constitute the first link between human KDM4 histone demethylases and the 
DDR cascade, and may have far reaching implications on the mechanism by 
which KDM4 proteins maintain genomic stability. 
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Transcriptional control of breast cancer differentiation state 
Ittai Ben-Porath 
Department of Developmental Biology and Cancer Research 
Institute for Medical Research – Israel-Canada, Faculty of Medicine 
The Hebrew University of Jerusalem, Israel 

The nature and degree of tumor differentiation is a major determinant of 
prognosis and appropriate treatment course. Among breast cancers, tumors 
of the basal-like subtype are extremely aggressive, poorly differentiated, and 
display similarities in gene expression to normal mammary progenitor cells. 
Our work aims to identify the transcription factors that regulate this progenitor-
like state, and their role in promoting aggressive tumor growth and 
progression.  
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Epigenetic regulation of cell fate decisions 
Chaggai Rosenbluh, Marganit Farago, Rena Levin-Klein, Shira Fraenkel, 
Howard Cedar and Yehudit Bergman 
Department of Developmental Biology and Cancer Research 
Institute for Medical Research Israel–Canada 
The Hebrew University Medical School, Jerusalem, Issrael 

Although most genes are expressed biallelically, a number of key genomic 
sites, including immune and olfactory receptor regions, are controlled 
monoallelically in a stochastic manner, with some cells expressing the 
maternal allele, and others the paternal allele in the target tissue.  Very little is 
known about how this phenomenon is regulated and programmed during 
development.  Using the immunoglobulin kappa locus as a model system, we 
demonstrate for the first time that once the epigenetic choice of allele is made, 
at the pro-B cell stage, this state can be maintained in a clonally stable 
manner even prior to the monoallelic rearrangement event that occurs later in 
development, in pre-B cells. In contrast, adult hematopoietic stem cells are 
programmed to be flexible so that they can switch between alleles, in a 
manner similar to ES cells. This thus defines a new form of stem-cell plasticity 
and explains how the entire B lineage compartment can be generated from a 
single stem cell. 
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The programming of DNA methylation during development 
Howard Cedar 
Department of Developmental Biology and Cancer Research 
Institute for Medical Research Israel–Canada 
The Hebrew University, Jerusalem, Israel 

DNA methylation derived from the gametes is probably erased during early 
development and a bimodal pattern of methylation is then re-established at 
about the time of implantation. While this basic profile is maintained 
throughout development, targeted demethylation and de novo methylation 
events take place during the formation of specific cell lineages.  The 
orchestration of this process takes place according to well-defined rules and is 
probably directed by sequence information within the DNA itself.  Using 
genetic and epigenetic manipulations in tissue culture and transgenic mice, 
we have attempted to decipher the mechanisms involved in setting up 
methylation patterns at different stages of development, thus revealing the 
factors required for specificity as well as the enzymatic machinery for carrying 
out the reactions. Our studies also shed light on methylation changes that 
occur during somatic-cell reprogramming. 
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Noncoding RNA targets chromatin modifying enzymes to 
regulatory gene sequences 
Ingrid Grummt 
Division of Molecular Biology of the Cell II  
German Cancer Research Center - DKFZ-ZMBH-Alliance 
69120 Heidelberg, Germany 

Epigenetic control mechanisms silence a fraction of rRNA genes (rDNA) in 
eukaryotes. Silencing requires ‘pRNA’, i.e., 150-250 nt noncoding RNA that 
originates from the intergenic spacer and overlaps with the rDNA promoter. 
Overexpression of pRNA mediates de novo DNA methylation and 
transcriptional repression, whereas antisense-mediated depletion of pRNA 
decreases rDNA methylation. A 20 nt sequence in the 5’-terminal part of 
pRNA forms a DNA:RNA triplex with a transcription factor binding site, and 
this triplex structure is specifically recognized by the DNA methyltransferase 
DNMT3b. The results reveal a compelling RNA-based strategy for epigenetic 
programming, implying that ncRNAs guide DNA methyltransferase to specific 
genomic sites that are to be methylated.  
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Functional Genomics and Proteomics in Cancer Research: 
Non-Invasive Molecular Diagnosis, Functional Disease 
Definition, and More 
Joerg D. Hoheisel 
Division of Functional Genome Analysis 
German Cancer Research Center (DKFZ) 
69120 Heidelberg, Germany 

Our research aims at the analysis of the realisation and regulation of cellular 
functions from genetic information. To this end, also technologies are 
developed for application in research and clinical routine. 
Studies on tumour material are at the centre of attention with an emphasis on 
pancreatic cancer. Tissues, cellular systems and human body fluids are 
analysed at the levels of epigenetic modulation, transcription factor binding, 
transcript levels of coding and non-coding RNAs as well as protein 
expression, structure and interactions.  
In combination, this creates means of early diagnosis, patient stratification, 
accurate prognosis, permits monitoring of treatment results and provides 
leads for new therapeutic avenues by the elucidation of relevant molecular 
mechanisms. 
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Epigenetic regulation by RNA methylation 
Frank Lyko 
Division of Epigenetics 
German Cancer Research Center 
69120 Heidelberg, Germany 

The cytosine analogues azacytidine and decitabine are currently being 
developed as drugs for epigenetic cancer therapy. While various studies have 
shown that both drugs are effective in inhibiting DNA methylation, it has also 
become clear that their mode of action is not limited to DNA demethylation. 
Since azacytidine is a ribonucleoside, the primary target of this drug may be 
cellular RNA rather than DNA. We have therefore analyzed the possibility that 
azacytidine inhibits the RNA methyltransferase DNMT2. We found that 
DNMT2 is variably expressed in human cancer cell lines. RNA bisulfite 
sequencing demonstrated that azacytidine, but not decitabine, inhibits 
cytosine 38 methylation of tRNAAsp, a major substrate of DNMT2. 
Azacytidine caused a substantially stronger effect than decitabine on the 
metabolic rate of all the cancer cell lines tested, consistent with an effect of 
this drug on RNA metabolism. Of note, drug-induced loss of RNA methylation 
appeared specific for DNMT2 target sites since we did not observe any 
significant demethylation at sites known to be methylated by other RNA 
methyltransferases. 
A detailed functional characterization of Dnmt2 in flies and in mice is starting 
to unravel the Dnmt2 pathway. Our results show that, in addition to tRNAAsp, 
also tRNAVal and tRNAGly are methylated by Dnmt2. Dnmt2 mutants 
revealed reduced viability under stress conditions and Dnmt2 re-localized to 
stress granules following heat shock. Strikingly, stress-induced cleavage of 
tRNAs was Dnmt2-dependent and Dnmt2-mediated methylation protected 
tRNAs against ribonuclease cleavage. These results suggest a role for Dnmt2 
enzymes during the biogenesis of tRNA-derived small RNAs and thus raise 
the exciting possibility that Dnmt2-mediated tRNA methylation represents a 
novel epigenetic pathway. 
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The tumorsuppressor mechanism in 13q14: A tale of 
epigenetics, non-coding RNA and more 
Daniel Mertens 
Junior Group of Mechanisms of Leukogenesis 
German Cancer Research Center 
69120 Heidelberg, Germany 

The human genome could harbor as many as 10.000 long ncRNA (lncRNA) 
genes which are, perhaps, the least well-understood products of transcription. 
A critical region in 13q14.3 that is recurrently lost in a number of malignancies 
harbors two lncRNAs DLEU1 and DLEU2. We have shown these lncRNAs to 
be part of a complex epigenetic regulatory mechanism with similarities to 
genomic imprinting and have set out to comprehensively characterize the 
tumor suppressor mechanism of 13q14 in chronic lymphocytic leukemia 
(CLL), the most common leukemia in the western world. 
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Chromatin plasticity in pluripotent stem cells 
Eran Meshorer 
Department of Genetics 
The Institute of Life Sciences 
The Hebrew University, Jerusalem, Israel 

Embryonic stem (ES) cells are characterized by unique epigenetic features 
including decondensed chromatin, hyperdynamic association of proteins with 
chromatin and a permissive transcriptional program. We investigated the 
mechanisms that regulate chromatin plasticity in ES cells. Using epigenetic 
drugs and mutant ES cells lacking various chromatin binding proteins, we find 
that histone acetylation enhances chromatin dynamics specifically in 
euchromatin, while histone H3 lysine 9 (H3K9) methylation and lamin A 
expression restrict chromatin dynamics primarily in heterochromatin. In 
contrast, we find that DNA methylation and nucleosome repeat length have 
little or no effect on the dynamics of chromatin-binding proteins in ES cells. 
Expression microarrays and ChIP-seq experiments for H3K9ac before and 
after HDAC inhibition highlighted genes involved in extra cellular matrix as 
involved in pluripotency. Altered chromatin dynamics was associated with 
perturbed ES cell differentiation. Together, these data delineate the 
mechanisms responsible for chromatin plasticity in ES cells, and indicate that 
the epigenetic state of the genome modulates chromatin plasticity and the 
differentiation potential of ES cells. 
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Dissecting the mechanism of alternative telomere lengthening 
in cancer cells 
Karsten Rippe  
Research Group Genome Organization and Function 
German Cancer Research Center 
69120 Heidelberg, Germany 

Cancer cells require a telomere maintenance mechanism to avoid cellular 
senescence and apoptosis induced by the replicative shortening of their 
chromosome ends. Frequently, telomerase is reactivated to extend the 
telomere repeat sequence. However, in 25 - 60% of sarcomas as well as 5 -
 15% of carcinomas telomere repeats are extended by an alternative 
lengthening of telomeres (ALT) mechanism that operates via DNA repair and 
recombination processes. Many of the ALT+ tumors are associated with a 
poor patient prognosis as compared to their ALT– counterparts. Furthermore, 
anti-cancer therapies targeting telomerase can select for the emergence of an 
ALT-positive cancer cell population. The cytological hallmark of the ALT 
pathway is the accumulation of promyelocytic leukemia (PML) nuclear bodies 
(PML-NBs) at some telomeres to form ALT-associated PML bodies (APBs)1,2. 
We have recently shown that these APBs are functional intermediates of 
telomere elongation3, and targeted them with a high-content three-
dimensional co-localization RNA interference screen with automated confocal 
fluorescence microscopy image acquisition and analysis4. Based on these 
studies we propose a mechanism for the formation of APBs. It identifies 
protein targets for inhibiting telomere extension and thus cell proliferation in 
tumors that make use of the ALT pathway. 
1. Jegou, T, Chung, I, Heuvelmann, G, Wachsmuth, M, Görisch, SM, Greulich-Bode, K, 

Boukamp, P, Lichter, P, Rippe, K (2009) Dynamics of telomeres and promyelocytic 
leukemia nuclear bodies in a telomerase negative human cell line. Mol. Biol. Cell 20, 
2070-2082. 

2. Lang, M, Jegou, T, Chung, I, Richter, K, Udvarhelyi, A, Münch, S, Cremer, C, 
Hemmerich, P, Engelhardt, J, Hell, SW, Rippe, K (2010) Three-dimensional structure of 
promyelocytic leukemia nuclear bodies. J. Cell Sci. 123, 392-400. 

3. Chung, I, Leonhardt, H, Rippe, K (2011) De novo assembly of a PML nuclear 
subcompartment occurs via multiple pathways and induces telomere elongation. J. Cell 
Sci., in press. 

4. Osterwald, S, Wörz, S, Reymann, J, Sieckmann, F, Rohr, K, Erfle, H, Rippe, K (2011) A 
three-dimensional co-localization RNA interference screen platform to elucidate the 
alternative lengthening of telomeres pathway. Biotechnol. J., published online 7 April 
2011. 
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Dynamics of Gene Expression in Real-Time 
Yaron Shav-Tal 
The Mina & Everard Goodman Faculty of Life Sciences 
Bar-Ilan University 
52900 Ramat Gan, Israel 

How can the transcriptional output of a gene be measured in a living cell? 
One approach is to measure transcriptional kinetics on multiple-copy gene-
arrays by quantifying the rates at which fluorescently tagged mRNA is 
produced. This technique can provide accurate rates of transcription 
elongation in vivo. Another system allows the detection of transcriptional gene 
activity from a single gene, thereby providing the ability to analyze the kinetics 
of gene expression at the single allele level. This analysis can discern 
between endogenous and over-expressed states of a gene, and provide 
spatial and temporal information on transcription throughout the cell cycle. 
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Genome-Wide Organization of DNA Replication 
Itamar Simon 
Department of Microbiology and Molecular Genetics 
Institute of Medical Research Israel-Canada, 
The Hebrew University, Jerusalem, Israel 

Recent evidence suggests that the timing of DNA replication is coordinated 
across megabase-scale domains in metazoan genomes. Yet the importance 
of this aspect of genome organization is unclear. By mapping the time of 
replication (ToR) of the entire human and mouse genomes in multiple tissues, 
we have shown that the replication program is both dynamic (between 
tissues) and remarkably conserved (between species), suggesting that it 
plays an important role in the organization of the genome.  
The ToR maps revealed that the genome is organized in two basic replication 
structures - constant time of replication regions (CTRs) and temporal 
transition regions (TTRs). We have developed a novel algorithm that allows 
the determination of the replication structure in each genomic region, thus 
allowing addressing global questions regarding the relationships between the 
replication structure and other genomic features. Our analyses provide 
compelling evidence that the ToR plays an active role in shaping various 
aspects of the genome. For example, finding an association between the ToR 
and transcription in TTRs (which presumably lack active origins) suggests that 
ToR influences transcription and not vice versa. Similarly, we found such 
association between ToR and certain chromatin markers suggesting the ToR 
is important for determining the basal levels of certain repressing markers 
(such as H3K9Me3). Finally, our results suggest that ToR influences the 
regional GC content by affecting the type of mutations that occur at different 
genomic regions.    
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Evolution of cancer-like epigenomes  
Amos Tanay 
Department of Computer Science and Applied Mathematics 
The Weizmann Institute of Sciences 
76100 Rehovot, Israel 

DNA methylation is an important epigenetic mark that is highly correlated with 
transcriptional state in normal and cancer cells. The processes giving rise to 
cancer methylomes involve multiple stages of complex interactions between 
epigenetic, genetic and regulatory factors that are difficult to infer from 
comparisons of tumors to normal controls. We developed an in vitro 
evolutionary system to dynamically track the population epigenomics 
underlying the emergence of a cancer-like methylome. We show that 
extensive DNA hypermethylation occurs through a stochastic, parallel and 
gradual process that is not directly coupled with de novo gene repression or 
phenotypic selection. Methylation progresses by accumulating at primary foci 
and invading adjacent methylation-resistant CpGs, which become susceptible 
and develop hypermethylation as a group. The combination of stochastic 
methylation and dynamic susceptibility patterns gives rise to remarkably 
specific and nearly deterministic methylomes, suggesting a general principle 
for cancer epigenomes.  
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Regulatory genomics: Computational approaches to gene 
regulation 
Martin Vingron 
Department of Genetics 
Max-Planck-Institute for Molecular Genetics 
14195 Berlin, Germany 

Genome sequence encodes not only genes but also the regulatory 
relationships among genes. Thus, the time and spatial patterns of gene 
expression are also encrypted in the DNA sequence. 
In order to unravel this other genetic code, regulatory genomics attempts to 
integrate functional genomics data with sequence data. This talk will 
summarize several approaches developed in our group, starting with a 
biophysically motivated method for prediction of transcription factor binding 
sites. Main applications are the identification of tissue specific transcription 
factors and the prediction of regulatory changes due to SNPs. Further, the talk 
will describe some indications that the division of promoters into two classes 
with high and low CpG contents, respectively, is of functional importance and 
helps in understanding mammalian promoters. In fact, the two classes of 
promoters display different features when it comes to binding site usage and 
tissue specific regulation. The dichotomy is further supported by an analysis 
of histone modifications in the promoters. Taken together, we interpret this as 
indication that different regulatory mechanisms govern transcription in these 
two classes of promoters. 
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5-Hydroxymethylcytosine in mammalian development – new 
concepts for epigenomic reprogramming 
Mark Wossidlo1, Toshinobu Nakamura2, Konstantin Lepikhov1, C. Joana 
Marques3, Valeri Zakhartchenko4, Michele Boiani5, Julia Arand1, Toru Nakano2, 
Wolf Reik3 & Joern Walter1 
1 University of Saarland, Genetics/Epigenetics, Germany 
2 Department of Stem Cell Pathology, Medical School and Graduate School of Frontier 
  Biosciences, Osaka University, 1-3 Yamadaoka, Suita, Osaka 565-0871, Japan. 
3 The Babraham Institute, Cambridge, UK,  
4 Ludwig-Maximilian University, Munich, Germany,  
5 Max-Planck-Institute for Molecular  
  Biomedicine, Muenster, Germany,  
5 Centre for Trophoblast Research, University of Cambridge, Cambridge, UK 

In the mammalian zygote the DNA methylation of egg and sperm rapidely 
reprogrammed during early development. This ensures a reorganisation of the 
chromatin and activation of genes required for totipotent development. A 
major step in this reprogramming is the active loss/demethylation of 5-
methylcytosine (5mC) of paternal chromosomes in the first cell cycle of the 
zygote. We will report on findings that link this  demethylation to molecular 
mechanisms. We detect 5-hydroxymethylcytosine (5hmC) as a novel 
modification in mouse, bovine and rabbit zygotes. On zygotic development 
5hmC accumulates in the paternal pronucleus along with a reduction of 5mC. 
A knockdown of the 5hmC generating dioxygenase Tet3 simultaneously 
affects the patterns of 5hmC and 5mC in the paternal pronucleus. This finding 
established a functional link between reduction of 5mC and the conversion 
into 5hmC. The maternal pronucleus is largely protected against this 
mechanism. By analysing PGC7/Dppa3/Stella knockout zygotes we find that 
also the maternal pronucleus shows a loss of 5mC, i.e. 5mC becomes 
accessible to oxidation into 5hmC. We will discus the potential role of 5hmC 
for DNA-methylation reprogramming in the early embryo and the 
consequences for epigenetic inheritance in general. 
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Unraveling miRNA and protein activities in breast cancer signaling 
Stefan Wiemann & Ioanna Keklikoglou 
Division Molecular Genome Analysis 
Germ,an Cancer Research Center 
69120 Heidelberg, Germany 

Recent advances in research on breast cancer initiation and metastasis have 
indicated a contribution of different signaling pathways including NF-κB and 
TGF-β signaling. We performed an unbiased whole genome miRNA 
(miRome) screen for modulators of the NF-κB pathway. This identified 13 
microRNA families whose members induced consistent effects on NF-κB 
activity. One miRNA family was verified to inhibit NF-κB signaling and to 
strongly reduce expression and secretion of pro-inflammatory cytokines. This 
same family abrogates cell invasion in a highly invasive cell line model which, 
however, is mediated via direct targeting of TGF-β signaling. This miRNA 
family thus has potential tumor suppressive activities by acting as a link 
between the NF-κB and TGF-β pathways and may thus contribute to the 
interplay of tumor progression, metastasis and inflammation. 
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Signaling networks and transcriptional programs underlying growth 
factor actions on solid tumors 
Yosef Yarden 
Department of Biological Regulation 
The Weizmann Institute of Science 
76100Rehovot, Israel 

Growth factors and their receptors regulate critical steps in embryonic 
development, self-renewal of stem cells, and tissue hyperproliferation under 
pathological conditions. For example, growth factors contribute to all steps of 
tumor progression, from the initial phase of clonal expansion (cell 
proliferation), through recruitment of blood vessels to growing tumors 
(angiogenesis), and eventually to migration and colonization of distant organs 
(metastasis). To explain the remarkable oncogenic potential of HER2/ErbB-2, 
a ligand-less receptor that forms heterodimers with the other three ErbB 
proteins, we proposed a network configuration. The network achieves 
robustness by adopting universal features common to engineered and natural 
systems: a modular architecture, a common core process, and a dense web 
of feedback control circuitry. My presentation will concentrate on system 
controls, which can be divided into two categories: the immediate loops are 
the domain of post-translational protein modifications, such as receptor 
phosphorylation, dephosphorylation, ubiquitinylation and de-ubiquitinylation, 
and neddylation. One consequence of this phase comprises endocytosis of 
ligand-receptor complexes, a process evaded by several oncogenic mutants 
of EGFR.  
The late category of system control depends on newly transcribed messenger 
RNA and micro-RNA molecules. For instance, by means of coordinated 
functions, inducible mRNAs and miRNAs terminate expression of the highly 
oncogenic immediate early genes, such as c-FOS and c-JUN, but certain 
transforming retroviruses evade this type of regulation. Interestingly, several 
immediately downregulated microRNAs (ID-miRs) bind to the 3' untranslated 
regions of mRNAs encoding FOS, EGR1 and other transcription factors, but 
the ID-miRs are collectively downregulated in breast and in brain tumors, 
implying breakdown of this control mechanism. My lecture will highlight 
additional examples of subtle mechanisms that enable human tumours to 
manipulate system control, primarily by prolonging the time constants of 
transcriptional and other feedback regulatory circuits.  
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Regulation of telomere length in s. cerevisiae by Elg1 
Taly Ben-Shitrit, Shivani Singh, Oren Parnas and Martin Kupiec 
Department of Molecular Microbiology and Biotechnology 
Tel-Aviv University, Tel Aviv, Israel 

The mechanisms that compromise telomere length maintenance (TLM) are 
highly conserved and intensively investigated. In this work we are studying the 
role of ELG1, a yeast gene with a role in genome maintenance, in this 
process.  Elg1 is a conserved protein with homology to the largest subunit of 
the Replication Factor C complex, a clamp loader that facilitates the loading of 
DNA polymerases during DNA replication. In order to better understand the 
mechanism of action of Elg1 in TLM we carried out Telomere Epistasis Assay 
with other genes that participate in telomere length regulation. We found that 
ELG1 interacts genetically with STN1 and SIZ2 and that Elg1 interacts 
physically with the gene products. STN1 is an essential gene that plays critical 
roles in TLM and telomere capping and SIZ2 encodes a SUMO (Small 
Ubiqutin-like MOdifier) E3 ligase. Additionally, we have recently discovered 
that Elg1 interacts with SUMO (Small Ubiqutin-like MOdifier) through a SUMO 
interacting motif (SIM) located at Elg1’s N terminus. Mutations in the SIM 
motif abolished the interaction between Elg1 and Stn1, and resulted in 
sensitivity to MMS and elongated telomeres, similar to an elg1 null mutant. 
We propose that telomere length regulation by Elg1 involves SUMOylation of 
a target protein, which might be one of the genes' products found to belong to 
ELG1 epistasis group. The foremost candidate is PCNA. 



 22 

Growth-dependent epigenetic regulation of rRNA genes by 
noncoding RNAs 
Holger Bierhoff, Ingrid Grummt 
German Cancer Research Center - DKFZ-ZMBH-Alliance 
69120 Heidelberg, Germany 

Regulation of rRNA synthesis is a key factor that controls cell growth and 
balances the effects of growth factors to prevent uncontrolled cell proliferation. 
A complex network of signaling pathways has been shown to target individual 
components of the RNA polymerase I (Pol I) transcription initiation complex, 
altering their activity and modulating pre-rRNA synthesis. In addition to 
regulation of transcription factors, external signals impinge on chromatin and 
convert the epigenetic signature of specific genes. However, how the 
chromatin structure of rRNA genes is altered in response to environmental or 
developmental cues remains largely unknown. 
Here we show that rDNA transcripts synthesized in antisense orientation by 
Pol II are elevated in serum-starved and differentiated cells. Up-regulation of 
antisense transcripts correlates with enhanced recruitment of the histone 
H4K20 methyltransferase Suv4-20h2 to rDNA, increased trimethylation of 
H4K20, and inhibition of transcription. Transfection of synthetic, nucleolar 
targeted antisense RNA recapitulates these effects, demonstrating that the 
induced epigenetic changes render rRNA genes refractory to transcription. 
The results indicate that the specific interaction of Suv4-20h2 with antisense 
RNA is required to trigger H4K20 trimethylation, and in turn chromatin 
compaction at the rDNA promoter in response to differentiation and growth 
factor deprivation. 



 

 

23 

Global epigenetic changes during somatic cell 
reprogramming to iPS cells 
Anna Mattout#, Alva Biran#, and Eran Meshorer 
Department of Genetics 
Institute of Life Sciences 
The Hebrew University of Jerusalem, Jerusalem 91904, Israel.  
#equal contributions 

Embryonic stem cells (ESCs) exhibit unique chromatin features including a 
permissive transcriptional program and an open, decondensed chromatin 
state. Induced pluripotent stem cells (iPSCs), which are very similar to ESCs, 
hold great promise for therapy and basic research. However, the mechanisms 
by which reprogramming occurs and the chromatin organization that underlie 
the reprogramming process are largely unknown. Here we characterize and 
compare the epigenetic landscapes of partially and fully reprogrammed iPSCs 
to mouse embryonic fibroblast (MEFs) and ESCs, which serve as a standard 
for pluripotency. Using immunofluorescence and biochemical fractionations, 
we analyzed the levels and distribution of a battery of histone modifications 
(H3ac, H4ac, H4K5ac, H3K9ac, H3K27ac, H3K4me3, H3K36me2, K3K9me3, 
H3K27me3 and γH2AX), as well as HP1α and Lamin A. We find that fully 
reprogrammed iPSCs are epigenetically identical to ESCs, and that partially 
reprogrammed iPSCs are closer to MEFs. Intriguingly, using time course 
reprogramming experiments, we find that heterochromatin reorganization 
precedes Nanog expression and active histone marking. Together, these data 
delineate the global epigenetic state of iPSCs, partial iPSCs, ESCs and 
differentiated cells in conjunction with their pluripotent state, and demonstrate 
that heterochromatin precede euchromatin reorganization during 
reprogramming. 
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Epigenetic Changes Driven by EGFR Signaling 
Morri Feldman and Yosef Yarden 
Department of Biology and Regulation 
The Weizmann Institute of Science 
76100 Rehovot, Israel 

Activation of the epidermal growth factor (EGF) receptor leads to profound 
changes in cellular phenotype such as increased migration, proliferation and 
differentiation.  At the organismal level, EGF receptor signaling is critical for 
many processes, including proper development and wound healing.  At the 
same time, aberrant activation of EGFR or its sibling called Her2 is a driver in 
many cancers such as breast and lung, because it endows cells with several 
of the hallmarks of cancer, including metastatic potential, growth factor 
independence and the ability to avoid apoptosis.  The response to EGF 
receptor activation is based on extensive alterations in the pattern of gene 
transcription, with changes in gene transcription occurring in multiple waves 
across several time scales.  It is likely that the potent signaling potential of the 
EGF receptor relies on epigenetic changes to drive and cement the 
transcriptional response.  This poster will present experimental approaches to 
study the importance of epigenetic changes in the cellular response to EGF 
receptor activation.   
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Identification of components of the active demethylation 
mechanism in the early mouse zygote. 
Sarah Fuchs, Konstantin Lepikhov and Joern Walter 
Department of Genetics and Epigenetics 
Campus Saarbrücken, Saarland University, Saarbrücken, Germany 

During mouse embryonic development global radical epigenetic 
rearrangements occur. These rearrangements include the active loss of DNA 
methylation of the paternal genome in the early zygote. The mechanisms 
behind the process are still largely unknown, but last year has brought some 
experimental evidences, originating from different research groups, indicating 
that DNA methylation reprogramming in the zygote is performed via the 
conversion of 5mC into 5hmC followed by the base excision repair pathway 
(BER). We are interested to find out which components of BER are involved in 
the active demethylation mechanism. For this we perform dominant (negative) 
approaches to test the involvement of selected BER proteins in epigenetic 
reprogramming in the early zygote. This is done by microinjection of mRNAs, 
which encode the proteins of interest or their catalytically inactive mutant 
forms. The distribution of the further translated proteins is traced by a fused 
eGFP. The mRNA injected zygotes or cleavage stage embryos are then 
analysed by immunohistochemical methods allowing the assessment of 
epigenetic features such as the amount and distribution of 5mC, 5hmC and 
various histone modifications. 
At the moment we concentrate our attention on BER Neil2, Neil3 and Smug1 
glycosylases which we have shown to be expressed in oocytes and 2-cell 
embryos at mRNA level. The potential role of Tet family proteins in the 
conversion of 5mC to 5hmC and subsequent BER will also be investigated. 
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EZH2 maintains the progenitor like state of basal-like breast 
tumors 
Roy Z Granit1, Tal Hadar2, Yael Karamansha1, Irit Gat-Viks4, Ithai Waldhorn1, 
Leah Liberman1, Merav Darash-Yahana3, Tamar Peretz3, Aviv Regev4, Ittai Ben-
Porath1 
1 Department of Developmental Biology and Cancer Research, Institute for Medical Research 
   Israel-Canada, Faculty of Medicine , The Hebrew University of Jerusalem, Jerusalem, Israel 
2 Department of Surgery, Hadassah Medical Center, Jerusalem, Israel 
3 Sharett Institute of Oncology, Hadassah Medical Center, Jerusalem, Israel 
4 Department of Biology, Broad Institute of MIT & Harvard, Cambridge, Massachusetts, USA 

Breast cancers are phenotypically heterogeneous, exhibiting varying degrees 
of differentiation, distinct lineage features, and diverse clinical outcomes. 
Tumors of the basal-like subtype are highly aggressive, poorly differentiated, 
and display a progenitor-like phenotype. Despite their clinical importance, the 
pathways directing their unique progenitor-like differentiation state are 
currently unknown. We have found that the Polycomb group protein EZH2, 
which controls gene repression and stem cell identity through epigenetic 
modification, is highly expressed in basal-like breast tumors. We therefore 
hypothesized that EZH2 is involved in controlling the progenitor-like 
differentiation state of these tumors. We found that silencing of EZH2 in basal-
like cells leads to the loss of progenitor traits and markers, including a 
decrease in 3D sphere formation ability, and repression of CD133 and c-Kit. 
This was accompanied by a differentiation shift away from the basal-like 
phenotype. Furthermore, while silencing of EZH2 in breast cancer cells did 
not significantly interfere with tumor growth rates, it dramatically decreased 
metastasis formation, as well as tumor initiation capacity. Our findings thus 
reveal a novel role for EZH2 in maintaining the progenitor-like state of basal 
tumors, and establish its specific role in metastasis formation and tumor 
initiation. These results shed light on the manner by which poor tumor 
differentiation and aggressive disease is regulated. 
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The methylome of early onset prostate cancers  
Lei Gu1,2, Clarissa Gerhäuser1, Dieter Weichenhan1, Holger Sültmann3, Benedikt 
Brors2, Christoph Plass1  
1 Division of Epigenomics and Cancer Risk Factors, German Cancer Research Center, 
   Heidelberg, Germany 
2 Division of Theoretical Bioinformatics, German Cancer Research Center, Heidelberg, 
  Germany 
3 Cancer Genome Research Group, German Cancer Research Center and National Center 
   for Tumor Diseases, Heidelberg, Germany  

Prostate cancer is one of the most common malignant tumor and cause of 
cancer-related death in elderly men. Epigenetics including DNA methylation 
and histone modification is one of the key factors in tumorigenesis and cancer 
progression, especially in the early stage of many cancers. In this study, 12 
early onset prostate cancers that are diagnosed at the age of 50 years or less 
are selected in order to uncover the epigenetic mechanism behind prostate 
cancer by using next-generation sequencing technologies. There are 23817 
common differentially methylated regions overlapping with 455 promoters and 
1577 CpG Islands identified consistently for all 12 tumors. Most of the 
hypermethylated regions are located on chromosome 13 and 18 whereas a 
large fraction of hypomethylated regions are located on chromosome Y after 
the normalization of the number of genes on each chromosome. These 
methylomes provide better global pictures of epigenetic patterns in prostate 
genomes and novel biomarkers for diagnosis, prognosis, and prediction of 
prostate cancer. 
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Galectins regulate signalling properties of L1CAM in human 
pancreatic cancer cell lines 
John Hazin and Peter Altevogt 
Devision of Translational Immunology, 
German Cancer Research Center 
69120 Heidelberg, Germany 

L1 Cell-Adhesion-Molecule (L1CAM) is a transmembrane neural cell adhesion 
molecule which belongs to the immunoglobulin superfamily of cell adhesion 
molecules (IgCAM). Originally it functions in providing cell–cell interactions, 
neuronal cell migration and the neurite outgrowth of Schwann cells and axons 
as well as neurite fasciculation and myelination. 
Interestingly, L1CAM has been identified to be aberrantly expressed in human 
cancer of different entities. L1CAM expression in human tumors supports poor 
prognosis, shorter survival and more advanced stages of the disease. 
Previous work in the neural field of L1CAM research has suggested galectin-
3, a galactoside-binding molecule, as an interaction partner of L1CAM. It was 
shown that Galectin-3 can form multimeres that can bind to L1CAM leading to 
clustering on the cell surface of neuronal cells. This extracellular interaction 
triggers intracellular events such as the redistribution and binding of ezrin-
radixin-moesin proteins to L1CAM and eventually influences the classical 
properties of L1CAM in axonal outgrowth. However, the biological significance 
of these findings remains to be proven since neuronal cells do not express 
galectins but rather glial cells.  
In contrast, gene expression profiling has shown that in human cancer 
galectins, especially Galectin-1 and Galectin-3, are up-regulated. Galectins 
can be secreted by tumor cells and bind to cell surface interaction partners in 
an autocrine and paracrine manner. Due to their particular properties to form 
dimers and multimeres, galectins can form lattices on the cell surface thereby 
regulating various parameters of their interaction partners.  
We found that galectins are expressed in human cancer cell lines and that 
they can bind to L1CAM on the cell surface. This interaction seems to 
regulate L1CAM cell surface domain distribution and several properties of 
L1CAM such as Integrin-Interactions, signalling capacities, endocytosis, and 
shedding. 
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Computational Analysis of Medulloblastoma Whole Genome 
Bisulfite Sequencing using methylCtools 
Volker Hovestadt, Simone Picelli, Bernhard Radlwimmer, Marc Zapatka, Peter 
Lichter 
Division of Molecular Genetics 
German Cancer Research Center 
69120 Heidelberg, Germany 

Recent studies have demonstrated that medulloblastoma, the most common 
malignant brain tumor in children, is marked by much fewer genetic alterations 
than any adult tumor studied to date. This surprising finding emphasizes the 
importance of epigenetics for medulloblastoma tumorigenesis. As part of the 
ICGC PedBrain project we are now investigating the role of DNA cytosine 
methylation in approximately 30 clinical samples at single base-pair resolution 
by whole genome bisulfite sequencing. 
For this purpose we have developed methylCtools, a set of utilities for the 
alignment of bisulfite-treated sequencing reads, quality control and single-
base methylation calling. Unlike published software, methylCtools also fully 
supports gapped alignment, paired-end overlap trimming and SNV detection, 
leading to significantly better results. Additionally, methylCtools utilities are 
computationally efficient and can easily be adapted to large-scale server 
infrastructures. For compatibility with available software, data is handled in the 
common SAM format. 
Our results show that whole genome bisulfite sequencing of clinical samples 
is experimentally and computationally feasible and will most likely provide us 
with important insight into the epigenetics of medulloblastoma tumorigenesis. 
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Identification of candidate therapeutic inhibitors of the 
microenvironmental support of leukemic cells by 
transcriptome analysis.  
Irina Idler1, Sarah Haebe2, Nupur Bhattacharya2, Frederike Müller3, Katja 
Ickstadt3, Stephan Stilgenbauer2, Daniel Mertens1,2 
1 Junior Group “Mechanisms of Leukemogenesis”, German Cancer Research Center, 
  Heidelberg, Germany 
2 Department of Internal Medicine III, University Hospital Ulm, Germany 
3 Department of Mathematical Statistics and Biometrics, Technical University of Dortmund, 
  Germany 

Most tumor cells undergo apoptosis when cultured in-vitro without stimulation, 
underlining the importance of the microenvironmental support by non-
malignant cell in-vivo.  Chronic lymphocytic leukemia (CLL), the most 
common leukemia in the western world, is an ideally suited model to 
investigate this tumor/non-tumor interaction: (i) The underlying 
pathomechanism of the disease is still unclear and the majority of patients 
relapse after chemoimmunotherapy, making CLL an incurable disease. The 
identification of novel treatment options for these patients is therefore of major 
importance. (ii) In-vitro, primary CLL cells induce apoptosis already after 6hrs 
of culture without stimulation. This can be quantified with flow cytometry by 
detection of annexin-V and lack of exclusion of 7-AAD. (iii) Primary CLL cells 
can be cocultured in-vitro with supporting feeder cells that prevent apoptosis, 
and this effect is specific compared to coculture of non-malignant B-cells. The 
coculture model allows the in-vitro analyis of the interaction of leukemic cells 
with their non-leukemic microenvironment and can be used to identify 
compounds that inhibit this pro-survival interaction. 
To this end we first gene-expression profiled the transcriptional changes 
induced in primary CLL cells upon coculture with feeder cells. The induced 
transcriptomes were compared to a database of gene expression profiles 
collected on five cell lines after incubation with 1079 different drugs that are 
approved for clinical use (“connectivity map”, Lamb et al., Science 2006, 
Nature Reviews Cancer 2006). This comparison allowed us to identify so far 6 
drugs with a significant in-vitro effective concentration (EC50) in the 
nanomolar range and substantially below that of fludarabine, the 
chemotherapeutic drug currently in clinical use for CLL. In order to test the 
specificity and feasibility of our approach, 10 control substances were 
selected because of the lack of correlation of their induced gene expression 
profiles with the gene expression profile induced in CLL cells by coculture. 
9/10 of these drugs selected as negative controls did not induce apoptosis at 
all in cocultured CLL cells in-vitro.  
With this methodology we hope to (a) identify novel therapeutic candidate 
compounds for the treatment of CLL and (b) in subsequent functional 
analyses uncover the underlying molecular mode of action of these drugs. 
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Molecular chaperone HSP90 regulates the stability of KDM4B 
histone demethylase 
Inbal Ipenberg, Nabieh Ayoub  
Faculty of Biology 
Technion Israel Institute of Technology 
32000 Haifa, Israel 

Loss of the transcriptional repressive marks, di-and tri-methylated H3K9, by 
over-expression of the lysine demethylases KDM4A-D (which selectively 
demethylate H3K9 and H3K36), is associated with genomic instability and 
predisposition to cancer. Accordingly, KDM4B histone demethylase is over-
expressed in human breast cancer. Likewise, depletion of KDM4B impairs 
both cancer cell proliferation and tumor formation. How KDM4B overactivity 
promotes breast carcinogenesis remains unclear. Most of the proteins gain 
their functional active structure only after folding into their native three 
dimensional conformations. The folding procedure is often mediated by 
molecular chaperons, like heat shock proteins, that serve as a quality control 
of newly synthesized proteins. Large-scale immunoprecipitation assay 
coupled with mass spectrometry reveal, for the first time, that both the over 
expressed and the endogenous KDM4B protein interact with HSP90. 
Chemical inhibition of HSP90, using Geldanamycin, causes a rapid 
degradation of KDM4B protein (within one hour). This degradation is inhibited 
following the addition of a proteasome inhibitor, MG132. These observations 
suggest that HSP90 promotes KDM4B degradation by the proteasome. 
Collectively, inhibition of HSP90 could be a promising approach to discover 
and optimize a novel therapeutic drug for cancer, harnessing KDM4B 
misregulation. 



 32 

A Genome-wide miRNA screen reveals novel regulators of NF-κB 
signaling in breast cancer 
Ioanna Keklikoglou and Stefan Wiemann 
Division of Molecular Genome Analysis 
German Cancer Research Center 
69120 Heidelberg, Germany 

Breast cancer is the most frequent type of cancer in women (23% of all 
cancers), ranking first among cases of incidence and is still the leading cause 
of cancer mortality in women worldwide. Expression profiling studies have 
revealed altered gene expression in cancer, and often these alterations are 
associated with deregulated microRNAs (miRNAs). These small non-coding 
RNAs can significantly contribute to the development of malignancies by 
modulating critical cancer-related genes or signaling pathways. Nuclear factor 
κB (NF-κB) is a frequently deregulated transcription factor in several types of 
cancer. Interestingly, in breast cancer tumors, NF-κB has been reported to be 
constitutively activated, thus playing a crucial role in tumor development and 
progression through transcriptional regulation of genes associated with tumor 
growth, invasion and metastasis, including cytokines and chemokines such as 
interleukin-8 (IL-8) and C-X-C motif chemokine 1 (CXCL1). Consequently, 
inhibiting NF-κB activity suppresses tumor growth and metastasis in solid 
cancers, including breast cancer. To elucidate novel mechanisms of 
regulation of NF-κB signaling, we performed a genome-wide cell-based 
miRNA screen, to systematically identify and characterize miRNAs that 
regulate the activity of the NF-κB signaling pathway. In this study, miRNAs 
that share the same seed region are classified into distinct miRNA families 
that show coherent effects on NF-κB activity. Among these miRNAs, we have 
identified one miRNA family that inhibits NF-κΒ signaling via direct targeting of 
the main NF-κB subunit RelA/p65. Strikingly, we show that this miRNA family 
targets a network of key tumor-related genes in breast cancer, by negatively 
regulating the expression of RelA/p65 and TGFβ Receptor II (TβRII). 
Remarkably, impaired NF-κΒ and TGFβ signaling led to a reduced invasive 
ability of breast cancer cells, thus highlighting a tumor suppressive role of this 
miRNA family in breast cancer.   
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Identification of physical interactions among regulatory DNA 
elements by high resolution 4C-seq 
Harmen J.G. van de Werken1,4, Gilad Landan2,4, Erik Splinter1, Michael 
Hoichman2, Petra Klous1, Ran Chachik2, Sjoerd Holwerda1, Gustavo Christian 
Valdes Quezada3, Yuva Oz1, Britta Bouwman1, Amos Tanay2,5 & Wouter de 
Laat1,5 
1 Hubrecht Institute-KNAW & University Medical Center Utrecht, Uppsalalaan 8, 3584 CT 
   Urecht, The Netherlands 
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4 These authors contributed equally 
5 Corresponding authors. 

Regulatory DNA elements can control expression of genes over distance via 
physical interactions. Genomic and epigenomic screens have created detailed 
catalogues including hundreds of thousands of putative regulatory elements 
but technology for high resolution characterization of the spatial wiring 
associating these elements with target genes is lacking. Here we present a 
new 4C strategy that provides at least an order of magnitude higher resolution 
than currently available approaches. The new method combines efficient 
sequence processing with deep sequencing and computational analysis to 
enalbe the identification of regulatory elements acting on a gene of interest. 
The refined contact profiles demonstrate the importance of high resolution 
contact maps by uncovering chromosomal domain boundaries and showing 
that local chromosomal architectures can change dramatically within a few 
kilobases of linear chromosomal space. We propose high resolution 4C-seq 
as a cost effective and accurate strategy for bridging the gap between 
genome-wide epigenomic maps and mechanistic understanding of gene 
regulation.  
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Aberrant DNA Methylation in Cancer  
Maayan Langer1, Monther Abu-Remaileh1, Nora Hipp2, Thomas Wirth2, Howard 
Cedar1 and Yehudit Bergman1 
1 Department of Developmental Biology and Cancer Research, IMRIC, 
   The Hebrew University Medical School, Jerusalem, Israel  
2 Institute of Physiological Chemistry, University of Ulm, Ulm, Germany 

Aberrant DNA methylation is a well know hallmark of many forms of cancer. 
Using models of two different cancer types, Eµ-myc transgenic mice as a 
model of Burkitt lymphoma, and AOM/DSS treated mice modeling colon 
cancer, we were able to show that specific CpG islands become methylated 
upon transformation. Using these models, it was our goal to gain more insight 
regarding the differential DNA methylation patterns in cancer. We preformed 
mDIP analysis on CD4+CD8+ lymphocytes from Eµ-myc transgenic mice, 
epithelial cells from mice treated with AOM/DSS, and compared each to the 
methylation pattern of their respective controls. Our analysis revealed 
approximately 260 CpG islands which undergo de novo methylation in 
lymphoma, and 160 islands that became de novo methylated following 
AOM/DSS treatment, with significant overlap between both cancer types.  To 
assess the enrichment for polycomb components, we used published data of 
H3K27me3 enrichment throughout hematopoiesis, in healthy ileum, and in ES 
cells. For the CpG islands de novo methylated upon AOM/DSS treatment, the 
H3K27me3 enrichment was consistent with the pattern in the wild type adult 
ileum. The CpG islands de novo methylated in lymphoma showed enrichment 
of H3K27me3 in hematopoietic stem cells, and interestingly our preliminary 
data indicate that with the progression of differentiation and lineage 
commitment, the pattern weakens. The high similarity between the CpG 
islands aberrantly  methylated in these two different models suggests that the 
abnormal methylation observed in many cancer types is not completely 
random but rather primed by polycomb. 



 

 

35 

Impact of the Receptor for Advanced Glycation End Products 
on gene regulatory networks in keratinocytes during skin 
inflammation 
Julia Leibold1, Astrid Riehl1, Angelika Bierhaus2, Peter Angel1 and Jochen 
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3 Department of Otolaryngology, Head and Neck Surgery, University of Heidelberg, Germany 

Epidemiological studies and analyses of mouse models suggest that chronic 
inflammation strongly supports tumor promotion. However, the underlying 
molecular mechanisms that are critical for the conversion of an acute immune 
response to the pathological setting of chronic inflammation still remain largely 
elusive. Recently, we demonstrated a critical role for the Receptor for 
Advanced Glycation End Products (RAGE) in the establishment and 
maintenance of chronic inflammation in a mouse model of skin inflammation 
induced by topical application of the phorbol ester TPA (12-O-
tetradecanoylphorbol-13-acetate). Moreover, we showed that RAGE 
expression on immune cells has a strong impact on their dermal infiltration 
and induction of epidermal hyperplasia. However, in addition to infiltrating 
immune cells, keratinocytes also exhibit RAGE expression and participate in 
temporal and spatial regulation of skin inflammation. Consequently, our 
project aims to highlight the specific role of RAGE signaling in keratinocytes 
and its contribution to the pathogenesis of chronic inflammation. 
To study the in vivo function of RAGE signaling, we generated keratinocyte-
specific knock-out mice (RageΔker), and topically treated the back skin of 
Rageflx and RageΔker animals with TPA for 6 – 48 hours. Currently, we 
quantify the amount and relative composition of infiltrating immune cells by 
immunohistochemical staining of tissue sections. Furthermore, we have 
established a cell culture model system that enables RAGE deletion in 
immortalized mouse keratinocytes in vitro, which will enable a detailed 
analysis of RAGE-dependent signaling and gene regulatory networks. 
Combining the results of our model systems, we want to get deeper insights in 
RAGE function and understand its role in interconnecting chronic 
inflammation and cancer development. 
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Signal transducers and activators of transcription play central roles in cancer 
and other diseases and represent potential drug targets. Since Stat proteins 
do not entail enzymatic activities, they have been considered as non-
druggable and the development of specific inhibitors has been largely 
neglected. We are developing novel approaches for the derivation of Stat 
inhibitors and devised peptides able to mask defined functional domains of 
Stat3. These peptides are able to specifically inhibit their function and affect 
only Stat addicted tumor cells. 
We isolated peptide aptamer sequences, which specifically bind to distinct 
functional domains of Stat from random peptide libraries by yeast-two-hybrid 
screening. The peptide sequences are inserted into a scaffold molecule, 
which increases the stability of the peptide construct and forces the aptamer 
sequence into a constrained conformation, thereby enhancing the binding 
specificity. Recombinant expression and purification of the peptide aptamer 
and the addition of a protein transduction domain led to a functional inhibitor, 
which can be efficiently introduced into cells. 
A peptide aptamer (rS3-PA) is able to specifically bind to the SH2-domain of 
Stat3. It strongly inhibits the expression of Stat3 target genes and blocks 
growth and migration of Stat3 addicted tumor cells at concentrations of 1-2 
µM.  
We also derived a Stat3 specific binding peptide from PIAS3. This negative 
regulator of Stat3 is downregulated in tumor cells in which constitutive Stat3 
activity has been observed. This peptide (rPP-C8) is able to block oncogenic 
Stat3 functions. 
The Stat3 specific peptide ligands have been tested for their activity to inhibit 
tumor cell growth in vitro and in vivo and will serve as tools to develop 
clinically applicable Stat protein inhibitors. 
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Epigenetic aberrations accumulate in normal cells and can contribute to cell 
transformation. DNA hypermethylation at CpG islands is found in most types 
of cancer and can cause transcriptional silencing, leading to cancer. While the 
consequences of hypermethylation are well documented, their causes have 
remained less clear. Here we used genome scale methylation analysis to 
document spontaneous DNA methylation changes in human fibroblasts 
growing in long term culture. Starting with a culture derived from a single cell 
we compared the methylation profile of late passage clones with that of the 
initial culture, allowing unambiguous identification of methylation changes. We 
find that allelic CpG sites undergo de novo methylation independent of each 
other suggesting that hypermethylation is a two hit process. Additional 
analyses confirm that de novo methylation in cultured cells occurred 
preferentially at regions enriched for the repressive mark H3K27me3 and lead 
to silencing of the tumor suppressor gene p16. Independent of H3K27me3 
enrichment, we also identify H3K4me1 as a pre-mark for de novo methylation. 
H3K4me1 was particularly enriched at CpG island shores which have been 
reported to be the site of major changes in methylation in tumors. Together, 
these results provide a detailed description of aberrant de novo methylation 
and suggest a novel mechanism contributing to aberrant methylation in 
cancer. 
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Live cell studies of chromatin remodeling complexes during 
differentiation of mouse embryonic stem cells  
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ATP-dependent chromatin remodeling complexes (CRCs) are molecular 
machines, which control the positioning of nucleosomes in the genome and 
with it the access of proteins to DNA [1]. Since the binding of transcription 
factors to nucleosomal DNA is highly reduced, the location of nucleosomes at 
a promoter can represent a molecular switch for transcription regulation. 
Accordingly, CRCs have been found to be important for the regulation of gene 
expression and were shown to control the maintenance of pluripotency as well 
as the differentiation of embryonic stem cells (ESCs) [1]. Recently, our lab has 
started to study the mobility and chromatin interactions of CRCs in living cells 
by fluorescence recovery after photobleaching (FRAP) [2]. It was found that 
most of the time CRCs sample nucleosomes in transient binding reactions but  
become tightly bound at sites of high remodeling activity, as for example 
during DNA replication and repair. 
We have now extended our studies of CRCs in living cells to investigate their 
mobility and chromatin interactions during the differentiation of mouse ESCs 
into neural progenitor cells (NPCs). Initial FRAP experiments focused on the 
mobility of the Chd3 and Chd4 remodelers. Interestingly, Chd4 was found to 
be more mobile in NPCs than in ESCs. This points to a decreasing chromatin 
interaction of Chd4 during neuronal differentiation. In contrary Chd3 was 
found to become more mobile during differentiation to NPCs, suggesting that 
its nucleosome translocation activity is increased in NPCs. Thus, the activity 
of both CRCs is likely to contribute to the maintenance of the stem cell-
specific chromatin structure and/or the differentiation process. In further 
experiments other remodelers (Snf2H, Snf2L and Chd1) will be investigated to 
obtain a more comprehensive picture of chromatin remodeling during 
differentiation. Furthermore, it is planned to investigate CRCs in glioblastoma-
initiating cells to identify features of CRC activity that are related to their stem 
cell like characteristics. 
1. Erdel, F., Krug, J., Längst, G. and Rippe, K. (2011). Targeting chromatin 

remodelers: signals and search mechanisms. Biochim. Biophys. Acta, DOI: 
10.1016/j.bbagrm.2011.1006.1005. 

2. Erdel, F., Schubert, T., Marth, C., Längst, G. and Rippe, K. (2010). Human ISWI 
chromatin-remodeling complexes sample nucleosomes via transient binding 
reactions and become immobilized at active sites. Proc. Nat. Acad. Sci. USA 107, 
19873-19878. 
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One of the major driving forces in oncogenesis is DNA damage. Numerous 
factors lead to the activation of the DNA damage response (DDR), including 
ionizing radiation, chemotherapeutic drug treatment and strong 
hyperproliferative signals as induced by oncogene expression. We have 
recently recognized that inducible activation of ErbB2 results in accumulation 
of endogenous HIPK2 levels, suggesting that HIPK2 may be stabilized in 
response to aberrant growth signals. One major downstream tyrosine kinase 
in growth factor receptor signalling is c-Src, a potent cellular proto-oncogene. 
We could demonstrate that c-Src directly phosphorylates HIPK2 at numerous 
Tyr residues in vitro and in vivo. Furthermore, we have found that co-
expression of HIPK2 and c-Src leads to a strong dose-dependent 
accumulation of HIPK2, which is due to increased protein stability. Drug 
inhibition of c-Src abolished HIPK2 accumulation and phosphorylation in the 
overexpression system. In line, co-immunoprecipitation studies revealed 
interaction of both kinases when ectopically expressed. Using 
immunofluorescence approach we found that HIPK2 colocalizes with c-Src in 
the cytoplasm. It has previously been shown by us that endogenous HIPK2 
accumulates upon IR and chemotherapeutic drug treatment. Importantly, 
accumulation of HIPK2 is abrogated by using the dual c-Src / BCR-Abl 
inhibitor Dasatinib, in a dose-dependent manner. In the future we aim to test 
the functional relevance of ErbB2 driven HIPK2 stabilization to see if it might 
be part of a fail-safe mechanism, finally leading to growth suppression by 
senescence or apoptosis induction in response to a strong hyperproliferative 
stimulus.  
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It is already established that there is a built-in heterogeneity in a cancer cell 
population. For example, heterogeneity in the rate of mitosis may result in 
sub-population of slowly dividing cells (also termed quiescent) which are 
resistant to conventional cancer therapy. Recent advances in microscopy 
techniques and cell cycle markers allow unprecedented description of the cell 
cycle at the single cell level thereby enabling to capture the variability and the 
sources for variability in the cell cycle in a systematic manner. 
To characterize the cell cycle heterogeneity at the level of cell cycle phases 
across generations, we transfected L1210 lymphocytic leukemia cells with the 
Fucci markers in combination with GFP-PCNA and photographed them for 45 
hrs. A semi-automatic tracking software we developed, recorded cell division, 
cell fluorescence and cell area. In addition, each cell was ascribed to its 
ancestor. Our measurements of >500 cells from two different L1210 clones, 
corroborate that mammalian cell cycle duration distribution resembles a log-
normal distribution. Opposing to the current paradigm, we demonstrated both 
for L1210 and HeLa cells that a substantial fraction of the cell cycle variability 
is contributed by S/G2 rather than confined to G1. 
Our automatic cell tracking software allowed us to investigate the inheritance 
of several cell cycle characteristics including each cell cycle phase duration. 
As previously published, we found almost no resemblance between mother 
and daughter cells. On the other hand two sisters and, surprisingly, two 
cousins as well, were significantly similar. We are currently exploring several 
models that could explain this dichotomy between cousins' similarity and 
mother to daughter dissimilarity.  
Taken together, we are now capable of characterizing cell to cell variability 
within genetically identical population. Further investigation in this direction is 
necessary for understating the contribution of this variability to cancer 
transformation.  
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DNA methylation is an important epigenetic mark that is highly correlated with 
transcriptional state in normal and cancer cells. The processes giving rise to 
cancer methylomes involve multiple stages of complex interactions between 
epigenetic, genetic and regulatory factors that are difficult to infer from 
comparisons of tumors to normal controls. Here we develop an in vitro 
evolutionary system to dynamically track the population epigenomics 
underlying the emergence of a cancer-like methylome. We show that 
extensive DNA hypermethylation occurs through a stochastic, parallel and 
gradual process that is not directly coupled with de novo gene repression or 
phenotypic selection. Methylation progresses by accumulating at primary foci 
and invading adjacent methylation-resistant CpGs, which become susceptible 
and develop hypermethylation as a group. The combination of stochastic 
methylation and dynamic susceptibility patterns gives rise to remarkably 
specific and nearly deterministic methylomes, suggesting a general principle 
for cancer epigenomes. 
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Driving mutations in interleukin 7 receptor alpha in B-cell 
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Interleukin 7 receptor alpha (IL7R) is required for normal lymphoid 
development and loss-of-function mutations cause severe combined immune 
deficiency (SCID). IL7R dimerizes with CRLF2 to form the receptor to thymic 
stromal lymphopoietin (TSLP). We have previously described aberrant 
expression and somatic mutations in CRLF2 in high risk B cell precursor 
acute lymphoblastic leukemias (BCP-ALL). We hypothesized that somatic 
activating mutations in IL7R may be present in BCP-ALL. 
Here we report the identification of such mutations in IL7R in childhood BCP-
ALL in 6% of children with BCP-ALL and abnormal expression of CRLF2.  The 
mutations were either in the extracellular or in the transmembrane domains 
and all contained an additional cysteine residue. To decipher the effect of 
IL7R mutations, we generated interleukin 3 dependent mouse pro-B cells 
(BaF3) that expressed wild type (wt) or mutated IL7R together with CRLF2. 
IL7R mutations induced Cytokine independent growth in BaF3 cells and 
sensitized the cells to the cytokine TSLP.  The elimination of cysteine from the 
mutated allele, abrogated the cytokine independent growth, emphasizing the 
importance of the cysteine for the mutational activation of IL7R . 
This is the first report of activating mutations in IL7R. While germline 
inactivating mutations in IL7R impair lymphoid development and cause SCID, 
somatic gain-of-function mutations in IL7R are detected in lymphoid 
leukemias. Given our previous report of activating mutations that introduce 
cysteine in CRLF2, we suggest that the addition of cysteine to the 
juxtamembranous domain is a general mechanism for mutational activation of 
type I cytokine receptors in leukemias. 
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Hydrogen peroxide (H2O2) is now recognized to be a second messenger in a 
variety of biological processes such as immune defense, cell proliferation and 
transcriptional regulation. H2O2-induced disulfide bond formation is a 
reversible post-translational protein modification which changes the activity or 
behavior of proteins. It remains unknown how proteins are specifically 
oxidized – in particular it is unclear if the oxidation happens directly or is 
catalyzed by other proteins. 
In my work I address a potential role of peroxidases as specialized mediators 
of H2O2-driven protein thiol oxidation in mammalian cells. Peroxidases were 
primarily known for their ability to decompose H2O2, but recently a S. 
cerevisiae peroxidase was discovered to catalyze H2O2-induced thiol-
oxidation in a specific transcription factor which is thereby activated. Similar 
redox relays were found in other yeast species; however, it is unknown if such 
mechanisms exist in mammals. 
I found that under oxidative conditions the human peroxidase, Peroxiredoxin 2 
(Prx2), forms highly transient disulfide-linked complexes with the transcription 
factor STAT3. Interestingly, STAT3 is known to be redox-regulated; thus we 
postulate that Prx2 specifically oxidized STAT3 and thus regulates 
transcription. 



 44 

Two Molecularly and Clinically Distinct Subgroups of 
Posterior Fossa Ependymoma 
Hendrik Witt1,2, Stephen C. Mack3,4, David T. W. Jones1, Sebastian Bender1,2, 
Marina Ryzhova5, Martin Sill6, Natalie Jäger, Adrian Stütz, Ruth Isserlin7, Axel 
Benner6, Thomas Hielscher6, Till Milde2,8, Marc Remke1,2, Paul A. Northcott3,4, 
Livia Garzia3, Kelsey C. Bertrand3,4, Andrea Wittmann1, Andreas von Deimling9,10, 
Andreas E. Kulozik2, Olaf Witt2,8, Gary D. Bader7, James T. Rutka3,4, Jan Korbel, 
Peter Lichter1, Andrey Korshunov9,10, Michael D. Taylor3,4, Stefan M. Pfister1,2 
1 Division Molecular Genetics, German Cancer Research Center, 69120 Heidelberg, Germany 
2 Department of Pediatric Oncology, Hematology and Immunology, University Hospital Heidelberg 
   69120 Heidelberg, Germany 
3 Division of Neurosurgery, Arthur and Sonia Labatt Brain Tumor Research Centre, Hospital for  
  Sick Children, Toronto, Ontario M4N 1X8, Canada 
4 Department of Laboratory Medicine and Pathobiology, University of Toronto,  
   Toronto, Ontario, M5S 1A8, Canada 
5 Department of Neuropathology, NN Burdenko Neurosurgical Institute, Moscow 125047, Russia 
6 Division Biostatistics, German Cancer Research Center, 69120 Heidelberg, Germany 
7 Department of Molecular Genetics, Banting and Best Department of Medical Research,  
  The Donnelly Centre, University of Toronto, Toronto, Ontario M4N 1X8, Canada 
8 Clinical Cooperation Unit Pediatric Oncology, German Cancer Research Center,  
  69120 Heidelberg, Germany 
9 Department of Neuropathology, University of Heidelberg, 69120 Heidelberg, Germany 
10 Clinical Cooperation Unit Neuropathology, German Cancer Research Center,  
   69120 Heidelberg, Germany 

Brain tumors are the most common cause of cancer related death in childhood. 
Ependymoma is the third most common brain tumor in children, and remains in-
curable for as many as 45% of patients even after therapy currently consisting 
of maximal safe resection and radiotherapy. In contrast to the homogeneous 
histology of ependymomas from throughout the neuroaxis, the distinct molecu-
lar behavior supports the existence of several independent entities of the 
disease.  
We studied two independent cohorts of 102 and 75 ependymomas by mRNA 
expression profiling, on two different array platforms (Affymetrix Exon 1.0 ST, 
Agilent 4x44K). Multiple statistical clustering methods (unsupervised consensus 
NMF and consensus HCL) consistently revealed three major subgroups, inclu-
ding two subgroups of posterior fossa (PF) ependymoma in both data sets. 
Subgroup-specific chromosome aberrations of PF tumors were detected by 
aCGH. To identify biological signaling pathways distinguishing PF subgroups 
we performed gene set enrichment analysis visualized by Cytoscape. Most 
significant subgroup markers were selected by Goeman´s global test statistic. 
Identified subgroup markers could be validated by immunohistochemical 
staining of 265 PF ependymomas on a tissue microarray. Finally, we performed 
exome sequencing (next-generation-sequencing) of representative PF 
subgroup ependymomas to discover the underlying mechanism of the genomic 
disparity and to identify possible driver and/or passenger mutations. 
We identified two subgroups of PF ependymoma (group A and group B), which 
are demographically, transcriptionally, genetically, and clinically distinct epen-
dymoma entities. Group A patients are younger, have laterally located tumors 
with a balanced genome, and are much more likely to exhibit recurrence, se-
conddary metastasis, and death as compared to group B patients. Overall, the 
number of identified mutations is comparably low, the frequency is associated  
The identification of two distinct subgroups of PF ependymoma, and markers 
applicable for their clinical distinction, will allow better prognostication of 
individual cases, and stratification in future ependymoma clinical trials. 
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