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Geneviève Almouzni, Institut Curie, UMR 218 CNRS, Paris, France 
 
09h45 – 10h20 The principal chromatin types in Drosophila 

Bas van Steensel, Division of Gene Regulation, Netherlands Cancer Institute, Amsterdam, The 
Netherlands 

 
10h20 – 10h50  Coffee break 
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Résumés 
 
 
 

Variation on the theme of chromatin assembly 
 

Geneviève Almouzni 
Institut Curie, UMR 218 CNRS, Paris (France) 

 
 
Inheritance and maintenance of the DNA sequence and its organization into chromatin are central for 
eukaryotic life. To orchestrate DNA-replication and –repair processes in the context of chromatin is a 
challenge. 
Factors have been isolated from cell extracts that stimulate early steps in chromatin assembly in vitro. One 
such factor, chromatin assembly factor-1 (CAF-1), facilitates nucleosome formation coupled to DNA 
synthesis. It is thought to participate in a marking system at the crossroads of DNA replication and repair to 
monitor genome integrity and to define particular epigenetic states. We have now identified a chromatin 
assembly pathway independent of DNA synthesis involving the HIRA protein. Notably, CAF-1 is part of the 
histone H3 complex, H3.1 complex (replicative form) and HIRA of the H3.3 complex (replacement form) 
(Tagami et al, 2004, Nakatani et al, 2004). In addition, another histone chaperone, Asf1, has to be integrated 
in a network of interactions leading to nucleosome deposition. A novel chaperone for the centromeric histone 
variant CENPA has been identified (Dunleavy et al., 2009). A major goal in our laboratory is to integrate the 
function of these factors and histone variants in vivo during development. This is considered in connection 
with replication, repair and control of histone pools. 
We will discuss our recent findings on this topic and the interrelationships with other assembly factors. 
 
 
 
 

__________________________________ 
 
 
 
 

The principal chromatin types in Drosophila 
 

Bas van Steensel 
Division of Gene Regulation, Netherlands Cancer Institute,  

Amsterdam (The Netherlands) 
 
 
The local protein composition of chromatin is important for the regulation of transcription and other functions. 
By integrative analysis of genome-wide binding maps of 53 broadly selected chromatin components in 
Drosophila cells, we show that the genome is segmented into five principal chromatin types that are defined 
by unique, yet overlapping combinations of proteins, and form domains that can extend over >100 kb. We 
identify a novel repressive chromatin type that covers about half of the genome and lacks classic 
heterochromatin markers. Furthermore, transcriptionally active euchromatin consists of two distinct types that 
differ in molecular organization and H3K36 methylation, and regulate distinct classes of genes. Finally, we 
provide evidence that the different chromatin types act as guides that help to target DNA-binding factors to 
specific subsets of their recognition motifs. These results uncover basic principles of chromatin organization in 
a higher eukaryote. 
 
 



 
 
 

Transcription and spatial organization of the genome 
 

Peter Fraser 
Laboratory of Chromatin and Gene Expression, The Babraham Institute, 

Cambridge (United Kingdom) 
 
 
Nascent transcription occurs in vivo at a limited number of discrete nuclear foci known as “transcription 
factories”. These sites are highly enriched in the active form of RNA polymerase II (RNAP II), hyper-
phosphorylated on the C-terminal domain at Ser2 and Ser5 of the heptapeptide repeat. The number of 
transcription factories per cell nucleus is severely limited compared to the number of active genes and 
transcription units in several mouse tissue-types. We have shown by FISH, 3C and enhanced 4C (e4C) that 
active genes share transcription factories both intra-chromosomally and inter-chromosomally. Induced 
transcription of endogenous genes is accompanied by increased colocalization with constitutively transcribed 
genes indicating that transcriptional induction involves rapid gene movements to pre-assembled transcription 
factories. We recently performed a genome-wide e4C screen for actively transcribed genes that share 
transcription factories with the mouse Hbb and Hba genes in mouse erythroid progenitors. Our results 
indicate that interchromosomal associations between actively transcribed genes are extensive and non-
random. Double label RNA FISH confirms that the Hbb and Hba genes have distinct, preferred transcription 
partners, suggesting the existence of spatial transcriptional networks. We show that transcription factors are 
involved in spatially clustering co-regulated groups of genes around specialized transcription factory ‘hotspots’ 
that are optimized for efficient transcription of the network partner genes. In summary, this work shows that 
the genomes of mammalian nuclei are dynamic and highly organized, and that 3D genome organization is 
likely to play a major role in determining cell-type specific gene expression patterns. 
 
 
 

__________________________________ 
 
 
 

Epigenetic regulation of development by polycomb proteins 
 

F. Bantignies, V. Roure, B. Schuettengruber, B. Leblanc, Th. Sexton and Giacomo Cavalli 
Institut de Génétique Humaine, CNRS. 

Montpellier (France) 
 
 
Polycomb Group (PcG) and trithorax group (trxG) proteins form multimeric protein complexes that regulate 
chromatin via histone modifications and modulation of nucleosome remodeling activities, targeted to specific 
cis-regulatory elements named PcG response elements (PREs). Upon binding to chromatin, these proteins 
maintain the memory of regulatory states of crucial developmental target genes, such as Hox genes. 
However, they can also dynamically bind to other genes and affect cell proliferation and differentiation in a 
wide variety of biological processes. 
In addition to silencing the genes flanking their genomic target sites, PcG proteins play a role in nuclear 
organization. Staining for these proteins shows a distribution in foci called Polycomb bodies. We found that 
Polycomb bodies are the physical sites of Polycomb-mediated silencing. Moreover, endogenous PcG target 
loci can frequently colocalize in the cell nucleus. This is reflected by molecular contacts detected by 
chromosome conformation capture. Polycomb-dependent contacts increase the stability of chromatin 
silencing, suggesting that they play an important developmental role. 
 



 
 
 

Abnormal DNA methylation 
 

Howard Cedar 
Department of Developmental Biology, Hebrew University Medical School,  

Jerusalem (Israel) 
 
 
Embryonic stem cells can be differentiated in vitro to produce a variety of somatic cell types. Through a new 
developmental tracing strategy, genome-wide analysis reveals that this is accompanied by extensive aberrant CpG 
island de novo.  The generation of this excess methylation represents an intrinsic process that actually begins in 
undifferentiated ES cells and is then exacerbated by a wide variety of in vitro differentiation techniques. Aberrant de 
novo methylation events are associated with many gene loci known to undergo regulation during differentiation and 
development, and could therefore be responsible for interfering with normal tissue-directed in-vitro differentiation and for 
promoting more robust growth of relatively undifferentiated cells in culture. In addition, over 30% of the excess-
methylated sites in human ES cells have been found to undergo de novo methylation in a variety of different tumors.  
Since these modifications are most likely irreversible, these results should serve as a warning for using current 
approaches to generate in vitro differentiated cells for replacement therapy. Our studies will hopefully pave the way 
towards deciphering the molecular mechanism of this abnormal process and finding strategies for correcting it. 
 
 
 

__________________________________ 
 
 
 

Histone modifications in leukemia development and maintenance 
 

Scott A. Armstrong 
Harvard Medical School, Harvard Stem Cell Institute, Dana Farber Cancer Institute, Boston (USA) 

 
 
Epigenetic gene regulation is emerging as a major mechanism for regulating gene expression programs and pathways 
involved in various forms of cancer. Specifically, recent data demonstrate that histone modifications influenced by the 
Mixed Lineage Leukemia (MLL) protein may play a fundamental role in the pathogenesis of certain leukemias. 
Rearrangements of the MLL gene are found in a subset of pediatric and adult acute lymphoid and myeloid leukemia 
(ALL and AML). Leukemias with MLL-rearrangements tend to have a poor prognosis. MLL is a histone 
methyltransferase that methylates histone 3 on lysine 4 (H3K4). The MLL fusion product generated by most MLL-
rearrangements encodes a fusion protein where the MLL methyltransferase activity (SET-domain) is lost. However, 
several fusion partners of MLL, such as, AF9, AF10, ENL, and perhaps AF4 have been shown to bind and potentially 
recruit a different histone methyl transferase, DOT1L, which methylates histone 3 on lysine 79 (H3K79). We have 
performed ChIP-Chip and ChIP-Seq. studies on a highly enriched population of MLL-rearranged leukemia stem cells 
which reveal elevated H3K79 methylation at MLL-fusion target loci. In mammalian cells H3K79 methylation is a 
modification associated with actively transcribed genes, and we find H3K79 methylation profiles correspond well with 
expression profiles in MLL-rearranged cells. This prompts the hypothesis that certain MLL-fusions transform cells in part 
by mis-targeting DOT1L, and promoting inappropriate histone methylation. This hypothesis is being tested using RNAi 
approaches, and conditional loss of function mouse models. Transduction of human leukemia cell lines harboring MLL-
translocations with either of 2 different lentiviral shRNA constructs directed against DOT1L shows a 60-80% reduction in 
global H3K79 methylation. This reduction is also observed on known MLL target loci such as the 5’ HoxA cluster genes, 
which are central to MLL-mediated leukemogenesis. Furthermore Hox gene expression decreases after Dot1L 
suppression in either human leukemia cell lines or primary mouse MLL-fusion leukemias. DOT1L suppression via 
shRNA or conditional inactivation in mouse cells adversely affects in vitro viability and leukemia development in vivo. 
Detailed characterization of the role of Dot1L and H3K79 methylation in leukemia and normal hematopoietic cells are 
ongoing. These studies point to DOTL as a potential therapeutic target for MLL-rearranged leukemias and a critical role 
for H3K79 methylation in human leukemia. 



 
 
 

Genomic imprinting as an adaptive model of developmental plasticity 
 

S. Ferron, M. Charalambous, E. Radford, S. Bauer, I. Farinas and Anne Ferguson-Smith 
Department of Physiology Development and Neuroscience, University of Cambridge  
Cambridge (United Kingdom) & Singapore Institute for Clinical Sciences (Singapore) 

 
 
Genomic imprinting is a normal process causing genes to be expressed from only one of the two parental 
chromosome homologues according to their parental origin. Imprinted genes function prenatally and 
postnatally in a range of developmental processes including growth and metabolism. In recent years, data 
has emerged indicating discordance of imprinting between mouse and man, polymorphic imprinting between 
different individuals and tissue-specific imprinting within individuals. This suggests that imprinting might be an 
adaptable and dynamic process with the potential to act as a mechanism regulating gene dosage in different 
developmental contexts.  
The mammalian adult brain is generally post-mitotic, but reservoirs of stem cells in the dentate gyrus of the 
hippocampus and the subventricular zone (SVZ) support lifelong neurogenesis. Intra and extracellular signals 
involved in this developmental process are not well-understood. Delta-like homologue 1 (Dlk1) is a paternally 
expressed imprinted gene located within in a cluster of others, that encodes both a transmembrane protein 
and a secreted isoform generated by alternative splicing, and is an atypical member of the 
Notch/Delta/Serrate family of developmental signalling molecules. Although widely expressed during 
embryonic development, only a few tissues including neurogenic regions of the brain retain Dlk1 expression in 
adults.  
We have conducted analysis of neurogenesis in the SVZ of Dlk1 mutant mice and shown a reduction in the 
number of stem cells in vivo and an impairment of final newborn neurons incorporated into the olfactory bulb 
as well as fewer primary neurospheres in vitro suggesting that normal levels of Dlk1 are necessary for the life-
long maintenance of neural stem cells (NSCs). We also discovered that within the SVZ, DLK1 is a niche 
factor secreted by astrocytes and that membrane-bound DLK1 is required in NSCs to respond to it. Finally, 
and in contrast to the neighbouring Gtl2 gene, we demonstrate specific absence of Dlk1 imprinting in the stem 
cell and astrocyte populations in the SVZ niche indicating that the mechanism conferring biallelic expression 
can override the imprint selectively at Dlk1 to control normal neurogenesis in the adult brain. We have 
explored the epigenetic mechanism underlying this absence of imprinting. 
In summary, the double dose of Dlk1 appears to be required for adult neurogenesis. This requirement for both 
expressed alleles of the canonically imprinted Dlk1 gene through selective absence of imprinting supports the 
hypothesis that epigenetic control of gene dosage in this way and in this particular stem cell context is an 
important developmental process.   
 



 
 
 

Cancer Epigenetics: from DNA Methylation to Non-Coding RNAs 
 

Manel Esteller 
Cancer Epigenetics and Biology Program (PEBC), Bellvitge Biomedical Research Institute (IDIBELL)  

L'Hospitalet de Llobregat, Barcelona (Spain) 
 
 
Cancer epigenetics is one of the most promising and expanding fields in the current biomedical research 
landscape. The increasing interest for epigenetics has been accompanied by outstanding breakthroughs in 
technological development, making it possible nowadays to undertake large scale epigenomic approaches. 
Epigenetic marks such as DNA methylation and histone modifications are critical in determining gene and 
microRNA activity. Mutations in epigenetic machinery genes are also found in human tumors. Thus, a 
comprehensive understanding of epigenetic mechanisms and their alterations in tranformed cells has become 
a major priority in the oncology arena. A knowledge that it is necessary because the first DNA methylation 
markers for cancer screening and chemosensitivity prediction are gaining prominence. New epidrugs are also 
imminent, revealing the real potential of epigenetic targets.  
 
 
 

 
__________________________________ 

 
 
 
 

Epigenetics and bacterial infections 
 

H. Bierne, M. Hamon, A. Lebreton and Pascale Cossart 
Unité des Interactions Bactéries-Cellules, Institut Pasteur; Inserm U604; INRA USC2020 

Paris (France). 
 
Bacterial pathogens during infection subvert a variety of host cell functions to allow their survival, replication and 
resistance to innate immune responses. While subversion of cytoskeletal elements and of signaling pathways including 
innate immunity pathways (e.g. the MAP kinase pathways, the NF-kB pathway… ) has received a lot of attention in the 
last two decades, growing evidence reveals that bacterial pathogens have devised unsuspected strategies to interfere 
with cellular epigenetic components or mechanisms (e.g.histone modifications or chromatin structure) in order to 
reprogram host transcription during infection. These pathogens express virulence factors which directly or indirectly can 
affect histone modifications or chromatin structure to modulate gene expression. The study of the strategies used by 
pathogens to exploit epigenetic mechanisms not only provides insights into infectious processes but also represents a 
new approach to discover new components or complexes involved in epigenetic regulations. During the talk, we will 
discuss these issues by focusing on the infection by the bacterial pathogen Listeria monocytogenes. We will show that 
Listeria can modulate histone modifications via the secretion of a toxin and also secretes inside host cells a virulence 
factor which interacts with BAHD1, a previously uncharacterized gene silencer.  
  
1. Hamon, M. A., E. Batsche, B. Regnault, T. N. Tham, S. Seveau, C. Muchardt, and P. Cossart (2007). Histone modifications 
induced by a family of bacterial toxins. Proc Natl Acad Sci U S A, 104:13467-72 
2. Hamon, M. A., and P. Cossart (2008). Histone modifications and chromatin remodeling during bacterial infections. Cell Host 
Microbe, 4:100-9 
3. Bierne, H., T. N. Tham, E. Batsche, A. Dumay, M Leguillou, S Kerneis-Golsteyn, B. Regnault, J. Seeler, C. Muchardt, J. 
Feunteun, P. Cossart (2009). Human BAHD1 promotes heterochromotic gene silencing. Proc Natl Acad Sci USA, 106: 13826-
13831 



 
 
 

Mobile siRNA affecting chromatin and gene expression in plants 
 

David Baulcombe 
Department of Plant Sciences, University of Cambridge,  

Cambridge (United Kingdom) 
 
 
Eukaryotes contain small regulatory RNAs that have been referred to as the dark matter of genetics. They are 
typically 21-24 nucleotides long, associated with Argonaut or Piwi proteins. Some of these small RNAs guide 
the Argonaut/Piwi protein to a complementary RNA and they are negative regulators of gene expression 
acting at the level of messenger RNA turnover or translation. Others participate in more complex regulatory 
systems affecting chromatin or they act as part of an RNA signal that moves between cells. In plants the small 
RNA silencing systems are fundamentally for defense. I will also describe genetic evidence that the RNA 
silencing signal is linked to mechanisms affecting chromatin modification in a process that may be linked to 
defense against invading DNA either from viruses or transposable elements. I shall also describe how the 
defense capacity of RNA silencing may operate on a genome-wide basis so that there is an effect on 
interactions between genomes of hybrid plants. Some of these interactions in the endosperm are based on 
maternal-specific expression of small RNAs but other interactions in vegetative tissues may be biparental. I 
shall describe how these RNA silencing systems may influence non additive phenotypes in hybrids. 
 
 
 

__________________________________ 
 
 
 

Complex interactions of silencing small RNA networks  
during short- term and long-term adaptation to stress in Arabidopsis 

 
Olivier Voinnet 

IBMP-CNRS UPR 2357, Strasbourg (France) 
 
 
In plants and some metazoans, RNA silencing is not cell autonomous: nucleotide sequence-specific signals 
move from their sites of initiation to orchestrate gene silencing in neighbouring cells and over long distance in 
target organs. Although they were discovered more than a decade ago, the exact identity of these signals and 
their natural roles have remained, however, unclear.  
I will describe here a series of experiments that were designed in our laboratory to decipher these questions. I 
will discuss the implications of the results in terms of pathogen defense, non-cell autonomous gene regulation 
via RNA degradation and DNA methylation, adaptation to the environment, epiallelism and transgenerational 
memory in plants. 
 
 



 
 
 

Sperm RNAs in epigenetic heredity and early developmental controls 
 

Minoo Rassoulzadegan 
U636 Inserm, Centre de biochimie, Nice (France) 

 
 
When it was discovered in humans, the possible functions of sperm RNA raised intriguing questions – with no 
clear answers. With our present knowledge of the regulatory functions exerted by non-coding RNAs, its 
possible roles in embryonic development and epigenetic inheritance became important questions. Our studies 
point to this complex set of molecules as transgenerational vectors of epigenetic information with critical roles 
in early development. They started with the observation of hereditary epigenetic variations in the mouse, 
formally similar to the plant paramutation, with the analysis of three independent occurrences affecting the Kit, 
Cdk9 and Sox9 loci, respectively. In all three cases, phenotypic variations corresponding to an increased 
transcriptional activity were efficiently transmitted to the progeny by both males and females mated with 
normal partners. A role of the sperm RNA in this non-Mendelian mode of heredity was established by 
microinjection in normal fertilized mouse eggs, leading to the efficient establishment and subsequent 
transmission of the epigenetic modification. Using microinjection as an assay, we identified the RNA 
molecules responsible for the modification of the embryo, namely fragments of the respective transcripts and 
the cognate microRNAs of the gene, present in minute amounts in mature sperm. To extend these studies to 
the possible physiological controls exerted by sperm RNA in the early embryo, we proceeded to an extensive 
analysis by deep sequencing of its multiple components in the normal male mouse (as a collaborative project 
with the laboratory of M. Kawano at the Yokohama Riken Institute). It led us to the discovery in the sperm 
RNA of two small molecules exclusively present in mature spermatozoa. Designated sperm-12 and -13, 20 
nucleotides in length, the sequences are conserved from mouse to man. Both molecules are processed from 
a piRNA locus expressed in the testis. They are transferred to the ovocyte during fertilization and remain 
stably associated with the nucleus throughout the preimplantation pluripotent stages. These results led to 
consider a general function of components of the “spermatozoal” RNA in the early developmental period.    
 
 
 

__________________________________ 
 

 
 

RNAi-Based Mechanisms for Assembly and Propagation of Heterochromatin 
 

Danesh Moazed 
Howard Hughes Medical Institute, Dep of Cell Biology, Harvard Medical School, Boston (USA) 

 
 
Assembly and maintenance of heterochromatin at the fission yeast pericentromeric DNA repeats requires the RNAi 
machinery as well as histone binding proteins and modifying enzymes.  We have identified the multiprotein 
complexes that mediate RNAi-dependent heterochromatin assembly and analyzed their activities in vitro and in 
vivo.  Our studies suggest that small interfering RNAs (siRNAs) act as specificity factors that target the Argonaute 
(Ago1)-containing RITS complex to nascent noncoding centromeric RNAs (cenRNAs).  This targeting leads to 
histone H3 lysine 9 (H3K9) methylation and involves direct interactions between siRNA-RITS and the CLRC 
complex, which contains the Clr4 histone methyltransferase and several other proteins.  siRNA amplification and 
siRNA-mediated targeting of the chromosome for heterochromatin formation are two critical events that must be 
tightly regulated to prevent inappropriate silencing of the genome.  siRNA amplification requires the RNA-
dependent RNA Polymerase Complex (RDRC) and is initiated by a class of Dicer-independent small RNAs, called 
primal RNAs (priRNAs).  priRNAs associate with Ago1 and recruit the RDRC complex to a specific subclass of 
cenRNAs to initiate dsRNA synthesis and siRNA generation.  Surprisingly, the methyltransferase activity of Clr4 is 
required for RITS-RDRC-CLRC association and siRNA amplification independently of H3K9 methylation, 
suggesting that direct methylation of one of these complexes controls siRNA amplification.  Once high levels of 
siRNAs are generated, their ability to initiate heterochromatin formation is limited by 3’ end processing 
mechanisms, which mediate mRNA polyadenylation and export, but do not act on cenRNAs.  Thus, multiple tiers of 
regulation work together to ensure that siRNAs are generated from appropriate noncoding RNAs and limit their 
ability to silence mRNAs. These findings have broad implications for the mechanism and evolution of nuclear small 
RNA pathways that silence gene expression by changing chromatin structure. 



 
 
 

Epigenetic Regulation of the Hox Clock in Mammals 
 

Denis Duboule 
Département de zoologie et de biologie animale, Université de Genève, Sciences III  

Genève (Suisse) 
 
 
 
 
 
 
 
 
 
 

__________________________________ 
 
 
 

Developmental regulation of genomic imprinting in mammals 
 

Robert Feil 
Institute of Molecular Genetics (IGMM), Institut de Génétique Moléculaire 

Montpellier (France) 
 
In contrast to other groups of animals, the maternally and paternally inherited genomes are functionally non-
equivalent in placental mammals and are both required for development.  This asymmetry is a consequence 
of differential marking of the genome in the oocyte versus the sperm.   These DNA methylation ‘imprints’ put 
onto the parental genomes persist in the developing embryo, and mediate the allelic expression of certain 
genes from either the maternally or paternally inherited copy.   More than hundred genes are now known to 
be controlled by this epigenetic phenomenon called ‘genomic imprinting’.  Several imprinted genes play 
important roles in development and growth, particularly of the placenta, others influence behaviour.  
Pathological perturbation of imprinting gives rise to growth-related and behavioural diseases in humans.  
Environmental stress can readily perturb imprints as well, and this may have long-lasting phenotypic 
consequences.  I will present our current understanding of how DNA methylation imprints become established 
during gametogenesis and how they are maintained in somatic cells.  Methylation imprints are targeted to 
essential regulatory sequences that control imprinted gene expression, the so-called ‘imprinting control 
regions’ (ICRs). After fertilisation, these imprints are maintained throughout development in all the somatic 
cells and tissues.  Our group has been interested in the organisation of chromatin at ICRs and to which extent 
specific histone modifications contribute to imprint establishment and maintenance. We also explore the 
importance of histone methylation in the tissue-specific regulation of imprinted gene expression.  



 
 
 

X-chromosome inactivation: initiation and plasticity 
 

Philip Avner 
Institut Pasteur, Paris (France) 

 
 
X-inactivation is a highly regulated process which ensures the dosage compensation in females which occurs 
in early development. In eutherian mammals, the initiation of X-inactivation involves the decoration of the 
presumptive inactive X by the non-coding Xist RNA, the recruitment of a series of repressive proteins, and 
modifications to histone and non-histone constituents making up the X chromosome. Xist upregulation is 
widely accepted to be one of the earliest steps in X-inactivation initiation suggesting the importance of 
understanding the mechanisms controlling Xist regulation for our understanding of the wider process and in 
particular for our understanding in the mouse of the switch which occurs from imprinted to random X-
inactivation during early embryogenesis.Previous findings from our laboratory, which have established the 
importance of transcriptional control mechanisms in Xist regulation and the role of the Tsix antisense in this 
process, have also underlined the major role of control mechanisms which facilitate the direct coupling of X-
inactivation todevelopmental processes. Current status of our knowledge concerning the circuits and actors 
involved in modulating the activity status of the Xist gene and of the X-inactivation process will be discussed.  
 
 
 

__________________________________ 
 
 
 
 

Epigenetic and Nuclear Dynamics during X-Chromosome Inactivation 
 

Edith Heard 
Mammalian Developmental Epigenetics Group, 

Inserm U934 / CNRS UMR3215, Institut Curie, Paris (France) 
 
 
In female mammals, one of the two X chromosomes is converted from the active euchromatic state into 
inactive heterochromatin during early embryonic development. This process, known as X-chromosome 
inactivation, results in the transcriptional silencing of over a thousand genes and ensures dosage 
compensation between the sexes. Although the inactive X represents one of the largest known blocks of 
facultative heterochromatin, the exact mechanisms that bring about this massive differential treatment of the 
two X chromosomes and then maintain the inactive state in a highly stable and clonally heritable fashion 
remain mysterious. We are studying the mechanisms of this process during early embryogenesis and in 
differentiating embryonic stem cells. The establishment of X inactivation involves monoallelic regulation of the 
non-coding Xist RNA and subsequent acquisition of numerous epigenetic modifications to ensure stability and 
heritability of the inactive state. These events involve a complex interplay of non-coding RNAs, nuclear 
dynamics, chromosome reorganization and chromatin changes. Our recent work exploring X inactivation in 
the mouse and in other mammals, where we have uncovered remarkable diversity in the developmental 
events initiating this process, will be presented. 



 
 
 

Mechanisms of Cellular Reprogramming 
 

Konrad Hochedlinger 
Massachusetts General Hospital, Simches Research Center, 

Boston (USA) 
 
 
Induced pluripotent stem cells (iPSCs) have been derived from various somatic cell populations through 
ectopic expression of defined factors. It remains unclear whether iPSCs generated from different cell types 
are molecularly and functionally similar. Here we show that iPSCs obtained from mouse fibroblasts, 
hematopoietic and myogenic cells exhibit distinct transcriptional and epigenetic patterns.   
Moreover, we demonstrate that cellular origin influences the in vitro differentiation potentials of iPSCs into 
embryoid bodies and different hematopoietic cell types. Notably, continuous passaging of iPSCs largely 
attenuates these differences. Our results suggest that early- passage iPSCs retain a transient epigenetic 
memory of their somatic cells of origin, which manifests as differential gene expression and altered 
differentiation capacity. These observations may influence ongoing attempts to use iPSCs for disease 
modeling and could also be exploited in potential therapeutic applications to enhance differentiation into 
desired cell lineages. 
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Epigenetic information in the genome is relatively stable in somatic cells but is reprogrammed on a genome 
wide level in germ cells and early embryos. This reprogramming is important for imprinting, the return to 
pluripotency, the erasure of epimutations, and perhaps for the control of transposons in the genome. A key 
component of reprogramming is the erasure of DNA methylation, which may occur by passive (replication 
dependent) or active mechanisms. We are using genome wide profiling methods based on bisulfite 
sequencing (BS-Seq) or antibody pulldown sequencing (MeDIP-Seq) in order to understand better the 
dynamics of erasure of DNA methylation. We have recently carried out genome-wide BS-Seq in primordial 
germ cells, which has revealed the extent of reprogramming on an unprecedented scale, and has shown that 
the cytidine deaminase AID is implicated in epigenetic reprogramming and potentially in active demethylation 
of DNA. Other studies have strengthened the idea that demethylation of DNA is probably indirect with 
modification of the methylcytosine (by deamination or oxidation) followed by DNA repair potentially by the 
base excision repair pathway.  

 
 


