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Embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs) are a promising source of cells for
regenerative medicine because of their potential of self renew and differentiation. Multiple evidences
highlight the relationship of chromatin remodeling with stem cell properties, differentiation programs
and reprogramming for iPSC obtention.

With the purpose of finding chromatin modifying factors relevant to these processes, and based on ChIP
on chip studies, we selected several genes that could be modulated by Oct4, Sox2 and Nanog, critical tran-
scription factors in stem cells, and studied their expression profile along the differentiation in mouse and
human ESCs, and in mouse iPSCs. In this work, we analyzed the expression of Gcn5l2, GTF3C3, TAF15,
ATF7IP, Myst2, HDAC2, HDAC3, HDAC5, HDAC10, SUV39H2, Jarid2, and Bmi-1. We found some genes
from different functional groups that were highly modulated, suggesting that they could be relevant both
in the undifferentiated state and during differentiation. These findings could contribute to the compre-
hension of molecular mechanisms involved in pluripotency, early differentiation and reprogramming.
We believe that a deeper knowledge of the epigenetic regulation of ESC will allow improving somatic cell
reprogramming for iPSC obtention and differentiation protocols optimization.

� 2011 Elsevier Inc. All rights reserved.
ll rights reserved.
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1. Introduction

Embryonic stem cells (ESCs) are able to self renew indefinitely
in vitro while retaining the capability of differentiating into cells
of the three germ layers. A small set of transcription factors, essen-
tially Oct4, Nanog, and Sox2 have been identified as responsible for
maintaining the undifferentiated state of ESCs [1]. Additionally,
forced expression of these factors reprograms terminally differen-
tiated cells into ES-like cells denominated induced pluripotent
stem cells (iPSCs) [2,3]. Because of their properties, pluripotent
cells are a promising source of cells for regenerative therapy and
in particular, iPSC could help to overcome immune rejection after
transplantation [4].

During cellular differentiation, mayor changes in cellular mor-
phology and function occur. These changes are mainly determined
by the execution of tissue-specific programs that modulate gene
expression. However, tissue-specific transcriptional regulatory
proteins are not sufficient to initiate differentiation. Changes,
both, at the level of higher order chromatin structure and in the
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chromatin organization at individual genes are also essential [5].
Together, transcriptional and epigenetic processes specify gene
expression programs that are critical for the maintenance of ESC
properties.

In the last few years, much evidence has been gathered about
the importance of chromatin remodeling in the maintenance of
ESC properties and in the achievement of successful cellular differ-
entiation. Moreover, ESCs have a distinct state of chromatin in a
large number of genes that are important for development. This
state is characterized both for the presence of H3K27me3 repres-
sive mark and the active gene mark, H3K4me3. Importantly, many
of these sites are bound by Oct4, Sox2 and Nanog [6]. Recently,
ChIP on chip approaches have unraveled the nature of the regula-
tory networks that link the pluripotency transcription factors with
many chromatin modifiers and chromatin remodelers [7]. How-
ever, while some modifiers have been studied extensively, the role
of other still remains unknown.

Based on the hypothesis that pluripotency transcription factors
such as Oct4, Sox2 and Nanog may be regulating the expression of
genes that encode chromatin modifier enzymes, we decided to
look for modifiers whose expression was altered in mouse and hu-
man ESC compared to that of a terminally differentiated cell type.
We have also evaluated their expression in iPSC lines developed by
us. Subsequently, we analyzed if candidate genes were modulated
during in vitro differentiation in both mouse and human ESCs. In
this work, we report the expression profile of selected chromatin
modifiers in mouse and human pluripotent stem cells. We found
genes from different groups that were highly modulated during
the differentiation process, suggesting that they could be relevant
both in the undifferentiated state and during differentiation pro-
cesses and showed similar behavior in ESC compared to iPSC and
in mESC compared to hESC. These evidences suggest that this
screening may lead us to find genes that play a role in maintaining
ESCs properties, helping to untangle chromatin regulation contri-
bution to pluripotency maintenance and cellular differentiation.
2. Materials and methods

2.1. Cell culture and differentiation

The E14-derived Ainv15 and R1 mES cell lines were obtained
from ATCC, the human embryonic stem cell (hESC) line WAO9
was purchased from WiCell Research Institute (WI). Cell lines were
cultured and differentiated as previously described [8,9].

2.2. Lentivirus production and induction of pluripotent stem cells

Lentiviruses were produced using the pHAGE-EF1a-STEMCCA
vector as previously described [10], with minor modifications
[11]. Induced pluripotent stem cells were developed as previously
described [11].

2.3. Real-time quantitative RT–PCR

mESCs were cultured in standard medium plus LIF on 0.1% bo-
vine gelatin-coated tissue culture plates for at least three passages
and then set to differentiate as described. hESC were grown in
standard medium plus bFGF on MEFs and then set to differentiate
as described. Total cellular RNA was isolated from subconfluent
cultures or EBs using TRIZOL reagent (Invitrogen). The yield and
purity of RNA samples were assessed by the absorbance at
260 nm and 260 nm/280 nm ratio, respectively. 1 lg of total
RNA was retro-transcribed using MMLV reverse transcriptase
(Promega) and 30 ng/ll Random Primers (Invitrogen). Real time
quantitative PCR amplification of DNA was carried out using Real
Time Mix (Biodynamics) and specific oligonucleotides (Table S1)
in Opticon Real Time DNA engine (Bio-Rad). A melting curve anal-
ysis was performed immediately after amplification at a linear
temperature transition rate of 0.3 �C/s from 60 �C to 90 �C with
continuous fluorescence acquisition. The amplicon size was con-
firmed by gel electrophoresis. Raw data were analyzed using MJ
Opticon Monitor Software 3.1.32 (Bio-Rad). Gene expression was
normalized to the housekeeping genes b-Actin or Glyceraldehyde
3-phosphate dehydrogenase (GAPDH), as indicated. Quantification
of relative gene expression was calculated using the DDCt method.
At least, two technical replicates of two independent samples were
used for each experiment; a no-template blank served as negative
controls.
2.4. Immunofluorescence

Primary and secondary antibodies are showed in Table S2.
Immunofluorescence was developed as previously described [8].
Images were acquired with a confocal microscope Olympus IX81/
Fluoview FV 1000.
3. Results

Previously reported ChIP on chip studies revealed a myriad of
genes that could be regulated by transcription factors expressed
in ES cells and that are critical for self-renewal and pluripotency
[6,7]. Based on these studies and others, we decided to study the
expression of selected genes involved in chromatin remodeling,
with the purpose of finding chromatin remodeling related genes
that were relevant to preserve self-renewal, to promote differenti-
ation, and/or to define the cell fate. We designed oligonucleotides
to study gene expression of some selected genes, among them, sev-
eral histone acetyltransferases (HATs), some histone methyltrans-
ferases (HMTs), several histone deacetylases (HDACs), a histone
demethylase, and a Polycomb Group member. Afterward, we
looked for those that were differentially expressed in undifferenti-
ated compared to differentiated state.

We first analyzed the expression of the HATs Gcn5l2 (KAT2A),
GTF3C3, ATF7IP and Myst2 (HBO1), the HDACs HDAC2, HDAC3
and HDAC5, and the TATA Box Associated Factor, TAF15 in undif-
ferentiated mouse E14 derived ESC line, Ainv15, compared to that
of a terminally differentiated cell type, mouse embryonic fibro-
blasts (Fig. S1A). Some of these genes were also analyzed in a dif-
ferent ESC line, R1, and similar results were obtained (data not
shown). We also studied the expression levels of the same chroma-
tin remodelers in mouse induced pluripotent stem cells (iPSCs)
generated by us. The iPS cell lines obtained were validated evalu-
ating self-renewal and pluripotency by specific gene markers
expression, along with in vitro and in vivo differentiation capability
(Figs. S2–S4). As we expected, the evaluated chromatin remodelers
showed a similar trend when comparing either mESC or iPSC to
MEF (Figs. S1A and B). Again, when we analyzed some of the chro-
matin remodelers in other obtained iPS cell line, we observed akin
behavior (data not shown). Interestingly, most of the studied genes
showed different expression levels when comparing pluripotent
cells with respect to terminally differentiated cells.

We then sought to extend our analysis to a human system. To
achieve this, we studied the expression of the HATs, Myst 2 and
3, GTF3C3 and ATF7IP; the HDACs, HDAC2, HDAC3, and HDAC10;
the HMT SUV39H2 (KMT1A/B); the histone demethylase Jarid2;
and the Polycomb Group member, Bmi-1, in WA09 human ESCs.
In this case, we compared gene expression between undifferenti-
ated hESCs and human skin fibroblasts, as a representative cell
type of terminally differentiated cells (Fig. S5). As in their mouse
counterpart, hESC showed some genes that were differentially ex-
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pressed in undifferentiated stem cells with respect to terminally
differentiated cells. The substantial difference of expression levels
found in the analyzed systems strongly suggests that many of
these genes may be important for maintaining stem cell basic
properties.

Based on the aforementioned results and on gene promoters
features, we delimited our selection and analyzed the expression
of some selected genes along in vitro differentiation protocols, with
the purpose of having a broad view of chromatin modifier genes’
modulation during the differentiation process. We conducted this
study, both in mouse (Fig. 1) and human (Fig. 2) ESCs. Concomi-
tantly, we measured the expression of specific gene markers to cor-
roborate the undifferentiated or differentiated state of the cells
validating the differentiation protocols. We detected Oct4 and Na-
nog down-regulation and up-regulation of differentiation markers,
along the protocol (Figs. 1B and 2B). Moreover, during the differen-
tiation process, contracting areas were observed in the outgrowth
of the EBs (Supplementary video).

We found that the HAT Myst2 was highly repressed early in the
differentiation process in mESC and late in hESC. GTF3C3 was also
repressed early in both systems and later, while in mESC declined,
in hESC raised along the process, to similar levels as undifferenti-
ated cells’. The HAT ATF7IP behaved similar in human and mouse
ESC showing high repression since day 2 of the differentiation pro-
Fig. 1. Expression levels of chromatin remodelers along in vitro differentiation of mESC.
days 0, 4, 7 and 11 after the induction of differentiation. (A) Representative pictures of (i)
bodies growing in adherence. (B) Undifferentiated state and lineage specific gene marke
qPCR and normalized to the undifferentiated state (D0) or day 11 (D11), using the DDCT m
standard deviation of at least two technical replicates of two independent samples.
cess. Concerning the HDACs, we found that the three genes evalu-
ated in mESC were downregulated since the beginning of the
differentiation process, while in their human counterpart they
didn’t show any modulation. It is worth mentioning that in hESC,
Jarid2 and Bmi1 showed clear progressively modulation along
the differentiation process; while the first showed strong repres-
sion, the other one was induced. To our knowledge, this is the first
report about Jarid2 and Bmi1 modulation in hESC.
4. Discussion

Pluripotent cells have a unique epigenetic signature that re-
flects their broad potential [12]. Histone modifications influence
genes’ chromatin structure and consequently, their transcriptional
activity [13]. Multiple evidences link chromatin remodeling to
stem cells pluripotency [14–17]. Conversely, there are evidences
that indicate that chromatin remodeling occurs during differentia-
tion as well [18].

Although these and a myriad of studies have clearly established
that histone modifications are essential for development, many
questions remain unanswered regarding the role of individual fac-
tors [12] and the mechanisms by which the activities of the differ-
ent chromatin remodeling enzymes are integrated in ES cells [19].
Ainv15 mESCs were subjected to the hanging drop protocol. RNA was extracted at
Ainv15 mESC line, (ii) embryoid bodies growing under suspension and (iii) embryoid
rs and (C) chromatin remodelers levels, as indicated, were measured by Real Time
ethod. Gene expression was normalized to GAPDH. Results are shown as mean and
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In this work we have studied the expression of selected chromatin
modifying enzymes. We first found some genes that were differen-
tially expressed in undifferentiated ESC compared to a differenti-
ated cell type. Although we did not find a general pattern of
modulation of gene expression, we could detect some resemblance
between ES cells and iPS cells, and between mouse and human ES
cells.

In human ES cells, we found that a Jumonji–ARID domain con-
taining protein, Jarid2, gene expression was progressively down-
regulated along the differentiation protocol, and their mRNA
levels were also lower in terminally differentiated fibroblasts com-
pared to undifferentiated ESCs. To our knowledge, this is the first
report of Jarid2 gene modulation in hESC. Otherwise, our results
agree with those reported in mESC [20]. Although it has been sug-
gested that this protein is probably not acting as a histone demeth-
ylase, it has been shown that Jarid2 is critical to modulate
Polycomb repressive complex (PRC) 2 activity [21] both in ES cells
and during cell reprogramming for iPSC obtention [20]. SetDB1
(KMT1E) and Suv39H2 (KMT1A/B) are other histone methyltrans-
ferases that have been studied in mESC. SetDB1 showed to be
essential for stem cell maintenance [22] and depletion of Suv39H2
led to important changes in gene expression [23]. Here, we found
in hESC that SUV39H2 was repressed progressively along the dif-
ferentiation and later on recovered, reaching similar levels to the
undifferentiated state.

Regarding the cell cycle modulator, Bmi1, we found that its
expression increases progressively along differentiation in hESC.
These results are similar to those recently reported in mESC [24].
The authors did not detect Bmi1 RNA in mESC, so they proposed
that this protein should not have an obvious effect on mESC self-re-
newal. They also proposed that Bmi1 enhanced the propensity of
ESC to differentiate towards the hematopoietic lineage and identi-
fied genes regulated by Bmi1 during ESC differentiation [24]. In
addition, it is known that this factor is critical to hematopoietic
stem cells function [25–27]. Bmi1 null mice showed hematopoyet-
ic and neurological abnormalities [28]. Besides, it was recently
shown that this factor contributes to DNA repair, suggesting its
involvement in chromosome integrity maintenance [29]. In addi-
tion, we found that the HAT Myst2 is highly repressed in the eval-
uated terminally differentiated cells and was early or late
repressed in the differentiation protocol in mouse or human ESC,
respectively. Although it has been recently reported that this
HAT is essential for mouse development [30] and there are multi-
ple studies on Bmi1 function, to our knowledge, neither Myst2 nor
Bmi1 modulation were reported in hESCs, yet.

Some of the evaluated genes showed different behavior in the
terminally differentiated analyzed cells compared to the ESC-
derived embryoid bodies. This could be explained by the fact that
the obtained EBs are composed by multiple cell populations that
have different patterns of gene expression, instead of the homoge-
neous primary cultures analyzed as an example of a terminally dif-
ferentiated cell type. We have also analyzed the expression of
these modifiers in a different somatic cell type, the human embry-
onic kidney cell line, HEK 293, and found that some of them have



Fig. 2. Expression levels of chromatin remodelers along in vitro differentiation of hESC. WA09 hESCs were in vitro differentiated as described in material and methods. RNA
was extracted at the indicated days after the induction of differentiation. (A) Representative pictures of (i) WA09 hESC line, (ii) embryoid body growing under suspension and
(iii) embryoid bodies growing in adherence. (B) Undifferentiated state and lineage specific gene markers and (C) chromatin remodelers levels, as indicated, were measured by
Real Time qPCR and normalized to the undifferentiated state (D0) or day 11 (D11), using the DDCT method. Gene expression was normalized to GAPDH. Results are shown as
mean and standard deviation of at least two technical replicates of two independent samples.

820 C. Luzzani et al. / Biochemical and Biophysical Research Communications 410 (2011) 816–822
similar pattern compared to MEF, and others were expressed at
higher or lower levels (data not shown). These evidences suggest
that each terminally differentiated cell type should have their
own pattern of chromatin modifying factors expression.

On the other hand, as iPSC are reported to be similar, but not
identical to ESC [31], we expected some discrepancy between
them. Nevertheless, we didn’t find evident differences in the
expression of the evaluated genes. We found that some of the
genes were differentially modulated comparing mouse to human
ESC. This could be explained by the fact that even though high
similitude may exist, the regulatory sequences of the gene promot-
ers diverge among the different species. Moreover, ChIP on chip
studies predict different targets for the same factor comparing hu-
man (unpublished results from Young’s lab) and mouse ES cells [7].
From a different viewpoint, it is expected to find a different mod-
ulation for the same genes in the different species. As an example
of this, we found that HDAC2 was almost unchanged in hESC, and
aversely, we found an important modulation in mouse systems,
both mESC and iPSC. It must be noted, that we could not find
any modulation along the differentiation in the HDACs studied in
hESC. The expression of HDAC2 was stoutly downregulated along
the differentiation and was higher in undifferentiated ESC or iPSC
compared to MEF. It has been reported that HDAC2 would be dis-
pensable both for mESC self-renewal and embryoid bodies’ differ-
entiation as HDAC2 knock out ESC preserved self-renewal and
pluripotency [32]. Since it has been suggested that HDAC1 is re-
quired to moderate the differentiation process [32] and that
HDAC1 and HDAC2 interact to form the catalytic core of repressive
complexes [33], we propose that HDAC2 could collaborate with
HDAC1 in controlling differentiation pathways, based on the mod-
ulation that we found. Further experiments should be done to test
this hypothesis.

Summing up, in this work we have presented a modest land-
scape of chromatin modifiers’ modulation in mouse and human
pluripotent stem cells. Currently, we are studying the relevance
of some genes presented here, inhibiting their expression by a
shRNA approach. We believe these findings may contribute to
understand the epigenetic mechanisms involved in pluripotency,
early differentiation and reprogramming. A better comprehension
of these processes will allow improving somatic cell reprogram-
ming for iPSC obtention and differentiation protocols optimization.

Acknowledgments

The authors wish to thank Estefania Rojas and Marcelo Schultz
for teratoma processing. This work was supported by grants



Fig. 2 (continued)

C. Luzzani et al. / Biochemical and Biophysical Research Communications 410 (2011) 816–822 821
(to A.G.) from the University of Buenos Aires (X849), National Sci-
entific and Technical Research Council (CONICET, PIP 112-200801-
03003), National Agency for Science and Technology Promotion
(ANPCyT, PID 115-PAE 37075) and by Biosidus S.A. C.L., C.S. and
L.R. are fellows from CONICET, N.L. is supported by a fellowship
grant from University of Buenos Aires and C.B. by a fellowship
grant from ANPCyT.
Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bbrc.2011.06.070.
References
[1] S.H. Orkin, Chipping away at the embryonic stem cell network, Cell 122 (2005)
828–830.
[2] K. Takahashi, K. Tanabe, M. Ohnuki, M. Narita, T. Ichisaka, K. Tomoda, S.
Yamanaka, Induction of pluripotent stem cells from adult human fibroblasts by
defined factors, Cell 131 (2007) 861–872.

[3] K. Takahashi, S. Yamanaka, Induction of pluripotent stem cells from mouse
embryonic and adult fibroblast cultures by defined factors, Cell 126 (2006)
663–676.

[4] S. Yamanaka, A fresh look at iPS cells, Cell 137 (2009) 13–17.
[5] I.L. de la Serna, Y. Ohkawa, A.N. Imbalzano, Chromatin remodelling in

mammalian differentiation: lessons from ATP-dependent remodellers, Nat.
Rev. Genet. 7 (2006) 461–473.

[6] M.A. Surani, K. Hayashi, P. Hajkova, Genetic and epigenetic regulators of
pluripotency, Cell 128 (2007) 747–762.

[7] J. Kim, J. Chu, X. Shen, J. Wang, S.H. Orkin, An extended transcriptional network
for pluripotency of embryonic stem cells, Cell 132 (2008) 1049–1061.

[8] N. Losino, C. Luzzani, C. Solari, J. Boffi, M.L. Tisserand, G. Sevlever, L. Baranao, A.
Guberman, Maintenance of murine embryonic stem cells’ self-renewal and
pluripotency with increase in proliferation rate by a bovine granulosa cell line-
conditioned medium, Stem Cells Dev. (2011), doi:10.1089/scd.2010.0336.

[9] M.E. Scassa, C.J. de Giusti, M. Questa, G. Pretre, G.A. Richardson, C.
Bluguermann, L. Romorini, M.F. Ferrer, G.E. Sevlever, S.G. Miriuka, R.M.
Gomez, Human embryonic stem cells and derived contractile embryoid
bodies are susceptible to Coxsakievirus B infection and respond to interferon
Ibeta treatment, Stem Cell Res. 6 (2011) 13–22.

http://dx.doi.org/10.1016/j.bbrc.2011.06.070
http://dx.doi.org/10.1089/scd.2010.0336


822 C. Luzzani et al. / Biochemical and Biophysical Research Communications 410 (2011) 816–822
[10] C.A. Sommer, M. Stadtfeld, G.J. Murphy, K. Hochedlinger, D.N. Kotton, G.
Mostoslavsky, Induced pluripotent stem cell generation using a single
lentiviral stem cell cassette, Stem Cells 27 (2009) 543–549.

[11] C. Solari, N. Losino, C. Luzzani, A. Waisman, C. Bluguermann, M. Questa, G.
Sevlever, S. Miriuka, L. Baranao, A. Guberman, Induced pluripotent stem cells’
self-renewal pluripotency is maintained by a bovine granulosa cell line-
conditioned medium, Biochem. Biophys. Res. Commun. 410 (2011) 252–257.

[12] A. Meissner, Epigenetic modifications in pluripotent and differentiated cells,
Nat. Biotechnol. 28 (2011) 1079–1088.

[13] A. Mattout, E. Meshorer, Chromatin plasticity and genome organization in
pluripotent embryonic stem cells, Curr. Opin. Cell Biol. 22 (2010) 334–341.

[14] J. Liang, M. Wan, Y. Zhang, P. Gu, H. Xin, S.Y. Jung, J. Qin, J. Wong, A.J. Cooney, D.
Liu, Z. Songyang, Nanog and Oct4 associate with unique transcriptional
repression complexes in embryonic stem cells, Nat. Cell Biol. 10 (2008) 731–
739.

[15] L. Ho, J.L. Ronan, J. Wu, B.T. Staahl, L. Chen, A. Kuo, J. Lessard, A.I. Nesvizhskii, J.
Ranish, G.R. Crabtree, An embryonic stem cell chromatin remodeling complex,
esBAF, is essential for embryonic stem cell self-renewal and pluripotency, Proc.
Natl. Acad. Sci. USA 106 (2009) 5181–5186.

[16] H. Ura, M. Usuda, K. Kinoshita, C. Sun, K. Mori, T. Akagi, T. Matsuda, H. Koide, T.
Yokota, STAT3 and Oct-3/4 control histone modification through induction of
Eed in embryonic stem cells, J. Biol. Chem. 283 (2008) 9713–9723.

[17] M.P. Creyghton, A.W. Cheng, G.G. Welstead, T. Kooistra, B.W. Carey, E.J. Steine,
J. Hanna, M.A. Lodato, G.M. Frampton, P.A. Sharp, L.A. Boyer, R.A. Young, R.
Jaenisch, Histone H3K27ac separates active from poised enhancers and
predicts developmental state, Proc. Natl. Acad. Sci. USA 107 (2010) 21931–
21936.

[18] J. Krejci, R. Uhlirova, G. Galiova, S. Kozubek, J. Smigova, E. Bartova, Genome-
wide reduction in H3K9 acetylation during human embryonic stem cell
differentiation, J. Cell Physiol. 219 (2009) 677–687.

[19] T.G. Fazzio, B. Panning, Control of embryonic stem cell identity by nucleosome
remodeling enzymes, Curr. Opin. Genet. Dev. 20 (2010) 500–504.

[20] Z. Zhang, A. Jones, C.W. Sun, C. Li, C.W. Chang, H.Y. Joo, Q. Dai, M.R. Mysliwiec,
L.C. Wu, Y. Guo, W. Yang, K. Liu, K.M. Pawlik, H. Erdjument-Bromage, P.
Tempst, Y. Lee, J. Min, T.M. Townes, H. Wang, PRC2 Complexes with JARID2,
and esPRC2p48 in ES cells to modulate ES Cell pluripotency and somatic cell
reprogramming Stem Cells. (2010), doi:10.1002/stem.578.

[21] D. Pasini, P.A. Cloos, J. Walfridsson, L. Olsson, J.P. Bukowski, J.V. Johansen, M.
Bak, N. Tommerup, J. Rappsilber, K. Helin, JARID2 regulates binding of the
Polycomb repressive complex 2 to target genes in ES cells, Nature 464 (2010)
306–310.

[22] S. Bilodeau, M.H. Kagey, G.M. Frampton, P.B. Rahl, R.A. Young, SetDB1
contributes to repression of genes encoding developmental regulators and
maintenance of ES cell state, Genes Dev. 23 (2009) 2484–2489.

[23] J.H. Martens, R.J. O’Sullivan, U. Braunschweig, S. Opravil, M. Radolf, P. Steinlein,
T. Jenuwein, The profile of repeat-associated histone lysine methylation states
in the mouse epigenome, EMBO J. 24 (2005) 800–812.

[24] X. Ding, Q. Lin, R. Ensenat-Waser, S. Rose-John, M. Zenke, Polycomb group
protein Bmi1 promotes hematopoietic cell development from ES cells, Stem
Cells Dev. (2011), doi:10.1089/scd.2010.0539.

[25] H. Oguro, A. Iwama, Y. Morita, T. Kamijo, M. van Lohuizen, H. Nakauchi,
Differential impact of Ink4a and Arf on hematopoietic stem cells and their
bone marrow microenvironment in Bmi1-deficient mice, J. Exp. Med. 203
(2006) 2247–2253.

[26] S.W. Bruggeman, M.E. Valk-Lingbeek, P.P. van der Stoop, J.J. Jacobs, K. Kieboom,
E. Tanger, D. Hulsman, C. Leung, Y. Arsenijevic, S. Marino, M. van Lohuizen,
Ink4a and Arf differentially affect cell proliferation and neural stem cell self-
renewal in Bmi1-deficient mice, Genes Dev. 19 (2005) 1438–1443.

[27] J.J. Jacobs, K. Kieboom, S. Marino, R.A. DePinho, M. van Lohuizen, The oncogene
and Polycomb-group gene bmi-1 regulates cell proliferation and senescence
through the ink4a locus, Nature 397 (1999) 164–168.

[28] N.M. van der Lugt, J. Domen, K. Linders, M. van Roon, E. Robanus-Maandag, H.
te Riele, M. van der Valk, J. Deschamps, M. Sofroniew, M. van Lohuizen, et al.,
Posterior transformation, neurological abnormalities, and severe
hematopoietic defects in mice with a targeted deletion of the bmi-1 proto-
oncogene, Genes Dev. 8 (1994) 757–769.

[29] J. Chagraoui, J. Hebert, S. Girard, G. Sauvageau, An anticlastogenic function for
the Polycomb Group gene Bmi1, Proc. Natl. Acad. Sci. USA 108 (2011) 5284–
5289.

[30] A.J. Kueh, M.P. Dixon, A.K. Voss, T. Thomas, HBO1 is required for H3K14
acetylation and normal transcriptional activity during embryonic
development, Mol. Cell Biol. 31 (2011) 845–860.

[31] E. Dolgin, Flaw in induced-stem-cell model, Nature, 470, 13.
[32] O.M. Dovey, C.T. Foster, S.M. Cowley, Histone deacetylase 1 (HDAC1), but not

HDAC2, controls embryonic stem cell differentiation, Proc. Natl. Acad. Sci. USA,
107, 8242–8247.

[33] J. Taplick, V. Kurtev, K. Kroboth, M. Posch, T. Lechner, C. Seiser, Homo-
oligomerisation and nuclear localisation of mouse histone deacetylase 1, J.
Mol. Biol. 308 (2001) 27–38.

http://dx.doi.org/10.1002/stem.578
http://dx.doi.org/10.1089/scd.2010.0539

	Modulation of chromatin modifying factors’ gene expression in embryonic and induced pluripotent stem cells
	1 Introduction
	2 Materials and methods
	2.1 Cell culture and differentiation
	2.2 Lentivirus production and induction of pluripotent stem cells
	2.3 Real-time quantitative RT–PCR
	2.4 Immunofluorescence

	3 Results
	4 Discussion
	Acknowledgments
	Appendix A Supplementary material
	References


