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ABSTRACT  Histone H3 lysine 9 methylation has been shown to be a critical barrier to efficient cell 
reprogramming. This discovery allows the assessment of the cell pluripotency state by consider-
ing the extent of H3K9 methylation vs. acetylation at the same position. A set of pluripotent and 
differentiated human cells including embryonic stem cells, their differentiated and reprogrammed 
counterparts, along with human fibroblasts and their derived reprogrammed cells, were used to 
evaluate the ratio of total H3K9 methylation over acetylation using a quantitative ELISA-based 
approach. Also, the occurrence of the H3K4me3 and H3K27me3 bivalent marks was evaluated. 
Additionally, using ChIP-qPCR the occurrence of these histone marks on the regulatory regions of 
stemness genes (Nanog, Oct4 and Sox2) as well as on genes indicating fibroblast differentiation 
(Vim, COL1A1 and THY1) was evaluated. We evidence remarkably high ratios of H3K9ac/K9me2 in 
ES and iPS cells vs. differentiated cells. In iPSCs, a direct relationship between the ratios of total 
H3K9ac/H3K9me2 and the ratios of these marks on pluripotency gene regulatory regions and their 
expression was observed. In differentiated cells, in contrast, the ratios of global H3K9ac/K9me2 
is low but the active genes escape this general situation and bear higher amounts of H3K9ac vs. 
H3K9me. Total H3K4me3/K27me3 ratios presented the same trends, but with reduced amplitudes. 
We propose that the rapid quantitative measurements of relative amounts of H3K9ac and K9me2 
in iPS cells compared to the parental differentiated cells constitute a reliable and convenient cri-
terion to rapidly assess the cell pluripotency potentials and the efficiency of cell reprogramming. 
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Introduction

Development of technologies for production of induced pluripo-
tent stem cells (iPSCs) have opened new opportunities to study 
dynamics of the epigenetic events that underlay pluripotency, dif-
ferentiation and reprogramming. Re-establishment of the properties 
of embryonic stem (ES) cell through making iPS cell generation 
opens numerous applications in regenerative medicine (Takahashi 
et al., 2007) . Although iPSCs appear as potential alternative to 
ES cells in various applications, different studies show that they 
present both genetic and epigenetic abnormalities (Chin et al., 
2009, Chin et al., 2010). It appears therefore necessary to define 
criteria to reliably assess the potentials and quality of iPS cells. 
Histone post-translational modifications (PTMs) are at the heart 
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of many epigenetic mechanisms. Combinations of histone marks 
create an “epigenetic code” which defines distinct chromatin states 
and the transcriptional status of the genes (Kouzarides, 2007). 
Some modifications such as acetylation of histone H3 at lysine 9 
(H3K9ac) are correlated with active transcription. This epigenetic 
mark is abundant on chromatin of ES cells and is known as one 
of the characteristic features of these cells (Meshorer and Misteli, 
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2006). Furthermore, the importance of this histone mark during 
development and mostly in ESC biology has been well substanti-
ated (Hezroni et al., 2011, Wen et al., 2009). 

In addition, embryonic stem cells possess bivalent domains 
that contain coexisting active and repressive histone marks at 
promoters of developmentally important genes. These bivalent 
marks refer to chromatin regions bearing two concurrent modifi-
cations: tri-methylated lysine 4 and 27 on histone H3 (H3K4me3 
and H3K27me3), which are normally associated with gene tran-
scription and gene silencing respectively. Since bivalent marks 
show reduced levels in differentiated cells compared to ESCs, 
they appear as important to maintain cell pluripotency (Bernstein 
et al., 2006, Zhao et al., 2007). 

Another critical histone modification is the methylaion of histone 
H3 at lysine 9 (i. e., H3K9me2), which is associated with gene 
repression in ESCs. This histone mark is found at low levels in 
ESCs but its occurrence increases during cell differentiation (Wen 
et al., 2009). Many studies support a critical role for histone H3 
lysine 9 (H3K9) methylation in promoting /inhibiting of cell repro-
gramming and the pluripotency states during iPSC generation 
(Ang et al., 2011, Singhal et al., 2010).

Interestingly more recent studies point to histone H3 lysine 9 
(H3K9) methylation as primary epigenetic determinant acting as 
a barrier to efficient cell reprogramming both following induced 
pluripotent stem cell generation and somatic cell nuclear transfer 
(Chen et al., 2013). 

These discoveries allow for the development of specific ap-
proaches to assess the pluripotency states of the cells by con-
sidering the extent of H3K9 methylation.

In the present study a set of pluripotent and differentiated human 
cells representing cells going from embryonic state (ESC) into 
commitment (diff-ESC) and coming back to pluripotency (iPS1), 
along with human fibroblasts and their reprogrammed counterpart 
(iPS2), were used to evaluate the ratio of total amounts of H3K9 
methylation and acetylation using a quantitative ELISA-based 
technique. We have also measured following the same method 
the occurrence of the so-called bivalent H3 modifications: H3K4me 
and H3K27me. Moreover mRNA expression of several stemness 
genes (Nanog, Oct4, Sox2) as well as genes indicating fibroblast 
differentiation (Vim, COL1A1 and THY1) were measured quan-
titatively by qRT-PCR. Using a ChIP-qPCR approach we also 
tested these four critical histone marks on the regulatory regions 
of mentioned genes. These investigations allowed us to propose a 
method to rapidly and reliably assess the cell pluripotency poten-
tials based on the quantitative measurement of H3K9ac/K9me2.

Results

ESC differentiation towards fibroblast cells
Fibroblast like cells were derived from ES cells by changing 

medium and performing passage methods. Morphology of these 
cells showed the typical spindly shape as normal fibroblast mor-
phology. Immunofluorescence staining depicts the expression 
of fibroblast marker-Vimentin. The cells were negative for ALP 
(Alkaline phosphatase), Oct4 and TRA-1-81 (Fig. 1).

Characterization of iPSC line derived from differentiated ESC
Induced pluripotent stem cell line (iPS1) derived from ESC-

Fig. 1. Characterization of fibroblast cells differentiated from ESC cells. (A) Phase contrast image demonstrates typical morphology of fibroblast 
cells, (B) Immunostaining for Vimentin antigen as an important fibroblast marker, (C) Cells were negative for ALP (Alkaline phosphatase), (D-I) Immu-
nostaining for two stemness markers, Oct-3/4 and TRA-1-81 shows no expression in these cells.
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fibroblast (dif-ESC) showed normal morphology of hESC colonies 
as round colonies with definite edge cells with obvious nuclei 
and thin cytoplasm (Fig. 2A-D). The cells were ALP positive and 
maintained a normal karyotype with diploid 46 XY karyotype. In 
addition, immunofluorescent staining showed positive expression 
of the nuclear marker Oct4 and the surface markers SSEA-4, 
TRA-1-60 and TRA-1-81 (Fig. 2E). 

Differential expression of stemness and fibroblast genes in 
iPSC, ESC and differentiated cells

The relative expression of three stemness genes (Nanog, Oct4 
and Sox2) and three genes indicating fibroblast differentiation 

(Vim, COL1A1 and THY1) in all cell lines were quantitatively 
determined by real-time PCR, using GAPDH gene for normal-
ization. As expected, the expression levels of Nanog, Oct4 and 
Sox2 were significantly higher in embryonic stem cell (ESC) 
and in both induced pluripotent stem cells (iPS1 and iPS2) than 
in diff-ESC and in human fibroblasts (Fig. 3). In contrast, the 
expression of fibroblast genes (Vim, COL1A1 and THY1), in 
pluripotent cells have showed significantly lower levels than in 
differentiated cells (Fig. 4) (supplemental data S2). In the case 
of COL1A1, it seemed that in iPS cell lines, especially iPS1, this 
gene has escaped the global reprogramming and has remained 
transcribed. In these iPS cells, Vim and THY1 showed a better 

Fig. 2. Characterization of iPS1 which re-reprogramed from differentiated ESC. (A)Morphology of iPS1. (B) Higher magnification of iPS1. (C) 
Expression of ALP (Alkaline phosphatase). (D) Normal Karyotype of cells at passage 12. (E) Expression of Oct-3/4, SSEA-4, TRA-1-60 and TRA-1-81.

Fig. 3. Relative mRNA expression 
levels of stemness marker genes in 
all studied cell lines. The results are 
expressed as 2^ΔΔCT (mean ± SEM). 
Means labeled with vastly different  let-
ters are significantly different in p≤0.05 
(see supplemental data S2).
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reprogramming and present a transcription rate which is closer to 
that observed in ESCs (Fig. 4).

Different levels of histone 3 K9 acetylation and methylation 
in iPSC, ESC and differentiated cells

Total chromatin extracted from iPS cell lines, ES cells and 
differentiated ES cell line were used to evaluate the occurrence 
H3K9ac and H3K9me2. For this purpose, the chromatin-ELISA 
method, which allows for a relative quantitative assessment of 
these histone marks was used. As shown in Fig. 5A, the levels of 
H3K9ac, in pluripotent cells lines were drastically higher than its 
level in dif-ESC and fibroblast cells. The same approach was used 
to measure the relative amounts of H3K9me2 in the same cells. In 
this case, compared to differentiated cells, we observed low levels 
of this mark in pluripotent cells (Fig. 5A) (supplemental data S3). 

We observed that similarly to H3K9ac, H3K4me3 is higher 
in pluripotent cells compared to the differentiated cells, while 

regions of marker genes of stemness: Nanog, Oct4 and Sox2. 
Likewise, significant high levels of tri-methylated H3K4 were also 
observed on these regions (see also supplemental data S4).

However, regulatory region of marker genes for fibroblast differ-
entiation (Vim, COL1A1 and THY1), were epigenetically marked by 
hypermethylation of H3K9 and H3K27 in pluripotent cells (Fig. 7). 

In fibroblast and differentiated ESC (dif-ESC) the repressive 
marks of H3K9me2 and H3K27me3 showed significantly higher 
incorporation than H3K9ac and H3K4me3 at up-stream regions of 
Nanog, Oct4 and Sox2 genes (Fig. 6). However, this condition at 
upstream regions of Vim, COL1A1 and THY1 was reversed (Fig. 
7) (see supplemental data S4).

Discussion

Embryonic stem cells have specific epigenetic characteristics, 
which distinguish them from terminally differentiated cells. A re-

Fig. 4. Relative mRNA expression levels of fibroblast marker genes in all studied cell lines. 
The results are expressed as 2^ΔΔCT (mean ± SEM). Means labeled with vastly different letters 
are significantly different in p≤0.05 (see supplemental data S2).

H3K27me3 showed a reverse situation with 
higher levels in differentiated cells (Fig. 5B, 
supplemental data S3).

Localized post translational modifications 
on gene regulatory regions

After evaluation of total levels of H3K9ac/
me2 and H3K4/K27 me3 PTMs on chroma-
tin of cells, chromatin immunoprecipitation 
(ChIP) was used to detect the presence of 
the mentioned histone modifications on the 
regulatory regions of specific marker genes 
indicating stemness states and fibroblast dif-
ferentiation states respectively in plurippotent 
and committed cells.

To this aim, after immunoprecipitation of 
chromatin with H3K9ac, H3K9me2, H3K4me3 
and H3K27me3 antibodies, enriched DNA 
were amplified by using designed primers 
corresponding to the regulatory regions of 
the mentioned genes respectively in the 
considered cell lines. As shown in Fig 6, in all 
pluripotent cells acetylated H3K9 (H3K9ac) 
was the dominant modification on regulatory 

Fig. 5. Total levels of post translational modifications (PTMs) by ELISA method in all studied cell lines. Relative content of (A) H3K9ac/me2 and 
(B) bivalent marks of H3K4/27me3 in pluripotent cells of ES, iPS1 and iPS2 as well as dif-ESC and fibroblast cell lines after adjusting for chromatin 
loading based on H2A reactivity by ELISA. Means labeled with vastly different letters are significantly different in p≤0.05 (see supplemental data S3). 
Asterisk sign shows significant difference of (A) H3K9ac vs. H3K9me2 and (B) H3K4me3 vs. H3K27me3 in p≤0.05.
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markable specificity of these cells is their hyper-dynamic chromatin, 
which has been associated with high levels of histone acetylation 
(Apostolou and Hochedlinger, 2013, Ikegami et al., 2009, Meshorer 
et al., 2006). With this respect, histone H3K9 represents a key 
position. Indeed, H3K9 is a site where competing chemical modi-
fications mediate different functional outputs. Acetylation of H3K9 
is associated with both dynamic chromatin and gene transcriptional 
activity. In contrast, methylation of H3K9 not only blocks further 
modifications of this specific lysine but also underlays the estab-
lishment of heterochromatin and gene transcriptional repression. 

Another specificity of ES cells’ chromatin is that in these cells, the 
developmentally important genes are epigenetically distinguished 
by a unique ‘bivalent’ mark signature consisting of histone H3 

K4 and K27 tri-methylation (Pan et al., 2007). Individually, these 
histone marks indicate active and repressive genes respectively 
(Pan et al., 2007). 

Since post transcriptional modifications have an undoubted es-
sential role in chromatin dynamicity of cells, it could be a worthwhile 
way to evaluate the chromatin state of the cells in pluripotency, 
differentiation and fate determination of ESCs. Here we report an 
ELISA-based quantitative measurement of total chromatin H3K9ac, 
H3K9me2 as well as H3K27me3 and H3K4me3 in a specific set of 
cell lines that has been carefully chosen to reflect different global 
epigenetic states. Human embryonic stem cells were used as a 
reference of pluripotent cells and were compared with iPS cells 
generated from two different sources: differentiated ES cells and 

Fig. 6. Chromatin immunoprecipi-
tation (ChIP) analysis of histone 
modifications on regulatory re-
gions of stemness marker genes. 
Incorporated PTMs on regulatory 
regions of (A,B) Nonog, (C,D) Oct4 
and (E,F) Sox2 in all cell lines (see 
supplemental data S4).

fibroblasts.
Our specific simple and 

quantitative histone PTM mea-
surement approach performed 
on these cells allowed us to 
demonstrate a direct relation-
ship between the pluripotency 
state of the cells and the in-
vestigated histone PTMs. More 
specifically, in pluripotent cells 
the ratio of total H3K9ac and 
H3K9me2 was found to indicate 
the presence of these marks 
on pluripotency gene promot-
ers as well as the extent of 
their expression. In contrast to 
pluripotent cells, in differenti-
ated cells, the ratio of whole 
chromatin H3K9ac/H3K9me2 is 
low but interestingly, the active 
gene promoters are epigeneti-
cally distinguished and do not 
follow the general situation of 
H3K9 modifications. More pre-
cisely, in pluripotent cells, the 
global amounts of H3K9ac and 
H3K9me2 mirror the presence 
of these marks on active gene 
regulatory regions: the ratio of 
total H3 K9ac/K9me2 is high, so 
is this ratio on the pluripotency 
gene promoters (Nanog, OCT4 
and SOX2). This is not the case 
of repressed gene promoters 
(Vim, COL1A1 and THY1) in 
the same cells. 

In remarkable contrast, in 
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differentiated cells (fibroblast and dif-ES cells), the ratio of global 
chromatin K9ac/K9me2 on histone H3 is low, however, promoters of 
active genes escape this general situation and bear, as expected, 
higher amounts of H3K9ac compared to H3K9me2.

In agreement with the data presented here, previous studies have 
demonstrated that H3K9ac is abundant on chromatin of ES cells 
and is one of the characteristic features of these cells (Meshorer 
and Misteli, 2006). Additionally, inhibition of histone-deacetylases 
(HDACs) can enhance gene reactivation in induced pluripotency 
experiments and promote the reprogramming process (Huangfu 
et al., 2008). 

Histone H3 lysine 9 methylation has been shown in contrast to 
be an efficient barrier to cell reprogramming both following induced 

pluripotent stem cell generation and somatic cell nuclear transfer 
(Becker et al., 2016). 

It is therefore expected that an efficient cell reprogramming of 
differentiated cells restores high levels of H3K9ac with a correspond-
ing significant reduction in H3K9 methylation. The comparison of 
the total amount of H3K9ac with that observed in the parental cells 
and in a reference ES cell line, could therefore be used as a good 
indicator of the efficiency of cell reprogramming.

In parallel to H3K9ac/H3K9me2, we have also analysed H3K-
4me3/H3K27me3 at global and loci-specific levels. Our chromatin 
ELISA tests showed that compared to differentiated cells, higher 
levels of H3K4me3 could be detected in all three pluripotent cell 
lines. These results could also be correlated with significant levels 

Fig. 7. Chromatin immunopre-
cipitation (ChIP) analysis of his-
tone modifications on regulatory 
regions of fibroblast marker genes. 
Incorporated PTMs on regulatory 
regions of (A,B) THY1, (C,D) Vim 
and (E,F) COL1A1 in all cell lines (see 
supplemental data S4).

of H3K4me3 upstream of stem-
ness marker genes in pluripotent 
cells compared to fibroblast and 
dif-ES cells. A reverse situation 
was found for H3K27me, which 
is more abundant in differentiated 
cells and marks repressed genes 
in both ES cells and differenti-
ated cells.

Based on the data presented 
here, it appears that in pluripotent 
cells, the promoters of pluripoten-
cy genes follow the general situa-
tion of whole chromatin H3K9ac/
K9me2 as well as total H3K4me3/
H3K27me3. This “PTM signature” 
of chromatin in cells therefore 
clearly reflects their pluripotency 
or differentiation state. 

Based in these data, we 
propose that a quantitative mea-
surement of relative amounts of 
H3K9ac and H3K4me3 compared 
to H3K9me2 and H3K27me3 in 
iPS cells with respect to both the 
parental differentiated cells and a 
reference ES cell line could con-
stitute a convenient approach to 
assess the efficiency and success 
of cell epigenetic reprogramming.

Materials and Methods

Cell culture
In this experiment, five human 

cell lines were studied including an 
ES cell line (Baharvand et al., 2006, 
Baharvand et al., 2004) before and 
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after differentiation to fibroblast (ESC and dif-ESC), and an iPS cell line 
reprogrammed from these fibroblast cell (iPS1). Accordingly, a human 
dermal fibroblast cell line as a completely and naturaly differentiated cell 
line was used in this study as well as an iPS line originated from it (iPS2) 
(Table 1) (Mollamohammadi et al., 2009, Totonchi et al., 2010).

Differentiation process of ESC towards dif-ESC was simply preformed 
by single cell dissociating of ESCs with TrypLE enzyme (Life Technologies: 
Cat. No. 12605-028) and seeding single cells on 0.1% gelatin (Sigma-
Aldrich: Cat. No. G2500)-coated tissue culture dishes in DMEM medium 
(Life Technologies: Cat. No. 12800-082) supplemented with 10% FBS (Life 
Technologies: Cat. No. 16140-071). Passage of the cell line was performed 
every 3-4 days. Characterization of cells was conducted according to the 
following parameters: checking of morphology as well as checking of 
expression of Vimentin (Santa Cruz Biotechnology: Cat. No. sc-32322) 
as positive marker and Alkaline phosphatase (ALP) (Sigma-Aldrich: Cat. 
No.86R), Oct-3/4 (Santa Cruz Biotechnology: Cat. No. sc-5279) and TRA-
1-81 (Life Technologies: Cat. No. 41-1100) as negative markers. Approved 
dif-ESC was re-reprogrammed in iPS1(Totonchi et al., 2010) and standard 
charactrization including morphology, ALP, karyotyping, and expressing 
Oct-3/4, SSEA-4 (Life Technologies: Cat. No. 41-4000), TRA-1-60 (Life 
Technologies: Cat. No. 41-1000) and TRA-1-81 were performed. Aforesaid 
cell lines except fibroblast and dif-ESC were cultured in hESC medium 
supplemented with 20% knockout serum replacement (Life Technologies: 
Cat. No. 10828-028), and passage was performed every seven days (Mol-
lamohammadi et al., 2009).

Karyotype analysis
For karyotype analysis, at day 5 after culture the cells were treated with 

0.66 mM thymidine (Sigma-Aldrich: Cat. No. T1895) for 16 h at 37°C in 
5% CO2. After being washed, the cells were left for 5 h and then treated 
with colcemid (Life Technologies: Cat. No. 15212-012) 0.15 mg/ml for 30 
min. Isolated human pluripotent stem cells were exposed to 0.075 M KCl 
at 37°C for 16 min and then were fixed in three consecutive immersions in 
ice-cold 3:1 methanol to glacial acetic acid and later on dropped onto pre-
cleaned chilled slides. Chromosomes were visualized by using standard 
G-band staining. At least 20 metaphase spreads were screened, and 10 
of them were evaluated for chromosomal re-arrangements.

RNA isolation and quantitative real-time PCR 
RNA isolation and RT-PCR was performed on three biological replicates 

as described before(Shahhoseini et al., 2010). mRNA quantification was 
performed in duplicates by quantitative real-time PCR (qRT-PCR) on a 
StepOnePlus Real-Time PCR System (AB Applied Biosystems) using 
SYBR Green master mix (AB Applied Biosystems), with designed prim-
ers listed in Table 2. qRT-PCR condition was 95°C for 10 minutes, and 40 
cycles of 95°C for 15 seconds and 60°C for 60 seconds. Gene expression 
data were analyzed using ΔΔCt quantitative method to estimate relative 
fold change values.

Chromatin shearing and soluble chromatin preparation
To gain nucleosomes as antigens, chromatin was sheared by using a 

histone ChIP kit according to manufactured instructions (Diagenode: Cat. 
No. kch-orgHIS-012). Briefly, each 1×106 cells were suspended in PBS 
then 37% formaldehyde (w/v) was added to cells to reach 1% final con-
centration of formaldehyde and mixed immediately and incubated gently 
on a shaking platform for 10 minutes at room temperature. To quench the 
cross-linking reaction of formaldehyde, glycine was added to reach final 
concentration of 125 mM. Upon being washed with PBS, lysis buffer was 
added to the pellet of cells and then cells were sonicated for 10 minutes 
(30”on/30”off, UCD200- Bioruptor sonication system, Diagenode) to get 
soluble sheared chromatin.

Chromatin- ELISA analysis
The chromatin ELISA technique was performed according to Dai and 

Rasmussen’s research (2007) (Dai and Rasmussen, 2007). Briefly, diluted 
sheared chromatin was coated into 96 well plates (Nunc: 96FMaxisorp, 
Cat. No. 456537) using coating solution (KPL: Cat. No.50-84-00). After 
overnight incubation at 4°C, each well was washed four times with 200 
mL wash solution (KPL Cat. No.50-63-00), then blocked by adding 100 
mL blocking solution (KPL: Cat. No. 50-84-00) and incubated 1 hour at 
room temperature (RT). Blocking buffer was aspirated and 50 mL of first 
antibodies (diluted in blocking solution) (see supplemental data S1) were 
added to each well and incubated at RT for 1-2 hours, then washed as 
described above. Then, 100 mL HRP-conjugated antibodies (supplemental 
data S1) as secondary antibody (diluted in blocking solution) were added 
and incubated at RT for 1 hour. After washing, 50 mL of 3,3-5,5-tetra methyl 
benzidine (TMB) peroxidase substrate (KPL: Cat. No. 50-76-00) was added 
to each well at RT for 10 minutes. Finally, 50 mL, 2 N H2SO4 was added to 
each well to stop reaction. Optical absorption of plates was read at 450 
nm by ELISA-reader (Biotech -ELX 800). 

In current study three independent cultures of each cell line were exam-
ined as cellular replicates and the soluble chromatin of each replicate was 
loaded in two or three separate wells for two or three times as technical 

References Definition Cell lines 

(Baharvand et al., 2006, 
Baharvand et al., 2004b) 

Human Embryonic Stem Cell  ESC 

Unpublished (Hossein 
Baharvand) 

Differentiated ESC  dif-ESC 

Unpublished (Hossein 
Baharvand) 

Induced pluripotent stem cell reprogrammed from 
dif-ESC  

iPS1 

(Mollamohammadi et al., 2009) Human fibroblast Fibroblast 
(Mollamohammadi et al., 2009) Induced pluripotent stem cell reprogrammed from 

fibroblast  
iPS2 

TABLE 1

DEFINITION OF THE CELL LINES USED IN THIS STUDY

Gene Primers (5´→ 3´) 
Annealing 

temperature(°C) 
Product 
size (bp) 

qRT-PCR primers   

NANOG F: AAAGTCTTAAAGCTGCCTTAAC 
R: CAGTCGGATGCTTCAAAG 

60 130 

OCT4 
 

F: GTTCTTCATTCACTAAGGAAGG 
R: CAAGAGCATCATTGAACTTCAC 

60 101 

SOX2 
 

F:GGGAAATGGGAGGGGTGCAAAAGAGG 
R:TTGCGTGAGTGTGGATGGGATTGGTG 

60 151 

VIM 
 

F:GGCTCGTCACCTTCGTGAAT  
R:GAGAAATCCTGCTCTCCTCGC 

60 110 

THY1 
 

F:TAGTGAAGGCGGATAAGTAGAGG 
R: ACCCGTGAGACAAAGAAGC 

60 124 

COL1A1 
 

F:CCTGTCTGCTTCCTGTAAAC 
R:ATGTTCGGTTGGTCAAAGATAAA 

60 211 

ChIP Real-time PCR Primer   

NANOG F: AATTCACAAGGGTGGGTCAG 
R:TAACATGAGGCAACCAGCTC 

60 133 

OCT4 
 

F: GTTGGGGAGCAGGAAGCA 
R: GGGGCAGCTCTAACCCTAAA 

60 83 

SOX2 
 

F: TCGCTAGAAACCCATTTATTCC 
R: CTGCCTTGACAACTCCTG 

60 93 

VIM 
 

F: CGAGTTTCCTCTTTCACCC 
R: ACTTCTGCAGCCTTTGGA 

60 187 

THY1 
 

F: GGCTTTAACCCTTTCTTCTGAC 
R: AAGGAAATGTGGAGGCGT 

60 106 

COL1A1 
 

F: GGGCCCCTTTTATACTGTCC 
R: TCTCCATTCCAACTCCCAAA 

60 132 

TABLE 2

PRIMER PAIRS USED FOR CHIP REAL-TIME PCR

NANOG (Nanog homeobox), OCT4 (POU class 5 homeobox 1), SOX2 (SRY box 2), VIM (Vimentin), 
THY1 (Thy-1 cell surface antigen), COL1A1 (Collagen, type I, alpha 1)
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replicates. After subtracting of background from each well, values were 
normalized by dividing them into loading-controlled values. At least, values 
were expressed as means±SEM of 3 separate experiments. 

Chromatin immunoprecipitation (ChIP)-real time PCR analysis
Chromatin immunoprecipitation (ChIP) experiments were conducted as 

previously described on three biological replicates (Favaedi et al., 2012). 
For each immunoprecipitation reaction 1× 105 cells was used. Recovered 
DNA from percipiation fractions and total chromatin input were applied for 
quantitative real-time PCR with designed primers for regulatory regions 
of 6 genes involved in stemness and fibroblast differentiation (Table 2). 
Real-time PCR was performed on a step one plus Real-Time PCR System 
(Applied Biosystems) by using SYBR Green PCR master mix (Applied 
Biosystems: Cat. No. 4367659). PCR condition was 95°C for 10 min; and 
40 cycles of 95°C for 15 s, 60°C for 45 s. The results are expressed as 
%input which means percentage of enriched DNA associated with given 
immunoprecipitated histone modifications relative to a 1/100 dilution of 
input chromatin (mean ± SEM; triplicate experiment). 

Statistical analysis
Values are expressed as means±SEM of three separate experiments. 

All data was analyzed by using One-way ANOVA and paired samples 
T-test, and differences were considered statistically significant at p≤0.05 
(see supplemental data S2 and S3).
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