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EZH2 suppresses hepatocellular differentiation
of mouse bone marrow mesenchymal stem cells
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ABSTRACT. Our previous studies have indicated that mouse bone
marrow mesenchymal stem cells (mBMMSCs) have potential to
differentiate into hepatocytes with high efficiency. Our study aimed
to evaluate the role of the mouse histone methyltransferase enhancer
of zeste homolog 2 gene (EZH?2) in the hepatocellular differentiation
of mBMMSCs. The mBMMSC s isolated from femurs and tibias were
cultured in Iscove’s modified Eagle’s medium (IMEM) supplemented
with 10% fetal bovine serum. Hepatocellular differentiation was
induced by 20 ng/mL hepatocyte growth factor and 10 ng/mL fibroblast
growth factor 4. The mouse histone methyltransferase EZH2 gene was
introduced via PLenti-eGFP-EZH2 or PLenti-eGFP-NEO as a control.
Hepatocellular-induced mBMMSCs showed lower expression of EZH2
and lower level of histone H3 lysine 27 trimethylation (H3K27me3) in
the AFP and FOXa2 gene promoter regions compared to uninduced
mBMMSCs. Introduction of EZH?2 inhibited hepatocellular induction,
reduced both the mRNA and protein levels of AFP and FOXa2, and
increased the level of histone H3K27me3 in the AFP and FOXa2 gene
promoter regions. In summary, the mouse histone methyltransferase
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EZH?2 gene could suppress hepatocellular differentiation of mBMMSCs
by increasing the level of H3K27me3 in the AFP and FOXa2 gene
promoter regions.
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Histone methyltransferase

INTRODUCTION

Polycomb group proteins are key regulators of stem cell and cancer biology. They
mainly act as repressors of differentiation and tumor-formation genes. Enhancer of zeste ho-
molog 2 (EZH2), a core component of Polycomb repressive complex 2 (PRC2), functions as
a methyltransferase for H3 lysine 27 trimethylation (H3K27me3) (Cao et al., 2002; Christo-
phersen and Helin, 2010). Previous studies showed that H3K27me3 contributed to the main-
tenance of embryonic stem cell pluripotency (Boyer et al., 2006; Zhang et al., 2009). It was
also reported that EZH2 played an essential role in the maintenance of both the proliferative
and self-renewal capacity of stem cells. Over-expression of EZH2 completely conserved the
long-term repopulating potential and restored the stem cell quality to normal levels in the
transplantation of hematopoietic stem cells (Kamminga et al., 2006).

Recent studies have demonstrated that bone marrow mesenchymal stem cells
(BMMSCs) can be induced to generate not only the progenies of mesodermal lineages, such as
adipocytes, chondrocytes, and myogenic cells, but also cells from different germ layers, such
as neuronal cells and hepatocytes. Our previous studies have indicated that mouse BMMSCs
(mBMMSCs) have potential to differentiate into hepatocytes with high efficiency (Pan et al.,
2008). We previously found that the histone deacetylase inhibitor valproic acid (VPA) could
promote the hepatocellular differentiation of mBMMSCs. However, the role of EZH2 in the
hepatocellular differentiation of mBMMSCs remains unclear.

In this study, we successfully constructed the mouse EZH?2 gene lentiviral vector. We
investigated the role of EZH2 in the hepatocellular differentiation of mBMMSCs, and found
that over-expression of EZH2 could suppress the hepatocellular differentiation of mBMMSC:s,
possibly via increasing the level of H3K27me3 in the AFP and FOXa2 gene promoter regions.

MATERIAL AND METHODS
Mice

Four- to eight-week-old male ICR mice, obtained from the Laboratory Animal Unit of
Zhejiang Academy of Medical Sciences (Hangzhou, People’s Republic of China), were used
in the experiments. The animals were housed under specific pathogen-free conditions. All
experimental procedures were performed according to institutional guidelines.

Construction of the EZH?2 lentiviral vector

Polymerase chain reaction (PCR) was performed to amplify the mouse EZH2 gene
based on the PCMV-SPORT6 vector recombinant £ZH2 (Open Biosystem) with the Kpnl and
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Xmal restriction site primers. The amplification product was cloned into the lentiviral vector
PLenti-eGFP-NEO after being cleaved by Kpnl and Xmal. The EZH2 vector was validated
by restriction digestion and sequencing. The recombined vector was co-transfected into 293T
cells with a four-plasmid system, pRsv-REV, pMDIg-pRRE, and pMD2G, to package the
lentivirus particles.

Isolation and culture of mBMMSCs

mBMMSCs were harvested as described previously (Chen et al., 2007). Briefly, cells
were obtained from the bone marrow of femurs and tibias of 8-week-old ICR mice, and cul-
tured in Iscove’s modified Eagle’s medium (IMEM; Invitrogen Gibco, USA) supplemented
with 10% fetal bovine serum (FBS; Tianhang Biological Technology, Hangzhou, China) and
1% penicillin/streptomycin (Invitrogen Gibco) at 37°C and 5% CO,. Non-adherent cells were
removed from plates 72 h later by changing the medium. At near confluence, the cells were
re-plated at a density of 100 cells/cm?.

In vitro hepatic differentiation and EZH2 lentivirus infection

BMMSCs of passage 3 were inoculated at 5 x 10* cells/cm? on 6-well culture plates,
and were divided into 4 groups. The mBMMSCs were cultured in IMEM. Hepatocellular-
induced cells were treated with cytokines as described previously (Pan et al., 2008): hepatocel-
lular differentiation was induced in IMEM supplemented with 10% FBS, 20 ng/mL hepatocyte
growth factor (Peprotech, Princeton Business Park, Rocky Hill, NJ, USA), and 10 ng/mL
fibroblast growth factor 4 (Peprotech). The lentiviral vectors carrying the control gene and the
EZH?2 gene were added into the induction medium, respectively.

Reverse transcription-polymerase chain reaction (RT-PCR)

Total RNA was isolated using Trizol reagent (Invitrogen Gibco). The cDNA was syn-
thesized using the PrimeScript™ RT reagent kit (TaKaRa; Dalian, China) according to the
manufacturer protocol. Quantitative PCR was performed using an SYBR PrimeScript™ RT-
PCR Kit (TaKaRa) in a real-time thermal cycler system. PCR reactions was carried out at
95°C for 30 s and then at 95°C for 5 s, annealing at 60°C for 30 s, and 72°C for 30 s, for 40
cycles. The gene-specific primer sequences are provided in Table 1. The 22T method was
used to analyze the data, where AACT = (CT CT -(CT

Target - Actin)each group Target - CTActin)hepatic group®

Table 1. Primer sequences used for PCR.

Gene Primer sequences (5'-3") Product size (bp)
EZH2-F TTTTATGGTGGAAGACGA 425
EZH2-R TACATTCAGGAGGCAGAG

AFP-F CACTGCTGCAACTCTTCGTA 300
AFP-R CTTTGGACCCTCTTCTGTGA

FOXa2-F GACCTCTTCCCTTTCTACCG 551
FOXa2-R TTGAAGGCGTAATGGTGC

B-actin-F TTCCTTCTTGGGTATGGAAT 200
B-actin-R GAGCAATGATCTTGATCTTC
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Western blot experiment

Total protein extraction was carried out by harvesting 2 x 10°> serum-deprived cells/
mL in ice-cold lysis buffer (Beyotime; Haimen, Jiangsu, China). The lysates were lysed in
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) buffer, transferred
to a polyvinyldifluoride (PVDF) membrane (BioRad; Hercules, CA, USA), and then was
incubated with blocking solution for 1.5 h. The membranes were incubated overnight at
4°C using specific antibodies against EZH2 (Abcam; USA), AFP (Santa Cruz Biotechnol-
ogy; USA), FOXa2 (Santa Cruz Biotechnology), and B-actin (Santa Cruz Biotechnology).
After three washes with phosphate-buffered saline with Tween (PBST), membranes were
incubated with horseradish peroxidase-conjugated secondary immunoglobulin G (IgG; Santa
Cruz Biotechnology) for 1.5 h. Immunoreactive bands were detected using the ECL system
(Beyotime).

Chromatin immunoprecipitation assay

Briefly, cross-linked chromatin was digested by micrococcal nuclease. The chromatin
was immunoprecipitated using anti-H3K27me3 (Abcam) antibodies. Anti-RNA polymerase 11
antibody and normal rabbit IgG were used as the positive and negative control, respectively.
Quantitative PCR was performed using the SYBR PrimeScript™ RT-PCR Kit. The gene-spe-
cific primer sequences were: AFP promoter region (forward, AGCTGGCTCATCAGGTTT
and reverse, CAGTAGTTCAGGCTATTCA); FOXa2 promoter region (forward, TGCTGCGT
CTTCAGTCCA and reverse, GCCCAAATCCAGGTGTCC).

Statistical analysis

Statistical analysis was performed using SPSS version 16.0. All experiments were
repeated at least three times, and data of evaluation parameters are reported as means + SD.

RESULTS
Recombinant PLenti-eGFP-EZH?2 was cleaved by Kpnl and Xmal

Recombinant PLenti-eGFP-EZH2 was cleaved by Kpnl and Xmal into two fragments:
7500 and 2241 bp (Figure 1). The EZH2 gene was confirmed by sequencing.

Morphological characterization

mBMMSCs displayed typical fibroblast-like morphologies and visible uniform cell
colonies (Figure 2A). Hepatocellular-induced cells showed typical liver cell-like morphology:
polygonal and round cell colonies, clear nuclei, and granular cytoplasm (Figure 2B). Introduc-
tion of the control vector did not result in morphological changes to induce the differentiation
of mBMMSCs (Figure 2C). On the other hand, introduction of PLenti-eGFP-EZH2 countered
the effect of hepatocellular induction with most cells showing a fibroblast-like or fusiform
morphology (Figure 2D).

Genetics and Molecular Research 13 (1): 2231-2239 (2014) ©FUNPEC-RP www.funpecrp.com.br



EZH2 suppresses hepatocellular differentiation of stem cells 2235

1 4 bt

Figure 1. Restriction map of PLenti-eGFP-EZH2. Lane M = marker DL 2000; /ane 1 = PLenti-GFP-EZH2; lane 2
= PLenti-GFP-EZH2 digested by Kpnl and Xmal.
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Figure 2. Morphological changes of different groups. A. mBMMSCs of passage 3 with no induction; B.
mBMMSCs with hepatocellular induction; C. hepatocellular-induced mBMMSCs infected by PLenti-eGFP-NEO;
D. hepatocellular-induced mBMMSCs infected by PLenti-eGFP-EZH2; E. and F. expression of GFP in the cells
introduced with control vector and PLenti-eGFP-EZH2, respectively, under fluorescence microscope.
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RT-PCR

Early specific markers of hepatocytes, AFP and FOXa2, first showed expression 7
days after hepatic differentiation in vitro. The mRNA level of EZH2 decreased in the hepato-
cellular-induced mBMMSCs. Introduction of PLenti-eGFP-EZH2 elevated EZH2 mRNA in
induced cells, and decreased the mRNA levels of AFP and FOXa2 (Figure 3). The overexpres-
sion of EZH2 using lentivirus was very high, with expression increased 9.7-fold compared
with the control (Figure 3A), and an almost 8-fold decrease in AFP and FOXa2 expressions
were observed at the same time (Figure 3B and C).
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Figure 3. mRNA expression levels of genes. A. EZH2 was over-expressed by the infection of PLenti-eGFP-EZH2;
the level of EZH2 mRNA in the mBMMSCs was also significantly increased compared to the hepatocellular
induction group; B. and C. the expression of AFP and FOXa2 mRNA in the mBMMSCs introduced with the
PLenti-eGFP-EZH?2 significantly decreased compared to those with hepatocellular induction. 4P <0.05. *P < 0.01.

Western blot

Introduction of PLenti-eGFP-EZH2 increased EZH2 protein expression and decreased
AFP and FOXa2 protein expressions in hepatocellular-induced mBMMSCs. The EZH2 pro-
tein expression level was higher in uninduced mBMMSCs than in induced cells. The protein
levels of early specific markers of hepatocytes, AFP and FOXa2, in the mBMMSCs containing
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PLenti-eGFP-EZH2 were significantly reduced compared to those of hepatocellular-induced
cells (Figure 4).
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Figure 4. Protein expressions of EZH2, AFP, and FOXa2. EZH2 protein level was significantly increased by
the infection of PLenti-eGFP-EZH2; it was also significantly increased in the mBMMSCs compared to the
hepatocellular induction group; the protein level of early specific markers of hepatocytes, AFP and FOXa2, in
the mBMMSCs that were introduced with the PLenti-eGFP-EZH2 significantly decreased compared to those of
hepatocellular-induced cells.

Effects of EZH2 on the level of H3K27me3 of the AFP and FOXa2 promoter regions

Hepatic priming decreased the H3K27me3 level of the AFP and FOXa2 promoters.
Introduction of EZH2 restored the level of H3K27me3 in primed mBMMSCs (Figure 5).
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Figure 5. Effects of EZH2 on the level of H3K27me3 of AFP and FOXa2. A. Compared with the hepatocellular-
induced cells, the level of H3K27me3 of AFP was obviously increased in the uninduced mBMMSCs and in the
cells with introduction of PLenti-eGFP-EZH2. B. The level of H3K27me3 of FOXa2 in each group showed a
similar phenomenon.

DISCUSSION

It is believed that mBMMSC:s can differentiate into many cell types of the body. Recent
studies have demonstrated that BMMSCs can be induced to generate not only the progenies of
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mesodermal lineages, such as adipocytes (Prockop, 1997), chondrocytes (Li et al., 2011), and
myogenic cells (Liu et al., 2010), but also cells from different germ layers, such as neuronal cells
and hepatocytes (Jiang et al., 2002; Stock et al., 2010). We previously found that mBMMSCs
have potential to differentiate into hepatocytes with high efficiency (Chen et al., 2006).

Epigenetics is the study of heritable properties in gene expression or cellular pheno-
type caused by mechanisms other than changes in the underlying DNA sequence (Ekstrom,
2009). The multi-lineage differentiation ability of stem cells is regulated by the expression of
various genes. Indeed, increasing evidence suggests that the expression levels of related genes
in undifferentiated cells is regulated by epigenetic processes of DNA and chromatin in both
non-coding and coding regions (Collas, 2009). EZH2, a core component of PRC2, represses
the expression of related genes by functioning as a methyltransferase for H3K27me3 (Hansen
et al., 2008; Christophersen and Helin, 2010; Ezhkova et al., 2011). Furthermore, in our previ-
ous study, in vivo results indicated that the pre-treatment of the histone deacetylase inhibitor
VPA significantly increased the homing efficiency of BMSSC:s to the site of liver injury, and,
in addition, supported hepatic differentiation in vitro (Chen et al., 2009).

In the present study, we successfully constructed PLenti-eGFP-EZH2, a lentiviral vec-
tor carrying enhanced green fluorescent protein (eGFP) and expressing the EZH2 gene. In
comparison to other vectors, lentiviral vectors have higher transfection efficiencies to stem
cells (Dropuli¢, 2011). EZH2 could be over-expressed in mBMMSCs by adding PLenti-eGFP-
EZH2 vector to the medium. The expression of EZH2 was higher in uninduced mBMMSCs
than in hepatocellular-induced cells, which suggests that EZH2 plays an essential role in the
maintenance of the self-renewal capacity of stem cells. The level of trimethylation of H3K27
also plays an important role in the differentiation of epidermal and neural stem cells (Jepsen et
al., 2007; Sen et al., 2008). We discovered that the introduction of EZH?2 increased the level of
H3K27me3 in the promoters of 4FP and FOXaZ2 in primed mBMMSCs, which consequently
lowered the expression of AFP and FOXa2. We concluded that mouse histone methyltrans-
ferase EZH2 may suppress the hepatocellular differentiation of mBMMSCs by promoting
H3K27me3 in the AFP and FOXaZ2 gene promoter regions.

Nevertheless, the epigenetic regulation mechanism in the differentiation of stem cells
is very complicated, and histone methylation plays only a small part in the process. In this
study, we have only revealed the role of EZH2 expression in the hepatocellular differentiation
of mBMMSCs. The differentiation rate of hepatocyte-like cells from MSCs is still not high
enough, and the mechanisms are also not well known. In the future, we could generate EZH2-
KO mice to increase the efficiency of hepatocyte differentiation and terminal maturation. The
development of a high-efficiency hepatocyte differentiation mBMMSC model would be very
useful for both basic stem cell research and clinical studies.
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