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Hepatitis B virus X protein upregulates DNA methyltransferase 3A/3B
and enhances SOCS-1CpG island methylation
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Abstract. The aim of the present study was to investigate the
effect of hepatitis B virus X protein (HBx) on the expression
of DNA methyltransferase (DNMT)3A/3B and suppressors of
cytokine signaling-1 (SOCS-1), as well as promoter CpG island
methylation of the SOCS-1 gene. Stable hepatocyte cell lines
expressing the HBx gene (pcDNA-X/QSG7701) or an empty
gene (pcDNA3.0/QSG7701) were established. Reverse tran-
scription quantitative polymerase chain reaction (PCR) was
used to detect the mRNA expression levels of DNMT3A/3B
and SOCS-1. Immunohistochemistry was used to detect the
protein expression of DNMT3A/3B. Methylation-specific
PCR (MSP) was used to detect the methylation status of the
SOCS-1 gene promoter. The mRNA and protein expres-
sion levels of DNMT3A/3B were significantly higher in the
pcDNA-X/QSG7701-transfected cells, compared with those
in the pcDNA3.0/QSG7701 or non-transfected QSG7701 cells
(P<0.05), whereas the relative mRNA expression of SOCS-1
was significantly lower in the pcDNA-X/QSG7701 cells
compared with the pcDNA3.0/QSG7701 and non-transfected
QSG7701 cells (F=19.6; P<0.05). Western blot analysis
showed that the protein expression of SOCS-1 was signifi-
cantly lower in the pcDNA-X/QSG7701 cells, compared with
the pcDNA3.0/QSG7701 or non-transfected QSG7701 cells
(F=19.4; P<0.05). The results of the MSP analysis showed
that SOCS-1 promoter region methylation was present only in
the pcDNA-X/QSG7701 cells. The HBV-X gene upregulated
the mRNA and protein expression levels of DNMT3A/3B,
downregulated the expression of SOCS-1 and increased
SOCS-1 gene promoter CpG island methylation. This may
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provide a potential explanation of the mechanism underlying
HBx-associated hepatocellular carcinoma.

Introduction

Hepatocellular carcinoma (HCC), a common malignant
tumor with a mortality rate of thousands of individuals annu-
ally, represents 45% of liver cancer-associated mortality in
China. Numerous epidemiological surveys have suggested
that chronic hepatitis B viral (HBV) infection is a major
cause of primary liver cancer, and >80% of patients with
liver cancer have been reported to have HBV infection (1),
suggesting that HBV infection is closely associated with
HCC. Increasing evidence suggests that the HBV X protein
(HBx) is important in HCC pathogenesis, however, the
specific mechanism underlying HBx-mediated carcino-
genesis remains to be elucidated. HBx has been widely
recognized as a carcinogenic agent, which has global effects
on host cell genes, and the integration of HBV DNA into
the host genome, inactivation of tumor suppressor genes and
activation of oncogenes are considered to be closely associ-
ated with HCC development (2). In addition to gene mutations
and loss of chromosomal materials, tumor suppressor gene
promoter hypermethylation is a mechanism, and often the
only mechanism, for tumor suppressor gene inactivation (3).
Previous studies have indicated that HBx has a unique effect
of transactivation, which directly or indirectly interacts with
proteins and, thus, is involved in infected cell signal transduc-
tion, apoptosis and cell cycle regulation (1). Previously, the
HBx protein has been shown to induce epigenetic silencing
of genes, which are potential predisposing factors for HCC,
and is associated with inactivation of the hypermethylation
of HCC tumor suppressor genes (4).

SOCS-1 protein is a negative regulator of the Janus kinase
(JAK)/signal transducer and activator of transcription (STAT)
signaling pathway, and the SOCS-I gene is a potential tumor
suppressor (3). However, whether HBx affects the expression
of SOCS-1, and whether it may be a possible mechanism for
HBx-induced HCC remains to be elucidated. Therefore, the
present study investigated the effects of HBx on the gene
expression of SOCS-I at transcriptional and translational
levels, and examined the potential mechanism underlying
HBx-induced HCC development.
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At present, several studies have suggested that tumor
suppressor gene hypermethylation is present in lung cancer,
hematological malignancies, and other types of cancer (5-9).
Oncogene hypomethylation and tumor suppressor gene
hypermethylation are important mechanisms for tumor
development. DNA methylation, via DNA methyltransferase
(DNMT), receives a methyl group on the cytosine of the CpG
DNA dinucleotide, forming 5-methylcytosine. The DNA
methyltransferase family includes DNMT1, DNMT3A and
DNMT3B, of which DNMTT1 is responsible for maintaining
methylation, and acts on the semi-methylated substrates that
are present in almost all somatic cells. DNMT] is expressed at
high levels in proliferating cells, and DNMT3A and DNMT3B
are considered to be involved in de novo DNA methylation,
being expressed at high levels in the embryonic stem cells
and early embryos. The expression levels of DNMT3A and
DNMTS3B in normal somatic cells are relatively low, however,
they are expressed at high levels in cancer cells (10). Therefore,
the present study also investigated the effects of HBx on the
expression of DNA methyltransferase 3A/3B in cells, and
examined the molecular mechanism underlying HBx-induced
HCC.

Materials and methods

Expression plasmid and cell lines. The QSG7701 human
hepatocyte cell line (Department of Cell Biology, Chinese
Academy of Science, Shanghai, China) and empty plasmid
pcDNA3.0 (Invitrogen, Carlsbad, CA, USA) were stored at our
laboratory. The recombinant plasmid, pcDNA-X, containing
the HBV-X gene was constructed by The Key Laboratory of
Viral Hepatitis (Hunan, China).

Reagents. A reverse transcriptase kit (Fermentas, Waltham,
MA USA), a protein extraction kit and an ECL chemilumi-
nescence kit were obtained from Invitrogen; Thermo Fisher,
Scientific, Inc. (Waltham, MA, USA). Mouse anti-human
HBx monoclonal antibodies were purchased from Abcam
(Cambridge, UK). Horseradish peroxidase-conjugated rabbit
anti-mouse IgG was purchased from Beijing Zhongshan
Golden Bridge Biotechnology (Beijing, China). DNMT3A/3B
rabbit anti-human polyclonal antibody and horseradish peroxi-
dase-conjugated goatanti-rabbit IgG were purchased from Santa
Cruz Biotechnology, Inc. (Dallas, Texas, USA). An immuno-
histochemistry PV-6002 kit and DAB color kit were purchased
from Beijing Zhongshan Golden Bridge Biotechnology
Company. A DNA extraction kit was purchased from Tiangen
Biotech Co., Ltd. (Beijing, China). A reverse transcription kit
and real-time PCR kit were obtained from Invitrogen, Thermo
Fisher Scientific, Inc. Radioimmunoprecipitation assay (RIPA)
cell lysates and A protein quantification kit were obtained
from KGI Biotechnology Development Co., Ltd. (Nanjing,
China). The ECL chemiluminescence kit was obtained from
the Biyuntian Company (Beijing, China). Rabbit anti-human
SOCS-1 monoclonal antibody was purchased from Santa
Cruz Biotechnology, Inc.). Mouse anti-human f-actin mono-
clonal antibody was purchased from Abcam. Horseradish
peroxidase-conjugated anti-rabbit and mouse goat anti-mouse
secondary antibodies were purchased from China Beijing
Zhongshan Golden Bridge Company. The methylation kit
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was purchased from Zymo Research Corporation (Irvine,
California, USA).

Primers. Primers were designed according to GenBank
(http://www.ncbi.nlm.nih.gov/genbank/), using Primer
Premier 5.0 design software (Premier Biosoft, Palo Alto,
CA, USA), and were synthesized by Sangon Biotech Co.,
Ltd. (Shanghai, China) and Beijing Genomics Institute
(Shenzhen, China). The following primers were used: HBV-X,
sense 5'-"AAGGTACCATGCTGCTAGGCTGTGCT-3' and
antisense 5-CTGGGCCCTTAGGCAGAGGTGGAAAAA
GTTG-3', with a fragment size of 481 bp; human DNMT3,
sense 5'-CACAGAAGCATATCCAGGA-3"; and antisense
5'-CACATTCTCAAAGAGCCAGA-3', with a target frag-
ment size of 181 bp; and human DNMT?3B, sense 5'-AGTATC
AGGATGGGAAGGAG-3' and antisense 5'-CGATAGGAG
ACGAGCTTATTG-3, with a target fragment size of 210 bp.
According to GenBank, and using Primer Premier 5.0 design
software the following primer were constructed: B-actin,
sense 5'-CTCCATCCTGGCCTCGCTGT-3' and antisense
5-GCTGTCACCTTCACCGTTCC-3', with a fragment size of
242 bp; and SOCS-1, sense5'-AGGGAGCGGATGGGTGT-3'
and antisense 5'-GGTAGGAGGTGCGAGTTCAG-3', with a
target fragment size of 202 bp. The SOCS-1 methylated and
unmethylated primers were designed according to the litera-
ture (10) as follows: Methylated SOCS1, 5“TTCGCGTGTATT
TTTAGGTCGGTC-3' and antisense: 5'-CGACACAACTCC
TACAACGACCG-3', with a target fragment size of 160 bp;
and unmethylated SOCSI, sense 5-TTATGAGTATTTGTG
TGTATTTTTAGGTTGGTT-3' and antisense 5'-CACTAA
CAACACAACTCCTACAACAACCA-3' with a target frag-
ment size of 175 bp. All primers were synthesized by Sangon
Biotech Co., Ltd. (Shanghai, China) and Beijing Genomics
Institute (Shenzhen, China).

Cell culture and stable transfection. The QSG7701,
pcDNA-X/QSG7701 and pcDNA3.0/QSG7701 cells were
cultured at a density of 2x10° cells/ml and incubated at 37°C
(5% CO,), and the culture media was replaced appropriately for
digestion and passage. High sugar Dulbecco's modified Eagle's
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) with
10% fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.) was used. The cells were transfected using LIP02000
transfection reagent (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Briefly,
empty recombinant plasmid pcDNA3.0 and HBx-encoding
pcDNA-X were transfected into the QSG7701 cells and
cultured in medium containing 400 pg/ml G418 (Geneticin,
Gibco; Thermo Fisher Scientific, Inc.) for 2 weeks to obtain
stable transfectant cell clones, termed the pcDNA-X/QSG7701
cells and pcDNA3.0/QSG7701 cells.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) detection of the mRNA expression of HBx
in pcDNA-X/QSG7701 cells. Cells in the logarithmic growth
phase were used for the extraction of total RNA using a TRIzol
Reagent kit (Invitrogen; Thermo Fisher Scientific, Inc.).
The first strand of cDNA was synthesized using 1 #g RNA
and a reverse transcription kit, according to the manufac-
turer's instructions. The PCR amplification conditions were as
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follows: 94°C denaturation for 3 min, followed by denaturation
at 94°C for 30 sec, 68°C annealing for 30 sec, 72°C extension
for 1 min in 35 cycles. Finally, the reaction was extended at
72°C for an additional 5 min. The amplified products were
applied to a 2% agarose gel (Sigma-Aldrich, St. Louis, MO,
USA) and, following 30 min of 80 V electrophoresis, the bands
were observed with an ultraviolet (UV) analyzer (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

RT-qPCR detection of the mRNA expression of SOCS-1 in
pcDNA-X/QSG7701 cells. Cells in the logarithmic growth
phase were processed using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) to extract total RNA, which
was then quantified and reverse transcribed, according to
the manufacturer's protocol of the reverse transcription
kit, to yield a cDNA template. PCR amplification was as
follows: 95°C 30 sec, 95°C for 10 sec and 58°C for 30 sec,
with 40 cycles for each DNA template in triplicate wells. To
measure the mRNA expression levels of DNMT3A/3B, the
PCR parameters were as follows: 95°C for 30 sec, 95°C for
10 sec and 62°C for 30 sec for 40 cycles. All experiments
were repeated three times.

Western blot analysis to determine the expression of HBx in
pcDNA-X/QSG7701 cells. The proteins were purified on ice
using a protein extract kit (KGI Biotechnology, Nanjing, China),
according to the manufacturer's protocol. The concentration
of the proteins was determined using a bicinchoninic acid
protein assay kit (KGI Biotechnology). Subsequently, 2X SDS
gel loading buffer (Beyotime Institute of Biotechnology,
Shanghai, China), containing 50 mmol L-1 Tris HCI (pH 6.8);
100 mmol/l DTT; 2% SDS; 0.1% bromophenol blue and 10%
glycerol, was added, following boiling (100°C for 3 min).
The denatured proteins (30 pug) were then separated with
SDS-PAGE and transferred onto a nitrocellulose membrane
(Sigma-Aldrich), which was immersed in 5% skim milk,
containing 5 g skim milk and 100 ml phosphate buffered
saline (PBS), at room temperature for 1 h. Subsequently,
HBx-specific antibodies (cat. no. ab157480; 1:50) were added
(1:50) and GAPDH antibody (cat. no. ab181602; 1:2,000) was
incubated at 37°C on a horizontal shaker for 1 h, followed by
incubation at 4°C overnight. Following washing with PBS,
horseradish peroxidase-conjugated secondary antibodies
corresponding to monkey anti-goat IgG (cat. no. ab112764;
1:1,000) and goat anti-mouse IgG (cat. no. ab150115; 1:1,000)
were added, respectively at 37°C on a horizontal shaker for
2 h. The membrane was then washed thoroughly and enhanced
chemiluminescence (Thermo Fisher Scientific, Inc.) was used
to detect bands. The film was exposed for 3-5 min, and was
then developed and fixed.

Immunocytochemistry detection of the protein expression
of DNMT3A/3B. Immunocytochemistry was performed,
according to the manufacturer's instructions. Briefly, the
cells were cultured as before. The cells were washed twice
with PBS at room temperature and were subsequently fixed
in 4% paraformaldehyde for 20 min at room temperature.
The cells were rinsed three times with PBS and could be
stored in 0.02% (w/v) sodium azide in PBS at 4°C for several
days. The cells were incubated with 0.1% Triton X-100 in
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PBS for 15 min at room temperature, and were subsequently
rinsed as before. Blocking was performed using serum in
PBS for 1 h at room temperature. The cells were then incu-
bated in the appropriate primary antibody, rabbit anti-human
polyclonal anti-DNMT3A/B (cat. no. sc-20703; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA; 1:500) either
overnight at 4°C or 2 h at room temperature. The cells were
rinsed as before and were incubated with secondary antibody
(goat anti-rabbit IgG conjugated to HRP; cat. no. sc-2004;
Santa Cruz Biotechnology, Inc.) for 2 h at room temperature.
Following incubation, the cells were risned with blocking
solution for 10 min three times in the dark. The cells were
subsequently incubated with DAB for 10 min at room
temperature. The coverslips were then mounted onto slides
using mounting medium and assessed using a fluorescent
microscope. The scoring criteria of the immunohistochem-
ical analysis were based on IPP images. First, the statistically
valid areas of interest (AOI) were selected, and the IOD was
calculated using the images of each experimental group. The
mean + standard deviation IOD were analyzed and compared
to determine significant differences between the groups.

Methylation specific PCR (MSP) assay to detect SOCS-1
gene promoter methylation. Cells in the logarithmic
growth phase (109 cells) were collected for DNA extraction
(Tiangen Biotech Co., Ltd.). DNA was quantified using UV
spectrophotometry, and the purity was evaluated using an
0D260/0D280 ratio (~1.8), suggesting high purity. Purity
was also assessed using a 1.5% agarose gel, which revealed
one band, indicating a high level of DNA integrity. For each
sample, an EZ DNA Methylation-Gold™ kit (Zymo Research
Corporation) was used, according to the manufacturer's
protocol. Subsequently, 1 yg DNA was treated with sodium
bisulfite to induce a C-U transition. If CpG island methylation
occurred, the C-U conversion cannot occur. Based on this
principle, methylated and unmethylated PCR primers were
designed for specific detection of gene methylation (10). The
synthesis of primers, primer sequences and amplified frag-
ment sizes are as described above. The modified DNA was
used as a template for the PCR reaction. The total volume of
the PCR reaction was 50 ul, comprising 10 pl 5X buffer, 5 ul
of 2 mmol/l ANTP Mix, 2 ul 1 pmol/l of each primer, 4 ul of
25 mmol/l magnesium chloride, 0.5 units Taq enzyme and
5 pl modified template DNA. The PCR reaction conditions
were as follows: 95°C for 2 min, 95°C for 30 sec, 55°C for
30 sec, 72°C for 1 min and 72°C for 7 min. The QSG7701
DNA (10°) was modified using CpG methylase to induce the
methylation of all CpG islands. Following methylation, the
DNA was modified with bisulfite, as above. The resulting
DNA was used as the positive control, and ddH,O as the
negative control. The positive and negative controls, together
with the samples, were then amplified by PCR, as above,
and the PCR products were analyzed using 2% agarose gel
electrophoresis and ethidium bromide staining, followed by
quantification with a UV gel image analyzer.

Statistical analysis. SPSS 16.0 statistical software (SPSS,
Inc., Chicago, IL, USA) was used for statistical analyses. All
data are expressed as the mean + standard deviation. One-way
analysis of variance was used to compare two groups, and the
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Table I. mRNA and protein expression levels of SOCS-1 in transfected QSG7701 cells.

Expression QSG7701 pcDNA3.0/QSG7701 pcDNA3.0-X/QSG7701
mRNA 1 1.0543+0.19370* 0.3249+0.05357°¢
Protein 0.2152+0.08165 0.1984+0.04379¢ 0.1496+0.01056°"

Data are presented as the mean =+ standard deviation. *P>0.05, vs. QSG7701; °P<0.05, vs. pcDNA3.0/QSG7701; ‘P<0.05, vs. QSG7701;
4=0.803; P>0.05, vs. QSG7701; °t=4.372; P<0.05, vs. pcDNA3.0/QSG7701; [t=5.129; P<0.05, vs. QSG7701.

Table II. Relative mRNA expression levels of DNMT3 A and DNMT?3B in transfected QSG7701 cells.

QSG7701

pcDNA3.0/QSG7701

pcDNA3.0-X/QSG7701

DNMT3A 1
DNMT3B

1.2149+0.2186640¢
1.3215+0.5749459¢

5.75146+0.9130863°¢
3.79436+1.2268496°

Data are presented as the mean + standard deviation. *P>0.05, vs. QSG7701; ®P<0.05, vs. pcDNA3.0/QSG7701; ‘P<0.05, vs. QSG7701;
4P>0.05, vs. QSG7701; °P>0.05, vs. QSG7701 P>0.05, vs. pcDNA3.0/QSG7701.

300 bp
500 bp

[-actin

42 KDa [p-actin

HBx
17 KDa —®

Figure 1. mRNA and protein expression levels of HBx in transfected
QSG7701 cells. (A) Reverse transcription-quantitative polymerase chain
reaction detection of the mRNA expression of HBx in transfected cells. 1,
Marker; 2, QSG7701; 3, pcDNA-X/QSG7701; 4, pcDNA-3.0/QSG7701.
(B) Western blot analysis was used to detect the protein expression of HBx
in the transfected cells. 1, pcDNA-X/QSG7701; 2, pcDNA-3.0/QSG7701; 3,
QSG7701 cells. HBx, hepatitis B virus X protein.

mean of two samples were compared using the least significant
difference r-test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

mRNA and protein expression of HBx in transfected cells.
The total RNA from the pcDNA-X/QSG7701 cells was ampli-
fied by RT-qPCR, which generated a band in the region of
500 bp, consistent with the expected 481 bp. No such band was

A QSG7701 peDNA-X/QSG7701

peDNA3.0/QSGTT01

24 kDa-

.

oo~ S

M2 U2 M3 U3 MP KU KM
cDONA30/OSG  peDNA-X/0SG
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SGTT01

175 bp—
160 bp—

Figure 2. Protein expression and methylation of SOCS-1 in transfected
QSG7701 cells. (A) Protein expression of SOCS-1. (B) Methylation of
SOCS-1, determined using a methylation-specific polymerase chain reaction
assay. M, methylated; U, unmethylated; MP, positive control after treat-
ment with methylase; K, blank control. M1/Ul, QSG7701 cells; M2/U2,
pcDNA3.0/QSG cells; M3/U3, pcDNA-X/QSG cells. SOCS-1, suppressors
of cytokine signaling-1.

identified in the pcDNA3.0/QSG7701 or QSG7701 cell groups,
indicating that the mRNA expression of HBV-x was detected
in the pcDNA-X/QSG7701 cells (Fig. 1A).

In addition, a specific protein band with a molecular weight
of ~17 kD was detected in the pcDNA-X/QSG7701 cells, which
is consistent with the expected molecular weight of HBx. No
specific bands at this molecular weight were observed in the
pcDNA3.0/QSG7701 or SG7701 untransfected cells, indi-
cating that the HBx protein was expressed in the recombinant
pcDNA-X/QSG7701 (Fig. 1B).



Table III. Protein expression levels of DNMT3A and DNMT?3B in transfected QSG7701 cells, as assessed by optical density.

QSG7701

pcDNA3.0/QSG7701

pcDNA3.0-X/QSG7701

0.478333+0.0331160

0.483333+0.0301109¢

0.601667+0.08704412°

DNMT3A

0.1567+0.05279

0.1617+0.03251°

0.2500+0.01265%¢

DNMT3B
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1P<0.05, vs. pcDNA3.0/QSG7701; °P<0.05, vs. QSG7701; °P>0.05; vs. QSG7701; P<0.05, vs. pcDNA3.0/QSG7701; °P<0.05, vs. QSG7701; 'P>0.05, vs. QSG7701.

RT-gPCR detection of the mRNA expression of SOCS-I.
The mRNA expression of SOCS-1 was significantly lower
in the pcDNA-x/QSG7701 cells (0.3249+0.05357), compared
with the pcDNA3.0/QSG7701 cells (1.0543+0.19370) and
QSG7701 cells (1.0; F=19.6; P<0.05). The relative mRNA
expression levels of SOCS-1 were marginally higher in the
pcDNA3.0/QSG7701 cells (1.0543+0.19370), compared with
the QSG7701 cells (1.0), however, this was not statistically
significant (t=0.280; P>0.05; Table I).

Western blotting detection of the protein expression of
SOCS-1. The results of the western blot analysis showed
that SOCS-1 was expressed in the pcDNA-X-/QSG7701,
pcDNA3.0/QSG7701 cells and QSG7701 cells (Fig. 2A). The
protein expression levels of SOCS-1 were significantly lower
in the pcDNA-X/QSG7701 cells (0.1496+0.01056), compared
with those in the pcDNA3.0/QSG7701 cells (0.1984+0.04379)
and QSG7701 cells (0.2152+0.08165; F=19.4; P<0.05). The
relative protein expression of SOCS-1 was marginally lower
in the pcDNA3.0/QSG7701 cells (0.1984+0.04379), compared
with the QSG7701 cells (0.2152+0.08165), however, this was
not statistically significant (t=0.803; P>0.05; Table I).

MSP assay detection of SOCS-1 methylation. The DNA
extracted from the transfected cells was modified by
bisulfite, and the bisulfited DNA was used as a template
for MSP. The primers were methylated or non-methylated
SOCSI primers. The results demonstrated that the PCR
reaction with methylated primers resulted in visible bands
in the pcDNA-X-/QSG7701 cells, whereas PCR with the
unmethylated primers generated no significant bands. In the
pcDNA3.0/QSG7701 and QSG7701 cells, a PCR reaction
with double distilled water as a template was performed with
methylated or unmethylated primers, in which no bands were
observed (Fig. 2B).

RT-gPCR detection of mRNA expression levels of DNMT3A
and DNMT3B. The relative mRNA expression levels
of DNMT3A and DNMT3B were significantly higher
in the pcDNA-x/QSG7701 cells, compared with the
pcDNA3.0/QSG7701 cells and QSG7701 cells (P<0.05). The
relative mRNA expression levels of DNMT3A and DNMT3B
were marginally higher in the pcDNA3.0/QSG7701 cells,
compared with the QSG7701 cells, however, this difference
was not statistically significant (P>0.05; Table II).

Immunohistochemistry of the protein expression levels
of DNMT3A and DNMT3B. Immunohistochemistry was
used to measure the protein expression levels of DNMT3A,
DNMT3B in the pcDNA-X-/QSG7701, pcDNA3.0/QSG7701
and QSG7701 cells. Positive cells were characterized by
brown particles, which appeared inside the cells. The results
showed that DNMT3A and DNMT3B were expressed in all
three cell groups. Positive signals were predominantly located
in the nucleus, and partially in the cytoplasm. No expres-
sion was a negative control. Following calculation of the
mean IDO of the areas of DNMT3A and DNMT3B protein
expression, the expression levels of DNMT3A and DNMT3B
in the pcDNA-X/QSG7701 cells were significantly higher,
compared with those in the pcDNA3.0/QSG7701 cells and
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Figure 3. Expression of DNMT3A and DNMT3B in transfected QSG7701 cells (magnification, x400). (A) Expression of DNMT3A in the cells. (B) Expression

of DNMT?3B in the cells. DNMT, DNA methyltransferase.

QSG7701 cells (P<0.05). The expression levels of these two
proteins were marginally higher in the pcDNA3.0/QSG7701
cells, compared with the QSG7701 cells, however, the differ-
ence was not statistically significant (P>0.05; Fig. 3A and B;
Table III).

Discussion

HBx has been widely recognized as a carcinogen. In addition
to its effects on hepatocyte growth, transformation, migration,
and apoptosis (11), HBx is also important in HBV-associated
hepatocellular carcinoma angiogenesis and metastasis, which
may occur through increased expression of vascular endothe-
lial growth factor (VEGF) (12). Previously, HBx was reported
to increase heat shock protein 90a (HSP 900), thus enhancing
tumor cell invasion (13). Several studies have suggested, that
during HBV infection-induced hepatocellular carcinoma,
serious disorders of DNA methylation exist in hepatocytes,
as well as widespread DNA hypomethylation and local (CpG

island) hypermethylation. The former leads to the abnormal
expression of oncogenes, and the latter inactivates several
tumor suppressor genes (14-16).

The JAK/STAT signaling pathway is involved in extra-
cellular cytokine signal transduction to the nucleus and, in
the liver, cytokines induce the proliferation of hepatocytes
by triggering the JAK/STAT signaling pathway. SOCS-1 is
an important negative regulatory factor of this JAK-STAT
signaling pathway, and previous studies have suggested that
SOCS-1 has tumor suppressor activity and may be a potential
tumor suppressor gene, exerting negative regulation by inhib-
iting the expression of certain cancer- or growth-associated
genes (17,18). Peng et al reported that SOCS-1 gene CpG island
hypermethylation was correlated with gastric cancer develop-
ment and metastasis (19). Chen et al reported that the intensity
of the expression of SOCS-1 in HCC was negatively correlated
with pathological grades of cancer. The 1-year-recurrence rate
of HCC in SOCS-1 protein-negative patients was higher than
that observed in SOCS-1 positive patients, suggesting that
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low expression levels of SOCS-1 are critical to in HCC and
metastasis (20). Other studies have indicated that, in patients
with HCC and in HCC cell lines, the expression of SOCS-1 is
downregulated by gene silencing caused by CpG island meth-
ylation, leading to reduced negative regulation of the JAK/
STAT pathway, which activates the pathway and increases the
expression of STAT, particularly STAT3, which is a signaling
molecule considered to be associated with abnormal cell
proliferation (3,21,22).

The reason for SOCS-1 methylation remains to be eluci-
dated. In addition, whether a causal association exists between
the expression of HBx in hepatocytes, SOCS-1 promoter CpG
island methylation and the gene expression of SOCS-/ gene
remains to be fully elucidated. Evidence suggests that HBV
infection is positively associated with SOCS-1 hepatoma
promoter hypermethylation, leading to gene silencing (23,24),
which was consistent with the data of the present study. The
present study reported that transfection of the QSG7701 cell
line with the HBx gene not only promoted SOCS-1 promoter
CpG island methylation, but also reduced the mRNA and
protein expression levels of SOCS-1. Previous investigations
have resulted in conflicting conclusions. For example, HCC
SOCS-1 promoter hypermethylation and reduced expression
levels were reported to be unassociated with hepatitis virus
infection (21). Ko et al (25) reported that, in 284 liver cancer
case specimens, SOCS-1 promoter CpG island hypermethyl-
ation was negatively associated with HBSAg-positive cases,
but was positively correlated with HCV-Ab-positive cases (26).
Such different conclusions are likely to be due to specimen
variations.

The HBV X-gene encoded HBx protein is a multifunctional
regulator with an important regulatory role in apoptosis, cell
cycle regulation and cell signal transduction. HBx is considered
to be a viral component closely associated with the development
of HCC. Previous studies have show that HBxAg can activate
DNA methyltransferase and promote methylation silencing
of the cell adhesion-associated cytokine E-cadherin (27)
promoter, thereby increasing cell migration activity, as well
promoter methylation of the tumor suppressor genes caveolin-1
and pl6INK4A (28,29), reducing their expression levels. In the
present study, the protein expression of HBx was upregulated
and positively associated with the expression levels of DNMT3A
and DNMT3B. It was suggested that HBx may upregulate the
expression of DNMT 3A/3B and promote methylation of the
SOCS-1 promoter CpG island.

DNMTs identified at present include DNMTI, DNMT?2,
DNMT3A and DNMT?3B. Their levels of expression and
activity in the colon, stomach, liver, bladder and other tumor
tissues are higher than in normal cells, and are key to the
re-methylation of certain genes and in maintenance of this
methylation status. DNMT3A/3B is important for methylating
double-stranded DNA (30), and DNMT3A is responsible
for non-CpG island DNA methylation, whereas DNMT3B
catalyzes DNA methylation in specific areas, including CpG
islands (31). Park et al (4) reported that HBV X protein not
only activates the expression of DNMTI1 and DNMT3A,
but may also recruit DNMT3A and CpG island methylation
connexin 2 to the insulin-like growth factor-binding protein 3
gene promoter region to create a de novo methylation state,
inhibiting gene expression. HBx has also been reported to
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downregulate the expression of DNMT3B in HCC cell
lines, causing overall hypomethylation in hepatoma cells,
suggesting that the expression of DNMTS in HCC is key
to the development of liver cancer. Aberrant methylation is
present in several tumor suppressor genes, including p16 (32),
Ras-related protein domain family 1A (33), SOCSI1 (21)
and glutathione S-transferase pi (34). HBx has been known
to increase transcription and translation of DNMTI1 and
DNMT3AA, and it can induce pl6INK4A gene methylation
to inhibit the protein expression of pl6 protein (29). This
suggests that HBx may inactivate tumor suppressor genes
by upregulating methyltransferase and enhancing promoter
methylation. Additional investigations have indicated that
targeting HBx siRNA and methylation inhibitors can inhibit
HCC growth, which may be through a mechanism in which
HBx siRNA and methylation inhibitors reverse HBx-induced
pl6INK4A gene methylation, and thus restore the protein
expression and function of pl6. In addition, HBx in HCC
has been found to be positively associated with methionine
adenosyl transferase (MAT)IA and MAT2A, which may
be through hypermethylation of the MAT1A promoter and
hypomethylation of the MAT2A promoter, leading to the
change in the expression status of MATSs (35). Jung et al (36)
reported that HBx can increase the expression of the DNMT
genes, leading to increased methylation of certain target genes
and a reduction intheir functions. A study by Zheng et al (37)
suggested that HBx and DNMT3A proteins induce increased
methylation of regulatory elements in several genes, leading
to transcriptional silencing, and induce hypomethylation in
the regulatory elements in several other genes, leading to
transcriptional activation of these genes. This may a mecha-
nism for HBx-induced HCC.

In conclusion, the present study provided evidence that
transfection of QSG7701 cells with the HBx gene down-
regulated the expression, and enhanced the methylation, of the
SOCS-1 gene, and upregulated the mRNA and protein expres-
sion levels of DNMT3A/B. These results suggest a potential
mechanism underlying the HBx-induced development of
HCC, which may be through upregulation of the expression
of DNMT3A/B, thereby enhancing promoter methylation of
the SOCS-1 gene, downregulating the expression of SOCS-I.
Downregulated SOCS-1 then leads to the activation of
oncogenes. Further investigations are required to verify this
potential mechanism.
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