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Summary. A remarkable feature of HBV-associated
HCC is male predominance. The cooperation of hepatitis
B virus X protein (HBx) with androgen receptor (AR)
signaling pathway has been documented to contribute to
this dominance. HBx, a multifunctional viral regulator,
has been documented to induce promoter
hypermethylation and low expression of tumor
suppressor genes via activation of DNA methyl-
transferase (DNMT) in hepatocarcinogenesis. In prostate
cancer, hypermethylation of AR promoter is associated
with loss of AR expression. However, the relationship
among HBx, DNMTs, the methylation status of AR and
AR expression in HB V-associated HCC is still unknown.
In this report, we found that HBx correlated with high
levels of AR in HCC cases and induced AR expression
by stimulating its transcription in liver cell lines. HBx
correlated with high expression of DNMTs in HCC cases
too. Both in vivo and in vitro, however, the expression of
AR was not associated with its promoter methylation
status, and the methylation status of AR was not
regulated by DNMTs. AR expression is higher in
peritumoral tissues than in tumors, as well as being
higher in HBV-associated HCC than in HBV-negative
cases. Therefore, HBx-induced high expression of AR
plays a role during hepatocarcinogenesis, but is not
involved with its promoter methylation or DNMTs.
HBx-mediated DNMT deregulation is gene-specific, and
the expression and methylated regulation of AR is
tissue-specific.

Key words: Androgen receptor, Hepatitis B virus,
Hepatocellular carcinoma, X protein, DNA
methyltransferase

Introduction

At present, hepatocellular carcinoma (HCC) is still a
worldwide health issue, and remains the fifth most
frequent neoplasm and the third leading cause of cancer
deaths (Parkin, 2001). Epidemiological studies indicate
the vast majority of HCC (80%) is strongly associated
with chronic hepatitis B and C worldwide (Thomas and
Zhu, 2005). Because the prevalence of these two viruses
varies geographically, most cases of HCC in China are
hepatitis B virus (HBV)-related (Block et al., 2003;
Brechot, 2004). A remarkable feature of HBV-associated
HCC is male predominance (a male to female ratio of
5:1 to 11:1), which is more pronounced in HBV-
associated HCC than in hepatitis C virus-associated
HCC or other HCCs (Lee et al., 1999). Thus, some
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researchers proposed that certain HBV factors
cooperated with AR signaling pathway in HBV-
associated hepatocarcinogenesis. HBV X protein (HBx)
is a multifunctional viral regulator that modulates
transcription, cell responses to genotoxic stress, protein
degradation and signal pathways (Murakami, 2001). It
has been suspected to be the most important viral factor
in hepatocarcinogenesis (Hwang et al., 2003). In
hepatocyte cell line and HBx transgenic mice, HBx has
been documented to enhance the transcriptional activity
of the AR. In vitro, HBx also increases the AR protein
level and possibly influences the stability of AR by
proteosome activity (Chiu et al., 2007; Zheng et al.,
2007; Yang et al., 2009). However, the relationship
between HBx and AR has not yet been demonstrated in
the clinical samples.

To date, the expression of AR in HCC or normal
liver is inconsistent, and still controversial in
independent studies. In general, the majority of the early
studies demonstrated higher AR levels in liver tumor
tissues than in respective peritumoral parts.
Nevertheless, more recent observations based on mRNA
expression do not reveal any significant differences in
liver tumor and peritumoral tissues (Kalra et al., 2008).
The discrepancies between these studies may be because
of geographic, ethnic or/and etiological differences in
individual backgrounds. Furthermore, observations
accumulated indicate that transcription of the AR gene is
cell-type specific and also age-specific in some tissues.
Not only is there tissue-specific control of AR
transcription but also age-dependent variations that have
been observed in rat liver (Gelmann, 2002). There is a
need for detailed investigation of AR expression in HCC
or/and liver tissues using more sensitive and accurate
quantitative methods. In addition, evaluation of AR
status due to different etiological factors is required for
critical understanding of its role in HCC pathogenesis
(Kalra et al., 2008). In the present study, we investigated
AR mRNA as well as protein levels in 83 HBV-
associated HCCs, and analyzed the associations among
AR expressions and clinicopathological factors
(especially the factors of HBV infection).

Epigenetic changes in carcinogenesis have been the
focus of much attention in recent years. HBx has been
believed to be the major methylation-altering factor in
human liver. It can induce the promoter
hypermethylation and low expression of tumor
suppressor genes (TSG, including p16INK4A GSTP1, E-
cadherin, IGFBP3 RASSFI1A, CDKN2B etc.) via
activation of DNA methyltransferase (DNMT) genes,
which plays a major role in the early stage of HBV-
induced hepatocarcinogenesis (Lee et al., 2005; Park et
al., 2007; Zhu et al., 2007, 2010; Tan et al., 2008; Kim et
al., 2010). In contrast with the tumor suppressor gene,
AR signaling increases risk for liver carcinogenesis. In a
way, AR could be seen as an oncogene. The regulation
pattern of HBx-DNMT-TSG may not be appropriate for
AR in hepatocarcinogenesis. Although several lines of
evidence indicated that hypermethylation of AR

promoter was associated with loss of AR expression in
prostate cancer (Jarrard et al., 1998; Kinoshita et al.,
2000; Nakayama et al., 2000), the relationship between
them in HCC remains unclear. Whether the methylation
status of AR is regulated by DNMTs has not been
documented. Therefore, we performed the present study
and intended to find out the correlations among HBx-
DNMT, the methylation status of AR promoter and AR
expression, in order to detect the different regulatory
mechanisms among genes in carcinogenesis.

Materials and methods
Patients and tissue samples

Eighty-three cases of surgically resected HBV-
associated HCC between 2007 and 2008 were selected
from Liver Cancer Institute at Zhongshan Hospital
(Fudan University, Shanghai, China) with the approval
of Institutional Review Board (IRB) of Shanghai
Medical College, Fudan University. For this study, all of
the patients were tested positive for HBV surface antigen
in serum. Patients with positive antibody in serum to
hepatitis A, C, D, or human immunodeficiency viruses
(HIV) were excluded. No chemotherapy or radiation
therapy was instituted before tumor excision. All
patients gave their informed consent. The distribution of
the enrolled patients in different clinicopathological
categories is summarized in Table 1. Both the tumor and
its corresponding peritumoral non-cancerous tissues
from each partial hepatectomy specimen were collected
together, embedded in OCT, snap frozen in liquid
nitrogen, and stored at -80°C until analysis. The
histological diagnosis of specimens was made
independently by two experienced pathologists, from the
frozen sections after staining with hematoxylin and
eosin. Histological grade of tumor differentiation was
assigned according to the Edmondson and Steiner
grading system (Edmondson and Steiner, 1954). The
Scheuer system was applied for grading (necro-
inflammatory activity) and staging (fibrosis and
cirrhosis) of the non-cancerous liver tissue (Desmet et
al., 1994).

Meanwhile, 14 cases of the HBV-negative HCC
surgically resected were also recruited. Nine males and 5
females in age from 31 to 71 years (mean+SD,
53.58+10.88) were all tested negative for HBsAg, as
well as negative for antibody to hepatitis A, C, D, or
HIV in serum. No chemotherapy or radiation therapy
was instituted before tumor excision. Laboratory data
showed a GGT range 12-615 U/L (mean=SD,
120.50+172.67), AST range 14-211 U/L (mean+SD,
51.33+63.01), ALT range 14-211 U/L (mean+SD,
51.33+63.01), Albumin range 35-50 g/L (mean+SD,
40.83+4.71), TBA range 3.8-319 pmol/L (mean+SD,
35.55+£89.66), AFP range 1-216.8 ng/ml (mean+SD,
35.56+62.76), CEA range 1.57-4.26 ng/ml (mean+SD,
2.81£0.91), and a CA199 range 0-1034 U/ml (mean+SD,
126.58+289.41). Every tumor had a single nodule. The
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tumor volume varied from 6 to 1000 cm? (mean+SD,

76.34+160.23). Tumor differentiation was well,
moderate, and poor in 7, 4, and 1 case, respectively.

Table 1. Clinicopathological data of HBV-associated HCC patients.

Clinicopathological characteristics

HBV-associated HCC (n=83)

Sex (n %)
Male 73 (87.95)
Female 10 (12.05)
Age (n %)
<40 13 (15.66)
40-49 18 (21.69)
50-59 28 (33.73)
60-69 17 (20.48)
=70 7 (8.43)

Laboratory data mean+SD (range)

GGT (UL) 101.72+94.07 (12-517)
AST (UL) 58.94+85.64 (19-626)
ALT (UL) 62.76+91.93 (13-651)
Albumin (g/L) 42.10+4.61 (33-54)
TBA (umol/L) 17.76+22.76 (3.9-161.3)
AFP (ng/ml) 2221.35+7017.37 (1.2-38030)
CEA(ng/ml) 2.65+2.34 (0.21-16.77)
CA199(U/ml) 57.01+148. 86 (0-1266)
HBeAg positive (n%) 28 (33.73)
Anti-HBeAg positive (n%) 65 (78.31)

No. nodules (n%)
Single
Multicentric

80 (96.39)

3(3.61)
Tumor volume (cm3)* mean+SD (range)  113.56+235.64 (1.2-1200)

Tumor differentiation (n%)

Well 31 (37.35)
Moderate 41 (49.40)
Poor 11 (13.25)

Scheuer scores of peritumoral tissues
Grade (n%)

0 4(4.82)
1 32 (38.55)
2 29 (34.94)
3 15 (18.07)
4 3(3.61)
Stage (n%)
0 13 (15.66)
1 13 (15.66)
2 16 (19.28)
3 21 (25.30)
4 20 (24.10)
HBV genetypes (n%)
B Type 16 (19.28)
C Type 61 (73.49)
Other Types 6 (7.22)

HBV DNA levels (VS.GAPDH) mean+SD (range)
Tumors 587.82+2342.27 (0.05-18435.41)
Peritumoral tissues 1448.73+6429.93 (0.01-45218.86)

* Tumor volume (cm3) was calculated by the formula: length (cm) x
shortest width (cm) x longest (cm), in which length was the longest axis.
AFP: alpha fetal protein; ALT: alanine amiotransferase; AST: aspartate
aminotransferase; CA199: carcinoma antigen 19-9; CEA: carcinoma
embryonic antigen; GGT: y-glutamyl transpeptadase; HBeAg: hepatitis B
e antigen; HBV: hepatitis B virus; HCC: hepatocellular carcinoma; TBA:
total biliary acid.

There was no hepatitis in any peritumoral non-cancerous
tissues. In addition, 13 peritumoral liver tissues from
hemangioma surgically resected served as benign
controls. Six patients were male, and seven were female.

Quantitative real-time RT-PCR

For tissue samples, two pieces of 20 ym-thick slides
were transferred to a microcentrifuge tube with Trizol
Reagent (Sangon, Shanghai, China) after removing the
inflammatory cells, blood vessels and fiber tissues by
Laser capture microdissection (LCM) when needed.
Total RNA was isolated according to the manufacturer's
instructions. The cDNA synthesis was performed at 427
for 60 min in a 25 pl final volume containing 2ug total
RNA , 1.6 uM Oligo (dT),4, 0.6 uM dNTP, 200 U M-
MLV reverse transcriptase (Promega, Madison, WI,
USA) and reaction buffer supplied. Absolute
quantification analysis was applied and the standard
curves were generated by a series of diluted products
from agarose gel bands containing the amplified target
DNA, as previously described (Leong et al., 2007). The
fluorescence quantitative real-time PCR reactions were
carried out using SYBER Premix Ex Taq™ kits (Takara,
Kyoto, Japan) and Rotorgene 3000 analysis system
(Corbett Life Science, Sydney, Australia) according to
the manufacturer’s instructions. The primers are
indicated in Table 2A. The 20 pl reaction mixture
contained 2ul of cDNA, 0.2 uM of each primer, and
2xSYBER mix. Gene expression was determined by the
ratio of the target gene copies to the glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) copies.

Control for the absence of contaminating HBV DNA
is especially important with HBx mRNA expression
because it does not consist of introns. In this study, total
RNA was pretreated with RNase-free DNase I (Takara,
Kyoto, Japan) for 45 min at 37°C to remove the
contaminating DNA. Meanwhile, controls were
performed by omitting reverse transcriptase from the
above incubation medium for the synthesize cDNA.
Then the products were quantified by the same
fluorescence quantitative real-time PCR assay kits. The
HBYV DNA levels were all lower than 102 copies/ml. For
each set of primers, a non-template control was used to
confirm the absence of primer-dimer formation.

Western blot analysis

Thirty-four HBV-associated HCCs, 10 HBV-
negative HCCs and 10 benign controls were chosen
randomly from the above clinical cases for protein
expression analysis. Ten pieces of 10 ym-thick slides
were lysed in radioimmunoprecipitation assay (RIPA)
buffer (50 mM Tris HCI, pH 7.4, 150 mM NaCl, 1%
nonidet P-40, 0.25% Na-deoxycholate) added with 25x
cocktail protease inhibitors (Roche Biochemicals, Basel,
Switzerland). Proteins were separated on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, then
transferred to polyvinylidene fluoride (PVDF)
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membranes, blocked in 5% non-fat milk in TBS-T
(containing 0.1% Tween-20) for 2 h ( 0.5% bovine
serum albumin was added meanwhile for HBx
detection). The membranes were then incubated with
antibodies against AR (Santa Cruz Biotechnology,
California, USA), HBx (a kind gift from Dr Mark
Feitelson (Lian et al., 1999), Thomas Jefferson
University, USA), DNMT1 (Imgenex, San Diego, CA),
DNMT3A (Imgenex, San Diego, CA), and B-actin
(Sigma-Aldrich Chemie, Steinheim, Germany). A
peroxidase-conjugated affinipure goat anti-mouse 1gG
antibody or an anti-rabbit IgG antibody (Proteintech
Group, Chicago, USA) was used as the second antibody.
The results were visualized using a SuperSignal West
Pico chemiluminescence substrate (Pierce
Biotechnology, Rockford, USA). The band intensity
analysis of Western blots was performed using Gelpro
4.0 software.

Immunohistochemical staining
Formalin-fixed, paraffin-embedded tissue samples of
40 HBV-associated HCC cases, 15 HBV-negative HCC

cases and 15 hemangioma cases were chosen from the
surgical pathology files for two-step immunohisto-

Table 2. Primers.

chemical staining as previously described by our group
(Zhu et al., 2006). Four primary antibodies were used:
polyclonal anti-AR antibody diluted 1:100; polyclonal
anti-HBx antibody diluted 1:800; monoclonal anti-
DNMT]1 antibody diluted 1:100; monoclonal anti-
DNMT3A antibody diluted 1:100. The liver samples
with known HBx, AR, DNMT1 and DNMT3A positive
expression were used as positive controls, and PBS with
non-specific IgGs instead of first antibodies as negative
controls. Each stained section was evaluated
semiquantitatively by two independent observers. First,
an estimate was made for the fraction (percent intensity,
Pi) of stained cells in each compartment: 0: 0-1%, 1: 2-
10%, 2: 11-30%, 3: 31-60%, and 4: 61-100%. Second,
staining intensity (I) was scored as follows: 0: no
staining, 1: weak but definite staining, 2: moderate
staining, 3: pronounced staining and 4: intense staining.
The immunoreaction score (IRS) was then calculated
using the formula: IRS=PixI/4.

Methylation analysis of AR
Total genomic DNA was extracted according to

standard methods. The methylation status of AR
promoter was determined using methylation-specific

A: Primers used for quantitative real-time RT-PCR

Gene name Sense Antisense Product size (bp)
AR 5-TACCAGCTCACCAAGCTCCT-3 5-GCTTCACTGGGTGTGGAAAT-3’ 195
HBx 5-GCACTTCGCTTCACCTCT-3’ 5-TATGCCTACAGCCTCCTA-3 211
DNMT1 5’- CCTCATCGAGAAGAATATCG -3 5- GGATCCATCAGAATGTATTC -3 198
DNMT3A 5'- TATTGATGAGCGCACAAG AGAGC -3 5- GGGTGTTCCAGGGTAACATTGAG -3 111
DNMT3B 5’- CCAGCTGAAGCCCATGTT -3 5- ATTTGTCTTGAGGCGCTTG -3 166
MBD2 5'- TCAGAAGCAAGCCTCAGTTG -3 5- CAGAGCTTGTGTGCAAAGCA -3 421
GAPDH 5'- GAAGGTGAAGGTCGGAGTC -3 5'- GAAGATGGTGATGGGATTTC -3 226
B: Primers used for methylation analysis of AR
Primer name Sense Antisense Product size (bp)
ARM 5-TTTCGAGATTTCGGGGAG-3’ 5- ACAACTCCGAACGACGAC -3’ 214
ARU 5-TTTTGAGATTTTGGGGAGTTAG -3’ 5’- CCAAACAACAACTTCAAAACCA -3’ 208
C: Primers used for quantification of tissue HBV-DNA levels
Gene name Sense Antisense Product size (bp)
HBs 5-CTTCATCCTGCTGCTATGCCT-3’ 5-AAAGCCCAGGATGATGGGAT-3’ 221
GAPDH 5-CAAAGCTGGTGTGGGAGG-3 5- CTCCTGGAAGATGGTGATGG-3’ 175
D: Primers used for detection of HBV genotype
Sense Antisense
Primer name Sequence Primer name Sequence

PrsS2 (nt 2820-2837)
YS1 (nt 203-221)

5- GGGACACCATATTCTTGG -3’
5- GCGGGGTTTTTCTTGTTGA -3’

S1R (nt 842-821)
YS2 (nt 787-767)

5- TTAGGGTTTAAATGTATACCCA -3’
5’- GGGACTCAAGATGTTGTACAG -3’

AR: androgen receptor; DNMT: DNA methyltransferase; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; HBs: hepatitis B virus s gene; HBx:
hepatitis B virus x gene; MBD2: methyl-CpG binding domain protein 2; RT: reverse transcription.
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PCR (MSP), as previously described (Yu et al., 2003).
Two pg of genomic DNA was modified by sodium
bisulfite (Sigma-Aldrich Chemie, Steinheim, Germany)
at 50°C for 16 h. The primer sequences for unmethylated
or methylated AR promoter are given in Table 2B. The
20 pl reaction mixture contained 2 ul of modified DNA,
0.2 uM of each primer, 0.2 yM dNTPs, 1 unit of Taq
polymerase (Takara, Kyoto, Japan) and 2xGC buffer
I(Takara, Kyoto, Japan). PCR conditions were as
follows: 95°C for 5 min; 32 cycles of 95°C for 45 sec,
60°C for 45 sec and 72°C for 45 sec; 72°C for 10 min.
The PCR products were analyzed on 2.0% agarose gels,
stained with ethidium bromide, and then visualized by
ultraviolet illumination.

Quantification of tissue HBV-DNA levels

For HBV-associated HCC cases, HBV-DNA levels
in the tumor and its corresponding peritumoral non-
cancerous tissues were determined by fluorescence
quantitative real-time PCR. Absolute quantification
analysis was applied and the standard curves were
generated as previously described (Leong et al., 2007).
The primer sequences of HBV S gene (HBs) and
GAPDH are given in Table 2C. The 20 ul reaction
mixture contained 200 ng DNA, 0.2 uM of each primer,
and 2xSYBER mix. HBV-DNA levels were calculated
by the ratio of the HBs copies to the GAPDH
copies.

Detection of HBV genotype

For HB V-associated HCC cases, HBV genotype was
determined by nested PCR and restriction fragment
length polymorphism (RFLP) as previously described
(Zeng et al., 2004). HBs sequences were amplified by
nested PCR using 200 ng DNA as the template of the
first round PCR. The outer forward primer PrsS2 and
reverse primer SIR, as well as the inner forward primer
YS1 and reverse primer YS2 are indicated in Table 2D.
Ten ul of the second-round PCR product was digested
with each restriction enzyme respectively, including
Bsrl, Styl, Hpall, Eael (New England Biolabs, Hong
Kong, China), according to the manufacturer's
instructions. Then the enzyme-digested sample with the
corresponding 10 ul of undigested second-round PCR
product was analyzed by electrophoresis in parallel. The
restriction patterns were read visually under ultraviolet
light.

Cell lines

The hepatoma cell line BEL-7404 and human
normal liver cell line 102, as well as their HBx-stable
expression cell lines or their control cell lines (Tang et
al., 2009) were kindly provided by Pro. Mujun Zhao
(Shanghai Institute of Biochemistry and Cell Biology,
Chinese Academy of Sciences, Shanghai, China). All

cells were cultured in the recommended media
supplemented with 10% fetal bovine serum, 100 U/ml
penicillin, and streptomycin at 37°C in 5% CO,. To
evaluate the interactions among AR expression, AR
methylation and DNMTs, the HBx-stable cell lines were
treated with the demethylation agent 5°-aza-2’
deoxycytidine (5-aza-dC, Sigma Chemical Co. MO,
USA) at a final concentration of 2 to 8 uM for 7404 and
0.5 to 2 uM for L0O2, according to the tolerance of cell
lines. Cultures were re-dosed every 24 hours and
harvested 24 and 48 hours after treatment for subsequent
analysis.

Statistical analysis

Data were analyzed using software package SPSS
Version 11.5 (LEAD Technologies, Inc. Haddon field,
NJ, USA). Results were expressed as mean+SD.
Spearman rank correlation test was employed to show
correlations between the variables. Statistical analyses
for clinicopathological or histopathological group
comparisons were performed using the non-parametric
Wilcoxon test and the Mann-Whitney U-test. The
categorical variables were analyzed with 2 and Fisher’s
exact test. The significance of the differences for cell
lines was determined by Student t test. Differences were
considered statistically significant for P values less than
0.05 (2-tailed).

Results

AR expression is higher in peritumoral tissues than in
tumors for HBV-associated HCC cases

In 83 HBV-associated HCC cases, mRNA levels of
AR, HBx, DNMT1, DNMT3A, DNMT3B and MBD2
could be detected in all samples. The expression of AR
(P<0.05), HBx (P<0.01) and MBD2 (P<0.01) was
significantly higher in peritumoral tissues than in
tumors. There was no significant difference in the
expression of DNMTI1, DNMT3A and DNMT3B
between peritumoral tissues and tumors (Fig. 1A).

In Western blot analysis, the protein levels of AR
were higher in peritumoral tissues than in tumors
(P<0.05). There was no significant difference in the
levels of HBx, DNMT1 and DNMT3A between
peritumoral tissues and tumors (Fig. 1B,C).

In immunohistochemical staining, most positive
reaction of AR localized within nuclei whereas that of 2
HBV-associated tumors localize in the cytoplasm.
DNMT1 also showed a nucleic staining in tumors or
peritumoral tissues. Diffuse or focal granular reaction of
HBx and DNMT3A was visualized only in cytoplasm
(Fig. 2). In 40 HBV-associated HCC cases, AR showed
higher expression in peritumoral tissue than in tumors
(P<0.05). Nevertheless, DNMT1 expression was higher
in tumors than in peritumoral tissues (P<0.05). There
was no significant difference in the expression of HBx
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and DNMT3A between peritumoral tissues and tumors
(Fig. 1D).

AR expression correlates positively with HBx in HBV-
associated HCC cases

In both peritumoral tissues and tumors, AR mRNA
levels correlated positively with HBx (P<0.01),
DNMT3A mRNA levels (P<0.01) and negatively with
MBD2 mRNA levels (P<0.01). The mRNA levels of
HBx correlated positively with DNMT1 (P<0.01),
DNMT3A (P<0.01) and DNMT3B (P<0.01) mRNA
levels. In tumors, HBx mRNA correlated negatively
with MBD2 mRNA (P<0.01) (Table 3A).

In Western blot analysis, Spearman rank correlation
showed the protein levels of AR correlated positively
with HBx in peritumoral tissues (P<0.01), as well as in
tumors (P<0.05). Meanwhile, higher HBx protein levels
correlated with higher DNMT1 or DNMT3A levels in
both peritumoral tissues (DNMT1: P<0.05; DNMT3A:
P<0.05) and tumors (DNMT1: P<0.01; DNMT3A:
P<0.05), which was consistent with the correlations at
mRNA levels (Table 3B).

In immunohistochemical staining, the expression of
AR correlated positively with HBx (P<0.05) in
peritumoral tissues, as well as HBx with DNMT1
(P<0.05). In tumors, there were no significant
correlations (Table 3C).

AR expression is higher in HBV-associated HCC cases
than HBV-negative cases

Then, comparison was performed among the groups
of HBV-associated HCC, HBV-negative HCC and
peritumoral liver tissues of hemangioma (benign
control). At mRNA levels, HBV-associated HCC cases
had significantly higher AR mRNA than HBV-negative
HCC in both peritumoral tissues (0.21+0.22 vs.
0.06x0.05, P<0.05) and tumors (0.17+0.23 vs.
0.05+0.08, P<0.05). Difference was remarkably
significant for DNMT3B mRNA between HBV-
associated HCC and HBV-negative HCC in peritumoral
tissues (0.12+0.12 vs. 0.03+0.06, P<0.01) and tumors
(0.14£0.15 vs. 0.03+0.06, P<0.01), as well as HBV-
associated HCC and hemangioma in peritumoral tissues
(0.12+0.12 vs. 0.02+0.03, P<0.01). The groups of HBV-
negative HCC and hemangioma had no differences in
mRNA levels of AR, DNMT1, DNMT3A, DNMT3B
and MBD?2.

In peritumoral tissues, AR protein levels were higher
in HBV-associated HCC group than in HBV-negative
group (0.33+0.23 vs. 0.16+0.11, P<0.05) or hemangioma
group (0.33+0.23 vs. 0.17+0.06, P<0.05) by Western
blot analysis. However, there was no such significant
difference in tumors between HBV-associated HCC and
HBV-negative HCC (0.20£0.41 vs. 0.26+0.17, P>0.05).
Difference was remarkably significant in DNMT1
protein levels between peritumoral tissues of HBV-
associated HCC and those of HBV-negative HCC
(0.57£0.30 vs. 0.37+0.27, P<0.05). The groups of HBV-
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Fig. 1. Levels of mRNA and protein for AR, HBx, DNMTs and MBD2 in
tumors and their corresponding peritumoral tissues of HBV-associated
HCC cases. A. Levels of mRNA for AR, HBx, DNMT1, DNMT3A,
DNMT3B and MBD2 (n=83). B. Protein levels by Western analysis for
AR, HBx, DNMT1 and DNMT3A (n=34). C. Immunohistochemical
expression of AR, HBx, DNMT1 and DNMT3A (n=40). AR, androgen
receptor; DNMT, DNA methyltransferase; HBV, hepatitis B virus; HBX,
hepatitis B virus x gene; HCC, hepatocellular carcinoma; MBD2, Methyl-
CpG binding domain protein 2. (*: P<0.05; **: P<0.01)
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negtive HCC and hemangioma had no differences in the
protein levels of AR, DNMT1 and DNMT3A.
In immunohistochemical staining, HBV-associated

Table 3. Correlations of mMRNA and protein expression for AR, HBx,
DNMTs and MBD2 in tumors and their corresponding peritumoral
tissues of HBV-associated HCC cases.

Peritumoral tissues Tumors

Characteristics rvalue P value rvalue P value

A: Levels of mRNA (n=83)

AR vs. HBx 0.505 0.000** 0.447 0.000**
AR vs. DNMTA1 0.025 0.823 0.019 0.866
AR vs. DNMT3A 0.305 0.005** 0.361 0.001**
AR vs. DNMT3B 0.077 0.487 0.097 0.384
AR vs. MBD2 -0.350 0.001** -0.313 0.004**
HBx vs. DNMT1 0.392 0.000* 0.447 0.000*
HBx vs. DNMT3A 0.605 0.000** 0.538 0.000**
HBx vs. DNMT3B 0.307 0.005* 0.328 0.002**
HBx vs. MBD2 -0.132 0.234 -0.297 0.006™*
B: Protein levels by Western analysis (n=34)

AR vs. HBx 0.416 0.008** 0.393 0.012*
AR vs. DNMTA1 0.181 0.263 0.021 0.899
AR vs. DNMT3A 0.140 0.388 -0.015 0.927
HBx vs. DNMT1 0.364 0.021* 0.451 0.003**
HBx vs. DNMT3A 0.385 0.010* 0.288 0.046*

C: Immunohistochemical expression (n=40)

AR vs. HBx 0.376 0.049* 0.190 0.323
AR vs. DNMT1 0.310 0.120 0.288 0.129
AR vs. DNMT3A -0.034 0.863 0.242 0.206
HBx vs. DNMT1 0.348 0.043* 0.204 0.288
HBx vs. DNMT3A -0.168 0.307 0.119 0.539

AR: androgen receptor; HBx: hepatitis virus B x gene; HCC:
hepatocellular carcinoma; DNMT: DNA methyltrasferase; MBD2:
methyl-CpG binding domain protein 2; *: P<0.05; **: P<0.01.

HCC cases had higher AR expression than HBV-
negative HCC cases (0.79+0.42 vs. 0.41+0.17, P<0.05)
and hemangioma cases (0.79+0.42 vs. 0.52+0.38,
P<0.05) in peritumoral tissues. In expression of AR in
tumors, there was no significant difference between
HBV-associated HCC group and HBV-negative HCC
group (0.58+0.47 vs. 0.55+£0.70, P>0.05). DNMTI1 and
DNMT3A expression showed no differences among
groups.

AR expression is not involved with its promoter
methylation and the levels of DNMTs in HBV-associated
HCC cases

Of the HBV-associated HCC cases analyzed, AR
promoter hypermethylation was present in 29 of 83
tumors (34.94%) and 28 of 83 (33.73%) corresponding
peritumoral tissues. The frequency of hypermethylation
in tumors had no si%nificant difference from that in
peritumoral tissues (x=0.027, P>0.05). The methylation
status of AR in the tumors had no correlation with its
methylation status in peritumor tissues (r=-0.042,
P>0.05).

In Table 4, comparison was performed, respectively,
between the unmethylated and methylated groups in
tumors and peritumoral tissues. At mRNA levels, the
expression of DNMT3A was higher in unmethylated
group than in methylated group of peritumoral tissues
(P<0.05), while DNMT1 expression was higher in
methylated group than in unmethylated group of tumors
(P<0.01). AR mRNA levels in unmethylated group had
no significant difference from that levels in methylated
group in both tumors and peritumoral tissues. At protein
levels, there was no statistical significance between
unmethylated group and methylated group in tumors and
peritumoral tissues. Taken together, the methylation
status of AR was not regulated by the levels of DNMTs,

Table 4. Correlation between AR methylation status and levels of mRNA or protein for AR, HBx, DNMTs and MBD2 in tumors and their corresponding

peritumoral tissues of HBV-associated HCC cases.

Characteristics Peritumoral tissues Tumors

mRNA levels (n=83) Unmethylated (n=55)  Methylated (n=28) P value Unmethylated (n=54) Methylated (n=29) P value
AR 0.20+0.21 0.24+0.25 0.946 0.16+0.22 0.19+0.26 0.901
HBx 0.28+0.42 0.31+0.38 0.196 0.19+0.32 0.28+0.45 0.496
DNMT1 0.16+0.18 0.24+0.19 0.100 0.14+0.18 0.26+0.21 0.006**
DNMT3A 0.21+0.24 0.10+0.16 0.024* 0.18+0.19 0.13+0.21 0.080
DNMT3B 0.15+0.14 0.11+0.11 0.207 0.14+0.21 0.11+0.10 0.342
MBD2 0.12+0.18 0.12+0.17 0.954 0.06+0.09 0.09+0.12 0.197
Protein levels (n=34) Unmethylated (n=26) Methylated (n=14) P value Unmethylated (n=24) Methylated (n=16) P value
AR 0.33+0.21 0.33+0.26 0.887 0.179+0.133 0.24+0.14 0.252
HBx 1.06+0.65 1.12+0.648 0.444 1.204+0.586 1.50+0.79 0.464
DNMT1 0.63+0.30 0.47+0.28 0.084 0.503+0.332 0.39+0.24 0.275
DNMT3A 0.15+0.11 0.12+0.11 0.496 0.133+0.135 0.12+0.14 0.060

AR: androgen receptor; HBx: hepatitis virus B x gene; HCC: hepatocellular carcinoma ; DNMT: DNA methyltrasferase; MBD2: methyl-CpG binding

domain protein 2; *: P<0.05; **: P<0.01.
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Fig. 2. Immunohistochemical
staining for histological and
cytological distribution of
androgen receptor (AR),
hepatitis B virus x protein
(HBx), DNA methyltransferase
(DNMT) 1 and 3A in hepatitis
B virus (HBV)-associated
hepatocellular carcinoma
s (HCC) cases. A. Positive
reaction of AR localized within
- nuclei. Diffused strong staining
was seen in a peritumoral
sample. B. Weak nucleic
labeling of AR was observed in
the well differentiated tumor.
C. Scattered HBx-positive cells
in a peritumoral sample.
Granular strong reaction in
cytoplasm was visualized.
D. HBx produced moderate
cytoplasm staining in the
moderately differentiated
tumor. E. DNMT1 also showed
diffused strong nucleic staining
in the peritumoral sample.
" F. Weaker staining of DNMT1
in a poorly differentiated
* tumor. G. Part of peritumoral
liver cells show granular strong
reaction of DNMT3A in
cytoplasm. H. In the
moderately differentiated
tumor, DNMT3A showed partly
cytoplasm positive. x 400
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Fig. 3. HBx increased AR expression is not involved with AR methylation and DNMTs in BEL-7404 and LO2 cell lines. A. Western blot analysis of HBx,
AR, DNMT1 and DNMTB3A in the two cell lines transfected of either HBx expression plasmid (pHBx) or control plasmid, as well as treated without or
with various amounts of 5-aza-dC (7404: 2uM, 4uM and 8uyM; L0O2: 0.5uM, 1uM and 2uM) for 24 h and 48 h. B. MSP analysis was performed to
determine whether AR promoter is either methylated (M) or unmethylated (U). Each band was quantified using Motic Images Advanced 3.2 image
analysis software (Motic China Group Co., LTD, China). Methylation index (M/U) was prepared to compare the methylation status of AR promoter
among samples. C. The mRNA and protein levels of AR, DNMT1 and DNMT3A in the two cell lines prepared as described above. AR, androgen
receptor; HBx, hepatitis virus B x gene; DNMT, DNA methyltrasferase; MSP, methylation-specific polymerase chain reaction.
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and the expression of AR was not associated with its
promoter methylation status in HBV-associated HCC
cases.

HBx increases AR expression in liver cell lines

The expression of HBx, AR, DNMTI1 and
DNMT3A, as well as the methylation status of AR
promoter in the two cell lines transfected of either HBx
expression plasmid (pHBx) or control plasmid, treated
with or without 5-aza-dC, are shown in Figure 3. First,
we tested the basal expression of AR in the two cell
lines. Either mRNA (P<0.01) or protein (P<0.01) levels
of AR in the hepatoma cell line BEL-7404 were
remarkably higher than the levels in normal liver cell
line LO2. We then determined the HBx protein that was
successfully expressed in the stable cell lines transfected
with pHBx (Fig. 3A). To determine if HBx regulates the
expression of AR, we examined AR mRNA and protein
levels in HBx-expression cells compared to HBx-
negative cells. Both quantitative real-time RT-PCR and
Western blot analysis showed that the endogenous AR
expression increased more than threefold in the pHBx-
transfected LO2 cells (P<0.01), while nearly twofold in
the pHBx-transfected BEL-7404 cells (P<0.05). These
results suggest that HBx induces the expression of AR
by stimulating its transcription in vitro. HBx was unable
to influence the expression of DNMT1 and DNMT3A in
BEL-7404 cells at both mRNA and protein levels. For
L02 cells, HBx cannot alter the mRNA expression of
DNMT1 and DNMT?3A, but significantly increased their
protein levels (P<0.01) (Fig. 3C). It suggested that HBx-
induced DNMT expression is cell-type specific.

AR expression is not involved with its promoter
methylation and the activation of DNMTs in liver cell lines

5-aza-dC, a demethylating agent, has been used to
induce the re-expression of many methylated suppressor
genes. Treatment of the two cell lines with various
amounts of 5-aza-dC (2-8 yM for BEL-7404 and 0.5-2
uM forL02 according to toxicity) for 24 h or 48 h did
not influence the frequencies of 5-methylcytosine
residues obviously, indicating that DNMT activity alone
cannot account for the unique and CpG island-based
alterations in AR promoter (Fig. 3B). AR mRNA and
protein levels presented a little increase with a lowest
dose of 5-aza-dC treated for 24 h, but decreased
significantly with a higher dose of 5-aza-dC exposure for
48 h, which is inconsistent with the expression of
suppressor genes induced by 5-aza-dC. Correlation
analysis showed that neither AR mRNA nor AR protein
was correlated with the frequencies of AR methylation,
which suggests that the expression of AR is not
associated with its promoter methylation status. The
mRNA levels of DNMT1 and DNMT3A in LO2 cells
had a notable increase with 5-aza-dC treatment for 24 h,
but a downregulation for 48 h. Treatment with 5-aza-dC

did not affect the protein levels of DNMT]1 in both BEL-
7404 and LO2 cells, but significantly decreased
DNMTS3A protein (Fig. 3C).

Correlations among AR and clinicopathological
characteristics in HBV-associated HCC cases

HBV DNA levels could be detected in all HBV-
associated HCC samples. Although the levels were
higher in peritumoral tissues than in tumors
(1448.73+£6429.93 vs. 587.82+2342.27, P>0.05), there
was no statistical significance. Neither AR expression
nor its promoter methylation status was associated with
HBYV DNA levels in peritumoral tissues and tumors. Of
the 83 HBV-associated HCC cases, 16 were infected
with genotype B, 61 genotype C, and six with mixed or
other genotypes. Similarly, there was no correlation
between HBV genotype and AR expression or its
promoter methylation. Not only at mRNA levels
(r=0.213, P<0.05) but also at protein levels (r=0.313,
P<0.05), AR expression in peritumoral tissues correlated
significantly with tumor differentiation. The poorer the
tumor differentiation, the higher the expression of AR in
peritumoral tissues. The expression and the methylation
status of AR in both tumors and peritumoral tissues did
not correlate with other clinicopathological
characteristics, including age, gender, serum AFP, CEA,
CA199, GGT, AST, ALT, albumin, TBA, HBeAg or
HBeAbD positive, number of nodules, tumor volume and
Scheuer scores of peritumoral tissues.

Discussion

To date, the strongest risk factor for the development
of HCC is male sex (McMahon, 2009). The
enhancement of the transcriptional activity of AR has
long been considered one of the important host factors
involved in carcinogenesis. Because of the controversial
expression of AR documented in HCC or normal liver,
we investigated the mRNA and protein levels of AR by
real-time RT-PCR, Western blot analysis and
immunohistochemical staining in HB V-associated HCC,
HBV-negative HCC and the peritumoral tissues of
hemangioma. We found that AR expression is higher in
HBV-associated HCC cases than in HBV-negative cases,
indicating that AR plays a role in HBV-associated HCC
carcinogenesis. The discrepancies between studies may
be because of the different quantitative methods.
Furthermore, the different etiological factors in HCC
pathogenesis are important. In 83 HBV-associated
HCCs, our data indicated that both mRNA and protein
expression of AR is higher in peritumoral tissues than in
tumors, which is also in agreement with the previous
observation in animal models of chemical induced
carcinogenesis. Liang et al. demonstrated that the
expression of AR increases during preneoplastic stages,
but maintain AR expression levels can be suppressed
during progression towards cancer development (Liang
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et al., 1998). It is therefore proposed that androgen
therapy may be ineffective after establishment of tumor.
Although most early studies employed indirect binding
assay detected AR protein within cytoplasm, most
present studies showed nucleic positive of AR protein by
immunohistochemical staining (Kalra et al., 2008). In
the present study, AR expression localized within nuclei
in all peritumoral tissues and most of tumors. Only two
tumors showed AR cytoplasm staining. The subcellular
discrepancies may be because of the different methods
and the different antibodies used for analysis.

HBYV accounts for the majority of HCC in China. It
has been established that HBx can stimulate various
cytoplasmic signal transduction pathways. Moreover, the
expression and transcriptional activity of AR might be
changed in the presence of HBx. So we investigated the
relationship between HBx and AR expression in HBV-
associated HCC cases and two liver cell lines. In vivo,
HBx correlated positively with the mRNA and protein
levels of AR both in peritumoral tissues and in tumors.
In vitro, we found that AR expression increased
significantly in the pHBx-transfected L0O2 cells and
BEL-7404 cells. These results suggest that HBx induces
the high expression of AR by stimulating its
transcription, which is an alternative cause to malignant
transformation of infected cells. However, the
underlying mechanisms as to how HBx leads to the high
expression of AR remain unclear.

Epigenetic tumorigenesis has been the focus of
much attention in recent years. Accumulating evidence
indicates that HBV-infected hepatocytes often exhibit
altered epigenetic status, and HBx as a central player in
HBV-induced epigenetic aberrations, contributing to the
onset and progression of HCC (Herceg and Paliwal,
2009). Whether HBx-induced high AR expression is also
an epigenetic regulation remains unclear. Recent
research advances have linked a number of viruses to the
dysregulation of DNMT family members through
numerous mechanistic pathways, ultimately leading to
methylation based gene silencing or downregulation
(Zheng et al., 2009). In the present study, we
investigated the mRNA levels of DNMT1, DNMT3A,
DNMT3B and MBD2 (an important DNA demethylase),
as well as DNMT1 and DNMT3A proteins. In both
tumors and peritumoral tissues, HBx upregulated the
expression of DNMT1, DNMT3A and DNMT3B. In
liver cell lines, HBx-induced DNMT expression is cell-
type specific. In other independent studies, Zheng et al.
showed HBx is unable to influence the expression of
DNMT1, DNMT3A or DNMT3B in Huh7 and HepG2
cells (Zheng et al., 2009), while Park et al. reported
DNMT1 and DNMT3A were up-regulated in HBx-
expressing cells CHL, HepG2, Huh7 (Park et al., 2007;
Junk et al., 2010). This may be due to the different
genotypes of HBx and different cell lines used.

It has been documented that HBx induces the
promoter hypermethylation and low expression of tumor
supressor genes via activation of DNA methyltransferase

(DNMT) in hepatocarcinogenesis. Research performed
over the past few years also indicates that DNA
methylation of the AR promoter in CpG islands is
associated with a loss of AR expression in human
prostate cancer cells and tissues (Kinoshita et al., 2000).
Treatment with the demethylating agent 5-aza-dC
induces the re-expression and function of the AR in
several metastatic prostate cancer cell lines (Jarrard et
al., 1998). However, to our knowledge, the relationship
between AR expression and its methylation status in
HCC is still not reported. In HB V-associated HCC cases,
our data indicated that AR expression is not involved
with its promoter methylation, and the methylation status
of AR was not involved with the levels of DNMTs. In
liver cell lines, the expression of AR is not associated
with its promoter methylation either. In addition,
treatment of cell lines with 5-aza-dC did not influence
the methylation frequencies of AR obviously, indicating
that DNMT activity alone cannot account for the unique
and CpG island-based alterations in AR promoter. The
above experiments show that the regulation pattern of
HBx-DNMT-TSG is not applicable to AR in HBV-
associated hepatocarcinogenesis. HBx-mediated DNMT
deregulation is gene-specific. The expression and
methylated regulation of AR in HCC is different from
that in prostate cancer, which is tissue-specific.

Correlations among AR and clinicopathological
characteristics showed that poor tumor differentiation
correlates with high expression of AR in peritumoral
tissues, suggesting that AR may be a promoting factor
for the development of HCC. Although it has been
demonstrated that many genes are methylated as a
function of age in colon (Ahuja and Issa, 2000), no
association between AR methylation status and age was
found in this study. Because MSP was used for
mehtylation analysis in this study, we could not quantify
the methylation density accurately. Additionally, only
limited CpG islands in one AR promoter region was
tested in the experiment. Complete methylation may
occur in other regions containing important elements for
transcription. It is necessary to detect more CpG islands
and check the methylation density by more accurate
quantitative methods, such as direct sequencing
techniques, in further studies. Surprisir}églx, we found
that the hypermethylation of p16/NK4A promoter
correlated negatively with the hypermethylation of AR
promoter in HBV-associated HCC cases (data not
shown). Hypermethylation of CpG islands in colon
tumors was also reported not to be associated with the
overexpression of DNA methyltransferase (Momparler
and Bovenzi, 2000).The methylation of such genes
(including AR) may be involved with other methylation-
altering factors, for example the DNA demethylase.
Moreover, histone acetylation and a global
hypomethylation of the host genome were reported to be
changed in HBx-mediated epigenetic modifications,
whose role in HBx-induced high expression of AR might
be necessary to address.
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