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Abstract

Chronic hepatitis B virus (HBV) infection is one of
the most common causes of hepatocellular carci-
noma (HCC), a malignant tumor with high mortality
worldwide. One remarkable clinical feature of HBV-
related HCC is that its incidence is higher in males and
postmenopausal females compared to other females.
Increasing evidence indicates that HBV-associated
HCC may involve gender disparity and that it may be
a type of hormone-responsive malignant tumor. Sex
hormones, such as androgen and estrogen, have been
shown to play very different roles in the progression
of an HBV infection and in the development of HBV-
related HCC. Through binding to their specific cellular
receptors and affecting the corresponding signaling
pathways, sex hormones can regulate the transactiva-
tion of HBx, cause the chronic release of inflammatory
cytokines in the hepatocellular microenvironment, and
participate in epigenetic and genetic alternations in
hepatocytes. All of these functions may be related to
the initiation and progression of HBV-associated HCC.
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A thorough investigation of the molecular mechanisms
underlying the gender-related disparity in HBV-related
HCC should provide a new perspective for better under-
standing its pathogenesis and exploring more effective
methods for the prevention and treatment of this dis-
ease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Increasing evidence indicates that hepatitis B
virus (HBV)-associated hepatocellular carcinoma (HCC)
may involve gender disparity and that it may be a type
of hormone-responsive malignant tumor. Sex hormones
have been shown to play very different roles in the pro-
gression of an HBV infection and in the development
of HBV-related HCC. The article reviews the reported
molecular mechanisms of the gender disparity in HBV-
related HCC, with an aim to improve the understanding
of the development and progression of HBV-associated
HCC and exploring more effective prevention and treat-
ment of this disease.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
prevalent malignant tumors and a leading cause of can-
cer-related deaths globally“’ﬂ. Chronic hepatitis B virus
(HBV) infection, the strongest factor associated with
HCC development in epidemiology, has been found to
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play an important role in the progression of HCC. Many
countries, particularly those in eastern Asia, sub-Saharan
Africa and parts of Europe, have high incidence and
mortality rates of HBV-associated HCC*. To further
investigate the clinical features of HBV-related HCC and
develop more effective therapeutic strategies, consider-
able efforts have recently been exerted in exploring the
molecular mechanisms involved in the development
and progression of HBV-associated HCC. Many clinical
studies have shown that one remarkable clinical feature
of HBV-associated HCC is that its incidence generally
tends to be higher in males and postmenopausal females
than other females, but the exact molecular mechanisms
of this disparity have seldom been investigated[m. The
article reviews the reported molecular mechanisms asso-
ciated with the gender disparity in HBV-related HCC to
improve the understanding of its role in the development
and progression of HBV-associated HCC.

ROLE OF SEX HORMONES IN THE
DEVELOPMENT OF HBV-ASSCOCIATED
HCC

Most previous studies have demonstrated that there is
a sexual disparity in the development of HBV-related
HCC. For example, female HBV carriers generally have
lower viral loads than male carriers, the risk of HBV-
associated HCC is lower in females than in males, and

the ratio of the estradiol level to the testosterone level
tends to decrease in female patients with HBV-related
HCC than in female HBV carriers who do not develop
HCC"™. To date, the mechanisms underlying that males
are more susceptible to developing HCC after an HBV
infection have become an important topic, drawing wide-
spread attention from scientists. An increasing number
of studies have suggested that HBV-associated HCC may
be a hormone-responsive malignant tumor"?,

It was reported that high levels of serum testosterone
in males with an HBV infection are associated with their
development of HCC. Even when the condition of their
viral hepatitis or alcoholic cirrhosis improved, their risk
for HCC was still increasing[g’m. These results suggested
that the androgen receptor (AR) might be involved in
HBV-related hepatocarcinogenesis and an active andro-
gen signaling pathway might increase the risk of HBV-
associated HCC'"*'". The AR, a ligand-dependent tran-
scription factor of the nuclear receptor superfamily, was
reported to be overexpressed in HCC. After two nuclear
processes, including the AR N-C interaction (dimeriza-
tion step) and the transcriptional activation of the AR
N-terminal transactivation domain (NTD) (transactiva-
tion step), are completed, the AR is fully activated"™"”,
Interestingly, among male HBV carriers with an increased
risk of HCC, both higher androgen levels and more ac-
tive androgen receptor gene alleles were detected, com-
pared with those of controls" ™', Similarly, the ratio of
estradiol to testosterone was shown to be significantly
lower in female patients with HBV-associated HCC.
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Wang ez al"™ demonstrated that the HBV X viral protein
(HBx), a well-known transactivator of HBV transcrip-
tion, indirectly increases the levels of androgen receptor
mRNA by affecting cytosolic signaling pathwaysm’m.
HBx can enhance two nuclear processes, including the
dimerization and transactivation steps, by regulating two
switch kinases: c-Src kinase and GSK-3 kinase. Function-
ally, c-Src kinase regulates AR NTD activity, and GSK-3
kinase plays an important role in regulating the AR N-C
interaction. Further investigation shows that c-Src pri-
marily enhances the transcriptional activity of the AR
NTD. However, GSK-3 inactivation contributed to the
HBx-enhanced AR N-C interaction*"*™". In male mice
with androgen receptor knockout, the occurrence of
HCC induced by diethylnitrosamine (DEN) was delayed
and fewer tumors formed than in wild type mice**", In
transgenic mice with an HBV infection, the hepatic an-
drogen receptor was found to increase the rate of HBV-
induced hepatocarcinogenesis. Through binding directly
to the cognate androgen-responsive element (ARE) in
enhancer I (Enh [) of the HBV genome, androgen
cooperated with the androgen-signaling pathway to in-
crease the transcription and replication of HBL” genes”sl
(Figure 1). These findings suggest that there may be an
interesting positive cross-regulatory loop between the
androgen-signaling pathway and the HBx viral protein in
the development of HCC in male HBV carriers, as Chen
et al” demonstrated in clinical reports on male HBV pa-
tients. Similarly, Feng ez al” clucidated another interest-
ingly self-amplifying positive regulatory circuit including
AR, cell cycle-related kinase (CCRK) and B-catenin, which
were found both in HCC cell lines and immortal human
liver cells and further detected in animal models and pri-
mary HCC specimens from patients with HBV infection.
Through directly binding to androgen-responsive element
of the CCRK promoter region, ligand-activated AR could
increase CCRK expression by up-regulating its transcrip-
tion in HCC cell lines. And overexpression of CCRK
modulated activation of the [3-catenin signaling pathway
which positively regulates expression and function of AR
in HCC cell lines. Finally, through up-regulating activation
of the B—catenin/ T cell factor signaling pathway, this vi-
cious loop might play a critical role in tumorigenesis and
progression of HBV-associated HCcP (Figure 2).

Unlike androgen, estrogen may play an important role in
protecting against the progression of HBV infections and
the development of HBV-related Hcc, Almog ¢ al™ te-
ported that estrogen treatment reduced the level of HBV
mRNA. De Maria ¢ a/”” found that variant estrogen
receptors (ERs), a primary cause of estrogen unrespon-
siveness, were expressed more frequently in male and
postmenopausal female HCC patients. Moreover, female
HBV carriers with a longer exposure to estrogen through
taking oral contraceptives or postmenopausal hormone
replacement therapy have a lower risk of developing
HCC"™, Acting through two nuclear receptors, estrogen
receptors ¢ and f (ER-o and ER-B), estrogen plays an
important role in many biological processes at the mo-
lecular level™. In contrast to the augmentation of HBV
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Figure 1 Hepatitis B virus X viral protein expres-
sion and sex hormone signaling pathways. By
activating c-Src and inactivating glycogen synthase
kinase-3 (GSK-3), hepatitis B virus X viral pro-
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tein (HBx) can enhance androgen receptor (AR)
N-terminal transactivation domain (NTD) activity
and AR N-C interaction, which contribute to full
activation of AR. Then through binding directly to
the cognate androgen-responsive element (ARE)
in enhancer I (Enh I') of the hepatitis B virus
(HBV) genome, androgen can cooperate with the
androgen-signaling pathway to increase the tran-
scription and replication of HBV genes and HBx
expression. In contrast, estrogen can cooperate with
estrogen receptor-a. (ER-a) to decrease HBV RNA
transcription by suppressing the activity of the HBV
Enh I through preventing hepatocyte nuclear factor
40, (HNF-4¢.) from binding to Enh T .
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Figure 2 The regulation and function of andro-
gen receptor signaling pathway. On one hand,
ligand-activated androgen receptor (AR) can in-
crease cell cycle-related kinase (CCRK) expression

through directly binding to androgen-responsive
element (ARE) of the CCRK promoter region and
stimulate its transcription and expression. Ectopic
expression of CCRK in immortalized human liver
cells activated B-catenin/T cell factor (TCF) sig-
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naling to stimulate cell cycle progression and to
induce AR expression. On the other hand, ligand-
stimulated AR can increase miR-216a transcrip-
tion by directly binding to the ARE site within the
promoter region of pri-miR-216a, which can lead
to the elevation of the miR-216a level and the sub-
sequent suppression of its target genes including
some tumor suppressors. Finally, the early stage
of hepatocarcinogenesis, including increased cell
proliferation and enhanced migration and invasive
activities of hepatocytes, is partly initiated.
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RNA transcription by the AR, the ER was found to de-
crease HBV RNA transcription by suppressing the activity
of the HBV enhancer I that is located in the Enh I region
of the HBV genome. Further investigation suggested that
the hinge region of ER-a could physically interact with
hepatocyte nuclear factor 4o (HNF-4q), which dimin-
ished the HNF-4a binding to Enh I region of the HBV
genomem’zsj. HNF-4q, a nuclear protein that is abundant
in the liver, plays an important role in regulating hepatic
transcription and the development of normal liver struc-
tures™". Wang ez al” demonstrated that the HNF-4¢
binding site within HBV enhancer [ is essential for the
down-regulation of HBV transcription by ER-a. It was
observed that ER-o can squelch the activity of HNF-
4a through its hinge region, preventing HNF-4q from
binding to enhancer I (Figure 1). This process finally
results in the decreased activity and even the dysfunction
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of enhancer [ in HBV transcription. The hepatic ER-a
can work alone even in the absence of estrogen, which
is different from the AR. This change may be due to the
presence of some of the hepatic ER-q, in the nucleus™.
Moreover, some studies showed that HBx, ER-a and
histone deacetylase 1 (HDAC1) could form a complex.
Furthermore, Han ¢ a/”"! demonstrated that HBx could
inhibit the transcriptional activity of ER-q, through its

interaction with ER-o and its recruitment of HDACT.

GENDER DISPARITY, INFLAMMATORY
CYTOKINES AND HBV-ASSOCIATED
HCC

Chronic inflammation is a major contributor to tumori-
. 12,32 . . .
genes1sl 22 Hepatitis-related inflammatory cytokines,
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Figure 3 Interleukin-6 expression and estrogen recep-
tor signaling pathway. By decreasing the activity of core
factors such as NFkB, STAT3 and C/EBP, which is associ-
ated with the interleukin-6 (IL-6) promoter activity and re-
quired for the production of IL-6 in vivo and in vitro, estrogen
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Kupffer cell combines with the estrogen receptor (ER) signaling pathway
to decrease the IL-6 level and attenuate its induction of liver
injury. NF«B: Nuclear factor «B; STAT3: Signal transducer
and activator of transcription 3; C/EBPB: CCAAT/enhancer-
binding protein f.
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such as interleukin-6 (IL-6) and interleukin-13 (IL-1f),
have been identified as core promoters of susceptibility
to an HBV infection, persistence of an HBV infection
and the development of HBV-related HCC™ ™. Many
studies have examined the effects of these cytokines on
the initiation, promotion, and progression of HCC™ ",
Interestingly, chemical carcinogens, such as DEN, have
been shown to induce more apoptosis, necrosis, and
compensatory proliferation of hepatic cells in male mice
than in females. Similar gender disparity in liver injury has
also been observed after the administration of CCL™*,
These results have suggested that the effects of chronic
inflammation and inflammatory cytokines on the devel-
opment and progression of HBV-related HCC may vary
in patients partly due to their gender difference.

In some previous animal studies, researchers demon-
strated that a persistently high level of serum IL-6 was
associated with increased liver injury and HCC develop-
ment and that IL-6 overexpression could lead to HCC
tumorigenesis in mice. Moreover, the ablation of IL-6 re-
versed the progression of hepatocarcinogenesis[32’401. Fur-
ther investigation revealed that, through the activation of
1kB kinase  (IKKp) in Kupffer cells (KKCs), exogenous
1L-6 augmented DEN-induced damage in both untreated
and estradiol-treated male mice. Furthermore, the ab-
sence of 11.-6 eliminated the gender difference by reduc-
ing the extent of injury in males, which suggested that
estradiol may attenuate downstream I1-6 signaling™ .
Recently, IL-6 secreted from KCs was proposed as a pos-
sible explanation for the gender disparity in hepatocar-
cinogenesis. Naugler ¢/ 2/*' showed that the estrogen-me-
diated inhibition of IL-6 production by KCs reduced the
risk of HCC in females. Their further investigation re-
vealed that estrogen and estrogen receptor-mediated sig-
naling pathway blocked IL.-6 expression in KCs, resulting
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in decreased HCC incidence in the DEN mouse model.
The mechanisms underlying these phenomena were re-
vealed that estrogens played a role through nuclear and
membrane proteins, such as the transcription factors in-
cluding nuclear factor kB (NFkB), STAT3, C/EBPp and
the Toll-like receptor adaptor protein MyD88"**, Taub
et al™ proved that T1.-6 could activate the transcription
factor STAT3. Naugler ¢7 a/”) demonstrated that the ac-
tivated form of STAT3 was absent in the livers of 11-6"
mice and that wild-type (WT) female mice exhibited less
STAT3 activation than males after DEN administration.
Similarly, the sustained activation of JNK was also found
to be required for DEN-induced liver injury and hepa-
tocarcinogenesis' . By decreasing the activity of core
factors such as NF-kB, which was associated with the
IL-6 promoter activity and required for the production of
11L-6 7n vivo and in vitro, estrogens and the ER reduced the
level of T1-6 and attenuated its induction of liver injury'’
(Figure 3). Finally, suppressing I1L-6 signaling might result
in the reduction of HBV-related HCC in females.

The IL-7 gene family (including IL-7a, II.-7§ and
IL-7RN) is a group of inflammatory cytokines that
appear to serve as tumor growth factors in hepatocar-
cinogenesis. Jiang ez o/ demonstrated that I1.-1¢, was
an essential factor for the development of HBV-related
HCC in males and its persistent expression was a specific
predictor of chronic liver inflammation that could poten-
tially be used as a marker in clinical diagnosis. Clinically,
dynamic monitoring of IL-1o had been used and was
shown to be a potentially valuable tool in detecting the
recurrence of HBV-associated HCC and a possible target
for pharmaceutical research. Further investigation of es-
trogen signaling in menopausal females indicated that the
inactivation of estrogen signaling might contribute to the
up-regulation of IL-1a and IL-6 expression. Moreover,
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a significant linear correlation and dependence between
decreasing ER expression levels and increasing IL-1a
expression levels and the lack of ER expression in male
tumor tissues were found, which suggested that the pro-
tective anti-inflammatory effect mediated by estrogen did
B33 Burther investigation
suggested that excessive activation of the inflammatory
response and the IL-q-MyD88-11.-6 signaling pathway
induces a compensatory proliferative response in normal

not occur in male HCC tumors

hepatic cells and leads to hepatocarcinogenesis in tis-
sue adjacent to the tumors of male patients with HBV-
related HCC. Using a luciferase reporter assay, it was
found that estradiol might suppress IL-1q, expression.
Morteover, estradiol might inhibit IL.-1¢ transcription by
binding to the ER-o-binding site in the IL-1ow promoter
regionu}m. Analogously, increased levels of 1L-1f in
the liver induced by HBV infection might finally lead
to hepatocyte damage and the development of HCC™,
Bamba ¢# o/ showed that IL-1B could increase the
production of prostaglandin E2 and hepatocyte growth
factor. By increasing the COX-2 and nitric oxide levels,
high levels of 1L-1f induced angiogenesis and promoted
tumor growth[44’45]. Furthermore, IL-1f3 could also attenu-
ate the interferon-induced antiviral activity and STAT1
activation in the liver. Hirankarn ez a/" demonstrated that
1L-18-511 C allele polymorphism in the promoter region
clevated the binding activity of its transcription initia-
tion factor and the presence of two C alleles (CC) was
required to increase the likelihood of HBV-related HCC

developmentm.

EPIGENETIC AND GENETIC
ALTERNATIONS-RELATED GENDER
DIFFERENCES IN THE DEVELOPMENT OF
HBV-RELATED HCC

HCC development is a multistep tumorigenic process
that includes many carcinogenic-related changes at the

molecular level that are affected by epigenetic and/or
genetic alternations. It has been shown that many of
the HCC risk factors are related to epigenetic changes,
such as the regulation of mRNA levels by microRNAs
(miRNAs), DNA methylation and histone modification.
However, the underlying mechanisms leading to HBV-
related HCC development and their relationships with
the gender disparity of this process have not been fully
explored[6’22’47].

MiRNAs are small noncoding RNAs of approxi-
mately 20 nucleotides that bind to conserved 3’-untrans-
lated region (3>-UTR) sequences of their target mRNA,
thereby inducing either the inhibition of their translation
or their degradation. In the tumor cells, the functional
roles of some miRNAs in targeting specific oncogenes or
tumor suppressor genes are being increasingly identified.
In the hepatocarcinogenic process, numerous miRNAs
show abnormal expression patterns in the profiles of
HCC tissues compared with their paired adjacent non-
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tumorous tissues. Hence, miRNAs have recently been
reported to be a group of host genetic factors associated
with hepatocarcinogenesis[22’47]. For instance, by analyzing
seven miRNAs, Gao ¢z a/* identified three miRNAs with
aberrant expression patterns in precancerous liver tissues,
including miR-224, miR-145, and miR-199b. Increasing
evidence that sex hormones affected tumorigenesis by
regulating specific miRNAs was reported in malignant
tumors such as breast cancer and prostate cancer ™.
Similarly, Chen e# 2/*! showed that miRNAs could be the
candidates affected by the androgen pathway in the early
stage of hepatocarcinogenesis of HBV-related HCC in
males and there was a gender disparity in the pattern of
expression of the candidate miRNAs, such as miR-216a,
in liver tissues in the precancerous stage. Male HBV-re-
lated HCC patients with preferentially elevated miR-216a
in their precancerous liver tissues were shown to have a
higher risk of mortality. This finding suggested that miR-
216a levels are associated with patient prognosis. Further
studies indicated that the ligand-stimulated androgen
pathway can activate and increase miR-216a transcription
by directly binding to the ARE site within the promoter
region of pri-miR-216a, leading to the elevation of the
miR-216a level and the subsequent suppression of its tar-
get genes (Figure 2), such as the tumor suppressor in lung
cancer-1 gene (ISLCY). Finally, the early stage of hepa-
tocarcinogenesis, including increased cell proliferation
and enhanced migration and invasive activities of hepa-
tocytes, was partly initiated™. Through high-throughput
DNA sequencing and stem-loop polymerase chain reac-
tion conformation assays, Jiang ¢ @/ demonstrated that
miR-22 was highly expressed and correlated with low ER
and high IL-1a expression in the tissue adjacent to tumor
tissue in male patients. However, in the paited HCC tis-
sues, the results were quite the contrary. The underlying
mechanisms were revealed by using the luciferase report-
er assay. The results indicated that ER was a candidate
target of miR-22. By directly targeting the 3°-UTR region
of ER mRNA, miR-22 could suppress ER transcription.
Because both estradiol and the ER played an important
role in inhibiting II.-1ow expression in normal hepatocytes
during chronic liver inflammation, increased miR-22 lev-
els might result in the down-regulation of ER expression
and the induction and augmentation of IL-1q, transctip-
tion. Finally, the persistent high level of IL-1a secreted
from necrotic hepatocytes might lead to compensatory
proliferation and tumorigenesis in normal hepatic cells.
The silencing of tumor suppressor genes induced
by hypermethylation had also been found to occur fre-
quently in many human malignant cancers, including
HCC. Previous investigations had shown that abnor-
mal hypermethylation in the promoter region might
be the main mechanism underlying the dysfunction of
pl16INK4a in HCC". The p16INK4.A4 gene, which is lo-
cated on chromosome 9p21, encodes a critical negative
regulator of cell cycle progression and is one of the most
frequently inactivated tumor suppressor genes in various
tumor typesmsﬂ. By binding to cyclin-dependent kinases,
p16INK4A protein inhibited the phosphorylation of reti-
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noblastoma (Rb) protein and led to the G1-phase arrest
of tumor cells. In some recent studies, hypermethylation
of the p16INK4a promoter was detected not only in tu-
mor tissues but also in cirrhotic liver tissues, implicating
this process in the early stage of HBV-mediated hepa-
tocarcinogenesis[51’54]. Wang ef al” demonstrated a higher
frequency of p76INK4a gene hypermethylation in HCC
tissues than in the adjacent non-tumor tissues and the
disease-free liver controls. Further studies suggested that
a persistent HBV infection might play a role in inducing
p16INK4A promoter methylation in hepatocarcinogen-
esis, possibly starting from an early stage[()’sﬂ. Interest-
ingly, it was also found that male patients had a higher
frequency of p16INK4a promoter hypermeythylation in
their tumor tissues than those of females. However, the
size of that study’s cohort was not sufficiently large to al-
low a consolidated final conclusion. And the relationship
between the significant increase of p16INK4a promoter
hypermethylation and the susceptibility to HBV-related
HCC in male patients required further investigation'”.
Because according to studies done by Zhu e# al” and
Zang et al™ there was no significant correlation between
p16INK4a hypermethylation and gender disparity in
HBV-related HCC. Therefore, there has not been a con-
solidated final conclusion about the gender disparity of
p16INK4a hypermethylation in HBV-related HCC. Fur-
thermore, the role pl16INK4A hypermethylation in the
development and progression of HBV-associated HCC
remains largely unknown and also needs more attention.
In recent years, considerable efforts have been made
to investigate the genetic alternations involved in the pro-
gression of HCC, but the genetic events and the underly-
ing mechanisms that lead to the initiation and progres-
sion of HCC remain largely unclear. And many genetic
variants have been found and reported to be related to
HCC development. DNA copy number alteration (CNA),
a type of genetic alternation resulting in the gain or loss
of either specific genomic regions or even entire chro-
mosomes, has been supposed to be a major feature of
HCCP™. Through comparative genomic hybridization
(CGH), Zhu e al” demonstrated that there was a signifi-
cantly different CNA pattern between female and male
HBV-HCC patients. In particular, gains of 1q21.3-q22,
11q11 and 19q13.31-q13.32 and loss of 16p11.2 were
more frequently observed in female HCC tumors, where-
as loss of 11q11 was more frequently observed in male
HCC tumors. Further investigations suggested that the
1q gain might predispose humans to chromosomal altera-
tions and was thus one of the early genomic events as-
sociated with the development of HCCY. Moteover, four
growth-related genes, JTB, HAX-1, SHCT and CKS7B,
all of which were located within a 4.79 Mb region of
1q21.3-q22, were shown to be more highly expressed in
HCC than in non-cancerous tissues”™ . A gender-related
difference in the 11q11 copy number changes in HCC tu-
mors was found to coexist with other CNAs, such as the
gain of 19q13.31-q13.32. It had been shown that CNAs
played a significant role in tumorigenesis through copy
number-induced alterations in gene expression levels and
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other molecular mechanisms®"*. Thus, the coexistence of
the loss and gain of specific chromosomes might indi-
cate the roles of CNAs in the gender-related differential
presentation of HBV-associated HCC. As Fabris ez al®™
demonstrated, male 5,10-methylenetetrahydrofolate
reductase (MTHFR) 677 TT carriers with alcoholic cir-
rhosis had an increased risk of developing HBV-related
HCC. MTHFR, a key enzyme in the folate cycle, played
an important role in regulating the metabolism of the
amino-acid homocysteine. Through one of its substrates,
MTHEFR can increase the incorporation of uracil into
DNA and lead to an augmented risk of point mutations
and DNA/chromosome breakage. In addition, MTHFR
can regulate the level of S-adenosyl-L-methionine by
increasing the level of hypomethylation of modified
DNA and changing its gene expression[64]. Furthermore,
the MTHFR C677T SNP, which is associated with male
gender- and alcohol-related liver disease, can increase the
risk of the occurrence of HCC by 7.5-fold in males com-
pared with females and alcoholic patients carrying the
C/* allele™. Further investigation revealed the underly-
ing mechanisms. Through regulation of folate metabo-
lism and the circulating homocysteine levels, the MTHFR
C677T SNP lowers the S-adenosyl-L-methionine levels,
induces the stand point of DNA hypomethylation and
hyperhomocysteinemia and consequently increases
steatosis in the liver®”. Finally, alcoholic males have an
increased risk of HCC development. A growing number
of clinical and epidemiological studies had shown that
chronic HBV infections progressed more rapidly in males
than in females from both clinical and virological aspects.
Mutations in the surface (S) gene of HBV (S region of
HBYV), particulatly in the major hydrophilic region (MHR)
of the § gene (MHR region), were reported to be related
to immune evasion by HBV ! Tee e al” found that
the acquisition of MHR mutations followed by HBeAg
seroconversion in male patients might contribute to
the persistent infection that is characteristic of HBeAg-
negative hepatitis B. And two types of MHR mutations,
the L1101 and G145A, were firstly found to conttibute to
HBYV persistence and immune evasion. By inducing the
persistent replication of HBV, the acquisition of MHR
mutations combined with HBeAg seroconversion in male
HBV carriers might lead to development of HBV-related
HCC.

More interestingly, further investigations revealed that
HBx might play a critical role in epigenetic modifications
in HBV-infected liver cells and HBV-related HCC. HBx,
a key factor in the molecular and cellular pathogenesis
of HBV-related HCC, was proved to be correlated with
sex hormone (including androgen and estrogen) signaling
pathways“s’zz’%’m. Chen ¢z a/”" showed that HBx could
reduce the expression of EGFR protein through up-
regulating the expression of miR-7 which targets 3’-UTR
of epidermal growth factor receptor (EGFR) mRNA.
And the HBx-miR-7-EGFR axis might act as an impor-
tant controller in regulation of growth rate of HCC cells.
Likewise, the newly identified HBX/miR~15b/FUT2/
Globo H axis suggests one possible molecular mecha-

May 28, 2014 | Volume 20 | Issue 20 |



Liu WC et a/. Gender disparity in hepatocellular carcinoma

nism of HCC cell proliferation and represents a new
potential therapeutic target for HCc™, Through review-
ing the current research about HBx-induced epigenetic
changes, Wu ¢z al™ suggested that the epigenetic events
such as aberrant miRINA expression, DNA methylation
and histone modifications related to HBx play important
roles in the development of HBV-related HCC. And all
these findings further indicate that epigenetic and genetic
alternations in HBV-related HCC may associate with
gender difference and play a vital role in the development
and progression of this disease. But the exact mecha-
nisms through which HBx disrupts these epigenetic and
genetic changes and the relationship between HBx and
gender disparity remain largely unknown and need deeper
explorations.

may provide more useful information for understanding,
detecting and treating this disease. Especially, we should
focus on investigating genetic abnormalities and epigen-
etic alterations associated with gender disparity found in
HBV-related HCC. Since certain epigenetic alterations
precede disease pathology, they have the potential to
serve as excellent biomarkers for diagnosis, prognosis,
and monitoring. The epigenetic abnormalities associated
with gender disparity in HCC would make them excel-
lent targets for epigenetic therapy, which are currently
approved for the treatment of a few hematological ma-
lignancies. Future work, including obtaining a greater
understanding of the mechanisms of gender disparity in
HBV-trelated HCC, is necessary to determine the extent
of their utility in treating HCC.

CONCLUSION
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