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Hepatocellular carcinoma (HCC) is one of the most
frequent and malignant diseases worldwide. Epidemiol-
ogical studies have clearly demonstrated that chronic
hepatitis B virus (HBV) infection is a major etiological
factor in the development of HCC. The pathogenesis
of HBV-associated HCC has been studied extensively,
and the molecular changes associated with malignant
transformation have been identified. The predominant
carcinogenic mechanisms of HBV-associated HCC are
chronic inflammation and the effects of cytokines in
the development of fibrosis and liver cell proliferation.
An important role is also played by the integration of
HBV DNA into host cellular DNA, which disrupts or
promotes the expression of cellular genes that are im-
portant in cell growth and differentiation. Especially,
HBx protein is a transactivating protein that promotes
cell growth, survival, and the development of HCC.
Continued investigation of the mechanisms underlying
hepatocarcinogenesis will refine our current under-
standing of the molecular and cellular basis for neo-
plastic transformation in the liver. Prevention of HBV
infections and effective treatments for chronic hepatitis
B are still needed for the global control of HBV-asso-
ciated HCC. This review summarizes the current
knowledge on the mechanisms involved in HBV-asso-
ciated hepatocarcinogenesis. (Gut and Liver 2007;1:
101-117)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is currently the fifth
most common cancer worldwide and the fourth leading
cause of cancer-related deaths. The number of new cases
is estimated to be more than 500,000 per year, account-
ing for 4% of all newly diagnosed cancers." More than
80% of HCC cases occur in developing countries, espe-
cially in Southeast Asia and sub-Sahara Africa, but the in-
cidence is increasing in economically developed regions,
including Japan, Western Europe, and the United
States.”” In South Korea, HCC remains the second most
common malignancy in men and the fourth in women.
The annual number of new cases is estimated to be
11,000, comprising 8,300 men and 2,700 women.® The
overall prognosis of HCC is poor, which is due to many
patients at presentation already being in an advanced and
unresectable state, for which the median survival is less
than 6 months.* The high mortality may be partially at-
tributable to the noncapsular part of the liver being lack-
ing in sensory fibers, with symptoms therefore only pre-
senting in advanced HCC.* A small proportion of patients
are eligible for liver resection, which results in a 5-year
survival of about 40%.* However, even with surgical re-
section the recurrence rates can be as high as 50% at 2
years.” Fortunately these outcomes are rapidly changing,
since 30-40% of patients are now diagnosed at the initial
stages when curative treatments can be optimally
applied.” Therefore, estimates of outcome need to take in-
to account the stage at diagnosis. The major causes of
HCC include hepatitis B, hepatitis C, alcoholic liver dis-
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ease, nonalcoholic steatohepatitis, and other rarer forms
of cirrhosis. At least 90% of HCC cases occur in patients
with chronic liver disease, and most have cirrhosis." It
has been recently estimated that about 53% of HCC cases
worldwide are related to hepatitis B virus (HBV).!

Of the approximately 2 billion people who have been
infected worldwide, more than 350 million are chronic
"2 The prevalence of carriers exhibits
marked geographic variations, ranging from 10 to 20% in
Southeast Asia and sub-Sahara Africa to less than 1% in
northern Europe and the United States."” Approximately

carriers of HBV.

75% of chronic carriers live in Asia and the western
Pacific.'"” Carriers of the hepatitis B surface antigen
(HBsAg) constitute 5.1% of males and 4.1% of females in
South Korea.® Where HBsAg is endemic, the most com-
mon route of transmission is perinatal or the infection is
acquired during the preschool years."” Where HBsAg is
not endemic, most HBV infections are acquired by hori-
zontal transmission in adolescents and young adults in
relatively well-defined high-risk groups, including inject-
ing drug users, homosexual males, health-care workers,
and patients receiving regular blood transfusions or
hemodialysis."” The frequency of viral persistence follow-
ing acute HBV infection is related to age, gender, and im-
mune deficiency: 90% of infants under 1 year of age, 30%
of children aged 1-5 years, and 10% of adults; twofold
higher in men than in women; and immune-deficient in-
dividuals, such as those with HIV infection and renal in-
sufficiency requiring hemodialysis.” Typically 15-40% of
infected patients will develop cirrhosis, liver failure, or
HCC.” In addition, exposure to other hepatotoxins (e.g.,
alcohol and aflatoxin B1 [AFB1]) in the individual with
HBV infection hastens both the development of cirrhosis
and HCC.® AFB1 is produced by the fungus Aspergillus fla-
vus and is metabolized to an epoxide, which is muta-
genic.® AFB1 exposure is highest in southern China and
southern Africa, with patients with HCC from these re-
gions tending to have a specific p53 mutation in codon
249 involving a G-to-T transversion (arginine to serine)
in the third nucleotide.® In contrast, codon 249 mutations
are rare in Korea, where AFB1 exposure is low.” Also, co-
infection with hepatitis C virus and HBV increases the
risk of developing HCC by at least twofold.®

The pathogenesis of HBV-associated HCC has been
studied extensively, and the molecular changes that occur
during malignant transformation have been identified.
However, the mechanisms underlying how HBV causes
carcinogenic changes in the liver are still unclear.
Studying HBV is difficult due to the lack of cell culture
systems for virus propagation in vitro. Much of what we
know about the replication and expression of HBV is de-

rived from investigations of closely related hepadnaviruses
such as the woodchuck hepatitis virus and the Beechey
ground squirrel hepatitis virus.' As with most viral dis-
eases, HBV-infected host cells are exposed to multiple op-
posing signals mediated by growth hormones, immune
cytokines, and the effects of adjacent cells such as lym-
phocytes or Kupffer cells. Hepatocytes must convert these
signals into a defined response - such as proliferation, dif-
ferentiation, or death - via signal transduction. Moreover,
the infected hepatocytes must modulate signal trans-
duction pathways leading to growth, inflammation, or cell
death in order to maximize the symbiotic survival of both
the virus and the cell in a process that often progresses
to cirrhosis and HCC.” Furthermore, early HCC pro-
gresses to advanced HCC, which is a larger tumor with
malignant potential, and moderately or poorly differen-
tiated.” Both the development and progression of HCC
are believed to be caused by the accumulation of genetic
changes as well as genes involved in different regulatory
pathways, such as cell-cycle control, apoptosis, adhesion,
and angiogenesis.* This review summarizes the current
knowledge on the mechanisms involved in HBV-asso-
ciated hepatocarcinogenesis.

EPIDEMIOLOGIC EVIDENCE OF A LINK BETWEEN
HBV INFECTION AND HCC

Epidemiological studies have clearly demonstrated that
chronic HBV infection is a major etiological factor in the
development of HCC. The incidence of HCC and the
prevalence of HBV serological markers follow the same
general geographic distribution pattern.> HCC is more
common than other types of cancer only in regions where
HBV is endemic.*® In addition, the duration of HBV in-
fection and the severity of the underlying chronic hep-
atitis correlate with an increased risk of HCC. The yearly
incidence of HCC was reportedly 0% in inactive carriers,
approximately 0.3% in patients with chronic HBV in-
fection, and 1.5-6.6% in patients with compensated
cirrhosis.>®11"12 Moreover, HCC can occur even in the
presence of convalescent HBV infection.” The risk of HCC
is several-fold higher in patients positive for hepatitis B
core or surface antibody than in HBV-naive controls, al-
though the risk is still much lower than that in those
with active infection.'* Importantly, a study from Tai-
wan demonstrated that a universal hepatitis B vaccination
reduced the incidence of HCC in children.'" A study in
South Korea suggested that immunization with the hep-
atitis B vaccine, even in adulthood, can reduce the risk of
HCC."” HBsAg carriers constitute 2.1% of males and
2.7% of females among Korean patients younger than 20
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years.® Several studies have provided strong evidence of a
relation between viral replication and the risk of HCC.>"
The relative risk of HCC is much higher in patients pos-
itive for hepatitis B e antigen (HBeAg) than in inactive
HBsAg carriers."*'® Furthermore, HBV DNA has been
identified as the most important predictor of the develop-
ment of HCC in HBsAg-positive patients with diverse
clinical conditions.'® Taken together, these data suggest
that earlier seroconversion of HBeAg and sustained sup-
pression of viral load confer a lower risk of HCC develop-
ment in HBV carriers. Large numbers of persons are in-
fected with HBV or will continue to become infected, ir-
respective of vaccination, and hence therapy for the un-
derlying liver disease may be the best approach for pre-
venting HCC.

HBV can be classified into eight genotypes (A-H). HBV
genotypes B and C are prevalent in the Far East and
Southeast Asia, and the clinical relevance of HBV geno-
types has become increasingly recognized.'” In Korea, gen-
otype C prevails predominantly among chronic HBV car-
riers, irrespective of the clinical stages of their liver
disease.'”® In general, the disease activity is more ag-
gressive and the risk of HCC and its recurrence after cu-
rative resection are higher in patients with HBV genotype
C than in those with genotype B."”

STRUCTURE OF HBV GENOME

HBV belongs to the family of hepadnaviruses. The in-
fectious virion (also known as Dane particle) is a 42-nm-
diameter spherical particle containing an envelope and a
nucleocapsid. The HBV genome comprises relaxed circu-
lar, partially double-stranded DNA of approximately 3,200
base pairs (Fig. 1). There are four partially overlapping
open reading frames encoding the envelope (pre-S/S),
core (precore/core), polymerase (P), and X proteins."”
Transcription is initiated by four promoters: preC/pre-
genomic, S1, S2, and X. In addition, two enhancers
(enhancers I and II) play important roles in the regulation
of viral gene transcription. Transcription, which is unidir-
ectional, results in the formation of preC/pregenomic,
preS1, preS2/S, and X mRNA. All HBV primary tran-
scripts are modified by 3' polyadenylation and the addi-
tion of a 5' cap. The single polyadenylation signal termi-
nates transcription at a common 3' end for all the tran-
scripts, while the 5' ends are variable and are determined
by the location of each of the HBV promoters initiating
transcription. The 3.5-kb pregenomic mRNA serves as the
template for the core and polymerase proteins in addition
to being the template for reverse transcription. The preC
transcript is slightly longer than the pregenomic RNA and

Pre S1 Pre S2

X

Fig. 1. Schematic of the organization of the hepatitis B virus
(HBV) genome. The HBV genome comprises relaxed circular,
partially double-stranded DNA of approximately 3,200 base
pairs. There are four partially overlapping open reading frames
encoding the envelope (pre-S/S), core (precore/core),
polymerase (P), and X proteins.

is the template for translation of the precore/core protein.
This protein is processed in the endoplasmic reticulum
and secreted as HBeAg. The 2.4- and 2.1-kb mRNAs en-
code the large and the middle and major surface proteins,
respectively, and the small 0.9-kb transcript is the tem-
plate for translation of HBV X protein (HBx). The poly-
merase protein functions as a reverse transcriptase as well
as a DNA polymerase.”"

The mechanism underlying liver injury is still unclear,
but it is believed that host immune responses accompany-
ing HBV infection induce tissue damages, since HBV is
not directly cytotoxic.” The chronic HBV infection is re-
lated to an inefficient cytotoxic-T-lymphocyte (CTL) re-
sponse to viral components critical to protective immu-
nity.” In other words, if the T-cell response is strong
enough, HBV can be eliminated from the liver; if not, a
procarcinogenic effect can be induced by permanently trig-
gering necroinflammatory disease without resulting in a
final eradication of HBV from the liver.

CURRENT CONCEPTS OF HBV-ASSOCIATED
HEPATOCARCINOGENESIS

Despite there being clear evidence for an etiological as-
sociation between HBV infection and HCC, the complex-
ity of the mechanism means that the distinct underlying
molecular pathway or molecules are not yet known. HCC
exhibits a high degree of genetic heterogeneity, suggest-
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Fig. 2. Mechanism of HBV- associated hepatocarcinogenesis. The predominant carcinogenic mechanism of HBV-associated
hepatocellular carcinoma (HCC) is through the process of cirrhosis, but direct oncogenic effects of HBV may also contribute.
The neoplastic transformation of hepatocytes results from the accumulation of genetic damage during the cellular
proliferation that occurs in the injured liver in response to stimulation by growth factors and cytokines. HCCs exhibit
numerous genetic abnormalities (e.g., chromosomal deletions, rearrangements, aneuploidy, gene amplifications, and muta-
tions) and epigenetic alterations (e.g., modulation of DNA methylation). These genetic and epigenetic alterations combine to
activate positive mediators of cellular proliferation (e.g., cellular proto-oncogenes and their mitogenic signaling pathways) and
inactivate negative mediators of cellular proliferation (e.g., tumor suppressor genes), resulting in cells with autonomous

growth potential.

ing that multiple molecular pathways are involved in the
genesis of subsets of HCC. There are two general con-
cepts associated with the mechanism of HBV-associated
hepatocarcinogenesis (Fig. 2).*"> At present, HBV-asso-
ciated carcinogenesis can be viewed as a multifactorial
process that includes both direct and indirect mechanisms
that might act synergistically. One involves chronic nec-
roinflammation of hepatocytes, cellular injury, mitosis,
and hepatocyte regeneration.” Chronic HBV infection
causes inflammation with the release of free radicals
(reactive nitrogen or oxygen species), chemokines, and cy-
tokines resulting in DNA damage, cell proliferation, fib-
rosis, and angiogenesis.”'® Also, continuous necrosis of
hepatocytes during chronic HBV infection accompanied by
rapid regeneration may lead to the accumulation of muta-
tions and selection of cells with a malignant phenotype.'
Regenerative hepatocytes in chronic liver diseases give
rise to hyperplastic hepatocyte nodules, and these prog-
ress to dysplastic nodules, which are thought to be the

direct precursor of HCC.” Several observations support
this theory, such as that the period of inflammation in
HBV infection is proportional to the risk of developing
HCC. HBV-related HCC develops 10-30 years after in-
fection with the virus, suggesting that HBV is not an
acute oncogenic agent.” That is, the long latency of HCC
development after the initial HBV infection suggests that
the virus acts indirectly. Patients with cirrhosis are more
prone to develop HCC than those that have active chronic
hepatitis or HBV infection without cirrhosis."*"*
HBV leading to cirrhosis remains the most important pre-
cancerous etiologic factor, with 70-90% of HBV-associated
HCCs developing on a background of cirrhosis.>*"* In ad-
dition, integration of the virus DNA does not occur in
20% of patients with HCC associated with HBV." How-
ever, 10-20% of cases of HCC develop in persons without
8 That is, the phenomenon of HBV-induced
HCC occurring in the context of a noncirrhotic liver in
chronically infected children and young adults strongly

Chronic

cirrhosis.”
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supports a specific role for HBV integration in liver
carcinogenesis.

The other pathway evokes the direct oncogenic poten-
tial of HBV via chromosomal integration (cis-activation)
or transactivation of cellular genes."” The integration of
HBV DNA into the host genome occurs at the early
stages of clonal tumor expansion.'® There are several lines
of evidence that HBV leads directly to HCC. Persistent
HBV replication is associated with a high frequency of in-
tegration of HBV sequences into the human host ge-
nome."> HBV DNA reportedly transactivates many cellular
genes associated with cell proliferation, and induced HCC
in a transgenic mouse.'® Almost all HBV-associated HCCs
harbor chromosomally integrated HBV DNA. In many
cases, these integrated viral genomes are characterized by
rearrangements and/or partial deletions,””® but the in-
sertion location is random and is not usually near other
important genes.”’ Since integration of the virus DNA
does not occur in 20% of patients with HBV-associated
HCC,"*! this concept cannot also explain the clinical ob-
servation that asymptomatic HBV carriers with extensive

221 Byurthermore,

viral replication rarely develop HCC.
some patients develop HCC during occult HBV infection
that is not even detectable in the serum.”? Therefore, the
cause of HBV-associated HCC could be a combination of
generalized processes that lead to chronic hepatic disease

and those specific ones related to HBV integration.
INTEGRATION OF HBV DNA

HBV shares a replication strategy that includes the re-
verse transcription of an RNA intermediate.'”” HBV
DNA integration into cellular DNA is not necessary for
viral replication but allows for persistence of the viral
genome.” HBV DNA sequences have been shown to be
integrated into cellular DNA in HCC tissue and can also
be identified in nontumorous tissue obtained from pa-
tients with chronic hepatitis."”> Moreover, integration of
the viral DNA can occur during the acute or early stages
of infection and can persist in patients irrespective of
whether there is detectable HBsAg in their serum.”* HBV
integrations produce a wide range of secondary genetic al-
terations within the host genome, including deletions,
translocations, the production of fusion transcripts, and
generalized genomic instability.*'® That is, alterations in
the number of chromosomes are found in HCC and are
designated as either aneuploidy (the gain or loss of whole
chromosomes) or loss of heterozygosity (LOH[the gain or
loss of chromosome sections or single genes])."” Several
studies investigating the chromosomal integrity of HCC
have identified deletions in portions of chromosomes.

Losses in chromosomes 1p, 4q, 5q, 6q, 8p, 9p, 13q, 16p,
16q, and 17p are evident in 25-45% of patients, while
gains occur in chromosomes 1lp, 6p, 8q, and 17q in
30-55% of patients.*”>*® Many of these chromosomal seg-
ments contain known tumor suppressor genes such as
p53, retinoblastoma protein (Rb), cyclin D1, and p16.*

Several HBV genes have been found in infected tissues,
including hepatitis B X gene, truncated pre-S2/S, and a
novel spliced transcript of HBV referred to as hepatitis B
spliced protein (HBSP).”” Research over the past decade
has suggested that HBx plays a pivotal role in hep-
atocarcinogenesis related to HBV. HBx is a multifunc-
tional regulator that modulates transcription, signal trans-
duction, cell-cycle progression, protein degradation path-
ways, apoptosis, and genetic stability by interacting with
host factors either directly or indirectly.***® Transgenic
mice have provided insight into the mechanisms of hep-
atocarcinogenesis, but the results have been inconsistent,
with HBx promoting liver tumor formation in some trans-
genic mice’ but not in others.®**** However, HBx acts
as a cofactor in both carcinogen- and c-Myc-induced
hepatocarcinogenesis.'® More than 95% of patients with
HBV-associated cirrhosis and dysplasia are positive for
HBx, and 70% of patients with HBV-associated HCC pro-
duce HBx.** Therefore, it appears likely that HBx con-
tributes to the initiation of tumor formation in the liver
during chronic active hepatitis and cirrhosis. Integrated
HBV sequences frequently have a carboxy-terminal de-
leted X gene, resulting in translation of a truncated
HBx.”’ These deletion mutants appear to lose their ca-
pacity for oncogene-induced apoptosis and cell-cycle ar-
rest, leading to an increased tendency for unregulated cell
proliferation that enhances the transforming capacity of
the protein.***’

Another HBV gene product that has been reported to
possess transactivational properties is a truncated form of
the pre-S2/S gene, referred to as MHBst."” Truncated
pre-S2/S sequences are frequently found in HBV DNA in-
tegration sites in HCC."**® Specific activation of mitogen-
ctivated protein kinase (MAPK) and extracellular-signal-
egulated kinase (ERK) signaling by the truncated pre-S2/S
protein activates transcription factors such as AP-1 and
nuclear factor-(B (NF-kB).”® Furthermore, the pre-S2/S
activators increase the proliferation rate of hepatocytes by
activating this signaling cascade.”® The pre-S mutants also
induce oxidative DNA damage via endoplasmic reticulum
(ER) stress signaling pathways. The oxidative DNA dam-
age caused by pre-S mutants result in genomic instability
and mutation of liver cells, and ultimately lead to
HCC.*** Cytopathologically, overproduction of HBV enve-
lope proteins (pre-S2/S) - particularly L and possibly M -
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results in their intracellular accumulation and may predis-
pose the cell to stress, which in turn may lead to the de-
velopment of HCC.* Pre-S2/S mutants that
accumulate envelope polypeptides within the cell have al-

over-

so been observed in association with advancing liver dis-
ease and may be partially responsible for ground-glass
hepatocytes and perhaps even HCC lesions.*' In addition,
the overexpression of LHBs protein in transgenic mice
has been shown to be cytopathic, possibly leading to liver
injury, regenerative hyperplasia, chronic inflammation, ox-
idative DNA damage, hepatocyte aneuploidy, and even-
tually progression to HCC.*

HBSP is encoded by one of the spliced RNAs of HBV,*
and its expression induces apoptosis without cell-cycle
block. HBSP expression has been correlated with viral
replication and the onset of hepatic fibrosis.”

ROLES OF HBx IN HEPATOCARCINOGENESIS

The 154-amino-acid viral gene product ‘X’ is the viral
function that is probably most frequently implicated in
oncogenesis. It is named ‘X’ because of uncertainty about
its function, but it does appear to be important for HBV
replication.”” The accumulated data suggest that HBx is a
multifunctional regulatory protein that communicates ei-
ther directly or indirectly with a variety of host targets
and mediates many opposing cellular functions, including
cell-cycle regulation, transcriptional regulation, signaling,
encoding of cytoskeleton and cell adhesion molecules, as
well as oncogenes and tumor suppressor genes.”>>°

2
ca”

lon channels

Survival factors: growth factors, cytokine, etc.
h4 Receptor tyrosin kinase

AKT Rac

1. Transcriptional transactivation

Intracellular localization studies have shown that HBx
is present predominantly in the cytoplasm, with lesser
amounts in the nucleus.”® The function of HBx differs
with the localization: cytoplasmic HBx modulates intra-
cellular signal transduction cascades,*®3°
may interfere directly with transcription factors or exert a
transcription-factor-like function. Thus, HBx stimulates
signal transduction pathways such as the MAPK/ERK
pathway in the cytoplasm, and also behaves as a tran-
scriptional transactivator that up-regulates the expression
of proto-oncogenes such as c-Myc and c-Jun, transcrip-
tional factors such as NF-kB, AP-1, AP-2, the RPB5 sub-
unit of RNA polymerase II, TATA-binding protein, and
ATF/cAMP-response element-binding protein (CREB), as

well as other viral genes such as HBV enhancers in the
26-28,44,45

and nuclear HBx

nucleus.

More target proteins that directly interact with HBx are
being identified, including Smad4 and nuclear-factor-acti-
vated T cells in tumor necrosis factor (TNF)-a signaling,
COX-2," and retinoid X receptor in phosphoenolpyruvate
carboxykinase expression.”® Moreover, several host genes
are also reportedly indirectly affected by HBx, such as the
up-regulation of interleukin (IL)-6 and IL-8, the induction
of nitric oxide synthetase, and Fas ligand.3°’45 NF-kB and
AP-1 are reportedly directly or indirectly affected by HBx.
NF-kB activation by HBx includes direct interaction with
inhibitory proteins, such as the pl05 precursor and I(B
kinase, and the induction of oxidative stress by mitochon-
dria-associated HBx.”** In addition, HBx activates com-
ponents of the MAPK/ERK, stress-activated protein kin-
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ase (SAPK)/c-Jun N-terminal kinase (JNK), and protein
kinase C (PKC) signaling pathways to regulate NF-kB and
AP-1-dependent transcription (Fig. 3).”® Irrespective of
the mechanism, HBx-induced NF-kB and AP-1 activity ul-
timately accelerates cell-cycle progression, enhances pro-
liferation, and may repress apoptosis.

2. Regulation of signaling pathways

The complex signaling networks are largely mediated by
growth factors, cytokines, and hormones. Such factors can
enhance or inhibit cell proliferation, as well as induce a
series of differentiated responses in appropriate target
cells. The interaction of a growth factor with its receptor
by specific binding in turn activates a cascade of intra-
cellular biochemical events that is ultimately responsible
for the biological responses observed. The eventual trans-
mission of biochemical signals to the nucleus affects the
expression of genes involved in mitogenic responses.*
This involves various complex intracellular signaling path-
ways, with a key aspect being the significant cross-talk
between these signaling pathways, such as up- or down-
regulation of one of them possibly triggering coordinated
responses in another. Thus, inhibition of one component
of a signal-transduction pathway may be compensated for
in the cell by up-regulation of another pathway.”® These
pathways are frequently inappropriately activated in can-
cer cells by either inappropriate expression of an onco-
gene coding for a growth factor, a growth-factor receptor,
or components of intracellular signaling pathways. Thus,
it is clear that disruption of signal transduction pathways
is a common event in human cancer and provides a target
for therapeutic intervention. Similarly, signal transduction
in hepatocytes converts these signals into the defined re-
sponses such as proliferation, differentiation, or death.
Moreover, the infected hepatocytes modulate signal trans-
duction pathways leading to growth, inflammation, or cell
death in order to maximize the symbiotic survival of both
the virus and the cell, in a process that often progresses
to cirrhosis and HCC.”*”**** The focus of this review is
on the roles that signal transduction pathways play in liv-
er cells undergoing pathological changes during an HBV
infection.

Several studies have investigated the effects of HBx on
signaling pathways such as those involving MAPK/ERK,
phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(AKT), PKC, SAPK/JNK, Janus kinase (JAK) signal trans-
ducer, and activator of transcription factor (STAT) (Fig.
3). These pathways can overlap or interact with one an-
other to generate unique constitutive or prolonged activa-
tions that increase cell proliferation and survival.*®*"**

1) Ras/RaffMAPK/ERK signaling pathway

In general, activation of the ERK members of the
MAPK family (ERK or p42/p44 MAPK) promotes cell
survival, while the SAPK, JNK, and p38 MAPK members
of this family promote cell death.””** MAPK pathways can
be described by the successive activation of three kinase
families: (1) MAPKKK (MAPK kinase kinase) phosphor-
ylates and activates MAPK kinase (MEK), (2) which then
activates by phosphorylating MAPK, with (3) MAPK
phosphorylating numerous proteins driving the biological
effects of the pathway. Activation of the MAPK pathway
is initiated by the activation of Ras. One of the main tar-
gets of Ras is the serine/threonine kinase Raf, which is a
MAPKKK. Activated Ras recruits Raf to the plasma mem-
brane where it is phosphorylated and activated, with acti-
vated Raf in turn phosphorylating MEK1 and MEK2,
which subsequently phosphorylate MAPKs ERK1 and
ERK2 in the MAPK pathway.””** Activated ERK1/2 trans-
locates to the nucleus to activate a variety of transcription
factors including ELK-1, c-Fos, c-Jun, c-Myc, and STAT-3,
which are involved in regulating cell proliferation and
differentiation.******

HBx has been shown to up-regulate the MAPK signal-
ing cascade. HBx activation of the Ras/Raf/MAPK path-
way also accelerates the entry of cells into the S phase,
and is causally associated with transformation.””** Also,
HBx activates both the p38 MAPK and JNK pathways in
the HBx-mediated apoptosis that occurs in response to
weak apoptotic signals.”® HBx increases the levels of epi-
dermal growth factor receptor by transactivating its pro-
moter, and subsequently activates the Ras/Raf/MAPK sig-
naling cascade.***® Furthermore, HBx activates AP-1 and
NE-kB transcription factors via endogenous PKC.**

2) JAK/STAT signaling pathway

The JAK/STAT pathway is activated by cytokines and
growth factors, and is involved in multiple cell functions
including differentiation, proliferation, and apoptosis.****
In this pathway, the cytokines induce phosphorylation of
JAKs (JAK1, JAK2, JAK3, and Tyk2), followed by activa-
tion of STATs.***® Nuclear localization of STATSs also re-
sults in the activation of STAT target genes. HBx can also
activate the JAK/STAT pathway, leading to activation of
STAT-regulated genes.***® Because of its association with
mitochondria and oxidative stress, HBx constitutively in-
duces the transcription factors STAT-3 and NF-kB.***
These data suggest that activation of the JAK/STAT path-
ways is essential for HCC development.
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3) PIBK/AKT signaling pathway

Growth factors activate the PI3K/AKT signaling path-
way via the corresponding receptor tyrosine kinases. After
receptor dimerization, PI3K is recruited to the plasma
membrane where its catalytic subunit generates lipid se-
cond messengers (phosphoinositide phosphates PIP, and
PIP;) at the inner surface of the plasma membrane. Phos-
phoinositide-dependent protein kinase-1 then acts in
concert with PIP2 and PIP3 to phosphorylate and activate
AKT.®* AKT regulates the activity of several trans-
cription factors, including CREB, members of the Fork
Head family, and Ets-2. AKT promotes cell-cycle pro-
gression, cell survival, and tumor cell invasion.*®*° HBx
down-regulates transforming growth factor (TGF)- 8-
induced apoptosis in hepatocytes by stimulating PI3K
activity.” This activated PI3K signaling pathway is attri-
buted to an antiapoptotic mechanism.*** Taken together,
these data indicate that the HBV inhibits apoptotic death
via an HBx/PI3K/AKT pathway.

4) WNT/ 8 -catenin signaling pathway

WNT binds to its receptor, Frizzled, which ultimately
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leads to inactivation of glycogen synthase kinase 3 5 (GSK3 5)
via activation of the Disheveled (DSH) (Fig. 4). This leads
to hypophosphorylation of A-catenin and its release from
a complex with adenomatosis polyposis coli (APC) and
AXIN, with ensuing nuclear translocation of A-catenin and
the control of transcription by binding to various target
genes.53'56
WNT/ S-catenin signaling by stabilizing cytoplasmic £-
catenin in HCC.**** An alternative mechanism for WNT
activation in HCC is that HBx represses E-cadherin ex-

Recent studies showed that HBx could activate

pression at the transcriptional level via hypermethylation
of the E-cadherin promoter by activating DNA methyl-
transferase 1.7 Mutations of AXIN1, another factor in the
WNT/ (-catenin signaling pathway, have been found in a
substantial proportion of HCCs, with S-catenin accumu-
lation in the absence of mutation of the A-catenin gene.*®
Furthermore, up-regulation of Frizzled-7 receptors in as-
sociation with activation of the WNT/ S-catenin pathway
is common in HCC.*® After all, HBx is associated with
decreased expression of E-cadherin, accumulation of £-
catenin in the cytoplasm and nucleus, and increased cell
migration, which may make important contributions to
hepatocarcinogenesis.
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Fig. 4. WNT/ S-catenin signaling
pathway. WNT signaling leads
to a stabilization of g-catenin,
the chief downstream effector
of the WNT pathway. In the
activated state WNT binds to
its receptor, Frizzled, which ulti-
mately leads to inactivation of
GSK3 43 (glycogen synthase kinase
3 ) via activation of the DSH
(Disheveled). This leads to hypo-
phosphorylation of /3-catenin and
its release from a complex with
APC (adenomatosis polyposis

B-TRCP

Nucleus . R .
CBP1 coli) and AXIN, with ensuing
. . CBP .
ISt;]q;)glgtlon B-catenin s,TnCaZa e-Mye, cyclin D1, etc ngclear tran‘sloc.atlon of - cate.-
— Inhibition s Target gene expression nin where it binds to the vari-
GROUGHO

ous target genes.



Park NH, et al: Molecular Pathogenesis of Hepatitis-B-virus-associated Hepatocellular Carcinoma 109

3. Regulation of apoptosis

Apoptosis (programmed cell death) is a cell-suicide
mechanism that enables organisms to eliminate unneeded
or aging cells. Defects in apoptotic cell death contribute
to neoplastic diseases by preventing or delaying normal
cell turnover, thereby promoting cell accumulation. Defects
in apoptosis also facilitate tumor progression by rendering
cancer cells resistant to death mechanisms relevant to
metastasis, hypoxia, growth-factor deprivation, chemo-
therapy, and irradiation.

HBx is involved in apoptosis, including with p53, Rb,
Fas-associated death domain protein (FADD), TRADD
(TNF-receptor-associated death domain protein), and NF-
kB in HBV-associated HCC.*** Hepatocyte apoptosis can
be induced via the death-receptor-dependent pathway (ex-
trinsic pathway) or the mitochondria-dependent pathway
(intrinsic pathway) (Fig. 5). In brief, with respect to the
extrinsic pathway, it is thought that ligation of death re-
ceptors such as Fas and TNF receptor, and the TRAIL
(TNF-related apoptosis-inducing ligand) leads to activa-
tion of apoptosis via the recruitment of factors such as
FADD and procaspase-8 (an initiator caspase) via the for-
mation of a death-inducing signaling complex (DISC) and
activation of caspase-3. Several counter-regulatory pro-
teins, such as FLIP (FADD-like interleukin-1-converting
enzyme-inhibiting protein) and inhibitor of apoptosis pro-
tein (IAP), are also present at the level of the DISC and
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In contrast, activation of the in-

caspase-8 activation.
trinsic pathway is regulated by the interaction of various
antiapoptotic compounds (e.g., B-cell CLL/lymphoma 2
[Bcl-2], and Mcl-1 [myeloid cell leukemia sequence 1])
and/or proapoptotic compounds (e.g., Bcl-2/Bcl-XL-asso-
ciated death promoter [Bad], Bcl-2-associated X protein
[Bax], Bim [Bcl-2 interacting mediator of cell death], and
BH3-interacting-domain-death agonist [Bid]) of the Bcl-2
family of proteins, which control the permeability/flux
and function of mitochondrial ions. Dysfunction if this
process culminates in the release of various proteins that
contribute to apoptosome formation (cytochrome C, Smac/
Diablo, apaf-1, and caspase-9) and the eventual activation
of caspase-3/7 (an executioner caspase).”

The survival or apoptosis of cells depends upon the bal-
ance of various extracellular and/or intracellular stimuli.
HBx is located in mitochondria and causes loss of the mi-
tochondrial membrane potential and subsequently induces
mitochondria-dependent cell death.”’ Hepatitis viruses al-
so modulate other antiapoptotic signals such as STAT-3
and NF-kB via ER stress and the generation of reactive
oxygen species,’’ where the latter ultimately leads to the
activation of STAT-3 and NF-kB.* HBx may modulate
calcium homeostasis by inhibiting cytosolic calcium- de-
pendent Pyk2 (proline-rich tyrosine kinase-2), an Src kin-
ase activator, or calcium signaling mediated by mitochon-
drial calcium channels.” HBx also inhibits TGF- 8- and
FasL-induced apoptosis by activating the PI3K path-
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Cytoplasm Fig. 5. Regulation of apoptosis.

Apoptosis can be induced via the
MKK7 death-receptor-dependent pathway
(extrinsic pathway) or the mito-
chondria-dependent pathway (int-
rinsic pathway). The extrinsic
pathway is initiated in the liver
by death ligands such as TNF,
Fas ligand (FasL, CD95L), and
TRAIL (TNF-related apoptosis-
inducing ligand), following their
binding to their relevant death
receptors. In contrast, the int-
rinsic pathway is triggered by a
variety of intracellular stressors
such as DNA damage, growth-
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actor deprivation, and metabolic
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way.*”" In addition, the activation of PI3K by HBx, the

phosphorylation of the downstream factors AKT and Bad,
and down-regulation of caspase-3 have been observed.”**

Inhibition of apoptosis may result from the failure of
p53 - in the presence of HBx - to up-regulate genes (e.g.,
p21WAF1, Bax, or Fas) that are involved in apoptotic
pathways.”* A p53 mutation is present in 30-60% of pa-
tients with HCC.* HBx can bind to the C-terminus of
p53 forming a protein-protein complex, thereby inactivat-
ing several critical p53-dependent activities, including p53-
mediated apoptosis.”® Additional studies have indicated
that HBx sequesters p53 in the cytoplasm and prevents it
from entering the nucleus.””*® Moreover, HBV protects
against apoptotic death via an HBx/PI3K/AKT/Bad path-
way and by inactivating caspase-3 activity that is at least
partially p53 independent in liver cells.">® The proa-
poptotic activity of HBx overcomes or bypasses the in-
hibitory effect of Bcl-2 against Fas cytotoxicity.”” HBx also
up-regulates the expression of survivin, which is a mem-
ber of the IAP family.”" The level of the proapoptotic pro-
tein Bid might be reduced by a mechanism associated
with HBx.”
hepatocytes by regulating the expressions of Fas/FasL,
Bax/Bcl-2, Bcl-xL, and c-Myc genes in a dose-dependent
manner.”*”*”® Accordingly, HBx can modulate both pre-
apoptotic and antiapoptotic pathways, depending on the
diverse clinical conditions. The imbalance of increased an-
tiapoptosis and decreased proapoptosis seen in HCC is

However, HBx promotes the apoptosis of

critical to the uncontrolled growth of tumor cells.

The expressions of HSP27, HSP70, and HSP90 are also
commonly up-regulated in HBV-associated HCC.”® These
heat-shock proteins are important in the development of
cancer, including regulation of apoptosis and modulation

. 77,78
of the immune response.

4. Regulation of the cell cycle

The cell-division cycle can be divided into two func-
tional phases, S and M, and two preparatory phases, G
and G,. The molecular mechanisms associated with these
cell-cycle checkpoints involve the transient inactivation of
a series of specific cyclin-dependent kinases (CDKs) and
their respective regulatory cyclin subunits. Other regu-
lators are the diverse members of the family of proteins
known as CDK inhibitors (CDKIs), which can block the
activation of CDKs. Two distinct classes of CDKIs have
been described: (1) those that inhibit multiple CDKs,
which includes p21<™", p27°"", and p57<"% and (2) those
that specifically inhibit cyclin D, CDK4, or CDK6, which
includes p16™“, p15™*® p18™“C and p19™*"* The
cell cycle is regulated by the activities of cyclins, CDKs,
and CDKIs, with one or more of these checkpoint con-

trols being altered in most (if not all) human cancers at
some stage in their progression to invasive cancer.

Several studies have shown that various types of alter-
ations to cell-cycle regulators are found in HCC. CDKs,
cyclins, and CDKIs generally function within several de-
fined pathways, including the p21"A"/p27"""/cyclin
E/CDK2, p16™*/cyclin D1/CDK4/CDK6/Rb/E2F, and
p14**/MDM2/p53 pathways (Fig. 6).**”" HBx increases
the rate and level of activation of CDK2, where the rate
is associated with cyclins E and A, and the level with cy-
clin B.** HBx also causes cyclin D1 overexpression,” the
Rb gene is a key player in the G1/S checkpoint system,
and HBxAg transactivates the Rb promoter.”®
levels of phosphorylated Rb result in the release of E2F
#5% As tumors develop
and progress, the Rb gene is inactivated by point muta-
tions and LOH,*® resulting in elevated E2F activity.
Furthermore, HBx transcription  of
p21VAF1 ¥ Interestingly, the reduction or loss by methyl-
ation of p16™<*, p14**F, p15™** and p27"' promoters
have been detected in HCC.**® Ultimately, HBx has been
shown to stimulate cell-cycle progression by accelerating
the transit through the Gi/S and G»/M checkpoints.

The mitotic checkpoint genes monitor the proper as-
sembly of the mitotic spindle, and block the onset of ana-
phase unless all of the chromosomes are stably attached
to microtubules. Components of mitotic checkpoint genes
are members of the BUB family (BUB1, BUBRI, and BUB3)
and the MAD family (MAD1 and MAD?2). Aneuploidy
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Fig. 6. Regulation of the cell cycle. The cell-division cycle can
be divided into two functional phases, S and M, and two
preparatory phases, G1 and G2. The molecular mechanisms
associated with these cell-cycle checkpoints involve the
transient inactivation of a series of specific cyclin-dependent
kinases (CDKs) and their respective regulatory cyclin subunits.
Other regulators are the diverse members of the family of
proteins known as CDK inhibitors (CDKIs), which can block
activation of CDKs.
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partly results from mutations in mitotic checkpoint genes,
with decreased mitotic checkpoint protein leading to a
mitotic checkpoint defect in HCC.”

5. Regulation of angiogenesis

Angiogenesis, the growth of new capillary blood ves-
sels, is central to the growth of cancers. bFGF (basic fi-
broblast growth factor), TGF @, and vascular endothelial
growth factor (VEGF), which are secreted by many tu-
mors, all have angiogenic properties.”*”' Angiogenesis
might be particularly important in hepatocarcinogenesis
since HCCs are often highly vascular tumors.”’ HBx is
strongly implicated in the angiogenesis and metastasis
that occurs during hepatocarcinogenesis. HBx induces an-
giogenesis via up-regulation of VEGF transcription, which
is a potent angiogenic mechanism.”>** More recent stud-
ies have provided evidence that HBx can induce the ex-
pression of VEGF via stabilization of hypoxia inducible
factor-1@ (HIF-1a@) by enhancing its association with
CBP (CREB-binding protein), thereby leading to angio-
genesis during hepatocarcinogenesis.”>*® It has also been
suggested that metastatic tumor antigen 1 (MTA1) plays
a role in angiogenic processes as a stabilizer of HIF-1
a.”*® MTA1 induces the deacetylation of HIF-1a by in-
creasing the expression level of histone deacetylase 1.°°
MTALI overexpression increases the transcriptional activity
and stability of HIF-1 @ protein. Accordingly, MTA1 over-
expression in HCC contributes to the extrahepatic meta-
stasis as well as vascular invasion. A large recent study
by our group has shown that MTA1 expression is closely
associated with larger tumors, worse histologic differ-
entiation, microvascular invasion, frequent postoperative
recurrence, and poor patient survival.”’ Therefore, the ex-
pression levels of MTAl in HCC might be an important
prognostic marker after curative surgery. Other factors ap-
pear to also be involved, such as angiopoietin-2.%®

6. Regulation of telomere function

One difference between replicating and senescent cells
is in the length of specialized tails at the end of the chro-
mosomes, called telomeres. The telomere length is main-
tained by an enzyme complex called telomerase, which is
a ribonucleoprotein complex that contains several pro-
teins and RNA. The catalytic component of this complex
is a reverse transcriptase (hTERT) that uses the RNA in
the complex as a template for reverse transcription to
replicate the DNA sequences in the telomere.*®”" Defects
in the maintenance of telomeres and the impairment of
telomerase activity are responsible for the development of
many human cancers. Telomeres are shorter in tumors
than in normal tissue, suggesting that telomeres are in-

volved in HCC development.”® Activation of telomerase is
considered to be a major mechanism underlying the de-
velopment of HCC. There is recent evidence that telo-
mere dysfunction leading to telomere-based chromosomal
instability is present during the early stages of hepatocar-
cinogenesis, while telomerase activation occurs during
HCC progression.*®* hTERT is the rate-limiting determi-
nant for regulating telomerase activity, and integrating the
HBV genome into the hTERT promoter region and HBV
enhancer can cis-activate transcription of the hTERT
gene.'”'! In addition, telomeric repeat-binding factor 1
(TRF1), TRF2, and TRFl-interacting nuclear protein 2
(TIN2) are involved in telomere maintenance,'® and the
expressions of TRF1, TRF2, TIN2 mRNA, and TRF1 pro-
tein gradually increase as hepatocarcinogenesis progre-
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7. Inhibition of DNA-mismatch repair

DNA repair mechanisms are important for maintaining
DNA integrity and preventing oncogenesis. In humans,
more than 70 genes are involved in the five major DNA
repair pathways: nucleotide excision repair (NER), base
excision repair, mismatch repair, homologous recombina-
tional repair, and nonhomologous end joining. Defective
DNA-mismatch repair can lead to the accumulation of
mutations and microsatellite instability in the cellular ge-
nome and thus increase the chance of malignant trans-
formation.”® Defects in DNA-mismatch repair genes also
appear to play a role in HCC.'” DNA alterations result-
ing from exogenous genotoxic factors or normal repli-
cation processes are corrected by several repair pathways.
HBx inhibits the repair of damaged hepatocyte DNA,*
which may be mediated by interaction with p53 or by
binding to the damaged DNA-binding protein, which is a
highly conserved protein implicated in DNA repair and
cell-cycle regulation that plays an accessory role in
NER.'®!'™ HBx also represses the transcription-repair fac-
tor TFIIH, thereby impairing TFIIH-related DNA repair
mechanisms.'” Therefore, HBx acts as a cofactor in hep-
atocarcinogenesis by preventing the cell from efficiently
repairing damaged DNA, thus leading to an accumulation
of DNA mutations and, eventually, cancer.

8. Modulation of adhesion-deadhesion balance

Cells in tissues are attached to both one another and to
the extracellular matrix (ECM). Disruption of these adhe-
sions increases cell motility and the potential invasiveness
of cells through the ECM.'® Transformed malignant cells
produce a variety of lytic enzymes that degrade the ECM
and allow cancer cells to invade tissues, lymphatic chan-
nels, and the vasculature. These proteases include plasmi-
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nogen activator, cathepsins, adamalysin-related membrane
proteases, and several matrix metalloproteases (MMPs).'"’
HBx may play a role in tumor spreading by modulating
the adhesion-deadhesion balance of the cells in the pri-
mary tumor site and favoring integrin-mediated cell
migration.'” HBx disrupts adherens junctions and de-
creases cellular adhesion to the ECM, resulting in modu-
lation of cell adhesion and cell motility.'®
hances the migratory phenotype of hepatoma cells by
up-regulating MMP-1 and MMP-9."”'” Moreover, HBx

represses several cell adhesion molecules and cytoskeleton
110

HBx also en-

proteins, including E-cadherin,”’ integrin,108 fibronectin,
CD47,""" and the hyaluronan receptor (CD44)."® Genes
regulating the composition of the ECM and the cytoskele-
ton such as tubulin-a1, MMP-14, osteonectin/SPARC,
and RhoA are also up-regulated in HCC.""” These genes
play important roles in cell motility and invasion, which
suggests that HBxAg promotes hepatocellular remodeling
prior to tumor formation and in metastasis during tumor
progression. HBx also regulates proteasomes, and thus
controls the degradation of cellular and viral proteins.'"

GENETIC AND EPIGENETIC ALTERATIONS

Numerous genetic and epigenetic alterations have been
identified as being responsible for the activation of carci-
nogenic pathways in HCC.” Most studies into the mecha-
nisms of tumorigenesis have focused on the genetic changes,
with various epigenetic changes being increasingly found
in HCC recently.” The term "epigenetics" covers all phe-
nomena that control the functional state of DNA without
changing the DNA sequence (i.e., without inducing genet-
ic mutation).” Epigenetic changes include methylation and
acetylation of histone proteins and methylation of
DNA.>* Several genes other than the above-mentioned
p53, p21, Rb, AXINI, and cyclin D1 are also involved in
hepatocarcinogenesis,>”® including the activation of in-
sulin growth factor (IGF) via IGF-2 overexpression and
M6P/IGE-2R-inactivated mutations."'* Other genetic and
epigenetic changes include mutations of Smad2/4,”® HCCS1
(HCC suppressor 1),”® PTEN (phosphatase and tensin ho-
molog deleted on chromosome 10),'"> WWOX (WW
domain containing oxidoreductase),116 and T cell factor 1
(TCF-1),® and gene silencing by hypermethylation of
GSTP128,"” and SOCS-1 (suppressor of cytokine signal-
ing-1).” Moreover, the expression of IGF-binding protein
3 (IGFBP-3) is down-regulated in HCC. IGFBP-3 mediates
a wide variety of growth suppression signals in the
IGF-receptor-dependent pathway, including TGF- £, reti-
noic acid, TNF-«, and p53.""®""” Transcriptional silencing
by hypermethylation of the delete-in-liver-cancer-1 (DLC-1)

gene, a putative tumor suppressor gene mapped to
8p21.3-22, is frequent in HCC, suggesting that in-
activation of DLC-1 plays a role in hepatocarcinogenesis.”®
DLC-2, one of the most frequently deleted chromosome
arms at 13q, is significantly underexpressed in HCC.'*
BDNF (brain-derived neutrophilic factor) is also involved
in hepatocarcinogenesis,'” and the methylation of the ge-
nome is maintained by DNA methyltransferases (DNMTs).'*
HBx expression increases the total DNMT activities by
up-regulating DNMT1, DNMT3A1, and DNMT3A2, and
selectively promoting the regional hypermethylation of
specific tumor suppressor genes including RASSFIA,
GSTP1, and CDKN2B.'

FIBROGENESIS AND CHRONIC HBV INFECTION

Liver injury is associated with the conversion of hepatic
stellate cells (HSCs) to a myofibroblast-like phenotype.
Activated HSCs are the major source of fibrillar collagens
in cirrhotic injury. HSCs also have the capacity to remod-
el this matrix as they express MMPs and their specific in-
hibitors, TIMPs (tissue inhibitors of metalloproteinases).
Chronic HSC activation induced by HBV replication could
contribute to fibrogenesis and the increased proliferation
of hepatocytes. This increased production of the ECM and
hepatocyte turnover coupled with activation of the MAPK
pathway may ultimately lead to HCC. The WNT/ B-cate-
nin pathways and MMT might be directly associated with
hepatocarcinogenesis.'” Other factors that could contrib-
ute to disease and are known to be elevated during cir-
rhosis are TGF-/4, gelatinases, fibroblast-activating pro-
teins, and members of the interferon response pathway.'”’
Thus, several factors can lead to HCC - directly or in-
directly and alone or in combination.

SINGLE-NUCLEOTIDE POLYMORPHISMS AND
HEPATOCARCINOGENESIS

The DNA sequences of any two humans exhibit ap-
proximately 99.9% homology, yet substantial and often
medically relevant phenotypic differences exist between
such individuals. A significant proportion of these pheno-
typic differences are caused by this relatively small
amount of genetic variation interacting with environ-
mental factors. A clinically important element of pheno-
typic variation relates to susceptibility to disease and re-
sponse to therapy.**'”” Variations in inherited DNA se-
quences between individuals can be due to the deletion
or addition of bases, or to variable lengths of repeated se-
quences within or between genes. However, the most
common type of DNA sequence variant is the sin-
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gle-nucleotide polymorphism (SNP), in which a single
base in a sequence is replaced by a different nucleotide.
SNPs on average appear approximately every 200 to 300
base pairs in the human genome, many of which cause
functional changes by affecting transcription-factor bind-
ing sites, influencing splicing or stability of messenger
RNA, or altering the amino acid sequence of the
protein.'”*'* The outcomes of HBV infection do not ap-
pear to be determined by viral strains. Instead, allelic var-
iants in human genome are likely to affect the viral hep-
atitis progression after infection.'”"*® Thus, it is con-
ceivable that genetic differences significantly influence the
progression of HBV infection. It has been reported that
several genetic polymorphisms of TNF-«, IL-10, IL-6,
TGF- 81, IGF-2, CTL antigen (CTLA)-4, and NFKBIA can
influence the outcomes of chronic HBV infections.*"'*
Screening of these polymorphisms might be clinically use-
ful for identifying the risk of HCC, and hence in design-
ing effective HCC surveillance programs for patients with
chronic HBV infection.’®' Furthermore, future studies of
SNPs will not only provide insight into the pathogenesis
of HCC, but may also provide a novel rationale for new
methods of diagnosis and therapeutic strategies.

CONCLUSION

Hepatocarcinogenesis is a multistep process involving
different genetic alterations that ultimately lead to malig-
nant transformation of hepatocytes. Chronic HBV in-
fection is a major risk factor for HCC, with the etiologic
role of the HBV in hepatocarcinogenesis being well estab-
lished from basic, epidemiological, and clinical research
studies. The pathogenesis of HBV-associated HCC has
been studied extensively, and the molecular changes that
occur during malignant transformation have been identified.
Several mechanisms are involved in HBV-related carcino-
genesis, with chronic inflammation of the liver and in-
creased hepatocyte proliferation being important con-
tributing factors to the development of HCC. Multiple
factors including damage caused by inflammatory cyto-
kines, mutations incurred during liver regeneration, de-
fects in DNA repair, integration of viral DNA into the
host cell genome, host genomic instability, activation of
cellular oncogenes, and induction of signaling pathways
have been implicated as causes of HCC. New genomic
technologies and approaches are resulting in the rapid ac-
cumulation of useful genetics data. New technologies
such as gene expression profiling and proteomics may
elucidate molecular tumor markers and identify molecules
involved in hepatocarcinogenesis. However, our under-
standing of the molecular mechanisms of hepatocarcino-

genesis is still only rudimentary. Considerable efforts are
currently focused on unraveling the molecular patho-
genesis of HCC in order to design better treatments, or
even to prevent the disease altogether.
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