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Abstract

Hepatitis B virus (HBV) infection is a global public
health problem with approximately 2 billion people that
have been exposed to the virus. HBV is a member of a
family of small, enveloped DNA viruses called hepadna-
viruses, and has a preferential tropism for hepatocytes
of mammals and birds. Epidemiological studies have
proved a strong correlation between chronic hepatitis
B virus infection and the development of hepatocellular
carcinoma (HCC). HCC is the fifth most common ma-
lignancy with about 700000 new cases each year, and
more than 50% of them arise in HBV carriers. A large
number of studies describe the way in which HBV can
contribute to HCC development. Multiple mechanisms
have been proposed, including the accumulation of ge-
netic damage due to immune-mediated hepatic inflam-
mation and the induction of oxidative stress. There is
evidence of the direct effects of the viral proteins HBx
and HBs on the cell biology. Integration of HBV-DNA
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into the human genome is considered an early event
in the carcinogenic process and can induce, through
insertional mutagenesis, the alteration of gene expres-
sion and chromosomal instability. HBV has also epigen-
etic effects through the modification of the genomic
methylation status. Furthermore, the virus plays an im-
portant role in the regulation of microRNA expression.
This review will summarize the many mechanisms
involved in HBV-related liver carcinogenesis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatitis B virus (HBV) infection is a global
health problem. There is evidence that HBV have a
causal role in the development of hepatocellular can-
cer, but the mechanism leading to the transformation
of normal hepatocytes into cancer cells is still intricate.
This review will summarize the many mechanisms
involved in HBV-related liver carcinogenesis.
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HEPATOCELLULAR CARCINOMA

Hepatocellular carcinoma is a highly prevalent and lethal
neoplasia. It is the fifth most common cancer in men and
the ninth in women with respectively about 500000 and
200000 new cases per year; looking in detail the major
number comes from Asia (76%), followed by Europe
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(8.1%), Africa (7.5%), North America (4.2%), Latin
America and Caribbean (3.8%) and Oceania (0.4%)".
The global distribution of these new cases is uneven
and reflects the differences in the exposition of the local
populations to the different etiological factors: in Eastern
Asia and Sub-Saharan Africa the dominant risk factor is
chronic HBV infection, while in North America, Europe
and Japan HCV infection together with excessive alcohol
intake are the main risk factor. Furthermore in developed
countries the increasing incidence of obesity and conse-
quently of non-alcoholic steatohepatitis is becoming an
important risk factor for cirrhosis and HCC as well™,
Other risk factors include type 2 diabetes, hemochroma-
tosis, Wilson's disease, alpha-1 antitrypsin deficiency, gly-
cogen-storage diseases, autoimmune hepatitis, tyrosinemia
and some porphyries*. Independently from the etiologic
factor underlining the presence of chronic liver disease,
cirrhosis should be consider major risk factor, in fact
70%-90% of HCC develop from these group of patients.

Even if in the last decades the management of HCC
1s improved due to the increase diagnostic capacity, the
development of evidence-based staging system and the
availability of new effective treatments the prognosis is
still very poor (overall ratio of mortality to incidence of
0.95)" suggesting that a deeper comprehension of the
molecular pathway involved in the hepatocarcinogenic
process is necessary to improve the outcome of HCC
patients.

HBV BACKGROUND

Hepatitis B virus (HBV) infection is a major global public
health problem with approximately 2 billion people that
present evidence of contact with the virus. Consider-
ing that more than 350 million individuals in the global
population are chronic HBV carriers, this virus stands as

one of the most common human pathogensm. The risk
of developing chronic hepatitis B (CHB) infection after
an exposure seems to depend on the age at which the vi-
rus is first contracted”. Infection within the first year of
life has a 90% chance in developing a CHB; infections in
childhood represent a risk of 20%-30%; less than 1% of
the exposure in adults go on to develop CHB"™. Chronic
infection may progress to cirrhosis and ultimately hepa-
tocellular carcinoma (HCC). CHB infection remains the
major etiological factor of HCC worldwide with more
than one half of HCC patients being HBV infected"”.
Several observations indicate an etiologic association
between CHB and the development of HCC includ-
ing a high prevalence of HBV surface antigen (HBsAg)
among HCC patients. CHB increases up to a 20-fold the
risk of developing HCC also in the absence of cirrhosis.
The REVEAL-HBYV study found that serum HBV DNA
levels and HCC risk correlate in a linear relationship!™”.
Furthermore the presence of HBV-DNA integration
within the hepatic cells increases about 100 times the
relative risk for HCC among HBsAg carriers compared
with negative individuals"",
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Specific viral and host factors can contribute to an in-
creased risk of HCC among patients with CHB: increas-
ing age, male gender, and longer duration of infection, all
increase the risk of HCC and the presence of cirrhosis is
the single most-important risk factor for HCC',

Host genetic background is known to have an influ-
ence in the story of the disease; in fact belonging to a
specific ethnical group increases the susceptibility of
HBV carrier to develop HCC. Among all Africans have
the worst outcome, followed by Asians™. In these two
geographic areas more than 70% of HCC develop in
patients with HBV infection?. In Asia annual incidence
among HBV carriers is more than 0.2% with a risk of
HCC development before the cirrhotic stage“‘ﬂ. In Aftica
of great importance is the potential aflatoxin exposure
that increases highly the risk, obliging to start HCC sur-
veillance in youth. The synergic effect of HBV infection
and aflatoxin exposure increases the risk to develop HCC
by 60 time compared to healthy individuals".

Several meta-analysis tried to associate genetic poly-
morphisms with an increased risk of HCC in CHB car-
riers; contradictory evidences are present in literature.
While more studies are needed to unveil the mechanisms
connecting some of these genetic changes to HCC,
current results suggest a positive correlation of TNFa
and GSTT1 polymorphisms with HCC"". On the viral
side, for a long time the attention has been focused on
high viral load as predictive for HCC development, but
other viral risk factors have been found including the
viral genotype. Until now 11 HBV genotypes (A—J) have
been identified, based on differences in their genome se-
quence™. HBV genotypes have distinct geographical and
ethnic distributions: genotype A is pandemic but most
prevalent in northern Europe, North America and cen-
tral Africa; genotypes B and C are found in eastern Asia,
Korea, China, Japan, Polynesia and Vietnam; genotype D
is also pandemic but is predominant in the Mediterranean
area, the Middle East and India; genotype E is typical for
Africa; genotype F is found in Native Americans and in
Polynesia; genotype G is present in western Europe and
North America and genotype H is found predominantly
in Central America. The epidemiological evidences in-
dicate that the genotype C has a higher risk of causing
HCC than B, and D has a higher than A" Furthet-
more the presence of enhancer II/basal core promoter
mutations (A1762T/G1764A), and mutants with preS
deletions are associated as well with increased risk of
HCC™", External cofactors that can also promote HCC
development in CHB carriers are concomitant infection
with human immunodeficiency virus (HIV), hepatitis
C or D virus, cigarette smoking, environmental pollu-
tion, chronic alcohol consumption, aflatoxin exposition,
and metabolic syndrome!"™*, HCC is the third leading
cause of cancer-related death worldwide™. Recent epi-
demiological data have demonstrated that liver cancer in-
cidence is continuously rising and will continue to do so
for more than a decade, not only in Asia and Africa but
also in North America and Europem. Despite the avail-
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ability of an efficacious and safe hepatitis B vaccine”

about 600000 people die worldwide every year due to ei-
ther the acute or chronic effects of the virus, with a high
proportion dying of HCC. In this context, advances in
our understanding of the molecular basis of HCC are ur-
gently needed to develop early tumour markers and novel
targeted agents with improved therapeutic efﬁciencym].
Here we review the molecular mechanisms linking CHB
to malignant transformation of liver cells.

HEPATITIS B VIRUS

HBYV is a member of a family of small enveloped DNA
viruses called hepadnaviruses, which infect a restricted
number of mammals and birds. These viruses share a
narrow host range and preferential tropism for hepato-
cytes. The genome of hepadnaviruses is a circular, pat-
tially double-stranded DNA genome that replicates via
an RNA intermediate®™. The HBV genome consists of
two asymmetric DNA strands, which forms a partially
double-stranded relaxed citcular DNA structure that is
around 3.2 kb in length. The HBV genome is organized
into 4 overlapping open-reading frames (ORFs) that give
rise to 5 messenger RNAs (mRNA). The largest one is
a 3.5 kb mRNA strand that is composed of two sub-
species: a 3.5 kb precore/core mRNA that is translated
into the e antigen (HBeAg), and a second 3.5 kb strand
termed the pregenomic mRINA that is translated into the
core and polymerase proteins. The remaining mRNAs
include the 2.4 kb large and 2.1 kb small surface mRNAs,
which encode the three viral surface proteins. The 0.7 kb
small mRNA gives rise to the hepatitis B X (HBx) pro-
tein that is essential for virus replication and appears to
play an important role in HBV-induced HCC. The HBV
genome encodes also a 2.2kb singly spliced pre-genomic
RNA producing the newly discovered hepatitis B spliced
protein (HBSP) involved in proliferation and viability of
HBV-infected cells”™*,

The HBV enters the hepatocytes and releases, by dis-
integration of the nucleocapsid, the relaxed circular DNA
(tcDNA) that can be transported to the nucleus, where it
is converted into covalently closed circular DNA (cccD-
NA). It is present in the nucleus of infected hepatocytes
bound to both histone and nonhistone proteins, in a sta-
ble freestanding episomal conformation. cccDNA serves
as the template for transcription of all viral mRNAs and
is unaffected by all current nucleotide analog antivirals
because they inhibit DNA replication, which occurs af-
ter cccDNA formation. In fact cccDNA persists during
therapy even after the clearance of HBsAg, and this is
the reason why disease recurrence is possible even after

29,30
successful treatment™",

MECHANISMS OF HBV-RELATED HCC

INDUCTION

HBYV can promote HCC in many ways. There is a large
amount of data describing the multiple pathways in-

volved in this process, including the accumulation of
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genetic damage due to immune-mediated hepatic inflam-
mation, the induction of oxidative stress, a virus-specific
mechanisms involving the viral proteins HBx and HBs,
the insertional mutagenesis with integration of HBV
DNA into the host genome that alters the expression of
endogenous genes or induces chromosomal instability,
epigenetic modification through the modification of the
genomic methylation status and also the regulation of
microRNA (miRNA) expression.

Immune and inflammatory factors
In many different tissues chronic inflammation is known
to play a vital role in cancer development. In the liver,
repeated cycles of inflammation induced apoptosis and
hepatocyte regeneration, increasing the risk of hepato-
carcinogenesis. T' cell dysfunction, cytokine production,
and inflammation-mediated alteration of specific signal-
ing pathways play important role in the development of
HCC. During inflammation, the activation and interac-
tion between STAT3 and nuclear factor (NF)-kB play
vital roles in controlling the communication between can-
cer cells and inflammatory cells. NF-xB and STAT3 are
two major factors that keep in check the ability of pre-
neoplastic and malignant cells to resist apoptosis-based
tumor-surveillance and regulate tumor angiogenesis and
invasiveness. HBV infection and inflammation induced
NF-kB activation, that in turn promoted immune es-
capes, facilitating the development of HCC. STAT3 acti-
vation induced by interleukin (IL)-6, IL-6 cytokine family,
and 1L.-22, also promoting the development of HCCP
In the immune system, CD4 Th1 and CD8" T cells
play an important role in the growth inhibition and the
death of cancer cells. This ability seems to be related to
their capability to secrete INF-y, but other cytokines may
be involved; in several experimental studies have been
proved that the depletion of these population of T cells
impaired the immune response against the cancers and
the rejection of the implanted tumor cells suggesting
theirs involvement in the immune response against can-
cer™, Differently the regulatory T cells (Treg) are a sub-
population of T cells (CD4+, CD25"and Foxp3+) which
maintain tolerance to self-antigens, and abrogate autoim-
mune disease by suppressing immune responses of other
cells. Treg cells have been reported to play a key role in
the immune impairment involved in HBV-related HCC.
Elevated TGF-f activity, associated with the persistent
presence of HBV in the liver tissue, suppresses the ex-
pression of miRNA-34a, leading to enhanced production
of chemokine CCL22, which recruits Treg cells™. HBV
infection was found to increase the immunomodulatory
activity of Treg by up-regulating the expression of fore-
head box P3 transcriptional regulator (FoxP3), cytotoxic
T lymphocyte-associated antigen-4 (CTLA-4) and gluco-
corticoid-induced tumor necrosis factor (INF) receptor
family gene (GITR). The expansion of Treg cells and
the enhancement of their suppressor function prevent
the anti-tumor immune response against HCC tumor
antigens and inhibit tumor immune surveillance against
HCC™.. Finally, Li e a/* were able to investigate Treg
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cells in the circulatory blood and tumor tissues of pa-
tients with HBV-related HCC and their data indicate that
an increased amount of Treg cells either in peripheral
blood or in the tumor tissue correlates to poor prognosis.

HBV and oxidative stress

In literature, there are many indications that HBV can
induce a pro-oxidative status. In fact, increased level of
oxidative stress, sulthydryl and lipid peroxidation were
found in CHB patientsm. Additionally, typical products
of reactive oxygen species (ROS) are enhanced in carriers
with high HBV DNA titers™.

Oxidative stress is a disturbance in the cellular equi-
librium that can result from a lack of antioxidant defer-
ence capacity or by an increased production of ROS. The
excess of ROS can damage lipids, proteins or DNA, and
consequently alter different cellular pathways and influ-
ence gene expression, cell adhesion, cell metabolism, cell
cycle and cell death. ROS-induced oxidative DNA dam-
age can increase chromosomal aberrations associated
with cell transformation”™. ROS may also activate cellular
signaling pathways, such as those mediated by mitogen-
activated protein kinase (MAPK), NF-kB, phosphati-
dylinositol 3-kinase (PI3K), p53, FOXO, B-catenin/Wnt,
COUTFII and others associated with angiogenesisHMZ].

Because of the role of these pathways in mutagenesis,
tumor promotion, and progression, ROS are considered
potential carcinogens[43].

In vivo and 7n vitro experiments have shown that HBV
infection is able to induce oxidative stress by reproducing
the same increase found in CHB patients. Furthermore,
to demonstrate that oxidative stress plays a critical role
in hepatic injury, several studies showed that the total
peroxide levels, a parameter of oxidative stress, as well
as alanine aminotransferase (ALT) levels are significantly
higher in patients with chronic hepatitis compared to as-
ymptomatic carriers™,

Interestingly, transgenic mice that produce and ac-
cumulate HBsAg inside the hepatocytes have increased
levels of inflammation and oxidative stress before the
development of dysplastic foci and HCC™*. Moreover,
transgenic mice that express HBx proteinm have high
levels of ROS, suggesting that the viral induction of oxi-
dative stress occurs through many mechanisms.

Mitochondria are a major source of ROS inside the
cells, which can be produced through electron leakage
from the mitochondrial respiratory chain'™., HBx targets
mitochondria binding to the voltage-dependent anion-
selective channel protein 3 (VDAC3), and alters the
mitochondrial membrane potential and increases endog-
enous ROS levels™". HBx also induces oxidative stress
through cytosolic calcium signaling, resulting in Ca++ ac-
cumulation into mitochondria, consequent increased lev-
els of ROS and activation of cellular kinases (PYK2 and
SRC kinases), leading to the activation of transcription
factors NF-kB and STAT3 which promote HBV repli-
cation and eatly steps of HCC™™. The increased level
of Ca++ in presence of ROS can trigger endoplasmic
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reticulum (ER) stress and the unfolded protein response
(UPR). In fact, if the ER stress remains constantly el-
evated, UPR signaling cannot be maintained and the cell
activates the autophagic process to restore ER integrity,
which is important for viral replication[55], HBx alone in
the context of whole viral genome transfections caused
the mitochondrial translocation of mitogen-activated
protein kinase Raf-1. This event induced by oxidative
stress involves the Src- and the PAK-mediated phos-
phorylation of Raf-1, leading to its activation”™. HBx
also influences the lipid peroxidation vz downregulation
of SeP expression, resulting in increased expression of
TNF-a as shown in an 7z vitro study in the human hepa-
toblastoma cell line HepGZW.

Other HCC cell lines (human HuH7 and murine
MIL1-4a), stably transfected with the pre-S mutants (trun-
cated forms of preS/S polypeptide), exhibited enhanced
levels of ROS through endoplasmic reticulum (ER) stress
pathways. The oxidative DNA damage has also been con-
firmed in the livers of transgenic mice carrying the pre-S

mutantﬁs‘ .

HBV-DNA Integration

Another proposed mechanism of induction of HCC by
HBV is through its integration in the host genome. HBV-
DNA integration into human host chromosomes occurs
in the infected liver since early stages of natural acute
infections. Multiple integrations have been detected in
chronic hepatitis tissues, and integrated HBV sequences
have been seen in 80%-90% of HBV-related HCCs™.
HBYV insertions have been associated with major genetic
alterations within the cell genome, including generalized
genomic instability, gene and chromosomal deletions and
translocations, amplification of cellular DNA, and gen-
eration of fusion transcripts[éom. These alterations in the
host genome may alter the expression of miRINAs, on-
cogenes, and tumor-suppressor genes, events that could
lead to the development of HCC.

Early studies suggested that viral integration into the
host gene occurred randomly, but in the last decades with
the introduction of whole genome sequencing, several
groups were able to identify some preferred site for HBV
integration, typically close to or inside of certain target
genes, such as TERT (telomerase reverse transcriptase ),
FN7 (Fibronectin 1), SMAD5 (SMAD family member 5),
MII4 (Myeloid/lymphoid or mixed-lineage leukemia 4),
ARHGEF12 (Rho guanine nucleotide exchange factor
GEF 12), CYP2C8 (Cytochrome P450, family 2, subfam-
ily C, polypeptide 8), PHACTR4 (Phosphatase and actin
regulator 4), PLXNA4 (Plexin A4), RBFOX1 (RNA
binding protein, fox-1 homolog), ADH1B (Alcohol dehy-
drogenase 1B), CPS1 (Carbamoyl-phosphate synthetase
1), ESRRG (Estrogen-related receptor gamma), LRFN2
(Leucine rich repeat and fibronectin type III domain
containing 2), MYOM1 (Myomesin 1), RAI1 (Retinoic
acid induced 1), CTDSPL2 (CTD small phosphatase like
2), LRP1B (Low density lipoprotein-related protein 1B),
SENP5 ( SUMO1/sentrin specific peptidase 5), ROCK1
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(Rho-associated, coiled-coil containing protein kinase
1), PDGF receptor and CCNE1 (cyclin E1)™***, The
identification of these and other recurrent sites of viral
integration inside or in the proximity of genes control-
ling cellular proliferation, survival, differentiation and
immortalization, suggests that this process may indeed be
involved directly in hepatocarcinogenesis.

However, evidence for fusion proteins came from
a direct promoter insertion mechanism that was first
provided in HBV-related HCC where insertion targeted
either the retinoic acid receptor-f3 (RAR-[3) gene or the
human cyclin A gene, resulting in tumour-specific chi-
meric proteins endowed with novel, pro-carcinogenic
functions.

Finally, although integrated viral sequences are de-
fective for replication, they might also contribute to
tumorigenesis through the production of truncated and
mutated HBx or preS2/S proteins. These proteins may
act on HCC development by disrupting the control of
cellular gene expression or by activating oncogenic signal-
ing pathways[“’“].

DNA methylation

DNA methylation is one of the most intensely studied
epigenetic modifications in mammals. Aberrant DNA
methylation patterns - hypermethylation and hypo-
methylation compared to normal tissue - have been
associated with a large number of human cancers. Hy-
permethylation typically occurs at CpG islands in the
promoter region and is associated with the inactivation
of certain tumor-suppressor genes. The enzymes re-
sponsible for the maintenance of methylation patterns
are the DNA methyltransferases (DNMT) and a large
body of evidence shows that HBx upregulates DNMT1,
DNMT3A1 and DNMT3A2"", Conversely, global hypo-
methylation has also been reported to induce genomic
instability and contribute to cell transformation and pro-
gression of cancer.

In HCC, alteration of DNA methylation occurs in the
eatly stage of cancer development, and in these patients
the increased risk of cancer development was due both
to genomic hypomethylation with related increased chro-
mosome instability and localized hypermethylation with
decreased tumor suppressor gene expression'”’

Lately, DNA hypermethylation in the promoter region
of specific oncosuppressor genes was found in HBV-
related HCC®™: RASSF1A (Ras association domain
family member 1), pIGINK4A and P21WAF1/CIP1 are
involved in cell cycle maintenance and their altered ex-
pression is an early event in the development of HCC;
CDH1 (E-cadherin) is involved in cell adhension and
metastatization; GSTP1 downregulation exposes cells to
oxidation damage and electrophilic carcinogens; ASPP1
and ASPP2 have an important role in apoptosis. Altera-
tions were found also in the promoter region of hTERT,
maintaining its expression and increasing proliferative ca-
pacity of the cell, and in the promoter region of COX-2
leading to a more proinflammatory state.
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HBx protein

The viral protein HBx is a 154 amino acids long protein
acting as a plelotropic transactivator; it does not bind
directly to DNA but rather acts on cellular promoters by
protein-protein interactions and modulating cytoplasmic
signaling pathways.

Interestingly HBx is expressed at low levels during
acute and chronic hepatitis and can induce a humoral
and cellular immune responsem’m. Thanks to viral DNA
integration into the host genome, the HBx gene is main-
tained and transcribed in human HCC tumor cells even
if complete HBV replication is absent ™",

In the cytoplasm, it activates mitogenic signaling cas-
cades while in the nucleus it modulates gene expression
via interaction with numerous transcription factors. The
large body of evidences suggests its central function in a
large number of signaling pathways involved in oncogen-
esis, proliferation, apoptosis, inflammation and immune
response. Furthermore, HBx may act as a paracrine fac-
tor and activates stellate cells”>",

HBx play a role in chromosomal instability by target-
ing centrosome dynamics and mitotic spindle formation
through its binding with different cellular partners impli-
cated in centrosome formation. HBx has been suggested
to induce multipolar spindle formation, chromosome
segregation defects, and appearance of multinucleate
cells by inducing aberrant centrosome duplication; these
biological actions might be due to sequestration of the
nuclear transport receptor Crm1 in the cytoplasm!'”,
and/or HBx binding to the hepatitis HBx interacting pro-
tein (HBXIP), a regulator of centrosome duplicationm]
or to the UV-damaged DNA binding protein 1 (DDBNH™
and induction of lagging chromosomes by binding to
BubR1™.

HBx may increase the expression of matrix metallo-
proteinase and facilitated cellular migrationmg}].

HBx transactivates a number of cellular promoters
and enhancers containing binding site for NF-xB, activa-
tor protein 1 (AP-1), AP-2, CCAAT-enhancer-binding
protein (c-EBP), RNA polymerase and nuclear factor of
activated T-cells (NF-AT), cellular promoter of genes
associated with cell proliferation as 1L-8, TNEF, trans-
forming growth factor (T'GF) beta and epidermal growth
factor receptor (EGRF) and cytosolic signal transduction
pathways as Ras/Raf mitogen-activated protein kinase,
Stc kinases, cJun Nterminal kinase, Jak1/STAT and pro-
tein kinase (PK)™™ which have overlapping effects on
cell proliferation and viability.

HBx interacts with the acetyltransferases CBP/p300,
and this interaction induces the activation of CREB-
dependent transcription. The activation of CREB/ATF
trans-activation function by HBx appears redundant since
HBx has been shown to increase CREB/ATF DNA-
binding affinity as well as to enhance the recruitment of
CBP/p300 to CREB/ATF bound to cellular DNA®**,
The modulation of CREB/ATF plays an essential role in
liver metabolism and proliferation, and CREB has been
implicated in hepatocarcinogenesis'™
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Important targets of HBx are p53 and p53 family™,
In fact, the viral protein directly binds to p53 and impairs
its function. HBx, through the interaction with p53, can
alter p53-mediated apoptosis, transactivation prope;)gi{)&;}s

of p53[90], cell cycle regulation[()”, DNA repair genes™ ",
and tumor suppressor genesm.

In the mitochondria HBx interacts with the heat
shock protein 60 and 70" and the voltage dependent an-
ion channel (VDAC) isoform VDAC3""

HBx seems to regulate the angiogenic process in
HCC"™, Indeed, HBx expression induces transcrip-
tional up-regulation of the vascular endothelial growth
factor (VEGF) and the proangiogenic growth factor
angiopoietin 2 (ANG2). It also plays an important role in
the hypoxia inducible factor HIF-1 cellular level. In fact
HBx binds to and stabilizes HIF1¢ and at the same time
stimulates HIF1q, transcription, thus promoting angio-
genesis.

HBx can activate Wnt/beta-catenin signaling in
two different ways: by up-regulating cytoplasmic beta-

[

catenin® or alternatively by hypermethylating E-cadherin

. . . . 100
promoter and consequently repressing its transcrlpuon[ 1

HBV preS/S proteins

The preS/S ORF encodes three different, structurally
related envelope proteins refered to as the large (L),
middle (M), and small (S) proteins that are synthesized
from alternative initiation codons. These three proteins
share the same carboxy-terminus part but have different
amino-terminal extensions. In particular, the S protein
corresponding to the HBV surface antigen (HBsAg) con-
sists of only 226 amino acids (aa), the M protein contains
an extra N-terminal extension of 55 aa, and the L protein
has a further N-terminal sequence of 108-119 aa com-
pared with the M protein. Until now, few mechanisms of
action of preS/S encoded proteins have been known to
be involved in the hepatocarcinogenic process. During
HBYV replicative cycle, HBsAg can accumulate into the
ER, induce ER stress and consequently increase the cel-
lular level of oxidative stress. This process happens also
in presence of pre-S2 mutants in which the viral proteins
amass in the ER. The induced ER stress upregulates
the cytoplasmic Cyclin A, increasing infected cell pro-
liferation; at the same time, Cyclin A upregulation can
promote, through centrosome over-duplication, chromo-
some instability which is a well-known mechanism in
HBV-related hepatocarcinogenesis“m]

Additionally, HBsAg seems to have an effect on the
mitochondrial function: on one hand it binds to enoyl
coenzyme A hydratase short chain 1 (ECHS1) and can
induce cell apoptosis by decreasing the mitochondrial
membrane potential (MMP)"™ while on the other hand
HBsAg could inhibit JTB (jumping translocation break-
point), leading to increased cell motility and decreased
apoptosis' . Interestingly, pre-S2 mutant protein in type
II ground glass hepatocytes (GGHs) could directly in-
teract with the c-Jun activation domain-binding protein 1
(JAB1), inducing an hyperphosphorylation of the tumor-
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suppressor retinoblastoma (RB) and its inactivation'",

Futhermore, pre-S2 protein can act as a transactivator
and, interacting with the hTERT promoter“os}
telomerase activity, a key step in the development of
HCC and other cancers. Interestingly, HBV is also able to
upregulate of telomerase activity by HBV DNA integra-
tion in proximity of the promoter[m(’] or by HBx capacity
to increase the SP1 binding to hTERT promoter and
induce its transcription“oﬂ. Despite hTERT activation,
telomere in HCC cells remain shorter than in normal
somatic cells, predisposing to occasional telomere and
chromosomal instability, and polyploidy""

, increase

miRNAs
MiRNAs are small non-coding RNA molecules (19-25
nucleotides in length) that regulategene expression at
transcriptional and post-transcriptional levels, usually
resulting in gene silencing via translational repression or
target degradation of gene mRINA. Since their discovery
in the early 1990s, over 1000 miRNAs have been charac-
terized in human cells. In the last decade, many groups
have investigated the role of this biological entity in
patho-physiological processes; several publications have
unveiled the function of miRNAs in the development,
progression and metastatization of HCC. Specifically, a
growing number of studies were able to identify specific
miRNAs modulated in CHB patients; some of them are
regulated by HBV infection and have a role in hepatocar-
cinogenic process.

miR-143, miR-34, and miR-19 have been found to be
upregulated in HBV-related HCC and to promote a more
aggressive cancer phenotype, while Let-7a downregula-
tion by HBx increased cell proliferation“og]. HBx also
downregulates miR-152 with the consequent upregulation
of DNMT1, which methylates the promoters of many
tumor suppressor genes. Interestingly, other publications
reported additional miRINAs that are involved in HBV-re-
lated HCC"""; miR-221, which is downregulated in acute
HBYV infection, normally expressed in chronic HBV
infection and upregulated in HCC; miR-101, which is
constantly downregulated in HBV infection and in HCC
tissues, has been associated with HCC development;
miR-182/miR-18b and miR-106a may be key effectors
for the progression of HCC. Very recent data suggest
other possible miRNAs involved in HCC development
in CHB patients: miR-224 that is inversely correlated to
autophagy in HBV-related HCC specimensm”, miR-122
that is regulated by HBx through PPARng], miR-15a and
miR-16-1 directly downregulated by HBx'""”, miR-132
regulated by the hypermethylation status induced by
HBx""", or miR-148 that is also downregulated by HBx
through the suppression of p53-mediated activation !
Recently, Xu ¢f al''” reviewed the HBV-HCC correlation
and reported miR-602, miR-143, miR-29a, miR-148a,
miR-373, miR-101, miR-152, miR-16, and miR-661 as
miRNAs possibly implicated in the carcinogenic process.
In the future, more extensive analysis will be able to cre-
ate a precise profile of HBV modulation of miRNAs and
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their function in the different phases of the hepatocar-
cinogenetic process.

FUTURE THERAPEUTIC STRATEGIES

Up today HCC remain a devastating cancer, so the saf-
est strategy remain the prevention, through the control
of the risk factors. Prevention of HBV infection among
them can be accomplished by large scale vaccination or
in patients with preexistent CHB a continued suppres-
sion of HBV replication with antiviral (e.g., entecavir and
adefovir dipivoxil) can prevent complications of HBV-
related liver disease and decrease the risk of HBV-related
HCC development""”, In fact the REVEAL-HBV study
suggests that the degree of HBV viremia predicts HCC
risk independently of cirrhosis, HBeAg+ or ALT lev-
els, introducing the concept that virologic suppression
through antiviral therapy may have a major impact on the
prevention of liver cancer. After the rise of HCC then
the treatment selection follows the Barcelona Clinic Liver
Cancer (BCLC) staging system that assigns the prognosis
and proposes the therapeutic strategies for each stage. In
the proposed strategies only one systemic chemothera-
peutic molecule (Sorafenib) is approved as first line of
treatment. Since the emergence of Sorafenib as the new
standard for the systemic treatment of HCC, the idea of
targeting specific molecular pathways implicated in the
pathogenesis and progression of HCC, has promoted
a revolutionary change in the treatment of this disease.
Genetic modifications and alteration of critical molecular
signaling pathways have been identified as contributing to
the tumor development and progression. Among the nu-
merous signaling pathways implicated in the development
and growth of HCC are worth to be noted Ras/Raf/
MAPK, Wnt-b-catenin, EGFR, insulin-like growth fac-
tor receptor, VEGFR, NF-KB, AKT-mTOR, Notch and
Hedgehog, Thanks to the acquired knowledge on altered
pathways in HCC several promising novel anticancer
agents are currently under evaluation (56 drugs)ms] in-
cluding tyrosine kinase inhibitors, monoclonal antibodies
and oligonucleotide antisense. Furthermore monotherapy
can be very effective in vitro but targeting one pathway
may result in the activation of other pathways in HCC
cells suggesting that the most attractive strategy for the
future should be the combination of different targeted
agents to improve the efficacy of these molecules' ",
Research will permit a more comprehensive understand-
ing of hepatocarcinogenic process and to identify new
molecular targets for therapeutic intervention.

CONCLUSION

Among the different etiologic agents, HBV is the ma-
jor risk factor for developing HCC. In the future, the
global neonatal vaccination program will greatly reduce
the burden of HBV and ultimately of HCC, but more
than 700000 new HCC cases are still identified each
yeat. In the last decades, progresses have been made in
understanding the multifactorial process through which
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HBYV infection can promote hepatocarcinogenesis. On
one hand, HBV infection is able to induce a chronic
inflammatory status in the patient, to increase the oxida-
tive stress and to modulate the host immune response
against infected hepatocytes. On the other hand, HBV
DNA integration may lead to chromosomal instability
and alteration of gene expression. Furthermore, HBV
products directly disrupt normal cellular signal pathways,
contributing to induce HCC. Other factors like genomic
methylation and miRNA expression have been identified
to play a role in HBV-related development of HCC.

A deeper knowledge of the mechanisms that mediate
the HBV carcinogenic process is essential for develop-
ing novel strategies to prevent and treat liver cancer in
chronic HBV carriers.
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