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Hepatocellular carcinoma (HCC) is the fifth most common
cancer in the world, and has a wide geographical
variation. Eighty per cent of HCC is attributed to hepatitis B
virus (HBV). The predominant carcinogenic mechanism of
HBV associated HCC is through the process of liver
cirrhosis, but direct oncogenic effects of HBV may also
contribute. Prevention of HBV infections as well as effective
treatment of chronic hepatitis B is still needed for the global
control of HBV associated HCC. Continued investigation of
the mechanisms of hepatocarcinogenesis will refine our
current understanding of the molecular and cellular basis
for neoplastic transformation in the liver.
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H
epatits B virus (HBV) is a serious public
health problem worldwide and important
cause of chronic hepatitis, cirrhosis, and

hepatocellular carinoma (HCC).1 Of the approxi-
mately two billion people who have been
infected worldwide, more than 400 million are
chronic carriers of HBV.2 There is a noticeable
difference in geographical distribution of the
carrier state in the world population ranging
from 10% to 20% in South East Asia and sub-
Sahara Africa to less than 1% in Northern Europe
and America.1 3 About 75% of chronic carriers
live in Asia and the Western Pacific.1 3 In low
endemic areas, most HBV infections acquire by
horizontal transmission in adolescents and
young adults in comparatively well defined high
risk groups, including injection drug users,
homosexual men, health care workers, patients
who require regular blood transfusion or hae-
modialysis. In areas of high endemicity, the most
common route of transmission is perinatal or the
infection is acquired during the preschool years.4

The risk of becoming a virus carrier after
infection ranges from 90% in perinatal infection
to 25% to 30% in infants and children under 5
and less than 10% in adults.2 In addition,
immunosuppressed persons are more likely to
develop chronic HBV infection after acute infec-
tion.2 Exposure to other hepatotoxins, such as
alcohol and aflatoxins, in the person with HBV
infection hastens both the development of
cirrhosis and HCC.5 Coinfection with hepatitis C
virus and HBV also increases the risk of devel-
oping HCC by at least twofold.5 About 15%–40%
of infected patients will develop cirrhosis, liver
failure, or HCC.3 Presently, more than 80% of
HCC are found in HBV infected people.3 HCC is
now the fifth most frequent cancer in the world,
killing 300 000–500 000 people each year.3 5

Overall, the outcome of HCC is poor.

Unfortunately, many patients at presentation
already have advanced and unresectable disease,
which is associated with a median survival of
less than six months. A minority of patients are
eligible for liver resection, which results in a five
year survival of about 40%.1

The details of how HBV causes carcinogenic
changes in the liver are still not apparent.

Epidemiological studies have clearly shown
that chronic HBV infection is an important
aetiological factor in the development of HCC.
The incidence of HCC and the prevalence of HBV
serological markers follow the same general
geographical pattern of distribution.3 HCC is
common in regions where HBV is endemic, but
is much less common than other types of cancer
in regions where HBV infection is uncommon.3 5

The highest rates are in South East Asia and sub-
Saharan Africa, with the HCC incidence .50/
100 000 population.5 Moreover, HCC can occur
even in convalescent HBV infection.3 Patients
found to be hepatitis B core antibody positive or
hepatitis B surface antibody positive are also at a
several-fold increased risk for HCC over HBV
naive controls, although the risk is much lower
than in those with active infection.6 7

Importantly, a study from Taiwan showed a
decline in the incidence of HCC in children after
a universal hepatitis B vaccination.8 Another
study in Korea suggested that the immunisation
with hepatitis B vaccine, even in adulthood,
could reduce the risk of HCC.9 Regardless of
vaccination, large numbers of persons are
infected with HBV or will become infected.
Several studies strongly supported the relation
between viral replication and the risk of HCC.3 10

Relative risk of HCC among hepatitis B e antigen
(HBeAg) positive patients is much higher than
that among inactive hepatitis B surface antigen
(HBsAg) carries.10 Furthermore, HBV DNA has
been identified as the most important predictor
of the development of HCC in HBsAg positive
patients with different clinical conditions.11

Therefore, treatment for the underlying liver
disease may be the best approach for prevention
of HCC.

The study of HBV has been difficult because of
the lack of cell culture systems permitting virus
propagation in vitro. Much of what we know
about the replication and expression of HBV is
derived from the study of other closely related
hepadnaviruses, such as the woodchuck hepatitis

Abbreviations: HCC, hepatocellular carcinoma; HBV,
hepatitis B virus; CREB, cAMP response element binding
protein; NF-kB, nuclear factor k B; TNF, tumour necrosis
factor; CDK, cyclin dependent kinase; VEGF, vascular
endothelial growth factor; MMP, metalloproteinase; IGF,
insulin growth factor
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virus and the Beechey ground squirrel hepatitis virus.12 As
with most viral diseases, HBV infected host cells are exposed
to multiple opposing signals mediated by growth hormones,
immune cytokines, and the effects of adjacent cells such as
lymphocytes or Kupffer cells. Hepatocytes must convert these
signals into a defined response such as proliferation,
differentiation, or death, through signal transduction.
Moreover, the infected hepatocytes must modulate signal
transduction pathways leading to growth, inflammation, or
cell death to maximise the symbiotic survival of both the
virus and the cell, in a process, which often progresses to
cirrhosis and HCC.2 Furthermore, early HCC progress to
advanced HCC, which have increased tumour size and
malignant potential, are moderately or poorly differentiated.2

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.1

This review will summarise the current knowledge on the
mechanisms involved in HBV associated hepatocarcinogen-
esis.

STRUCTURE OF HBV GENOME
HBV belongs to the family of hepadnaviruses. The HBV
genome is a relaxed circular, partially double stranded DNA
of about 3200 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
(X).13 The pre-S/S open reading frame encodes the large (L),
middle (M), and small (S) surface glycoproteins. The precore/
core open reading frame is translated into a precore
polypeptide, which is modified into a soluble protein,
HBeAg and the nucleocapsid protein, hepatitis B core
antigen. The polymerase protein functions as a reverse
transcriptase as well as a DNA polymerase. The X protein is
a potent transactivator and may play a crucial part in
hepatocarcinogenesis.13

The mechanism of liver injury is still unclear. However, it is
believed that host immune responses accompanying HBV
infection induce tissue damages, as HBV is not directly
cytotoxic.2 Chronic HBV infection is associated with a weak
virus specific response by the cytotoxic T lymphocytes (CTL).
A strong CTL response may be essential for viral clearance
and a weak CTL response may be responsible for the
hepatocyte damage.2

CURRENT CONCEPTS OF HBV ASSOCIATED
HEPATOCARCINOGENESIS
The exact mechanisms by which HBV infection causes HCC
are unclear. HCC exhibits a high degree of genetic hetero-
geneity, suggesting that multiple molecular pathways may be
involved in the genesis of subsets of HCC. Two pathways have
been proposed (fig 2).6 One involves chronic necroinflamma-
tion of hepatocytes, cellular injury, mitosis, and hepatocyte
regeneration. Continuous necrosis of hepatocytes during
chronic HBV infection accompanied by rapid regeneration,
may lead to accumulation of mutations and selection of cells
with a malignant phenotype.12 Regenerative hepatocytes in
chronic liver diseases give rise to hyperplastic hepatocyte
nodules, and these progresses to dysplastic nodules, which
are thought to be the direct precursor of HCC.2 Several facts
support this theory, such as the fact that the extension of the
inflammation in HBV infection is proportional to the risk of
developing HCC. Patients with cirrhosis are more prone to
develop HCC than those that have active chronic hepatitis or
HBV infection without cirrhosis.6 7 Chronic HBV leading to
cirrhosis remains the most important precancerous aetiolo-
gical factor, with 70% to 90% of HBV associated HCC
developing on a background of cirrhosis.3 5 However, HBV
associated HCC may also develop without a background of
cirrhosis.3 5 The other pathway evokes direct oncogenic
potential of HBV through chromosomal integration (cis-
activation) or transactivation of cellular genes.14 There are
several lines of evidence that suggest that HBV may lead
directly to HCC. Persistent HBV replication is associated with
a high frequency of integration of HBV sequences into the
human host genome.6 14 However, the insertion is random
and is not usually near other important genes.15 Twenty per
cent of the patients with HBV associated HCC do not
integrate the DNA of the virus.16 This concept cannot also
explain the clinical finding that asymptomatic HBV carriers
with extensive viral replication rarely develop HCC.3 6

Furthermore, some patients develop HCC during occult
HBV infection that is not even detectable in the serum.17

That is, the cause of HBV associated HCC could be a
combination of generalised processes that lead to a chronic
hepatic disease, and those specific ones related to HBV
infection.

INTEGRATION OF HBV DNA
HBV shares a replication strategy that includes the reverse
transcription of a RNA intermediate.13 HBV DNA sequences
have been shown to be integrated into cellular DNA in HCC
tissue and can also be identified in non-tumorous tissue from
patients with chronic hepatitis.6 Moreover, at least in some
cases, integration of the viral DNA occurs during the acute or
early stages of infection.18 When HBV integrations occur they
produce a wide range of genetic changes within the host
genome, including deletions, translocations, the production
of fusion transcripts, and generalised genomic instability.1

Several reports have investigated the chromosomal integrity
of HCC and have identified deletions in portions of
chromosomes. Chromosomal losses are present in 25%–45%
of patients in 1p, 4q, 5q, 6q, 8p, 9p, 13q, 16p, 16q, and 17p
while gains occur 30%–55% of the time at 1p, 6p, 8q, and

Figure 1 Schematic organisation of the hepatitis B virus genome. The
HBV genome is a relaxed circular, partially double stranded DNA of
about 3200 base pairs. There are four partially overlapping open
reading frames encoding the envelope (pre-S/S), core (precore/core),
polymerase (P), and X proteins (X).
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17q.1 19 Many of these chromosomal segments contain known
tumour suppressor genes such as p53, Rb, cyclin D1, p16.1

Research over the past decade has unravelled that HBx
protein seems to have a pivotal part in hepatocarcinogenesis
related to HBV. Transgenic mice have provided insight into
the mechanisms of hepatocarcinogenesis but the results
obtained so far have not been consistent. HBx has been
shown to promote liver tumour formation in some transgenic
mice, but not in others.12 However, HBx at least acted as a
cofactor in carcinogen induced as well as in c-Myc induced
hepatocarcinogenesis.12 More than 95% of patients with HBV
associated cirrhosis and dysplasia are positive for HBx and
70% of patients with HBV associated HCC produce HBx
protein.5 20 Therefore, it seems probable that HBx protein
contributes to the initiation of tumour formation in the liver
during the processes of chronic active hepatitis and cirrhosis.
Integrated HBV sequences frequently have a carboxy-
terminal deleted X gene, resulting in translation of a
truncated HBx protein.15 These deletion mutants seem to
lose their capacity for oncogene induced apoptosis and cell
cycle arrest, leading to an increased tendency to unregulated
cell proliferation that increases the transforming capacity of
the protein.21

Another HBV gene product that has been reported to
possess transactivational properties is a truncated form of the
pre-S2/S gene.6 Truncated pre-S2/S sequences are frequently
found in HBV DNA integration sites in HCC.6 Specific
activation of mitogen activated protein kinases (MAPK/
ERK) signalling by the truncated pre-S2/S protein has been
shown to result in an activation of transcription factors such
as AP-1 and nuclear factor-k B (NF-kB). Furthermore, by
activation of this signalling cascade, the Pre-S2/S activators
cause an increased proliferation rate of hepatocytes.22

Cytologically, overproduction of HBV envelope proteins
(pre-S2/S), particularly L and possibly M, results in their
intracellular accumulation and may predispose the cell to
stress, which in turn may lead to the development of HCC.23

HBV envelope protein (pre-S2/S) mutants that overaccumu-
late envelope polypeptides within the cell have been also seen
to be associated with advancing liver disease and may be, in
part, responsible for ground glass hepatocytes and perhaps
even HCC lesions.24 In addition, mutations of core promoter
region of the virus have also been described in integrated
HBV sequences.25

ROLES OF HBX ON HEPATOCARCINOGENESIS
Cumulative data suggest that HBx is a multifunctional
regulatory protein, which communicates directly or indirectly
with a variety of host targets and mediates many opposing
cellular functions, including function in cell cycle regulation,
transcriptional regulation, signalling, encoding of cytoskele-
ton and cell adhesion molecules, as well as oncogenes and
tumour suppressor genes(fig 3).14 26

Transcriptional transactivation
Increasing experimental evidence exists that HBx transacti-
vates gene expression by acting on different cellular
regulatory pathways, depending on its subcellular localisa-
tion. Intracellular localisation studies have shown that HBx
protein is present predominantly in the cytoplasm but can
also be found at lesser amounts in the nucleus.14 Thus, HBx
stimulates signal transduction pathways like MAPK/ERK
pathway in the cytoplasm, and HBx also behaves as a
transcriptional transactivator that up-regulates the expres-
sion of proto-oncogenes such as c-Myc and c-Jun, transcrip-
tional factors like NF-kB, AP-1, AP-2, RPB5 subunit 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 nucleus.14 The
identification of target proteins that directly interact with
HBx is increasing, including Smad4 and nuclear factor
activated T cells (NF-AT) in TNFa signalling, and COX-2,27

retinoid X receptor in phosphoenolpyruvate carboxykinase
expression.28 Moreover, several host genes have been also
reported to be indirectly affected by HBx, such as the
upregulation of IL6, IL8, the induction of nitric oxide
synthetase, and Fas ligand.28

NF-kB and AP-1 have been reported to be directly or
indirectly affected by HBx. NF-kB activation by HBx includes
direct interaction with inhibitory proteins, such as the p105
precursor and IkB kinase (IKK), and induction of oxidative
stress by mitochondrial associated HBx protein.14 29 In
addition, HBx activates components of the MAPK/ERK,
stress activated protein kinase/ Jun N-terminal kinase
(SAPK/JNK), and protein kinase C (PKC) signalling path-
ways to regulate NF-kB and AP-1 dependent transcription.14

Regardless of the mechanism, HBx induction of NF-kB and
AP-1 activity ultimately leads to the acceleration of cell cycle

Figure 2 Mechanism of hepatitis B
virus associated hepatocarcinogenesis.
The predominant carcinogenic
mechanism of HBV associated HCC is
through the process of liver cirrhosis,
but direct oncogenic effects of HBV may
also contribute.

Chronic hepatitis B in hepatocarcinogenesis 509

www.postgradmedj.com



progression, increased proliferation, and may contribute to
repression of apoptosis.

Regulation of signal pathways
Several reports have investigated that the effects of the HBx
on signal pathways such as, MAPK/ERK, protein kinase B
(AKT/PKB), PKC, SAPK/JNK, phosphatidylinositol 3-kinase
(PI-3-K), and Janus kinase (JAK)/STAT kinase pathways.
These pathways can overlap or interact with one another to
generate a unique response, causing their constitutive or
prolonged activation, resulting in increased cell proliferation
and survival. Aberrant expression of MAPK and associated
proteins are involved in the development of HCC. HBx
activates Ras as an intracellular cytoplasmic activator of the
Src family of tyrosine kinases and the downstream MAPK
pathway such as Raf, MAPKK, MEK1/2, and ERK1/2.14 30

Activated ERK1/2 translocates to the nucleus to activate a
variety of transcription factors such as ELK-1, c-Fos, c-Jun, c-
Myc, STAT-3 etc, involved in regulating cell proliferation and
differentiation.30 HBx increases the levels of epidermal
growth factor receptor (EGFR) by transactivating the EGFR
promoter, and subsequently activates the Raf/MEK/ERK
cascade.30 Furthermore, HBx protein activates AP-1 and NF-
kB transcription factors through the endogenous PKC.30 31

HBx could also activate the JAK/STAT pathway, leading to
activation of STAT regulated genes.30 Because of its associa-
tion with mitochondria and through oxidative stress, HBx
constitutively induces the transcription factors STAT-3 and
NF-kB.30

Recent studies showed that HBx could activate Wnt/b-
catenin signalling by stabilising cytoplasmic b-catenin in
HCC.32 33 An alternative mechanism for Wnt activation in
HCC is that HBx repressed E-cadherin expression at the
transcriptional level through hypermethylation of E-cadherin
promoter.34 Mutations of AXIN1, another factor in the Wnt/b-
catenin signalling pathway, have been found in a substantial
proportion of HCC with b-catenin accumulation in the
absence of mutation of the b-catenin gene.35 Furthermore,
upregulation of frizzled-7(FZD-7) receptors in association
with activation of the Wnt/b-catenin pathway is a common in
HCC.36 After all, HBx is associated with decreased expression
of E-cadherin, accumulation of b-catenin in the cytoplasm
and nucleus, and increased cell migration, which may
contribute importantly to hepatocarcinogenesis

Regulation of apoptosis
HBx is involved in apoptosis, including p53, retinoblastoma
protein (Rb), Fas associated death domain protein (FADD),
tumour necrosis factor (TNF) receptor associated death
domain protein (TRADD), and NF-kB in HBV associated
HCC.26 Hepatocyte apoptosis can be induced through the
death receptor dependent pathway (extrinsic pathway) or
the mitochondrial dependent pathway (intrinsic pathway).
The extrinsic pathway is started in the liver by death ligands
like TNF, Fas ligand (FasL, CD95L), and TNF related
apoptosis inducing ligand (TRAIL), after binding to their
relevant death receptors. In contrast, intrinsic pathway is
triggered by a variety of intracellular stressors such as DNA

Cell cycle

Figure 3 Important molecular pathways in hepatitis B virus associated hepatocarcinogenesis. HBx is a multifunctional regulatory protein, which
communicates directly or indirectly with a variety of host targets and mediates many opposing cellular functions, including function in apoptosis, cell
cycle regulation, transcriptional regulation, as well as cell signalling pathways. HBx transactivates gene expression by acting on different cellular
regulatory pathways, depending on its subcellular localisation. HBx activates components of the mitogen activated protein kinases (MAPK/ERK), stress
activated protein kinase/Jun N-terminal kinase (SAPK/JNK), protein kinase B (AKT/PKB), protein kinase C (PKC), phosphatidylinositol 3-kinase (PI-3-
K), and Janus kinase (JAK)/STAT kinase pathways in the cytoplasm. HBx also behaves as a transcriptional transactivator that up-regulates the
expression of proto-oncogenes such as c-Myc and c-Jun, transcriptional factors like nuclear factor-k B (NF-kB), AP-1, AP-2, and ATF/cAMP-response
element binding protein (CREB) in the nucleus.

510 Park, Song, Chung

www.postgradmedj.com



damage, growth factor deprivation, metabolic disturbances,
and detachment from matrix and/or surrounding cells.37

Survival or apoptosis of cells depends upon the balance of
various extracellular and/or intracellular stimuli. HBx is
located in mitochondria and causes loss of mitochondrial
membrane potential and subsequently induces mitochondria
dependent cell death.38 Hepatitis viruses also modulate other
antiapoptotic signals such as STAT-3 and NF-kB through ER
stress and the generation of reactive oxygen species (ROS).39

Therefore, ROS ultimately leads to the activation of STAT-3
and NF-kB.40 HBx protein may modulate calcium homo-
eostasis, by inhibiting cytosolic calcium dependent proline
rich tyrosine kinase-2 (Pyk2), a Src kinase activator, or
calcium signalling mediated by mitochondrial calcium
channels.41 HBx also inhibits TGFb and FasL induced
apoptosis through the activation of PI-3-K pathway.42 43 In
addition, the activation of PI-3-K by HBx, and the phosphor-
ylation of the downstream factors, AKT and Bad, and
downregulation of caspase 3, are seen.44 45

Inhibition of apoptosis may be a consequence of the failure
of p53, in the presence of HBx, to upregulate genes, such as
p21WAF1, Bax, or Fas, that are involved in the apoptotic
pathway. A p53 mutation is present in 30%–60% of patients
with HCC.1 HBx can bind to the C-terminus of p53 forming a
protein-protein complex, thereby inactivating several critical
p53 dependent activities, including p53 mediated apoptosis.46

Additional studies show that HBx sequesters p53 in the
cytoplasm and prevents it from entering the nucleus.47 48

Moreover, HBV achieves protection from apoptotic death
through a HBx-PI3K-AKT-Bad pathway and by inactivating
caspase 3 activity that is at least partially p53 independent in
liver cells.45 49

The proapoptotic activity of HBx overcomes or bypasses the
inhibitory effect of Bcl-2 against Fas cytotoxicity.50 HBx also
upregulates survivin, member of the inhibitor of apoptosis
(IAP) family, expression.51 The reduction of proapoptotic
protein, Bid, may result from a mechanism associated with
HBx.52 However, HBx promotes the apoptosis of hepatocytes
by regulating the expressions of Fas/FasL, Bax/Bcl-2, Bcl-xL,
and c-Myc gene in a dose dependent.14 53–55 Accordingly, HBx
can modulate both preapoptotic and antiapoptotic pathways,
dependent upon different cell settings. The imbalance of
increased antiapoptosis and decreased pro-apoptosis seen in
HCC is a critical mechanism leading to the uncontrolled
growth of tumour cells.

Regulation of cell cycle
Several studies have shown that various types of changes in
cell cycle regulators are found in HCC. Control of the cell
cycle is regulated by activity of cyclins, cyclin dependent
kinases (CDKs), and cyclin dependent kinase inhibitors
(CDKIs). CDKs, cyclins, and CDKIs generally function
within several defined pathways, including the p21WAF1-
p27KIP1-cyclinE-CDK2 pathway, the p16INK4A-cyclinD1-
CDK4/6-Rb-E2F pathway, and the p14ARF-MDM2-p53 path-
way.56 HBx increases the rate and level of activation of the
CDK2, and their respective active association with cyclins E
and A or cyclin B.57 HBx also causes cyclin D1 overexpres-
sion.58 Rb gene is a negative regulator of cell proliferation and
plays a critical part in cell proliferation control. Rb suppresses
the G1 to S transition.59 Previous studies have shown that
Rb is deleted or mutated in HCC.60 61 Furthermore, HBx
represses the transcription of p21WAF1.62 Interestingly, the
reduction or loss by methylation of the p16INK4A, p14ARF,
p15INK4b, and p27KIP1 promoters are detected in HCC.63–67

Ultimately, HBx has been shown to stimulate cell cycle
progression by accelerating transit through the G1/S and G2/
M checkpoints.

Regulation of angiogenesis
HBx is strongly implicated in angiogenesis and metastasis
during hepatocarcinogenesis. HBx induces angiogenesis
through up-regulation of the potent angiogenic factor,
vascular endothelial growth factor (VEGF) transcription.68

More recent studies have supported that HBx could induce
the expression of VEGF through stabilisation of hypoxia
inducible factor-1a (HIF-1a) by increasing its association
with CREB binding protein (CBP), thereby leading to
angiogenesis during hepatocarcinogenesis.69 70 Additional
factors, such as angiopoietin-2,71 seem to be involved as well.

Regulation of telomere function
Activation of telomerase is considered as the important
episode for HCC. Recent evidences suggest that telomere
dysfunction, leading to telomere based chromosomal
instability, may be operative during the early stages of
hepatocarcinogenesis while telomerase activation occurs
during HCC progression.72 73 Telomerase reverse transcriptase
(hTERT) is the rate limiting determinant for regulating
telomerase activity. HBV genome integrated in the hTERT
promoter region and HBV enhancer could cis-activate the
transcription of hTERT gene.74 In addition, the telomeric
repeat binding factor 1 (TRF1), TRF2, and the TRF1
interacting nuclear protein 2 (TIN2) are involved in telomere
maintenance.74 The expression of TRF1, TRF2, TIN2 mRNA,
and TRF1 protein was gradually increased according to the
progression of hepatocarcinogenesis.75

Inhibition of DNA mismatch repair
DNA mismatch repair gene defects seem to play a part in
HCC. DNA changes resulting from exogenous genotoxic
factors or normal replication processes are corrected by
several repair pathways. HBx inhibits the repair of damaged
hepatocyte DNA.14 This effect may be mediated by interaction
with p53 or through binding to the damaged DNA binding
protein (DDB), a highly conserved protein implicated in DNA
repair and cell cycle regulation, which plays an accessory part
in nucleotide excision repair.76 77 HBx also represses the
transcription repair factor TFIIH, impairing TFIIH function in
DNA repair mechanisms.78 Therefore, HBx acts as a cofactor
in hepatocarcinogenesis by preventing the cell from effi-
ciently repairing damaged DNA, thus leading to an accumu-
lation of DNA mutations and, eventually, cancer.

Modulation of adhesion-deadhesion balance
HBx may play a part in tumour spreading by modulating the
adhesion-deadhesion balance of the cells in the primary
tumour site and favouring integrin mediated cell migration.
HBx induces adherens junction disruption and decreases
cellular adhesion to ECM, resulting in modulation of cell
adhesion and cell motility.79 HBx also increases the migratory
phenotype of hepatoma cells through the up-regulation of
matrix metalloproteinases-1 (MMP-1) and MMP-9.80 81

Key points

N More than 80% of HCC are caused by hepatitis B
infection.

N HBV infection is preventable with a vaccine.

N Vaccination decreases the incidence of HCC.

N Integration of HBV and/or the long term inflammatory
changes by chronic hepatitis B infection has an
important part in hepatocarcinogenesis.

N Treatment of hepatitis B infection reduces the risk of
developing HCC
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Moreover, HBx represses several cell adhesion molecules and
cytoskeleton proteins, including E-cadherin,34 integrin,79

fibronectin,82 CD47,83 and hyaluronan receptor (CD44).84

Genes regulating the composition of the extra cellular matrix
and the cytoskeleton such as tubulin a1, MMP14, osteonectin
SPARC, RhoA are also found to be up-regulated in HCC.85

These genes play important parts in cell motility and
invasion.

In addition, HBx takes part in regulation of proteasome
and, thus, controls degradation of cellular and viral pro-
teins.86 Expressions of HSP27, HSP70, and HSP90 are also
commonly up-regulated in HBV associated HCC.87

GENETIC AND EPIGENETIC CHANGES
Numerous genetic and epigenetic changes have been
identified to be responsible for the activation of carcinogenic
pathways in HCC. In addition to above mentioned p53, p21,
Rb, AXIN1, and cyclin D1, several genes are involved in
hepatocarcinogenesis.14 88 These include insulin growth factor
(IGF) activation through IGF2 overexpression and M6P/
IGF2R inactivated mutations.89 90 Other genetic and epige-
netic changes include mutations of Smad2/4,28 HCC suppres-
sor 1 (HCCS1),28 phosphatase and tensin homolog deleted on
chromosome ten (PTEN),28 91 WWOX (WW-domain contain-
ing oxidoreductase),92 and T cell factor 1 (TCF1),28 and gene
silencing by hypermethylation of GSTP1,28 93 and suppressor
of cytokine signalling-1 (SOCS-1).28 Moreover, the expression
of IGF binding protein 3 (IGFBP3) down-regulates in HCC. In
the IGF receptor dependent pathway, IGFBP-3 mediates a
wide variety of growth suppression signals such as TGFb,
retinoic acid, TNFa and p53.94 95 Transcriptional silencing by
hypermethylation of deleted in liver cancer-1 (DLC-1), a
putative tumour suppressor gene mapped at 8p21.3–22, is
frequent in HCC, suggesting a possible role of the inactivation
of DLC-1 in hepatocarcinogenesis.28 DLC-2, one of the most
frequently deleted chromosome arms at 13q, has reported to
be significantly under-expressed in HCC.96 Recently, brain
derived neutrophilic factor (BDNF) has also been found to be
involved in hepatocarcinogenesis.97

The principal growth factors and cytokines stimulate liver
growth, inhibition of apoptosis, and development of HCC.
These include hepatocyte growth factor (HGF), EGF, TGFb,
IL6, TNFa.88

FIBROGENESIS AND CHRONIC HBV INFECTION
Chronic stellate cell activation induced by HBV replication
could contribute to fibrogenesis and increased proliferation of
hepatocytes. This increased production of extracellular matrix
and hepatocyte turnover coupled with activation of MAPK

pathway may ultimately lead to HCC. The Wnt/b-catenin
pathways and MMT could be directly associated with
hepatocarcinogenesis.98 Other functions that could contribute
to disease that are known to be increased during cirrhosis are
TGFb, increased gelatinases, fibroblast activating proteins,
and members of the interferon response pathway.98 Thus,
several factors, directly or indirectly and alone or in
combination, can lead to HCC.

CONCLUSION
HBV is strongly associated with HCC by its presence in the
tumour cell and by the striking role of persistent HBV
infection as a risk factor for the development of HCC. It is
generally shown that vaccination significantly decreases the
incidence of HCC. Moreover, preventing the most severe HBV
disease consequences in infected people, such as cirrhosis
and HCC, will require appropriate therapeutic agents and
reduces the risk of developing HCC.

The past decade has shown the important mechanism of
action of oncogenes and tumour suppressor genes in
hepatocarcinogenesis, together with the molecular pathways
of control through which their effects on proliferation are
mediated. Recent studies have delineated many different
oncogenic pathways involved in hepatocarcinogenesis.
Accordingly, a large number of novel molecular therapeutics
targeting these signalling components is in clinical develop-
ment. Recently, genetic information of new genomic tech-
nologies and approaches is accumulated at a rapid pace. The
establishment of microarray methods for large scale analysis
of gene expression has made it possible to seek molecular
markers for cancer classification and outcome prediction and
to identify molecules involved in hepatocarcinogenesis.

MULTIPLE CHOICE QUESTIONS (TRUE (T)/FALSE (F);
ANSWERS AT THE END OF REFERENCES)
1. Regarding the epidemiology HBV

(A) HBV is a serious public health problem worldwide

(B) HBV is an important cause of chronic hepatitis,
cirrhosis, and HCC

(C) About two billion people who have been infected
worldwide

(D) Less than 400 million are chronic carriers of HBV

(E) About 75% of chronic carriers live in Asia and the
Western countries

2. In geographical distribution of the carrier state

(A) There is a noticeable difference in geographical
distribution of the carrier state in the world

(B) Ranging from 10% to 20% in South East Asia and sub-
Sahara Africa

(C) Less than 1% in Southern Europe and America

(D) In low endemic areas, most HBV infections are
acquired in adolescents and young adults

(E) In areas of high endemicity, the most common route of
transmission is preschool years

3. In the risk of becoming a virus carrier

(A) In low endemic areas, most HBV infections are
acquired by horizontal transmission

(B) In areas of high endemicity, the most common route of
transmission is vertical

(C) Ranges from 90% in perinatal infection

(D) More than 10% in adults

(E) Immunosuppressed persons are more likely to develop
chronic HBV infection

Five key references for further reading

N Ganem D, Prince AM. Hepatitis B virus infection—
natural history and clinical consequences. N Engl J
Med 2004;350:1118–29.

N Brechot C. Pathogenesis of hepatitis B virus-related
hepatocellular carcinoma: old and new paradigms.
Gastroenterology 2004;127:S56–61.

N Thomas MB, Zhu AX. Hepatocellular carcinoma: the
need for progress. J Clin Oncol 2005;23:2892–9.

N Lok AS. Prevention of HBV-related hepatocellular
carcinoma. Gastroenterology 2004;127:S303–9.

N Cha C, Dematteo RP. Molecular mechanisms in
hepatocellular carcinoma development. Best Pract Res
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4. In the incidence of HCC

(A) HCC is the fifth most frequent cancer in the world,
killing 300 000–500 000 people each year

(B) Exposure to other hepatotoxins, such as alcohol and
aflatoxins, hastens the development of HCC

(C) Coinfection with HCV and HBV also increases the risk
of developing HCC by at least twofold

(D) About 15%–40% of infected patients will develop HCC

(E) The outcome of HCC is good

5. How HBV causes carcinogenic changes in the liver

(A) HCC is common in regions where HBV is endemic

(B) The highest rates are in South East Asia and sub-
Saharan Africa

(C) Does not occur in convalescent HBV infection

(D) A decline in the incidence of HCC in children after a
universal hepatitis B vaccination

(E) Relative risk of HCC among HBeAg positive patients is
much higher than that among inactive HBsAg carries

6. In the structure of HBV genome

(A) HBV belongs to the family of hepadnaviruses

(B) The HBV genome is a relaxed circular, completely
double stranded DNA of about 3200 base pairs

(C) There are four partially overlapping open reading
frames encoding the envelope (pre-S/S), core (pre-
core/core), polymerase, and X proteins

(D) The pre-S/S open reading frame encodes the large (L),
middle (M), and small (S) surface glycoproteins

(E) The precore/core open reading frame functions as a
reverse transcriptase as well as a DNA polymerase.

7. In the mechanism of HBV associated HCC

(A) One entails chronic necroinflammation of hepatocytes,
cellular injury, mitosis, and hepatocyte regeneration

(B) Cirrhosis are more prone to develop HCC than those
that have active chronic hepatitis or HBV infection
without cirrhosis

(C) 40% to 50% of HBV associated HCC developing on a
background of cirrhosis

(D) Does not develop without a background of cirrhosis

(E) The other pathway evokes direct oncogenic potential of
HBV through chromosomal integration (cisactivation)
or transactivation of cellular genes

8. In the integration of HBV DNA

(A) HBV DNA sequences have been shown to be integrated
into cellular DNA in HCC tissue and can also be
identified in non-tumorous tissue from patients with
chronic hepatitis

(B) At least in some cases, integration of the viral DNA
occurs during the acute or early stages of infection

(C) Eighty per cent of the patients with HCC associated to
HBV do not integrate the DNA of the virus

(D) The insertion site is uniform

(E) Is usually near other important genes
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ANSWERS
1. (A) T, (B) T, (C) T, (D) F, (E) F; 2. (A) T, (B) T, (C) F, (D) T,
(E) T ; 3. (A) T, (B) T, (C) T, (D) F, (E) T; 4. (A) T, (B) T, (C)
T, (D) T, (E) F; 5. (A) T, (B) T, (C) F, (D) T, (E) T; 6. (A) T, (B)
F, (C) T, (D) T, (E) F ; 7. (A) T, (B) T, (C) F, (D) F, (E) T; 8.
(A) T, (B) T, (C) F, (D) F, (E) F.
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Iatrogenic arsenic induced Mees’ lines

A
43 year old white man, with acute
myeloid leukaemia, resistant to induc-
tion (cytarabine + daunorubicin) and

reinduction chemotherapy (cytarabine +
daunorubicin + etoposide), accepted ‘‘a last
resort’’ treatment with arsenic trioxide
(0.15 mg/kg/day, intravenously; 14 mg/
day). Arsenic treatment was started four
weeks after reinduction chemotherapy.
Before beginning arsenic treatment, the
patient was in a poor general condition and
suffered from a motor peripheral neuropathy
because of chemotherapy. On the seventh
day of his treatment, after having received
84 mg of arsenic, a Mees’ line was first noted
on the right middle fingernail.1–3 Within 10
days Mees’ lines became visible on other
fingers of the right hand and within 14 days
on the left fingernails. The picture was taken
18 days after the start of treatment, by which
time he had received a total of 266 mg of
arsenic. Blood concentrations of arsenic were
not monitored. The patient continued to
deteriorate and succumbed to his primary
disease.
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Figure 1 Typical appearance of Mees’ lines presenting as a single transverse broad band of white
discoloration of the nails.
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