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Abstract

Primary liver cancer is an important cause of cancer
death, and hepatocellular carcinoma (HCC) accounts
for 70%-85% of total liver cancer worldwide. Chronic
hepatitis B virus (HBV) infection contributes to > 75%
of HCC cases. High serum viral load is the most reliable
indicator of viral replication in predicting development
of HCC. HBV genotype C is closely associated with
HCC in cirrhotic patients aged > 50 years, whereas
genotype B is associated with development of HCC in
non-cirrhotic young patients and postoperative relapse
of HCC. Different HBV subgenotypes have distinct pat-
terns of mutations, which are clearly associated with
increased risk of HCC. Mutations accumulate during
chronic HBV infection and predict occurrence of HCC.
Chronic inflammation leads to increased frequency of
viral mutation v/a cellular cytidine deaminase induction.
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Mutations are negatively selected by host immunity,
whereas some immuno-escaped HBV mutants are ac-
tive in hepatocarcinogenesis. Inflammatory pathways
contribute to the inflammation-necrosis-regeneration
process, ultimately HCC. Their hallmark molecules can
predict malignancy in HBV-infected subjects. Continu-
ing inflammation is involved in hepatocarcinogenesis
and closely related to recurrence and metastasis. HBV
load, genotype C, viral mutations and expression of
inflammatory molecules in HBV-related HCC tissues are
significantly associated with poor prognosis. Imbalance
between intratumoral CD8" T cells and regulatory T
cells or Thl and Th2 cytokines in peritumoral tissues
can predict prognosis of HBV-related HCC. These fac-
tors are important for developing active prevention and
surveillance of HBV-infected subjects who are more
likely to develop HCC, or for tailoring suitable treat-
ment to improve survival or postpone postoperative
recurrence of HCC.
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INTRODUCTION

Liver cancer in men is the fifth most frequently diagnosed
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cancer worldwide but the second most frequent cause of
cancer death. It is the seventh most commonly diagnosed
cancer and the sixth leading cause of cancer death in
women. Globally, liver cancer rates are more than twice
as high in men as in women. An estimated 748 300 new
liver cancer cases and 695 900 cancer deaths occurred
wotldwide in 2008". The highest liver cancer rates are
found in East and South-East Asia and in Central and
Western Africa. Developing countries contribute more
than 80% of cases. About half of these cases and deaths
occur in China, due to the endemicity of hepatitis B virus
(HBV) infection. Chronic HBV infection accounts for
about 60% of the total liver cancer in developing coun-
tries and for about 23% of the cancer in developed coun-
tries, while hepatitis C virus (HCV) infection accounts
for about 33% of the total liver cancer in developing
countries and for about 20% in developed countries”.
Recently, the incidence of liver cancer has been increas-
ing in some western countries due to the increasing
prevalence of HCV infection and immigration of people
from countries with high endemicity for HBV infection.
Among primary liver cancers, hepatocellular carcinoma
(HCC) accounts for 70%-85% of the total liver cancer
burden wotldwide". Chronic HBV infection results in
approximately one-third of all cases of liver cirrhosis
and more than three-quarters of all cases of HCC world-
wide™. The relative risks of HCC among people infected
with HBV ranges from 5 to 49 in case-control studies
and from 7 to 98 in cohort studies, and the incidence
of HCC (per 100 000 person/years) among people with
chronic HBV infection ranges from 400 to 800 in men
and from 120 to 180 in women". Standard HBV vaccina-
tion dramatically decreases HCC prevalence among vac-
cinees aged 6-19 years in Taiwan”. In Mainland China,
the prevalence of hepatitis B surface antigen (HBsAg) in
people born after 1992 has dramatically decreased, possi-
bly due to expanded program of immunization of HBV
vaccination, however, the rate in those born before 1992
is around 8%-9%". Thus, HCC will remain one of the
major public health problems in Mainland China in next
40-50 years.

The patients with HCC usually present late and have
mostly developed serious liver cirrhosis. The life expec-
tancy of patients with newly diagnosed HCC is measured
in terms of weeks to months with a mortality to inci-
dence ratio close to 17, Therefore, it is critical to clarify
some risk factors that can be clinically applied for the
prediction of this malignancy in the HBV-infected popu-
lation. Viral characteristics of HBV and hepatic inflam-
mation status ate not only associated with the occurrence,
but also with the recurrence and metastasis of HCC after
surgical treatment. Prognostic factors for predicting sur-
vival probability are invaluable to tailor suitable treatment
options.

In this paper, we characterize viral properties of HBV
and inflammatory factors that have been recently proven
to be significantly associated with the occurrence and
the prognosis of HCC, and summarize a group of viral

(4 9

Boishidengs  WIG | www.wjgnet.com

and inflammatory factors (Table 1) that can be of signifi-
cance for active prevention and surveillance of the HBV-
infected subjects who are more likely to develop HCC,
and for tailoring suitable treatment options like antiviral
treatment to improve the survival or postpone the recur-
rence of HBV-related HCC.

ROLES OF VIRAL AND INFLAMMATORY
FACTORS IN PREDICTING OCCURRENCE
OF HBV-ASSOCIATED HCC

HBYV replication status and viral variations

Association of viral replication status with HCC:
HBV precore region encodes the precore protein, which
is processed in the endoplasmic reticulum to produce
secreted hepatitis B e antigen (HBeAg). HBeAg expres-
sion indicates active viral replication. In community-
based HBV-infected subjects, HBeAg-positive rates and
viral loads are high in the young, and decrease with age[s].
Continuing high viral load and/or HBeAg expression
have been significantly associated with increased risk of
HCC in prospective studies” . With reference to the low
serum HBV DNA level (< 10" copies/mL), the hazard
ratio (HR) for HCC of the intermediate HBV DNA
level (10*7° copies/mL) is 1.62 (95% CI: 1.05-2.48) and
that of the high HBV DNA level (> 10*° copies/ml)
is 2.73 (95% CI: 1.76-4.25)"”, indicating viral load pre-
dicts the risk of developing HCC dose-dependently. In
another group of prospective studies, HBV viral load
rather than HBeAg has been documented to be inde-
pendently associated with an increased risk of HCC,
In cross-sectional case-control studies, high viral load
(= 10 copies/mL) is independently associated with an
increased risk of HCC"™'". However, HBeAg expres-
sion is not usually high in patients with HCC, and is not
significantly associated with an increased risk of HCC in
some case-control studies*'”. Ongoing high levels of
HBYV replication in patients seronegative for HBeAg are
strongly associated with poor prognosis of patients with
chronic hepatitis B (CHB)"™. Thus, serum viral load is
the most reliable indicator in predicating the develop-
ment of HCC. HBeAg seroconversion reflects viral mu-
tations in the HBV genome, especially in the precore and
core promoter regions' ', and this usually happen during
the natural course of chronic HBV infection, possibly
caused by cytotoxic T-lymphocyte (CTL)-mediated clear-
ance.

Association of HBV genotypes/subgenotypes with
HCC: HBV genotypes and subgenotypes have distinct
geographical distributions and have been shown to dif-
fer with regard to HBeAg seroconversion, clinical out-
come, prognosis, and response to antiviral treatment” >,
HBV genotypes A, B, D and I are associated with earlier
spontaneous seroconversion of HBeAg than genotype
C. HBV subgenotype B2 is more likely to cause acute

hepatitis B, while subgenotype C2 is more prone to caus-
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Table 1 Viral and inflammatory factors associated with the occurrence and prognosis of hepatitis-B-virus-related hepatocellular carcinoma

Factor Occurrence Ref. Prognosis Ref.
Viral load
Sera = 10" copies/mL BRI > 10" copies/mL (poor survival) 2]

Non-cancerous liver tissues -
HBV genotype/subgenotype C2 > B2
C2: cirrhotic patients = 50 yr
B2: non-cirrhotic ones < 50 yr

HBV mutation
Individual
T1768A; G1899A, C2002T, A2159G, A2189C, G2203A/T;
T53C, preS2 start codon mutation, preS1 deletion, C2964A,
A2962G, C3116T, C7A
Combined

- >3 x 10 copies/ g (poor survival) HO
1524261 > B (poor survival) A

B2 in the young (recurrence)

C1653T, T1753V, T1674C/G A1762T/G1764A, C1766T, 0727291 A1762T/G1764A and short stretch (< (ot

100 bp) pre-S deletions in non-cancerous
liver tissue of the HCC patients (poor
survival)

2964C-3116T-preS2 start codon wildtype-7A; 2964C- wosn -

3116T-7A-76C; 2964A-3116T-7C-76 A/ T; 2962G-preS2 start

codon wildtype-105C-1762T/1764A

Intratumoral immune cells

Inflammatory pathways and Pathway: NF-kB, STAT3, Wnt/ B-catenin, TGF-a1, RAF/ 60811
MEK/ERK, PI3K/AKT/mTOR, p53, VEGF

cytokine
Cytokine: IL-6, TNF-o

Genetic polymorphism of
inflammatory molecules related pathways, NF-kB1, IkBo
ALT >45U/L

M2 macrophage (risk), CD8 + T cells (protective); Imbalance
between CD8 + T cells and Treg or between Th1l and Th2

[52-58] [106,107]

NK and CD8 + T cell (good prognosis);
Treg cells (poor prognosis)

IL-2 and IL-15 (good prognosis); [108-113,116]
G-CSF (poor prognosis);

Wnt-1 protein (poor prognosis);

LI-cadherin (short survival);

ErbB-2 (short survival);

Cyclooxygenase-2 (recurrence);

Low miR-199-3p (poor survival)

HLA, TGF-B1, IL-B1, IL-18, IL-12, KIF1B-, UBE4B- or PGD- B VEGF

(072831 > 50 U/L (poor survival) =

HBV: Hepatitis-B-virus; HCC: Hepatocellular carcinoma; NF: Nuclear factor; TNF: Tumor necrosis factor; IL: Interleukin; STAT: Signal transducer and ac-

tivator of transcription; TGF: Transforming growth factor; RAF: Raf protein kinases; PI3K: Phosphatidylinositol-3 kinase; MEK: Mitogen-activated protein

kinase; ERK: Extracellular-signal-regulated kinase; mTOR: Mammalian target of rapamycin; AKT: Protein kinase B; HLA: Human leukocyte antigen; ALT:

Alanine aminotransferase; VEGF: Vascular endothelial growth factor; G-CSF: Granulocyte-colony stimulating factor; LI: Liver intestine; NK: Natural killer.

ing chronic infection than is subgenotype B2 following
an acute course””. Chronic infection with genotype C is
more likely to cause liver cirrhosis and HCC, as compared
with chronic infection with genotype B***\. Chronic in-
fection with genotype C (C2) is closely associated with an
increased risk of HCC in the HBV-infected subjects, es-
pecially in cirrhotic patients aged > 50 years, whereas in-
fection with genotype B (B2) has been found to be asso-
ciated with development of HCC in non-cirrhotic young

patients and relapse of HCC after surgical treatment'>",

Association of HBV mutations with HCC: Different
HBV subgenotypes have distinct patterns of mutations.
We and others have found that HBV mutations includ-
ing C1653T, T1753V, A1762T/G1764A, T1674C/G
and C1766T/T1768A in the enhancer II /basal core
promoter (EnhIl /BCP) regions; G1899A, C2002T,
A2159G, A2189C, and G2203A/T in the precore/core
gene; and T53C, preS2 start codon mutation, preS1 dele-
tion, C2964A, A2962G, C3116T, and C7A in the preS re-
gion are significantly associated with an increased risk of
HCC"™™?. Of the HCC-associated mutations, combined
rather than single mutations are significantly associated
with the risk of HCC. In the preS region, the frequencies
of combined mutations (haplotypic carriages) including
2964C-3116T-preS2 start codon wildtype-7A, 2964C-
3116T-7A-76C, and 2964A-3116T-7C-76A/T are sig-
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nificantly higher in the patients with HCC than in those
without HCC, whereas the haplotypic carriages with
single mutation and other three wild types are inversely
associated with HCC™. In the preS and Enh I /BCP re-
gions, a haplotypic carriage with 105C and 2962G is sig-
nificantly more frequent in the patients with HCC than in
those without HCC, and the frequency of 2962G-preS2
start codon wild type-105C-1762T/1764A is 47.9% in the
patients with HCC and 4.3% in those without HCCP'.
Interestingly, the HBV mutations, either in the preS or in
the core promoter region, are significantly associated with
HCC, whereas the wild-type nucleotides in these regions
are mostly associated with liver cirrhosis' ", HBV muta-
tions can be used as indicators for the prediction of end-
stage liver diseases including HCC. Although these muta-
tions and the combinations are specific for HCC to some
extent, it will be more practicable if they can predict this
malignancy in the HBV-infected subjects before the oc-
currence of HCC.

Role of viral mutations in prediction of HCC: The
majority of patients with chronic HBV infection are be-
lieved to be infected »iz perinatal transmission, especially
in HBV-endemic areas. The HCC-associated HBV mu-
tants may not transmit »zz mother-to-child transmission
because the children whose mothers carry both HBV
mutants and wild-type virus are mostly found to be in-
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fected with wild-type virus alone™. In the carly stage
of HBV infection, serum viral load is high and HBeAg
is frequently positive because immune selection is weak.
Immune selection may increase during HBeAg sero-
conversion. HBV mutations tend to be gradually gener-
ated during a chronic immunopathological course after
infection. Recent studies have shown that accumulation
of HBV mutations in the core region in children with
HCC differ from those in HBV-infected children with-
out HCC, and the frequencies of the HCC-associated
mutations do not increase with increasing age of HCC
patients, in contrast to patients without HCC"™, These
data support that the frequencies of HBV mutations
might increase to high levels during malighant transfor-
mation, no matter how old the HBV-infected subjects
are. However, HCC mostly occurs in HBV-infected sub-
jects between 45 and 65 years of age. The HBV muta-
tions mostly experience long-term processes of immune
selection. A1762T/G1764A occurs up to 10 years before
the onset of HCC and is a valuable indicator of HBV-
infected men who are more likely to develop HCC! ™,
The mutations in the BCP region accumulate sequen-
tially during the development of HCC. Some of the
mutations including the preS deletion, C1653T, T1753V
and A1762T/G1764A accumulate during the course of
HBYV infection from asymptomatic HBsAg carrier state
to cirrhosis or HCC”'. Thus, these viral mutations might
accumulate before the diagnosis of HCC and predict the
occurrence of HCC.

Possible mechanisms of viral mutation/selection: The
HCC-associated HBV mutations are probably generated
via an evolutionary process on two aspects: increased fre-
quencies of the viral mutations and directional selection
of the mutations by the host immune system. As a result
of the spontaneous error rate of viral reverse transcrip-
tase, HBV genome might exhibit higher frequencies of
mutations than other DNA viruses. This kind of HBV
mutation may be considered as a random mutation. In
addition, HBV is highly vulnerable to the editing activity
of an endogenous human cytidine deaminase activated by
proinflammatory cytokines such as tumor necrosis factor
(INE)-o via nuclear factor (NF)-kB activation, especially
in late-stage liver diseases in which up to 35% of ge-
nomes can be edited”””, The majority of the newly syn-
thesized HBY DNA genomes displayed extensive G-to-A
mutations in the presence of APOBEC3C, an important
member of cellular cytidine deaminases, contributing to
innate anti-HBV host responsesm. Some of the cytidine
deaminases play a role in the carcinogenesis of HCC
through the generation of HBVx mutants, providing
preneoplastic and neoplastic hepatocytes with a selective
clonal growth advantagem]. The cytidine-deaminase-driv-
en HBV mutations may be classified as “semi-directional
mutations”. Either random or semi-directional mutations
might be responsible for HBV mutagenesis during viral
replication and inflammatory processes. Moreover, the
direction of the mutations should be negatively selected
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by host immune responses. Reduction of CD8" T cell
epitopes in HBV is one of the common means to evade
immune clearance. HBV accumulates escape mutations
via reduction in the epitopes numbet, eventually leading
to the removal of epitopes in HBVx and surface pro-
teins"*?. The preS1 and preS2 play an essential role in
the interaction with host immune responses because they
contain several epitopes for T and/or B cells™, The preS
deletion is one of the most frequent HCC-associated
HBV mutations, even in children with HCCP>*****,

These mutations might facilitate immune escape of HBV.

Potential function of HBV mutations: Currently, the
HCC-associated HBV mutations are mainly found in
the preS and Enh Il /BCP/precore regions. Two func-
tional viral proteins coded by these regions are preS2
and truncated HBVx. HBVx protein may increase the
expression of telomerase reverse transcriptase (TERT)
and telomerase activity, prolonging the lifespan of he-
patocytes and contributing to malignant transformation.
A1762T has introduced a translation initiation site ATG
at the C-terminal of HBVx protein. HBVx mutations,
especially the C-terminal deletions, have been frequently
found in tumor tissues of HCC™. Most of the C-ter-
minally truncated HBVx proteins lose their inhibitory
effects on cell proliferation and transformation, retain
their ability to bind to p53, and attenuate DNA repair
and p53-mediated apoptosis, which may provide a se-
lective clonal advantage for preneoplastic or neoplastic
hepatocytes and contribute to hepatocarcinogenesis[46’47].
HBVx and the preS2 activators exert a tumor-promotet-
like function, resulting in positive selection of cells that
produce functional regulatory proteins™. HBV preS2
also promotes HCC development »ia activation of hu-
man TERT™. However, the role of the mutated preS2
on hepatocarcinogenesis remains unknown. HBV muta-
tions in the BCP region may alter viral replication abil-
ity. In vitro transfection of HBV mutants has indicated
that high-replication clones with 1762/1764/1766
or 1753/1762/1764/1766 mutations expressed very
low levels of HBeAg, whereas high-replication clones
with 1753/1762/1764 triple mutations expressed high
levels of HBeAg, and both 1762/1764/1766 and
1753/1762/1764/1766 mutations conferred significantly
higher viral replication and lower HBeAg expression
than 1762/1764 mutation alone””. In addition, HBV
mutations usually accompany high viral load in patients
with HCC"". These results indicate that some HBV mu-
tations might promote hepatocarcinogenesis.

Taken together, HBV mutagenesis might be aug-
mented in hepatic inflammatory microenvironment
due to induction of activated cytidine deaminases. Host
immune selection might differ in determining the dis-
tinctive outcomes of chronic HBV infection. Upon
negative and incomplete immune selection, the muta-
tions facilitate viral replication in the hepatocytes. The
escaped HBV accumulates mutations that might predict
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the occurrence of HCC and in turn play an active role in
hepatocarcinogenesis.

Inflammatory signaling pathways and hallmark
cytokines

The liver is the primary organ in which mammals me-
tabolize nutrients, environmental toxins, and drugs. The
liver also comprises enrichment of innate immune cells
(such as macrophages, natural killer, natural killer T, and
yOT cells), CDS8" cytotoxic T cells, CD4" T helper cells
(such as Th1, Th2, Th17 and Treg) and B cells, playing
an important role not only in host defenses against in-
vading microorganisms and tumor transformation, but
also in liver injury and repair®". Liver injuries caused by
HBV are traditionally considered to be immuno-medi-
ated and are mainly due to the activity of HBV-specific
T cells. Liver-infiltrating neutrophils, natural killer cells
and activated bystander lymphocytes also play important
roles in causing HBV-related liver damage. These inflam-
matory cells release cytokines and chemokines which
may favor cancer growth.

Liver immune cells: Macrophages can be divided sche-
matically into two main classes in line with the Th1/Th2
dichotomy: M1 and M2. M1 macrophages (classically ac-
tivated) originate upon encounter with interferon (IFN)-y
and microbial stimuli and are characterized by intetleukin
(I)-12 and 11.-23 production and consequent activation
of polarized type I T cell response, defending the host
from viral infections, fighting against tumors, producing
high amounts of inflaimmatory cytokines, and activat-
ing the immune response. Monocytes may differentiate
into M2 macrophages upon stimulation with IL-4, IL.-10
and I1.-13. M2 macrophages are responsible for scav-
enging debris, angiogenesis, remodeling and repair of
wounded/damaged tissues, and promote carcinogenesis
and downregulate M1 function and adoptive immunity.
Tumor-associated macrophages (TAMs) resemble M2-
polarized macrophages™. CD8" T cells recognize viral
peptides derived from phagocytosed and proteolytically
cleaved HBV proteins, activate and differentiate B cells,
and secrete IFN-y and TNF-q,, which inhibit the replica-
tion and gene expression of HBV. As discussed before,
HBYV mutations within T-cell epitopes have been docu-
mented during chronic HBV infection. These viral muta-
tions may downregulate T-cell functions, such as prolif-
eration or cytokine secretion, and completely or partially
inhibit the immune response against the original epitope.
Effective CD8" T-cell-mediated cytotoxic killing may
play a crucial role in the control of cancer development.
Although tumor-reactive CTL responses are evident in
HCC patients, tumor regression is rarely seen, implying
that tumor microenvironment inactivates antitumor ef-
fector cells, or induces immune tolerance. Macrophages

in liver (also called Kupffer cells) function as M2 and
suppress CDS8" T cells in human HCC via B7-H1/pro-

grammed death-1 interactions and favor HCC growth®™,

Depletion of TAMs in HCC enhances the therapeutic

(49

Boishidongs  WIG | www.wjgnet.com

effect of sorafenib on HCC™. Treg cells serve as critical
gatekeepers in immune homeostasis. Increased Treg cells
(CD4'CD25 'FoxP3") in HCC may impair the effector
function of CD8" T cells and promote HCC progres-
sion™!. Th17 cells elicit a highly inflammatory immune
response. The frequency of IL-177 cells is significantly
clevated in the patients with chronic liver diseases in-
cluding viral hepatitis and HCC, and the tumor-derived
Th17 cells may promote tumor growth and inflamma-
tion, and tumor-activated monocytes secrete a set of key
proinflammatory cytokines that trigger proliferation of
functional Th17 cells®™™. Th17 cells promote angiogen-
esis, tumor growth and inflammation, while Treg cells
appear to have counter-regulatory effects on Th17 cells
and can inhibit their function. Therefore, an imbalance
between Th17 and Treg cell function may be central in
some inflammation-associated malignancies, possibly
including HBV-associated HCC. The same is true for the
imbalance between Th1l and Th2 functions in the mi-
croenvironment of HBV-related HCC™. These immune
imbalances caused by chronic HBV infection contribute
to chronic inflammation, hepatic necrosis and subse-
quent regeneration, accumulated mutagenesis in hepato-
cytes and ultimately HCC. Multiple signaling pathways
are involved in this inflammation-necrosis-regeneration
process and in human HCC development. Hallmark cy-
tokines and related molecules in these pathways might
be candidate biomarkers for the prediction of the occur-
rence of HCC in the HBV-infected population.

NF-kB pathway and hallmark cytokines: NF-kB, a
collection of dimeric transcription factors including NF-
kB1 (p105 and p50), NF-kB2 (p100 and p52), RelA (p65),
RelB and c-Rel, is present in all cells in inactive form. In
non-stimulated cells, most NF-xB dimers are retained in
the cytoplasm by binding to inhibitory IkB proteins. In
response to proinflammatory stimuli, such as TNF-q, or
IL-1B, the IxB kinase (IKK) complex, composed of the
IKKo and IKK catalytic subunits and the IKKy regula-
tory subunit, is activated, resulting in IxB phosphoryla-
tion and eventual ubiquitin-mediated degradationm],
leading to the nuclear entry of freed NF-kB dimmers.
Of the two catalytic subunits, IKKf} is the most critical
for IxkB degradation, forming the core of what is known
as the classical NF-xB activation pathwaym. The classi-
cal IKKB-dependent NF-kB signaling pathway promotes
hepatocyte survival in both developing and adult livers.
NF-kB activation is often observed in human HCC, par-
ticularly following hepatitis. It plays a crucial role in liver
inflammatory responses by controlling the expression of
an array of growth factors and cytokines. One of the most
important NF-kB-dependent cytokines that is produced
by activated Kupffer cells is 11.-6. IL.-6 released by Kupffer
cells after NF-kB activation also controls HBV gene
expression and replication in hepatocytes at the level of
transcription shortly after infection™. HBVx protein also
stimulates 11.-6 expression in hepatocytes iz a MyD88-
dependent pathway[m]. Hepatocyte IKK/NF-kB promotes
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HCC development by maintaining liver inflammatory
responses[&]. The inflammatory process triggers hepato-
cyte NF-kB through upregulation of TNF-q in adjacent
endothelial and inflammatory cells. NF-xB inhibition
through anti-TNF-qo treatment or induction of IxB
super repressor in later stages of tumor development
results in apoptosis of transformed hepatocytes and
failure to progress to HCC". Serum levels of 1L.-6 and
TNF-q have been found to be significantly higher in
HBV-infected patients with liver cirrhosis and HCC than
those without or in accordance with the progress of the
discase phasesw’ﬁﬂ. In this pathway, IL-6 and TNF-q, are
hallmark cytokines whose expression might indicate the
risk of HCC in HBV-infected population.

Signal transducer and activator of transcription 3 path-
way and hallmark cytokines: Signal transducer and ac-
tivator of transcription (STAT)3 is inactive in non-stim-
ulated cells, but is rapidly activated by various cytokines
and growth factors, such as 11.-6 and epithelial growth
factor family members, as well as hepatocyte growth fac-
tor (HGF)", STAT3 activation requires phosphorylation
of a critical tyrosine residue, Tyr705, which mediates its
dimerization that is a prerequisite for nucleus entry and
DNA binding. The phosphorylation of STAT3 at Tyr705
is most commonly mediated by Janus kinases (JAKSs),
especially JAK2. C-Jun N-terminal kinase (JNK) plays a
dual role in the development of HCC. JNK promotes an
inflammatory hepatic environment that supports tumor
development, but also functions in hepatocytes to reduce
tumor development[“]. Activation of STAT3 also turns
on strong negative feedback loops involving supptessor
of cytokine signaling 3 (SOCS3). STAT3 is activated in
the majority of HCCs with poor prognosis and not in
surrounding non-tumor tissue or in normal liver. HBVx
expression 7z vitro has a significant inverse correlation
with the expression of the highly expressed members of
the let-7 miRNA family in HCC patients, while the most
highly expressed let-7 family member, let-7a, negatively
regulates cellular proliferation partly through targeting
STATS3, indicating that HBVx upregulates STAT3"".
HBVx mutant proteins express an atypical nuclear and
perinuclear localization in HCC samples, and the effect
of HBVx mutants on STAT/SOCS signaling demon-
strates a significant upregulation of STAT3 activation in
comparison to wild-type HBVx™. These data indicate
an active role of HBVx mutants in hepatocarcinogenesis
that involves dysregulation of STAT/SOCS signaling.
Hepatocyte-specific STAT3 ablation prevents HCC de-
I Other reasons like obesity-promoted HCC
development is dependent on enhanced production of
the tumor-promoting cytokines IL.-6 and TNF-q, which
cause hepatic inflammation and activation of STAT3™.
The main cause of STAT3 activation in human HCC
could simply be the elevated expression of 1L.-6 and re-
lated cytokines, such as TNF-q, IL-11 and IL-23. One
of the most critical tumor-promoting cytokines in HCC
is IL-6. High serum level of IL.-6 predicts future occur-

velopment
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rence of HCC in patients with CHB".

Wnt/B-catenin signaling pathway: A hallmark of Wnt
signaling is the stabilization of cytoplasmic [-catenin.
Wnt/B-catenin signaling regulates cytokine-induced hu-
man inducible nitric oxide synthase expression through
interaction with NF-kB, and plays an important role in
the pathophysiology of inflammation-associated carci-
. [-catenin was first identified on the basis
of its association with cadherin adhesion molecules,

nogenesis

and is widely recognized as a key molecule of the Wnt
signaling cascade. Mutations of B-catenin, specifically
stabilizing mutations in exon 3, are detected in approxi-
mately 30% of primary HCCs, raising the possibility that
activation of Wnt/B—catenin signaling contributes to
hepatocarcinogenesis[721. Aberrant activation of the Wnt
signaling pathway together with transforming growth
factor (TGF)-B has been used for gene expression
profiling-based classification of HCC™. Wnt/ [-catenin
signaling is activated relatively early during hepatocyte
regeneration, mostly through post-translational modi-
fications. Once activated, B-catenin signaling drives the
expression of target genes that are critical for cell cycle
progression and contribute to initiation of the regenera-
tion process. Wnt-1 is a survival factor for HCC cells.
The blockade of Wnt-1-mediated signaling may offer a
potential pathway-specific therapeutic strategy for the
treatment of a subgroup of HCC that over-expresses
Wnt-17, Wnt/B-catenin signaling is particularly acti-
vated by ectopic expression of Wnt-1 in HBV-infected
HCC cells. Wnt-1 is necessary but insufficient to activate
Wnt/B-catenin signaling in HCC. The enhanced stabi-
lization of B-catenin by HBVXx, in addition to Wnt-1, is
essential for the activation of Wnt/B-catenin signaling in
HCC™. However, it should be clarified if HBVx mutant
and other HBV mutants play a distinct role in activating
this pathway.

TGF-f31 pathway: The balance between death and sur-
vival is dysregulated in HCC mainly due to overactivation
of antiapoptotic pathwaysm. TGF-B signaling involves
both tumor suppression and oncogenesis. TGF-f1 is an
important regulatory suppressor factor in hepatocytes,
inhibiting proliferation and inducing cell death, however,
it may also modulate other pro-tumorigenic processes,
such as cell invasion!”. Elevated TGF-B1 may acceler-
ate hepatic fibrosis through increased TGF-1-induced
proinflammatory signaling pathways in hepatic stellate
cells”™. TGF-f activates TGF-f type I receptor (TR
[) and JNK, which differentially phosphorylate the me-
diator Smad3 to become C-terminally phosphorylated
Smad3 (pSmad3C) and linker-phosphorylated Smad3
(pSmad3L). Reversible shifting of Smad3-mediated sig-
naling between tumor suppression and oncogenesis in
HBVx-expressing hepatocytes indicates that TR I -de-
pendent pSmad3C transmits a tumor-suppressive TGF-f§
signal, while JNK-dependent pSmad3L. promotes cell
growth. HBVx shifts hepatocytic TGF-3 signaling from
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the tumor-suppressive pSmad3C pathway to the onco-
genic pSmad3L. pathway in early carcinogenesism. He-
patocytic pSmad3L. and pSmad3C assessment in HBV-
infected liver specimens should prove clinically useful
for predicting risk of HCC.

Other inflammatory pathways: Apart from above de-
scribed pathways, raf protein kinases (RAF)/mitogen-
activated protein kinase (MEK)/extracellular-signal-
regulated kinase (ERK) pathway, phosphatidylinositol-3
kinase (PI3K)/protein kinase B (AKT)/mammalian tar-
get of rapamycin (mTOR) pathway, insulin-like growth
factor pathway, HGF/c-Met pathway, the p53 pathway,
and growth factor-regulated angiogenic signaling are im-
plicated in hepatocarcinogenesism. These pathways are
of interest for a therapeutic perspective, because target-
ing them may help to reverse, delay or prevent hepato-
carcinogenesis[sm. For example, the antitumor effect of
sorafenib on HCC can be improved by vertical blockade
of RAF/MEK/ERK signaling with CI-1040"*"".

Genetic susceptibility of inflammatory factors

The imbalances in inflammation reactions play an im-
portant role in HBV-induced hepatocarcinogenesis,
therefore, it is necessary to clarify the role of key inflam-
matory molecule germline mutations, which influence
the expression and function of those molecules, on the
susceptibility of HCC. Human leukocyte antigen-DR13
polymorphism has been shown to be strongly associ-
ated with the clearance of HBV®™. A study in Japan has
evaluated the association of genetic polymorphism in the
cytokines TNF-q, IFN-y, TGF-B1, IL-6 and IL-10 with
the risk of HCC in HBV-infected subjects and has found
that the risk of HCC was significantly lower in HBV car-
riers with C/C genotype than in those with T/C or T/T
genotype in position +29 of the TGF1 gene, but was
not associated with genetic polymorphism of other mol-
ecules®™. Tt has been demonstrated that in the presence
of the IL-1 receptor antagonist *2 allele, the IL-1-31
polymorphism T/C and T/T genotypes in Taiwan are
significantly associated with HBV-related HCC, with
adjusted odds ratios (ORs) of 2.93 (95% CI: 1.07-8.07)
and 5.76 (95% CI: 1.79-18.53), respectively™. A study
in Kotea has documented that the -148C, +8925G, and
+13925C alleles of the IL.-78 gene are associated with
HBV-related HCC and the 148G > C single nucleotide
polymorphism is functionally important in determining
disease outcome'™. T1.-12 polymorphisms have been re-
cently associated with HBV-related HCC in the Chinese
population[gﬂ. A recent genome-wide association study
(GWAS) in Mainland China has shown that the 1p36.22
locus confers susceptibility to HBV-related HCC, and
suggests that KIF1B-, UBE4B- or PGD-related path-
ways might be involved in the pathogenesis of this ma-
lignancy[gﬂ. Our recent data have demonstrated that NI'-
xB7 gene promoter NFKB1-94ATTG2 allelic carriage
and IxBa gene promoter NFKBIA-826T and NFKBIA-
881AG allelic carriage, which are related to upregulation
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of NF-xB function, are significantly associated with an
increased risk of HCC in patients infected with geno-
type C HBV, while the estimated haplotype frequency of
NFKBIA promoter -881G-826T-519C is significantly
higher in patients with HCC than in HBV-infected sub-
jects without HCC™, Problems in current studies on
genetic susceptibility of HBV-associated HCC are: (1)
GWAS with enough samples has limited coverage, result-
ing in loss of data; (2) individual case-control studies lack
sufficient samples and strict controls; and (3) significant
polymorphisms found by GWAS and individual case-
control studies have few loci in common. Nevertheless,
the contribution of genetic polymorphisms to the occur-
rence of HCC may be limited because of low ORs ob-
tained both in current GWAS and in case-control studies.

Other parameters

Family history is one of the major risk factors for HCC™,
First-degree relatives of patients with HCC are associ-
ated with an increased risk of HBV-related HCC in
Taiwan and with HCC in United States independently
of HBV and HCV infection. In HBV-endemic regions,
family clustering of HCC is, to some extent, related to
family clustering of HBV infection zia perinatal trans-
mission. Apart from HBV and HCV infection, exposure
to aflatoxin B1, alcoholic abuse, and diabetes are well-
established risk factors for HCC. Regular consumption
of coffee or green tea is significantly associated with a
decreased risk of HCC in subjects with or without HBV
and/or HCV infection”™””. Old age, male sex and poor
socioeconomic status are also related to the occurrence
of HCC in the HBV-infected subjects.

Poor liver function, as indicated by low serum level
of albumin and high level of bilirubin, favor HBV-
induced hepatocarcinogenesis. Persistent or intermit-
tent increase in serum alanine aminotransferase (ALT)
level reflects persistent liver damage. CHB patients with
ALT levels 0.5-1 times the upper limit of normal (ULN)
and 1-2 X ULN have an increased risk for the develop-
ment of complications compared with patients with
ALT levels < 0.5 x ULN (P < 0.0001 for both)™. In
HBeAg-negative subjects, high viral load is frequently
associated with abnormal ALT level, while ALT abnot-
mality is more frequent in those with liver cirrhosis than
those without (19.5% vs 7.8%, P = 0.001)*". Abnormal
ALT level (> 45 U/L) has been frequently shown to be
an independent risk factor for HCC in HBV-infected
subjectsm’zg’m. Liver cirrhosis is a well-established im-
portant risk factor of HCC"™. Older age, higher total
bilirubin, ALT, and HBV DNA levels, and HBV preS
deletion, A1846T and/or T1768A mutations are major
independent determinantﬂs7 gfz 8ISSr]ogression to cirrhosis in

HBeAg-negative patients .

Clinical scoring system for prediction of HCC
occurrence

A research group in Hong Kong prospectively evaluated
1005 HBV carriers and found that age, albumin, biliru-
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bin, HBV DNA, and cirrhosis independently predicted
the development of HCC. They used these variables to
construct a prediction score ranging from 0 to 44.5 and
then validated the score in a different cohort of 424
HBV carriers. In the training cohort, they found cutoff
values of 5 and 20 best discriminated HCC risk. In the
validation cohort, the 5-year HCC-free survival rates
were 98.3%, 90.5% and 78.9% in the low-, medium- and
high-risk groups, respectively. HR for HCC in the medi-
um- and high-risk groups was 12.8 and 14.6, respectively.
This simple prediction score constructed from routine
clinical and laboratory parameters is accurate in predict-
ing HCC development in HBV carriers™. To set up a
scoring system for the prediction of HCC from CHB
patients, 820 CHB patients have been followed up for a
mean duration of 76.8 mo in a prospective study. It has
been found that male [relative risk (RR) = 2.98], increas-
ing age (RR = 1.07), higher HBV DNA levels (RR = 1.28),
core promoter mutations (RR = 3.66), and presence of
cirthosis (RR = 7.31) are independent risks for the de-
velopment of HCC. A risk score is derived and validated
with sensitivity > 84% and specificity > 76% to predict
the 5- and 10-year risks for the development of HCC™
The two scoring systems can accurately predict HBV
carriers and CHB patients who will more likely develop
HCC in the near future, and have important implications
for treatment allocation and strategic screening for HCC
in CHB patients and HBV carriers.

ROLE OF VIRAL AND INFLAMMATORY
FACTORS IN PREDICTING PROGNOSIS
OF HBV-ASSOCIATED HCC

Viral load

In a study carried out in Japan, a total of 74 patients
with HBV-associated HCC who had received either con-
ventional treatment or not were followed up for survival
analysis. In multivariate regression analysis, it has been
found that serum level of HBV DNA and tumor size
at diagnosis are independent and significant prognos-
tic factors (P = 0.0022 and P = 0.0100, respectively),
and a low level of viremia is associated with longer
survival (P = 0.0057), even in patients seronegative for
HBeAg[()S]. In another study, a total of 62 HBV-related
HCC patients who had achieved complete necrosis with
transarterial chemolipiodolization were followed up for
analysis of recurrence. Multivariate analysis has estab-
lished that high viral load (> 10° copies/mL) at complete
necrosis is among the most important risk factors for
post-treatment recurrence”’. Seventy-two patients who
underwent liver resection for HBV-related HCC were
followed up. By multivariate analysis, high viral load (>
10" copies/mL) (OR = 22.3, P = 0.001), a-fetoprotein >
1 mg/mL (OR = 7.4, P = 0.02), tumor size > 5 cm (OR
= 5.1, P = 0.02), and age > 60 years (OR = 4, P = 0.01)
at the time of tumor resection are independently asso-
ciated with HCC recurrence after resection. Of those,
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high viral load (> 10" copies/mL) is the most important
correctable risk factor""”. In a Taiwan study, HBV DNA
>3 x 10 copies/g in the non-cancerous liver tissues
of patients with HCC was found to be independently
associated with shorter overall survival'”"!. Lamivudine
therapy is beneficial for patients after initial treatment
for HBV-related HCC because it contributes to improv-
ing remnant liver function, decreasing the risk of liver
failure, and increasing the chances of receiving available
treatment modalities for recurrent HCC"". Treatment
of the HBV-infected HCC patients with IFN-q after cu-
rative resection efficiently prevents early recurrence and
improves overall survival’”. These data indicate that
high viral load is the most reliable factor in predicting
poor prognosis of the patients with HBV-related HCC,
therefore, antiviral treatment after surgical resection is
highly recommended.

HBYV genotype and viral mutations

A Taiwan study enrolled 64 patients who underwent liver
resection for HBV-related HCC. During a mean follow-
up of 26.6 = 13.2 mo, patients with genotype C had
worse disease-free survival rate (P = 0.028) than those
with genotype B. By univariate analysis, genotype C, ALT
> 50 U/L, tumor size = 5 cm, and microvascular inva-
sion were associated with tumor recurrence. Multivariate
analysis indicated that genotype C was a risk factor inde-
pendently associated with poor prognosis (P = 0.034)"",
Recently, the core gene of HBV isolated from HCC tis-
sues has been found to have fewer mutations compared
with those isolated from adjacent non-tumor tissues from
the same patients (P < 0.05)", implying that active im-
mune selection of viral mutation most likely happens
in the peritumoral liver tissues. In a study carried out in
Taiwan, the association of virological characteristics with
the prognosis of the patients was investigated by using
the non-cancerous part of surgically removed HBV-asso-
ciated HCC tissues from 185 patients. All virological and
clinicopathological factors were subjected to Cox pro-
portional hazard model analysis to estimate postoperative
survival. After adjusting for other confounding factors,
multivariate analysis revealed that age older than 50 years,
bilitubin > 1.4 mg/dL, and A1762T/G1764A mutation
were independently associated with shorter overall sur-
vival. Kaplan-Meier survival analysis indicated that in-
frame, short stretch (< 100 bp) preS deletions, but not
large fragment (> 100 bp) preS deletions, were signifi-
cantly associated with poorer disease-free (P = 0.005) and
overall (P = 0.020) survival. A hot deletion region located
between codons 107 and 141 of the preS sequence was
identified for the short stretch preS deletion mutants™",
The result of viral load in the inflammatory liver tissues
seems to be consistent with that of serum viral load. It
remains unknown if the mutations of HBV in the tissues
are consistent with those in the sera.

Inflammatory cells and molecules
Inflammatory cells: Immune cells infiltrated into HCC
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tissues and adjacent non-cancerous tissues have vatious
roles in conducting inflammatory responses. NK and T
cells are present in tumors of HCC patients with longer
survival, and exclusively in areas devoid of proliferat-
ing tumor cells. NK and CDS8" T cell densities are cot-
related positively with tumor apoptosis, and negatively
with tumor proliferation“%]. On the other hand, higher
density of intratumoral Treg cells and lower density of
intratumoral CD8" T cells are independently associated
with poor prognosis of HCC. In addition, high Treg cell
density is associated with both absence of tumor en-
capsulation and presence of tumor vascular invasion"".
Intratumoral balance of regulatory and cytotoxic T cells
is a promising independent predictor for recurrence and
survival in the HBV-infected patients with HCC.

Th1/Th2-like cytokines: Peritumoral hepatic tissues of
patients with HCC have been used for investigating the
association of inflaimmatory cytokines with prognosis in
Mainland China. Higher levels of 1L-2 and IL-15 in peri-
tumoral liver tissues, but not in tumor tissues, are signifi-
cantly associated with decreased incidence of recurrence
of intrahepatic tumor and prolonged overall survival,
whereas peritumoral expression of granulocyte-colony
stimulating factor, a Th2-like cytokine, is significantly as-
sociated with poor prognosis[mg’m. This reflects that the
imbalance of Th1/Th2-like cytokines affects inflamma-
tion status, which later determines the malignant pheno-
type of HCC. Peritumoral levels of Th1/Th2-like cyto-
kines are useful for stratifying patients, even those with
carly-stage HCC, into subgroups with different progno-
ses after curative resection. Treatment with Th1 cytokine
IFN-a benefits HBV-related HCC patients after curative
resection'""”, possibly viz correcting the imbalances.

Other inflammatory molecules: Up-regulation of Wnt-1
protein has been reported in HBV-related HCC tissues.
High Wnt-1 expression in HBV-related HCC tissues cor-
relates with enhanced nuclear B-catenin accumulation,
diminished membranous E-cadherin expression, and
increased HCC recurrence after curative resection ",
Liver-intestine cadherin (LI-cadherin; CDH-17) is a
new member of the cadherin superfamily with distinct
structural and functional features. Overexpression of LI-
cadherin is well correlated with microvascular invasion in
HBV-positive HCC tissues and strongly associated with
shorter overall survival as well as higher incidence of
tumor recurrence' . Thus, LI-cadherin should be a can-
didate target for HCC intervention. ErbB-2 is strongly
upregulated in HBV-infected liver and correlated with
HBVx expression. ErbB-2 contributes to the stabiliza-
tion of B-catenin. Strong ErbB-2 staining in liver tissues
of patients with HCC is associated with dysplasia and a
shorter survival after tumor diagnosis'”. Cyclooxygen-
ase-2 is a proinflammatory factor whose expression in
non-cancerous liver tissue increases the postoperative
recurrence of HCC in patients with HBV-related cit-
thosis'""”. These inflammatory molecules may serve as
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prognostic markers and/or candidate therapeutic targets
of HBV-related HCC after surgical treatment.

Signaling-associated miRNAs: miRNAs are a class
of small non-coding RNAs that modulate gene function
at the post-transcriptional level and act as fine tuners of
various processes including cell signaling and apoptosis.
miRNAs are associated with different types and stages
of cancer, and are involved in liver diseases caused by
various factors, including HBV"'". Some miRNAs are
specifically found in HCC tumors and sera of patients.
Serum miRNAs including miR-25, miR-375 and let-7f
have been recently identified as biomarkers and cleatly
separate HCC cases from controls, and miR-375 and
miR-92a have been identified as HBV—speciﬁcmS]. miR-
199a/b-3p exhibits its biological activity vz inhibiting the
Raf/MEK/ERK pathway, and is the most consistently
decreased miRNA in HCC. Low miR-199-3p expres-
sion correlates with poor survival of HCC patientsmﬁ].
Current problems of developing miRNAs as diagnostic
and prognostic markers are their stability in sera and
selection of internal controls. It will be a great challenge
to search for miRINA markers, especially for those that
target some existing inflammatory signaling pathways
involved in the recurrence and metastasis of HBV-asso-

ciated HCC.

Clinical scoring systems for prediction of HCC
prognosis

Clinical scoring systems have been developed not only for
the prediction of HCC occurrence, but also for its prog-
nosis. Nathan ¢z a/'"" have prospectively evaluated survival
of HCC patients with small tumors, and have found that
tumor size > 2 cm (HR = 1.51), multifocal tumors (HR
= 1.51), and vascular invasion (HR = 1.44) remained
independent predictors of poor survival (all P < 0.05)
after adjusting for demographic factors and histological
grade. Based on these findings, they developed a prog-
nostic scoring system by allotting 1 point each for these
factors. Patients with early HCC could be stratified into
three distinct prognostic groups (median and 5-year sur-
vival, respectively): 0 point (70 mo, 55%), 1 point (52 mo,
42%), and = 2 points (24 mo, 29%) (P < 0.001). How-
ever, this scoring system has not been validated using
an independent cohort. Hsu ez al"™ have prospectively
investigated the prognostic ability of the five currently
used staging systems with 1713 enrolled HCC patients,
and have concluded that the CLIP staging system is the
best long-term prognostic model for HCC in a cohort
of patients with early to advanced stage HCC. Current
scoring systems for the prediction of HCC prognosis
lack useful viral and inflammatory markers like serum
HBYV load and expression of inflammatory molecules
in tumors and/or non-cancerous liver tissues. Inclusion
of viral and inflammatory factors that are closely related
to malignant phenotype and poor prognosis will make
current scoring systems more accurate in predicting the
prognosis of HBV-related HCC after surgical resection.
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In summary, continuing inflammation caused by
chronic HBV infection is not only involved in hepato-
carcinogenesis, but also plays critical roles in the recur-
rence and metastasis of HCC after surgical treatment.
Viral load, genotype/subgenotype, and a subset of viral
mutations are major viral factors that may predict the oc-
currence of HCC. Inflammatory microenvironment may
increase the frequency of viral mutation »ia induction
of cellular cytidine deaminases, whereas HBV mutations
selected by inflammation reaction might in turn promote
hepatocarcinogenesis. Imbalance either between peritu-
moral Thl and Th2 cytokines or between intratumoral
CD8+ T cells and Treg cells contributes, at least partially,
to inflammation-necrosis-regeneration response, ulti-
mately HCC. Inflammatory pathways including NF-xB,
STAT3, Wnt/B-catenin, and TGF-B1 signaling pathways
contribute to the development of HCC, and their hall-
mark molecules including IL-6, TNF-or and Wnt-1 can
predict the occurrence or recurrence of this malignancy.
HBYV load, viral mutations and imbalance between infil-
trating immune cells or between Th1 and Th2 cytokines
can predict the prognosis of HBV-related HCC. These
factors are of significance for developing active preven-
tion and surveillance of the HBV-infected subjects who
are more likely to develop HCC, or tailoring suitable
treatment options for HBV-related HCC patients to im-
prove the survival or postpone recurrence after surgical
resection.
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