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Abstract

Occult hepatitis B virus (HBV) infection (OBI) is a chal-
lenging pathobiological and clinical issue that has been
widely debated for several decades. By definition, OBI
is characterized by the persistence of HBV DNA in the
liver tissue (and in some cases also in the serum) in
the absence of circulating HBV surface antigen (HBsAQ).
Many epidemiological and molecular studies have indi-
cated that OBI is an important risk factor for hepatocel-
lular carcinoma (HCC) development. OBI may exert di-
rect pro-oncogenic effects through the activation of the
same oncogenic mechanisms that are activated in the
course of an HBsAg-positive infection. Indeed, in OBI
as in HBV-positive infection, HBV DNA can persist in
the hepatocytes both integrated into the host genome
as well as free episome, and may maintain the capac-
ity to produce proteins-mainly X protein and truncated
preS-S protein - provided with potential transforming
properties. Furthermore, OBI may indirectly favor HCC
development. It has been shown that the persistence
of very low viral replicative activity during OBI may in-
duce mild liver necro-inflammation continuing for life,
and substantial clinical evidence indicates that OBI can
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accelerate the progression of liver disease towards cir-
rhosis that is considered the most important risk factor
for HCC development.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Accumulating evidence indicates that occult
hepatitis B virus (HBV) infection (OBI) is an important
risk factor for hepatocellular carcinoma (HCC) develop-
ment both in hepatitis C virus (HCV)-infected and HCV-
negative patients with chronic liver disease. Data form
humans and animal models have shown that OBI may
contribute to hepatocellular transformation through
the same direct and indirect mechanisms that subtend
HCC development in overt HBV infection. In this re-
view, we aimed at revising the current epidemiological,
clinical and molecular data linking OBI to HCC develop-
ment.
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INTRODUCTION

Around 2 billion people in the world show evidence of
past or present infection with hepatitis B virus (HBV).
Despite the availability of a very efficacious and safe
vaccine, HBV infection is still a major public health
problem, with an estimate of about 400 million chronic
HBV carriers, many of whom suffering from severe and

progressive forms of liver disease and being at high risk
of hepatocellular carcinoma (HCC) development“’zl.
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HCC is the fifth most prevalent cancer and the third
leading cause of tumor-related deaths worldwide, and
recent epidemiological data have shown that its incidence
is continuously increasing wotldwide™. HBV is a major
etiological agent of HCC, and chronic HBV infection is
estimated to be the cause of about 55%-60% of all HCC
in the world. Strong epidemiological evidence has dem-
onstrated the causative role for HBV in liver carcinogen-
esis: geographic areas of high HBV endemicity are also
those with the highest incidence rates for liver cancer, the
risk of developing HCC is up to 100-fold greater among
HBYV carriers compared with uninfected subjects, pro-
grams of universal infant vaccination have been shown
to be effective in reducing the incidence rate of HCC in
young children™"". All these demonstrations together
with the evidence provided by molecular studies have led
to HBV being categorized, along with tobacco smoking,
in “group 1”7 human carcinogens, classifying it among the
most potent environmental carcinogens[m.

Several extensive studies evaluating viral and host
factors associated with an increased risk of HCC devel-
opment have identified high serum HBV DNA levels
and the most severe forms of chronic liver damage (i.e.,
cirrhosis) as major factors implicated in the process of
hepatic tumorigenesismm]. However, important evidence
indicates that the risk of HCC development may remain
clevated also in individuals who-despite the persistence
of viral genomes in the liver-are negative for circulating
HBYV surface antigen (HBsAg) and show absence or very
low levels of serum viral DNA (Table 1)[15,16]‘ This pecu-
liar condition is termed occult HBV infection (OBI). In
fact, according to the statements produced at the inter-
national expert meeting held in Taormina (Italy) in 2008,
the current consensus definition of OBI is “presence of
HBV DNA in the liver (with detectable or undetectable
HBV DNA in the serum) of individuals testing hepatitis
B surface antigen (HBsAg) negative by currently available
assays”"”.

Recognized since the 1970s"™" OBI started to be
extensively studied only since the end of the 90s, when a
landmark study was published providing new important
insight into both its virological aspects and its potential
clinical impactm]. Since then, much evidence has been ac-
cumulated showing that OBI may have several important
P22 n particular,
OBI may have relevance in immunocompromised pa-
tients (because of the risk of HBV reactivation with con-
sequent (re)development of HBV-related liver disease), in
liver transplanted patients when the donor is OBI posi-
tive (because the recipient may develop typical hepatitis
B if correct pre-emptive therapy is not performed), and
in the field of transfusion medicine (because the residual
risk of HBV transmission by blood transfusion may
be related to the presence of OBI in the donor) 3,
Morteover, OBI has been suggested to favor the develop-

pathological and clinical implications

ment of cirrhosis and a large body of evidence indicates
that the pro-oncogenic activities of the HBsAg positive
(namely, overt) HBV infection are maintained also in
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cases with OBI"*""" The focus of this review is an
analysis of the epidemiology and molecular data that pro-
vide evidence for the association between occult HBV
infection and HCC.

VIROLOGY OF THE OCCULT HBV

INFECTION

HBYV is the prototypic member of the Hepadnaviridae, a
family of hepatotropic DNA viruses infecting selected
mammalian (orthohepadnaviruses) and avian (avihepad-
naviruses) hosts, and sharing similar genomic organiza-
tion, organ tropisms, and a peculiar replication cycle. The
HBV genome consists of a partially double-stranded
relaxed circular DNA (r¢cDNA) of approximately 3200
nucleotides containing four partially overlapping open-
reading frames (ORFs): the pre-S/S, pre-C/C, P, and X
ORF[36,37J.

HBYV transcription is under the control of the follow-
ing regulatory regions: enhancer II /basal core promoter,
pre-S1 promotet, pre-S2/S promotet, and enhancer I/X
promoter, respectively. The viral translational products
include the three viral surface proteins (large, middle, and
small, the latter corresponding to HBsAg), the core anti-
gen (HBcAg), the soluble “e” antigen (HBeAg), the viral
polymerase (that act as reverse transcriptase, DNA poly-
merase, RNase H, and terminal protein for priming), and
the X protein that is essential for virus replication and
capable of transactivating the expression of numerous
cellular and viral genesm]. The life cycle of HBV can be
schematically summarized as follows: (1) a noncell-type
specific primary attachment followed by an irreversible
binding of the virus to an unidentified hepatocyte-spe-
cific receptor; (2) release of the core nucleocapsid con-
taining the rcDNA into the cytoplasm and its transport
along microtubules to the nuclear membrane; (3) release
of rcDNA into the nucleoplasm, where it is “repaired”
and converted into a covalently closed circular DNA
(cccDNA), which after being associated with histone and
non-histone proteins is organized into a chromatin-like
structure as a viral minichromosome; (4) transcription of
cccDNA by the host RNA polymerase II into genomic
and subgenomic viral mRNAs; (5) nuclear export and
translation in the cytoplasm of HBV transcripts into the
viral envelope, core, “e”, polymerase, and X proteins; (0)
selective packaging of the pregenomic RNA (pgRNA)
into progeny capsids where it is reverse transcribed by the
co-packaged P protein into new tcDNA genomes; and (7)
assembly of replicating core with viral surface proteins in
the endoplasmic reticulum and subsequent release of ma-
ture virions or alternatively recycling of progeny nucleo-
capsids into the nucleus to replenish the cccDNA poolm.

The stability of viral cccDNA minichromosomes
along with the long half-life of hepatocytes ensure that
HBYV infection, once established, may continue indefi-
nitely over time!""*, and possibly also in cases that expe-
rienced HBsAg seroconversion. Indeed, the molecular
basis of occult HBV infection is related to the long-
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Table 1 Selection of studies reporting the association

between occult hepatitis B virus infection and hepatocellular
carcinoma

Ref. Geographic area Aetiology
Shafritz et al'®! South Africa Unknown
Brechot et al"! France Unknown
Paterlini et al’™  South Africa, Italy, France Unknown
and Japan
Sheu et al"*” Taiwan HCV/cryptogenic
Paterlini et al™ France HCV/cryptogenic
Yu et al™ United States HCV/cryptogenic
Koike et al™ Japan HCV
Kubo et al™ Japan HCV
Huo et al™ Taiwan HCV/cryptogenic
Pollicino et al™ Italy HCV/cryptogenic
Yotsuyanagi et al” Japan Alcoholic
Donato et al”®! Italy HCV/alcoholic
Squadrito et al™™ Italy HCV
Ikeda et al"* Japan HCV
Miura et al™” Japan HCV
Obika et al"* Japan HCV
Shetty et al” United States HCV
Matsuoka et al"® Japan HCV
Kew et al™ South Africa Unknown
Ikeda et al"™" Japan Alcoholic/ cryptogenic
Chen et al™ Taiwan Cryptogenic
Tamori et al™ Japan HCV
Wong et al™ China Cryptogenic
Kondo et al™! Japan Cryptogenic
Pollicino et al™™ Italy Haemochromatosis
Squadrito et al™ Ttaly HCV

Shi et al®™ Meta-analysis

HCV: Hepatitis C virus.

lasting persistence of HBV cccDNA as a stable chro-
matinized free episome in the nucleus of the infected
hepatocytesm’“’m. OBI is considered a phase of the
HBV natural history*", but the mechanisms leading to
its occurrence remain relatively poorly understood. Nev-
ertheless, some recent studies have provided new impoz-
tant information, thus clarifying several aspects of this
intriguing feature of the HBV infection.

OBI is significantly associated with the presence of
anti-HBV antibodies (namely, anti-HBc and anti-HBs
antibodies) directed against the viral core antigen and
HBsAg, respectively. However, more than 20% of occult-
infected individuals are negative for all HBV serum
markers. Thus, it is possible to distinguish seropositive
(anti-HBc and/or anti-HBs positive) and seronegative
OBI (anti-HBc and anti-HBs negative individuals) (Figure
D In seropositive OBI, HBsAg seroclearance may
have occurred either soon after the resolution of acute
hepatitis or after years or decades of overt chronic HBV
infection, whereas the seronegative OBI cases might have
either progressively lost all HBV serum markers or might
have been HBV-negative since the beginning of the in-
fection, similarly to what has been described in the wood-
chuck animal model when infected with the hepadnavirus
“woodchuck hepatitis virus” (WHWV)™. OB, therefore,
may take shape with different possible virological and im-
munological profiles.
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The absence of detectable HBsAg despite the pres-
ence of episomal free HBV genomes at intrahepatic level
can be due in a small number of cases to HBV genomic
variability. HBV mutants linked to occult infection in-
clude (1) those producing antigenically modified HBsAg
that is not recognized by commercially available detection
assays; (2) those showing defective replication activity
because of mutations in the Pol gene (possibly selected
under the pressure of antiviral therapy); and (3) those
showing an impaired synthesis of S proteins because of
mutations in the S promoter genomic regions[21’33]. Strong
evidence from numerous studies indicates that in most
cases “occult” HBV genomes ate replication-competent
and that their genetic heterogeneity is comparable with
those of HBV isolates from individuals with “overt”
(HBsAg-positive) HBV infection*’. Therefore, it is gen-
erally accepted that OBI status is largely due to a strong
suppression of HBV replication and gene expression' ™.

Various mechanisms could be involved in the induc-
tion and maintenance of HBV suppression, and the host
immune response together with epigenetic factors appear
to play a major role””.

Since the 1970s, numerous clinical studies have clearly
demonstrated that all the conditions inducing immuno-
suppression, such as hematologic malignancies, chemo-
or immunotherapies and so on, can cause the reactivation
of OBI with the reappearance of the typical serological
profile of overt active HBV infection" ", Though indi-
rect, this is quite overwhelming proof of the role played
by host immune surveillance in OBI development. The
involvement of the immune system is also confirmed by
the data showing that a long-lasting memory T cell re-
sponse against HBV antigens is still present several years
after recovery from acute hepatitis B. It is, indeed, pos-
sible that during the occult infection HBV may maintain
the capacity to synthesize minute amounts of antigens,
which are not revealed by available technical approaches
but that are sufficient enough to elicit an HBV-specific T
cell response!™™, Indeed, in addition to HBV cccDNA

931 " all viral mRNAs may be detected and
[50,52]

molecules
quantified in the liver of occult infected individuals

Various studies have provided evidence indicating
the presence of potent, and multispecific HBV-specific
T cell responses in individuals with OBIP*™. In particu-
lar, one study demonstrated that OBI patients with and
without anti-HBc antibodies show a different profile of
HBV-specific T cell responses. Although in seronega-
tive OBI patients circulating HBV-specific T cells could
be detected at frequencies comparable with seropositive
OBI subjects, i vitro expansion and IFN-y production
by HBV-specific T cells was much weaker than in OBI-
seropositive individuals™. On the basis of the evidence
obtained in the woodchuck animal model, it was hypoth-
esized that such differences in seropositive and serone-
gative OBIs might reflect different modalities of HBV
transmission. Indeed, in woodchucks, exposure to low
WHY doses (containing less than 10’ virions) may lead to
a persistent infection in the absence of viral serum mark-
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Figure 1 Schematic representation of hepatitis B virus profiles in occult hepatitis B virus infection. HBV: Hepatitis B virus.

ers. Of interest, this so-called woodchuck “primary” oc-
cult infection does not confer protective immunity, thus
indicating that only infection with a higher dose of in-
oculum can elicit an efficient memory T cell response””.
Recent evidence has shown that epigenetic mecha-
nisms may play an important role in the regulation of
HBYV replication and transcriptionw. In fact, a number
of studies have uncovered the importance of viral chro-
matin dynamic changes (in histone composition and
modification) in the regulation of virus replication and
gene expression, particularly during the different stages
of productive or latent infection and reactivation from
latency, highlighting the possibility that epigenetic con-
trol may play a role in the outcome of infections™. As a
note, the transcriptional activity of DNA viruses such as
Epstein-Barr virus and herpes viruses appears to be un-
der strict epigenetic control during the latency status®™".
HBV cccDNA molecules are harbored in the nucleus
of infected hepatocytes as stable minichromosomes
packaged into nucleosomal arrays by histone and non-
histone proteins, and similarly to host cell chromatin
are subjected to the same enzymatic activities involved
in chromatin remodelling, Iz vivo and in vitro data have
provided evidence showing that HBV replication is regu-
lated by the acetylation status of viral cccDNA-bound
H3/H4 histones. Interestingly, recruitment of histone
deacetylases onto the cccDNA was correlated with low
HBV replication 7# vitro and with low viremia in vivd”™
Consistent with this finding, class 1 and class Il histone
deacetylase inhibitors trichostatin, valproate, and nico-
tinamide induced an evident increase of both cccDNA-
bound acetylated H4 and HBV replication™. Tt is worth
mentioning that valproate, which is used clinically as
an anticonvulsant and in the treatment of bipolar syn-
dromes, has been shown to reactivate HBV in infected
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patientsl()o’mj. In addition to the posttranslational modi-

fications of histones, methylation of CpG-rich regions
(CpG islands) in the HBV DNA appear to significantly
contribute to the regulation of HBV replication and gene

. [33,40,62,63]
expression .

OCCULT HBV AND HCC CLINICAL
EVIDENCE

Most findings implicate OBI as an important risk fac-
tor accelerating the progression of liver disease and the
development of cirrhosis and HCC. A large number of
studies conducted since the eatly 1980s have demonstrat-
ed a high rate of HBV infection persistence in HBsAg
negative patients with HCC, many of whom were also
negative for all HBV serum markers (Table 1),
Despite this body of evidence, however, whether occult
HBV could directly induce or contribute to liver dam-
age remains still a major and largely debated topic. The
pathobiological significance of HBV-DNA persistence
as OBI likely resides in the maintenance of chronic HBV
infection through a very low replication rate, and there
is evidence indicating that the strongly reduced replica-
tion activity could be accompanied by histological signs
of mild hepatic inflammation”™*. In particular, available
data show that the persistence of OBI for up to several
decades after the resolution of an HBV-related acute
hepatitis in individuals who did not show any clinical or
biochemical evidence of liver disease can be associated
with histological patterns of a mild necroinflammation
in the liver””™. These observations are in accordance
with studies on the woodchuck animal model showing
that woodchucks convalescing from acute WHYV hepatitis
show persistence over time of minute amounts of repli-
cating virus associated with mild hepatic necroinflamma-
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tion continuing for life!>>,

With the discovery of hepatitis C virus (HCV) and
the development of sensitive molecular approaches for
HCV and HBV detection since the 1990s, it was possible
to unveil a hidden virologic scenario: a high propot-
tion of anti-HCV positive infections were also HBsAg-
negative HBV DNA-positive. In particular, occult HBV
has been detected in about one-third of HBsAg-negative
HCYV infected individuals in the Mediterranean Basin and
in more than 50% in Far East Asian countries™™". Of
interest, some studies from the United States on patients
of Caucasian origin undergoing liver transplantation for
HCV-related cirrhosis showed that 50% of these subjects
were OBI—positiveml. Furthermore, in the last twenty
years, epidemiological studies from different geographic
areas have shown that OBI is associated with the most
severe forms of liver disease in HCV-infected patients,
thus suggesting that occult HBV might favor or acceler-
ate the progression of HCV-related chronic liver disease
(CLD)™ ., In this respect, interestingly, some reports
have shown an association between phases of increased
levels of ALT and reappearance of detectable amounts
of HBV DNA in the sera of patients with chronic
hepatitis C (CHC) and combined OBI, indicating an ac-
tive role of transient reactivation of HBV replication in
liver cell damagem’gﬂ. These data led to formulate the
hypothesis that OBI per se is innocuous, but when other
causative agents of liver injury coexist (.e., HCV infec-
tion, alcohol abuse, ez.), the minimal lesions produced by
the presence of the occult virus might contribute in mak-
ing worse the course of the liver disease over time*"¥,
Consistent with this, several studies-mostly from Europe
and Asia-have found a higher prevalence of OBI in pa-
tients with HCV-associated HCC when compared with
HCV infected patients that had not developed HCC. In
most of these studies, the prevalence of OBI in HCV
patients with HCC was as high as 60%-70%, confirm-
ing that OBI represents an important risk factor for
HCC development in CHC patients and supporting the
hypothesis of a synergistic interaction between OBI and
HCYV in promoting HCC*"**% Of note, data from
a very recent study have shown that OBI may also lead
patients with HCV-associated HCC to have shorter dis-
ease-free as well as shorter overall postoperative survival
compared with OBI-negative HCV infected patientsm
Among non-HCV infected patients, a large proportion
of subjects with alcohol-related HCC were found to be
OBI positiveps], and it is plausible to hypothesize that the
hepatocarcinogenic risk increases synergistically also in
these patients, just as alcohol is proven to interact with
overt HBV infection in causing liver damage in CHB
patients[ssl. However, although a recent meta-analysis
confirmed that OBI increases the risk of HCC develop-
ment in both HCV and non-HCV infected patients’™,
other studies performed in North America did not find

o 87 . . .
such an association®”. Moreovet, a wide variation in the
prevalence of OBI has been found in the different case

series studied up to date™"* These discrepancies ap-
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pear to be mostly dependent on the lack of methodologi-
cal uniformity among the different studies, and on the
high variability-in terms of sensitivity and specificity-of
the technical approaches utilized for OBI detection!.
Not all the studies, for instance, extended the detection
of HBV DNA to both tumor and non-tumor liver tis-
sues in the HCC cases analyzed. Indeed, thete is evidence
of a significant difference in the detection rate of HBV
DNA between tumor and non-tumor tissues from sub-
jects with OBI, thus a certain number of OBI positive
cases were missed if only tumor or non-tumor liver tissue
was used for the analysis®**. In addition and of great
importance, most of the available data was not obtained
by applying the currently accepted criteria for the identifi-
cation of OBI, which are based on the positive detection
of HBV DNA in at least two different HBV genomic
regions, among at least 3 out of the 4 genomic regions
that should be analyzed by nested polymerase chain reac-
tion (PCR)M. Of note, data from an observational co-
hort study have very recently been published, evaluating
the clinical evolution of CHC patients according to their
OBI status. These patients were followed-up for a me-
dian time of 11 years and showed statistically significant
differences according to OBI positive/negative status in
terms of clinical outcomes. In particular, it was found
that HCC development occurred more frequently in OBI
positive than OBI negative patients (35% OBI positive s
8.7% OBI negative patients, respectively, P < 0.01). In ad-
dition, OBI positive patients developed more frequently
decompensated cirrhosis, and had a cumulative survival
rate significantly shorter than OBI-negative subjects[zzl.
Interestingly, several reports have shown that OBI may
be associated with the progression of liver fibrosis and
HCC development also in cases with cryptogenic liver
disease™™. These data seem to be in contrast with the
above mentioned hypothesis that occult HBV might be
unable to induce severe liver damage by itself. However,
it has to be considered that patients with OBI may over-
lap with those who would previously have been identified
as having recovered from an acute or a chronic HBV
infection, and that after HBsAg clearance, the outcomes
of OBI may vary significantly depending on the duration
of active HBV infection, the extent of liver damage that
had occurred before HBsAg clearance, and the interval
between the time of HBsAg clearance and that of OBI
diagnosis[20’42’89]. In this context, a recent population-based
cohort study carried on for more than two decades on
Taiwanese mothers screened for HBV infection at each
delivery is of great relevance. This study demonstrated
that the risk of HCC development was significantly
higher in women with persistent HBsAg-positive status;
however, among the HBsAg-negative mothers, those who
underwent HBsAg sero-clearance during follow-up had a
significantly higher risk of HCC development compared
to persistently HBsAg-negative women. In fact, this study
indicates that HBV maintains its pro-oncogenic role also
in the occult status and even in women that are known to
be much less prone to develop liver cancer than men'.

May 28, 2014 | Volume 20 | Issue 20 |



Pollicino T et a/. OBI and HCC

PATHOGENETIC MECHANISMS
IMPLICATED IN OCCULT HBV-RELATED
HCC

Complex and multifactorial pathogenetic mechanisms
underlie HCC development, and much evidence in-
dicates that many of these mechanisms would be im-
plicated in HBV-induced hepatocarcinogenesis”'. At
present, carcinogenesis associated with chronic HBV
infection is viewed as a process that includes both direct
and indirect mechanisms that might act synergistically.
The indirect mechanisms involve liver injury caused by
chronic necroinflammation, which provokes repeated
cycles of apoptosis, necrosis and compensatory regen-
eration, and promotes the progression towatds cirrhosis
(which is a preneoplastic lesion). The direct carcinogenic
mechanisms are mainly related to the ability of HBV to
integrate into the host genome. Several HBV sequences
have been found in tumoral liver tissues, including HBX
and truncated pre-S2/S genomic sequences. These viral
integrants can produce proteins that have transforming
properties. Indeed, both HBx and carboxy-terminally
truncated pre-S or S polypeptides are able to alter host
gene expression and cellular phenotypes. They may pro-
mote growth factor-independent proliferation, resistance
to growth inhibition, tissue invasion and metastasis, an-
giogenesis, reprogramming of energy metabolism, and
resistance to apoptosis' *>”. Concerning the occult in-
fection, if it is considered that (1) HBV DNA can persist
in the hepatocytes both integrated into the host genome
and as free episome, in the form of a mini-chromosome;
(2) the virus may maintain the capacity to replicate, to
transcribe, and to synthesize proteins, though at very low
levels™ . and (3) the occult virus may induce a mild
but continuous status of chronic necroinflammation,
thus favoring the progression toward cirrhosis” "™, then
it is reasonable to hypothesize that OBI can contribute
to hepatocellular transformation through the same direct
and indirect mechanisms that subtend HCC development
in overt HBV infection.

The use of sensitive nucleic acid amplification tech-
niques has, in the last decade, made it possible to reveal
important molecular and patho-biological aspects of
OBI. Indeed, eatly molecular studies had been performed
using DNA hybridization techniques that-because of
the very low copy number of HBV DNA per liver cell,
typical of OBI-were not sensitive enough to allow the
identification of entire full-length HBV genome or other
forms of HBV replicative intermediates in hepatic tissue
of OBI-positive individuals'*”. More recently, It has been
clearly demonstrated that both HBV cccDNA and all vi-
ral transcripts-including the pgRNA replicative intermedi-
ate and the HBx RNA-are detectable in both tumor and
non-tumor tissues of HCC patients with OBIP"*>4,
In addition, by applying real-time PCR quantification
techniques it has been possible to more precisely estimate
the intrahepatic amounts of total HBV DNA, cccDNA
and pgRNA, and also to calculate the pgRNA/cccDNA
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ratio, which reflects the persistence of viral transcrip-
tional /replicative activity in the liver of these patients”™”.
Interestingly, intrahepatic total HBV DNA and cccDNA
as well as HBV replicative activity in some HCC patients
with OBI proved to be not significantly different than in
some HBeAg-negative CHB patients with HCC***". This
evidence suggests that the low replicative level of HBV
in the liver tissues of some OBI-positive patients might
already be enough to predispose to HCC development.

These data have been widely confirmed in animal
models prone to infection by other hepadnaviruses. In
fact, in the woodchuck HCC model, a large proportion
of animals infected by WHYV developed HCC despite the
WHYV surface antigen seroconversion and the appearance
of the corresponding antibody”™”’. Furthermore, WHV
DNA was detected in tumor tissue from these animals
and-similarly to what has been observed in humans-the
amounts of viral DNA molecules per cell number was
much less than in WHsAg positive woodchucks””,
Ground squirrels also represent an interesting model,
since once infected with the ground squirrel hepatitis vi-
rus (GSHYV) these animals are at high risk of developing
HCC even after the appatent clearance of the virus, and
GSHV DNA has been identified in HCCs developing in
completely seronegative animals”""",

A further argument supporting the direct role of
HBYV in liver cancer arises from the detection of HBV
DNA in HCCs from non-cirrhotic HBsAg negative indi-
viduals'™ ™" 1n this respect, the case of a young man
with HFE haemochromatosis, seronegative for hepatitis
B and C infections, who developed HCC in the absence
of cirrhosis has been recently reported. OBI evaluation
in this patient, through the analyses of both tumor and
non-tumor liver tissues by nested-PCR amplification, re-
vealed the presence of X gene sequences only in tumor
DNA extracts. By applying HBV-Alu PCR, it was pos-
sible to detect an HBV integration involving a deleted
X gene with an intact enhancer-II /basal core promoter
region. The study of viral-host junction revealed that the
HBYV integrant was located upstream of the partitioning-
defective-6-homolog-gamma gene (PARDGG) (Figure
2A) and real time-PCR quantification demonstrated that
PARDGG was overexpressed in tumor compared to non-
tumor liver tissues, suggesting that occult HBV in this pa-
tient might have led to a sequel of cellular events that de-
termined the development of HCC even in the absence
of cirrhosis"". Actually, a previous study had already
described cellular gene cis-activation by HBV integrants
in tumor cells from non-cirrhotic patients with HCC. In
particular, the HBx-related cis-activation of the SERCA1
encoding gene in an HBsAg negative, anti-HBc posi-
tive individual was described (Figure 2B)™, Apart from
cis-acting mechanisms, the large number of integration
events described to date support #ans-activation as a ma-
jor mechanism in HCC. Indeed, the products translated
from the integrated templates seem to more commonly
affect host gene expression by #rans-acting mechanisms.
In this respect, the expression of the HBx transcriptional
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Figure 2 Schematic representation of hepatitis B virus DNA integration in the cellular genome of two different occult hepatitis B virus infected patients.
A: Described by Pollicino et af™; B: Described by Gozuacik et a*”. HBx: Hepatitis B virus X gene; BCP: Basal core promoter; PARD6G: Partitioning-defective-6-

homolog-gamma; SERCA1: Sarco(endo)plasmic reticulum Ca*-ATPase 1.

transactivator has been frequently reported in both tumor

and non-tumor liver tissues of OBI-positive individu-
aJS[50,}32,(«),74,102]

CONCLUSION

The availability of highly sensitive molecular methods
has made it possible to unveil several virological features
of OBI, to show its worldwide diffusion, and to reveal
its possible involvement in different clinical settings. Rel-
evant evidence indicates that HBV persistence as an OBI
represents an important risk factor for HCC develop-
ment. In fact, although several aspects still need to be elu-
cidated, available data strongly indicate that the long-term
persistence of OBI might exert an indirect oncogenic
role (by chronically sustaining a mild necroinflammation
that may contribute to the development of cirthosis and
liver cancer) as well as a direct oncogenic effect through
both its integration into the host genome and the main-
tained synthesis of proteins-as X protein-with transform-
ing properties.
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