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Hepatitis B virus (HBV) infection has a multi-dimensional effect on the host, which not
only alters the dynamics of immune response but also persists in the hepatocytes to
predispose oncogenic factors. The virus exists in multiple forms of which the nuclear
localized covalently closed circular DNA (cccDNA) is the most stable and the primary
reason for viral persistence even after clearance of surface antigen and viral DNA. The
second reason is the existence of pregenomic RNA (pgRNA) containing virion particles.
On the other hand, the integration of the viral genome in the host chromosome also
leads to persistent production of viral proteins along with the chromosomal instabilities.
The interferon treatment or administration of nucleot(s)ide analogs leads to reduction in
the viral DNA load, but the pgRNA and surface antigen clearance are a slow process
and complete loss of serological HBsAg is rare. The prolonged exposure of immune cells
to the viral antigens, particularly HBs antigen, in the blood circulation results in T-cell
exhaustion, which disrupts immune clearance of the virus and virus-infected cells. In
addition, it predisposes immune-tolerant microenvironment, which facilitates the tumor
progression. Thus cccDNA, pgRNA, and HBsAg along with the viral DNA could be
the therapeutic targets in the early disease stages that may improve the quality of
life of chronic hepatitis B patients by impeding the progression of the disease toward
hepatocellular carcinoma.
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INTRODUCTION

Despite being a vaccine-preventable viral infection, hepatitis B virus (HBV) infection
is a major global health problem. It is transmitted through perinatal, percutaneous,
and sexual exposures. This virus replicates in the hepatocytes of the liver, and in
90% of adults, it manifests self-limiting acute infection with the elimination of the
viral DNA and development of anti-core antibody, and seroconversion of HBe-antigen
and HBs-antigen (Liang, 2009). In contrast, persistence of HBs-antigen for more than
6 months in adults or perinatal transmission in case of newborn babies in the absence of
immunoprophylaxis develops chronic infection (Trehanpati et al., 2013). The natural history of
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chronic hepatitis B (CHB) phases comprise (1) HBe-Ag+ phase
that includes immune tolerant phase (no hepatitis), and immune
active, or immune clearance phase (active hepatitis phase),
and (2) anti-HBe+/HBe-Ag− phase including inactive carrier
(minimum or no hepatitis) and reactivation (HBe-Ag− active
hepatitis) (Figure 1). Thus, CHB (both HBeAg+ and HBeAg−)
often causes life-threatening end-stage liver diseases such as liver
cirrhosis (LC) and hepatocellular carcinoma (HCC). Although
the infection rate has dropped in children under 5 years of age
to 1% because of the global vaccination program, a WHO report
suggests that the estimated number of HBV chronic carriers is
about 257 million. The most astonishing data is that as of 2015,
deaths from this virus mainly related to LC and HCC and it
almost reached 8.8 million (WHO, 2020).

The uniqueness in HBV genome organization and its
complex life cycle have a multi-dimensional effect on the virus–
host interaction, and its persistence leads to predisposition
of oncogenic factors. Multiple aspects in HBV infection are
related to both viral persistence and disease progression such
as (1) the complex life cycle of this partially double-stranded
DNA virus mediated through myriads of RNA intermediates
and its presence as virion particles, (2) viral genome encoded
transactivator proteins and their gene regulatory functions in
a multifunctional way, (3) integration of the virus genome
into the host chromosome causing genome instabilities, (4)
accumulation of immune escape mutations in antigenic viral
proteins, and (5) virus–host interaction to suppress immune
response (Hai et al., 2014; Tan et al., 2015; Hu et al., 2019;
Lazarevic et al., 2019). In addition, nucleotide sequence variations
in the viral genome itself dissect drug sensitivity of different viral
genotypes and subgenotypes. In this review, the perspectives of
viral persistence and the disease progression toward HCC have
been delineated, particularly HBV RNA intermediates, drug-
resistant covalently closed circular DNA (cccDNA), contribution
of genotype/subgenotype and mutations, constitutive presence
of viral surface and HBx/N-terminally truncated HBx protein
from integrated viral DNA, and defective immune responses, to
identify the current lacunae which need more light of research.

LIFE CYCLE OF HBV THROUGH RNA
INTERMEDIATES: A KEY TO DISEASE
PATHOGENESIS

HBV RNAs and Its Origin
Hepatitis B virus is the smallest enveloped partially double-
stranded or relaxed circular DNA (rcDNA) virus with genome
length of 3.2 kb belonging to the Hepadnaviridae family.
Its genome encompasses four open reading frames (ORFs)
with overlapped sequences: pre-C/C (pre-core/core), pre-S/S
(surface proteins), X (transcriptional co-activator), and P (DNA
polymerase) (Figure 1). During infection, the virus particles
enter into the cytoplasm of the hepatocyte through a non-
covalent attachment of the 77aa of the viral surface protein
to the glycosaminoglycans such as heparin sulfate followed by
internalization through a highly specific binding to the sodium

taurocholate co-transporting polypeptide (NTCP) receptor, and
decoates the genome (Le Seyec et al., 1998, 1999; Meier and
Stieger, 2002; Yan et al., 2012; Somiya et al., 2016). The rcDNA
converts into covalently closed circular DNA (cccDNA) using
host repair enzymes in the nucleus (Koniger et al., 2014; Cui
et al., 2015; Qi et al., 2016; Long et al., 2017; Kitamura et al.,
2018; Tang et al., 2019; Xia and Guo, 2020). This cccDNA
acts as a template for all the HBV RNAs. Recent studies have
showed that the diversified distribution of the transcription start
sites (TSSs) in the HBV genome along with their differential
engagement with the transcription factors and RNA polymerase
result in heterogeneity in the viral RNA pool (Altinel et al., 2016).
Canonically, two different TSSs of the core promoter generate
two different 3.5-kb transcripts, one having the start codon for
pre-core (preC) and the other originating 4 bp downstream of
pre-core start codon generating pgRNA. Recently, splice variant
of pgRNA has been also reported in CHB patients (Chen et al.,
2015; Duriez et al., 2017). A similar heterogeneity is observed in
the transcription of surface proteins: (1) preS1 promoter encodes
for large protein (LHBs of 389aa/400aa) and (2) preS/S promoters
located within the preS1 gene give rise to middle (MHBs of
281aa) and small (SHBs of 226aa) surface proteins, respectively.
Despite predominance of the promoter activity of preS/S, TSS
usage determines the ratio of MHBs and SHBs. Lastly, 0.7 kb
X mRNA encodes HBx protein and an N-terminally truncated
HBx protein, the origin of which is the alternate TSS located in
between the first and second codons of HBx (Will et al., 1987;
Yaginuma et al., 1993; Quarleri, 2014; Altinel et al., 2016).

The uniqueness of pgRNA is that it is not only used as template
for translation of viral polymerase (P) and core protein, it is
reverse transcribed into viral DNA after packaging in viral capsid
with a single unit of polymerase protein and rcDNA is produced
within the capsid (Nassal, 1992, 2008; Weber et al., 1994; Jeong
et al., 2000). This newly synthesized viral capsid can reinfect the
nucleus to replenish the cccDNA pool and the remaining capsids
are enveloped in endoplasmic reticulum and then secreted
through Golgi bodies in the blood as infectious Dane particle.
Thus, pgRNA, spliced pgRNAs, preS2/PreS1/S RNA, and HBx
RNA could be the major factors for disease progression toward
HCC. Woodchuck hepatitis model with Woodchuck hepatitis
virus (WHV) also revealed similar causal factors for liver disease
progression (Mason et al., 2005).

Impact of HBV RNAs on Persistence of
CHB
A few recent evidences suggest that intrahepatic and circulatory
pgRNAs could be the predictor for the transcriptional activity
of the cccDNA in HBV-positive hepatocytes and the level of
pgRNA correlates with the natural course of HBV infection
(Wang et al., 2018a,b; Lin et al., 2020). For example, pgRNA
level is higher in HBe+ compared with HBe− patients, and it is
lowest in inactive carriers (Liu Y. et al., 2019). Again in treatment
naive patients serum HBV RNA or pgRNA correlates well with
both intrahepatic cccDNA as well as with serum HBV DNA
and HBsAg level. Such correlation between serum HBV RNA,
serum HBV DNA and HBsAg is also detectable after treatment
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FIGURE 1 | Schematic diagram representing (A) HBV infection and disease progression, (B) HBV DNA and ALT level in different disease phases, and (C) HBV
genome as 3.2 kb relaxed circular DNA (rcDNA) with 5′-covalently bound HBV polymerase possessing direct repeat 1 (DR1) and direct repeat 2 (DR2) along with 2
enhancers ENI and ENII. The HBV genome transcribes to generate different sets of RNAs: pregenomic RNA (3.5 kb) and subgenomic RNAs like PreS1/S (2.4 kb),
PreS2/S (2.1 kb), and HBX (0.7 kb). The RNAs contain overlapping (denoted by dotted red lines) and frame-shifted ORFs (depicted by the AUG start codon) for each
of the viral proteins. The dotted box indicates the most variable region and mutation hotspot of HBV.

(Liu Y. et al., 2019; Lin et al., 2020, Gao et al., 2017). Studies
also suggest that pgRNA remains in the serum of the patients
who are under nucleot(s)ide analog (NA) therapy for a long time
(Butler et al., 2018; Cloherty et al., 2019; Pan et al., 2021) when
viral DNA copy number reduces to an undetectable level. The
NA therapy does not completely inhibit the reverse transcription
from pgRNA and thus there is a risk of viral reactivation after
cessation of NA treatment. Although published data suggest that
HBV RNA plays an important role in HBV-mediated disease
progression directly or indirectly, the role of pgRNA in the
secreted virion-like particle and the infection potential of this
particle need to be studied further. Thus, pgRNAs may be
considered as a new serum biomarker for judging HBV infection,
treatment response, and disease prognosis (Li et al., 2013; Wang
et al., 2013; Deng et al., 2016; Takata et al., 2016; Halgand et al.,
2018; Wang et al., 2018b; Cloherty et al., 2019).

HBV RNAs in the Development of HCC
Although the impact of HBV RNA in HCC development has been
rarely reported, Ding et al. (2021) showed evidences that the high
serum pgRNA level is associated with poor HCC survival and
higher recurrence level after hepatectomy. It enhances overall cell
proliferation, stemness, and tumorigenicity by overexpressing
IGF2BP3 oncoprotein (Ding et al., 2021). Hence, pgRNA may
be considered as a detector of HCC and also as a therapeutic
target. Contrastingly, using 99 tumor tissues, Halgand et al.
(2018) have depicted that both pgRNA and cccDNA in tumors are
correlated to the absence of microvascular invasion and survival

of the patients (Halgand et al., 2018). The gene expression
analysis revealed that pgRNA-positive HCC had low expression
of cell cycle and DNA repair genes, while higher expression
of NTCP receptors and HBV DNA indicates well-differentiated
HCC (Halgand et al., 2018; Ding et al., 2021). Thus, quantification
of pgRNA from the non-integrated HBV could be a marker for
viral replication and disease prognosis. Altinel et al. (2016) have
also showed that nontumor (NT) liver tissue has twofold more
HBV expression with a predominance of preS2/S mRNA while
the expression of preS1, core, and X were lower in the tumor
(T) as observed by the transcriptional mapping using CAGE (cap
analysis of gene expression) (Altinel et al., 2016).

In contrast to the heterogeneous pool of HBV transcripts
detected in the liver, the corresponding blood samples showed
predominance in pgRNA. In addition, shorter HBx transcripts
encoding N-terminally truncated HBxAg were found in
abundance in both T and NT compared with the canonical HBx,
which is consistent with the reports suggesting that truncated
HBxAg plays an important role in hepatocarcinogenesis
(Altinel et al., 2016).

Apart from these canonical transcripts, about 22 spliced
variants (spHBV) have also been detected in HBV-infected
patients; 18 variants of pgRNA and 4 of preS2/S (Chen et al., 1989,
2015; Su et al., 1989; Terré et al., 1991; Wu et al., 1991; Rosmorduc
et al., 1995; Günther et al., 1997; Sommer et al., 2000; Hass
et al., 2005; Abraham et al., 2008; Candotti et al., 2012; El Chaar
et al., 2012; Betz-Stablein et al., 2016; Lam et al., 2017; Ito et al.,
2019). Among these, hepatitis B spliced protein (HBSP), which
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originates from 2.2-kb splice variants, are abundantly found in
both T and NT tissues (Lin et al., 2002; Soussan et al., 2003).
Ectopic expression of HBSP in hepatoma cells restricts TNFα-
mediated hepatic inflammation and subsequently reduces the
immune infiltration in liver. In addition, it can also promote anti-
apoptotic effect by inducing PI3K/AKT activity and preventing
FAS-induced apoptosis (Pol et al., 2015; Wu et al., 2018). Its
interaction with cathepsin B promotes cellular migration and
invasion via activating MMP9 and urokinase-type plasminogen
activator (uPA), enhancing tumor-induced vascularization of
endothelial cells and activation of MAPK/AKT Signaling (Chen
et al., 2012). Bayliss et al. (2013) investigated the level of spHBV
in a cohort of 58 HBV patients from pre-HCC state to post-HCC
state and found that ∼38% patients had high spHBV level 1–
3 years before HCC diagnosis while the percentage rose to 50%
during the diagnosis of HCC (Bayliss et al., 2013). Thus, the level
of spHBV could be a good HCC prognostic marker.

Impact of cccDNA on Persistence of
Liver Diseases
Hepatic nuclear cccDNA serves as a repertoire of HBV DNA
in patients. Several evidences have suggested that the virological
relapse of hepatitis after completion of NA therapy often occurs
because of the presence of nuclear cccDNA, which is not affected
by NA as these are inhibitors of reverse transcriptase. Thus,
the synthesis of pgRNA and viral proteins is continued for
a certain period after therapy. Only a few copies of cccDNA
are sufficient to reactivate the HBV replication after therapy
withdrawal. Various advanced techniques such as direct cccDNA
degradation strategies including Crisper-Cas9 (Ramanan et al.,
2015; Yang et al., 2020), transcription activator-like effector
nucleases (TALENs) (Chen et al., 2014; Bloom et al., 2019), and
zinc finger nucleases (ZFNs) (Cradick et al., 2010) have been
investigated. More conclusive studies may be needed to test the
efficacy and safety of the molecules that could be used in the
clinical trials.

The cccDNA is stable in the quiescent hepatocyte and it acts as
a viral mini-chromosome organized by host nuclear histones and
non-histone proteins, which protect the DNA from intracellular
DNase. The level of cccDNA in the nucleus is independent of
HBV-DNA level; treatment of HBV neutralizing antibody could
not block cccDNA as observed in cell culture model (Dandri
and Peterson, 2020). It is epigenetically regulated because it
consists of six CpG islands of which three are conventional
and involve in silencing by methylation. DNMTs reduce pgRNA
transcription and hence restrict reverse transcription of viral
genome (Zhang et al., 2013, 2014; Jain et al., 2015; Zhu et al.,
2019). Viral trans-activating protein HBx is an important factor
in de-silencing cccDNA, which is involved in its hyperacetylation
either by blocking the inhibitory effect of methyltransferases
like PRMT1 and SETDB1 or Tudor-domain protein Spindlin-1
(Benhenda et al., 2013; Ducroux et al., 2014; Riviere et al., 2015).
Depuration by APOBEC3 deaminases in the presence of IFN-α
and TNF-α can also reduce cccDNA (Lucifora et al., 2014), but
the concentration of IFN-α used for HBV elimination in patients
does not affect cccDNA (Niederau et al., 1996; Lau et al., 2005).

On the other hand, the cccDNA is the origin of HBV DNA;
the quantification of cccDNA requires liver tissue which is not
feasible in all patients. Several ongoing studies have found a
correlation between serum pgRNA and transcriptional activity
of cccDNA in HBV patients. Gao et al. (2017) have showed
that in pretreated condition, HBV-DNA level better reflects
intrahepatic cccDNA level in comparison with HBV-RNA and
HBsAg, while after 96 weeks of NA therapy, intracellular cccDNA
level correlates mainly with HBsAg level (Gao et al., 2017; Huang
et al., 2018; Wang et al., 2018b; Liu Y. et al., 2019). Giersch et al.
(2017) have also reported that serum pgRNA level reflects the
intracellular pgRNA in humanized uPA/SCID/beige mice model
of HBV after NA therapy while in NA untreated mice, serum
pgRNA level was comparable with both the intracellular pgRNA
and cccDNA level (Giersch et al., 2017). Thus, it is important to
quantify both serum HBV pgRNA and serum HBV DNA than
serum HBV DNA alone before withdrawal of NA therapy.

Several evidences have showed that HBx also represses
several miRNAs like miR-138, miR-224, and miR-596, which
inhibits viral replication by targeting the HBV pregenomic RNA
(pgRNA). HBx also interacts with long non-coding RNA, DLEU2,
to relieve the silencing effect of EZH2/PRC2 on the cccDNA
transcription. Apart from host liver-specific transcription factors,
HBx is also an indispensable factor for an efficient cccDNA
transcription (Li et al., 2013; Wang et al., 2013; Deng et al., 2016;
Takata et al., 2016; Guerrieri et al., 2017; Salerno et al., 2020).

Viral Genetic Variability on Persistence of
the HBV Infection
Depending on the 8% sequence variations in the entire genome,
HBV is genotyped into 10 including A to J, while each
genotype is again sub-genotyped on considering 4% sequence
alterations (Kramvis, 2014). To date, HBV genotype A (A1–
A7), genotype B (B1–B9), genotype C (C1–C6), genotype D
(D1–D10), and genotype F (F1–F4) are most studied as these
genotypes/subgenotypes showed distinct distribution pattern
worldwide along with the disease manifestations. Apart from this,
recombinant strains (A/D, A/E, C/D, and G/C) are also observed
in different geographical regions (Cui et al., 2002; Simmonds and
Midgley, 2005; McMahon, 2009; Araujo, 2015). Recently, C/D
recombinant strain of HBV, subgenotype D9, has been found
among HBeAg-negative CHB patients from Eastern India (Ghosh
et al., 2013). Among these genotypes and subgenotypes, western
data showed genotype A–infected patients had high rate of HBV
surface antigen clearance along with rapid reduction of viral
DNA and sustained improvement of biochemical parameters
(Sanchez-Tapias et al., 2002) while a Chinese study depicted that
both HBsAg clearance is better for genotypes A and B than
genotypes C and D (Lin and Kao, 2015). Studies also suggest
that patients with genotypes C and D were more vulnerable to
advanced diseases such as liver cirrhosis and HCC (El-Serag,
2012) and showed delayed HBeAg clearance. One study with
Alaskan natives reported that genotype C2 and F develop HCC
more than genotype A2, B6, and D (McMahon, 2009). In India,
subgenotypes D1 and D3 have been found to be associated
with advanced diseases though D2 showed highest replication
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efficiency (Datta et al., 2018; Khatun et al., 2018). Although
genotype D has been reported as an independent risk factor
for fulminant hepatitis (Thukar et al., 2002; Wai et al., 2005),
genotype G is rarely seen alone. It is co-infected with other
genotypes particularly genotype A. Genotypes F and H are
observed in an indigenous population of South America (Devesa
et al., 2004). Patients with genotype C with HBeAg negative
are at high risk of progression of CHB to cirrhosis and HCC
(Chan et al., 2004).

Mutations Accumulated in HBV Genome
and Its Impact on Disease Progression
Hepatitis B virus, although being a DNA virus, yet exhibits a
much higher mutation rate than other DNA viruses (Echevarría
and Avellón, 2006). The evolutionary rate of HBV is 10−5 to
10−4 substitution/site/year, which is almost equivalent to the
RNA viruses (Osiowy et al., 2006; Zhou and Holmes, 2007; Wang
et al., 2010). Because the ORFs are overlapping in most of the
synonymous substitutions in one frame, it may or may not result
in synonymous change in the other. For example, deletions in
PreS1 and PreS2 or start codon mutations in PreS2 or premature
stop codon substitution in S are not only associated with long-
lasting chronic HBV infection but are also highly associated with
increasing risk for HCC development. High viral load and high
replication efficiency result in overload of viral proteins including
misfolded and unfolded ones in ER/Golgi apparatus increasing
unfolded protein response (UPR) (Lazar et al., 2014; Kim et al.,
2017; Choi et al., 2019). Normally, excessive accumulation of
envelope proteins in the ER/Golgi apparatus results in budding
of dimerized or multimerized envelope proteins without enclosed
viral genome leading to secretion of non-infectious spherical
or filamentous subviral particles (SVPs) (Patient et al., 2009;
Selzer and Zlotnick, 2015). Outnumbered SVPs compared with
the infectious virions in the circulation often lead to immune
tolerance, which sums up to viral persistence. Moreover, the ratio
of L and S envelope proteins is an important deciding factor
for a proper assembly and maintenance of cccDNA pool. The
differential regulation of the LHBs and other HB proteins is due
to the presence of two independent promoters. This leads to a
temporal and differential effect of the envelope proteins on the
viral life cycle as well as the cellular processes. The promoter for
pre-S1 or L envelope proteins is different from pre-S2 or pre-
S promoter. Moreover, the production of L proteins is much
less than the other surface proteins. Thus, the overproduction
of L proteins either due to naturally occurring deletion and/or
point mutations in the S promoter CCAAT element or due to
differential expression of the host trans-acting factors may result
in altered viral assembly and secretion. This causes ER stress
owing to overload of viral surface proteins. Both the LHBs and the
consequent ER stress trigger the synthesis of the MHBs and HBs,
which in turn result in increased secretion of both non-infectious
and infectious virion particles (Ou and Rutter, 1987; Bock et al.,
1999; Summers et al., 1991; Xu et al., 1997; Pollicino et al.,
2014). The histological hallmark of chronic HBV infection is
ground glass hepatocyte due to excessive accumulation of HBsAg.
These hepatocytes possess a huge amount of LHBs containing

filamentous particles in the ER/Golgi bodies (Wang et al., 2003;
Su et al., 2008).

Mutations in the “a” determinant of HBsAg are very common
in chronic HBV patients leaving anti-HBc antibody as the
only detectable marker for infection. These mutations lead to
alterations in the conformation of the surface antigen offering
false-negative result in the commercially available surface antigen
detection kit (Weber, 2005; Pawlotsky, 2005). The first vaccine
escape mutant identified was glycine to arginine change at 145
residue of HBsAg (sG145R). Selective pressure to persistence of
this mutant is observed in case of HBIG administration during
liver transplantation (Carman et al., 1990; Ghany et al., 1998).
In such event, despite having active HBV infection with high
viral load, the detection of HBsAg is limited. Further study with
DNA immunization in BALB/C mice revealed that glycosylation
of surface could reduce antigenicity (Bolhassani and Yazdi, 2009).
Mutations located at T123N, K122I, A159G, and K160N cause
over-glycosylation in HBsAg, which also reduces antigenicity and
induces viral persistence (Torresi et al., 2002; Wu et al., 2010).

Integration of HBV DNA and HBV
Persistence
Integration of viral DNA into the host chromosome is a very
common event observed in CHB and HCC (Mason et al., 2005,
2009, 2010). The parsimonious nature of the viral genome
suggests chromosomal integration of the viral genome may
not decrease the replication fitness of the virus. Both in vitro
HBV infection in HepaRG and HepG2 cell line and histological
evidences of chronic HBV revealed that HBV integration
could be a very early event, and it is considered as one of
the reasons for the development of liver cirrhosis and HCC.
Woodchuck HBV infection model with respective virus also
shows similar event days after infection (Bud and Gerin, 2001;
Mason et al., 2005).

The recent next-generation sequencing data suggest that
the integration of the viral genome in the non-tumor tissue
is dispersed throughout the genome with no hotspot while
tumor tissue showed enrichment of particular genomic sites
such as MLL4, TERT, and CTNNB1 (Zhao et al., 2016; An
et al., 2018). Now the question is about the fate of the
integrated DNA. This integrated form cannot produce pgRNA,
and it is replication incompetent. The expression of all viral
transcripts is altered due to random integration of HBV DNA
in the host genome, while only HBsAg transcript expresses
constitutively from its native promoter. Other transcripts such
as HBeAg/HBcAg may be produced using cellular promoter
located upstream of the integration site and the transcript
of the oncogenic protein HBx is either truncated or fused
with other transcripts (Valenzuela et al., 1979; Edman et al.,
1980; Twist et al., 1981; Lee et al., 1999; Podlaha et al., 2019;
Zhao et al., 2020).

The frequency of integration of viral DNA is observed
more in the tumor tissue (T) than in the non-tumor tissue
(NT) (Arbuthnot and Kew, 2001; Hai et al., 2014; Budzinska
et al., 2018). Again, intact HBV DNA integration is more
common in the chronic hepatitis B and cirrhotic stages
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FIGURE 2 | Schematic representation of the causal factors for HBV persistence leading to predisposed oncogenic effect on liver along with the direct oncogenic
effect of the viral genome and proteins on hepatocarcinogenesis.

than in HCC (Aoki and Robinson, 1989). This could lead to
accumulation of deleterious fusion products associated with
hepatocarcinogenesis.

The HBV antigens could be expressed from the integrated
viral sequences. If only 1% of the hepatocytes express viral
antigens and are enriched, then the liver could be a persistent
reservoir of HBV proteins. Proteins expressed from the integrated
form may support replication of an incompetent strain in
trans. In addition, accumulation of mutant HBsAg often causes
ER stress and UPR, induces stem-like properties, enhances
cellular growth, reduces apoptosis, and thus triggers liver disease
progression toward HCC.

Oncogenic Properties of Occult HBV
Infection and Persistence of HBV
The occult HBV infection (OBI) in patients with anti-HBsAg is
another important reason for the persistence of HBV infection,
which causes viral reactivation during immune suppression.
Our group has reported recently that among 238 HCV-infected
patients, 38 patients (18%) were with OBI while 66.8% were
without OBI but having anti-HBs+/anti-HBc+ (13%), anti-
HBs+/anti-HBc− (10%), and anti-HBs−/anti-HBc+ (25%). Here,
90% of patients have common HBsAg-associated mutations in

the “a determinant region” T125M and P127T (Mondal et al.,
2017). These two mutations were also found among OBI patients
in Greek and Egyptian blood donors (Zheng et al., 2004; Mina
et al., 2010; Elbahrawy et al., 2015). Using in vitro experiment
and in silico analysis, we have showed that these two mutations
do not alter the HBsAg production but antigenicity drops.
A similar report was documented by Velay et al. (2016). Hence,
these two mutant variants could be the reason of persistent
infection by evading the host immunity even in vaccinated hosts.
Apart from this, P33S mutation in B-cell epitope located in
HBx gene; I42L in PreS2; spH153L and rtS135Y in polymerase;
1050G, A1053G, C1059T, and C1350A in enhancer I and PreS2/S
promoter region; and C1637A and T1676A in enhancer II
region were found in high number in OBI patients (Mondal
et al., 2017). In addition, three mutations in polymerase gene
rtV278I, rhL30S, and rhL55I, which generate four alterations
in overlapping HBx gene promoter region (G961A, C1249T,
T1250C, and C1324A), are also responsible for the low replication
efficiency of the virus. In China, PreS1/S mutations T68I and
sQ129R/L were found to be associated with anti-HBsAg+ OBI,
while sS167 and sA166 were found in the major hydrophilic
region (Wang et al., 2020). These are all immune escape mutants.
Thus, OBI could be the high risk for the development of end-
stage diseases.
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Pro-Oncogenic Properties of HBV
Proteins on Disease Persistence
Among the viral proteins of HBV, HBx is a multifunctional
viral protein having pleiotropic role including development
and progression of HCC. Compartmentalized location of HBx
within the cell is critical for its various functions in the tumor
microenvironment. Presence of this protein in the cytoplasm
triggers multiple signal-transduction pathways related to
development, invasion, migration, and recurrence of HCC. These
include Wnt/β-catenin, nuclear factor κ-light-chain enhancer
of activated B cells (NF-κB), Janus kinase/signal transducer
and activator of transcription (STAT), and Ras/Raf/mitogen-
activated protein kinase (MAPK) pathways. Also, nuclear
HBx functions as transactivator of gene regulation for several
proto-oncogenes (c-Myc, N-Myc and c-Jun) and activating
protein-1 (AP-1), NF-κB, and ATF/CREB (Zhang et al., 2006;
Ali et al., 2014; Geng et al., 2015). A recent study shows
that this viral protein interacts with HIF-1α and HIF-1α

target genes like lysyl oxidase (LOX) family in HCC. Thus,
it regulates cell-cycle checkpoints, proliferation, apoptosis,
and DNA repair. HBx disrupts mitochondrial stability by
downregulating various enzymes and promoting reactive oxygen
species (ROS) production and also lipid peroxidation. This
causes intracellular damage, metastasis, and resistance to cell
death. The impact of this protein on HBV replication triggers
endoplasmic reticulum stress. HBx also induces autophagy by
PI3/AKT/mTOR pathway (Lee et al., 2004; Park et al., 2007; Fu
et al., 2016).

Most interestingly, it plays an important role in promoting
apoptotic death in virus-specific CD8+ T lymphocytes and
reduces the production of IFN-γ, which leads to attenuation
of immune response and persistence of the disease. Selective
regulation of multiple proinflammatory cytokines including IL-
8, IL-18, IL-23, and TNF-α triggers HCC pathogenesis (Wu et al.,
2010). Thus, the activity of HBx in the tumor microenvironment
is a new therapeutic target for HCC.

Mutated preS2 proteins also confer their oncogenic properties
by triggering degradation of p27, hyper-phosphorylating pRb,
and promoting cell cycle progression. It is also known to promote
overexpression of cyclin A, COX2, and TERT. In addition,
3’ deleted preS/S sequence infers its oncogenic potential by
inducing transcription factors like AP1 and NF-κβ and thereby
increasing hepatocyte proliferation (Yen et al., 2016). Overall,
the persistent HBV life cycle directly confers to the malignant
transformation of the hepatocytes.

Failure of Immune Control and HBV
Persistence
In the immune active phase, persistent HBV infection leads
to the progression of the underlying chronic liver diseases
characterized by persistent inflammation and immune
dysfunction (Tan et al., 2015). The pro-inflammatory
cytokines like IL-2, IL-7, IL-6, and IFN-γ are overproduced
in the milieu leading to necro-inflammation, cellular stress,
epigenetic modulations, and DNA damage (Abb et al., 1985;
Bozkaya et al., 2000; Lan et al., 2015; Zhong et al., 2016).

Such persistent hepatocyte damage and chronic antigen
stimulation activate the non-parenchymal cells, alter intracellular
cross-talks and T-cell exhaustion leading to tumorigenesis,
and develop a tumor immune microenvironment (TIME),
which is immunosuppressive in nature. The prime player in
maintaining such immunosuppressive microenvironment is the
increased abundance of Tregs via HBx-stimulated production
of transforming growth factor-β1 (TGF-β1) and increased
frequency of monocytic-myeloid derived suppressor cells
(mMDSCs) (Li et al., 2016; Pal et al., 2019). mMDSCs and
Treg cells may lead to overexpression of IL10, which results in
persistent immunosuppressive nature of TIME in HBV-infected
HCC (Chen et al., 2011; Kondo and Shimosegawa, 2015; Tu
et al., 2016). Blocking of PD-1/PD-L1 axis in chronic HBV
patients can partially reverse the immune suppression by
reducing the T-cell exhaustion (Féray and López-Labrador,
2019; Li et al., 2020). Moreover, HBV persistence leads to
accumulation of surface proteins in the ER and triggers ER
stress, which may release exosomal miRNAs like miR-23a-3p
that in turn can upregulate PD-L1 expression by tumor-
associated macrophages (TAMs) (Liu J. et al., 2019). In addition,
exosomes from HBV-infected cells express interferon-induced
transmembrane protein 2 (IFITM2), which inhibits the synthesis
of IFN-α in clonally expanded plasmacytoid dendritic cells
(Shi et al., 2019). Impairment of CD4+ follicular helper T cells
may also potentiate development of HCC in HBV-positive
patients (Chen and Tian, 2019). However, there is an overall
immunological heterogeneity in HCC due to difference in
infiltrated leukocyte composition in TIME. Leukocyte-enriched
HCC is termed as inflamed HCC while poor leukocyte
enrichment is known as non-inflamed HCC (Trujillo et al.,
2018). In HBV-associated HCC, increased M2 polarization
of macrophages mainly mediated by HBsAg stimulation
results in enhanced production of anti-inflammatory IL-10
and TGF-β, probably via inhibition of JNK, ERK, and NF-κB
signaling (Yang et al., 2014). Thus, failure of immune control
is one of the major reasons of HBV persistence and disease
progression toward HCC.

CONCLUSION

Hepatitis B virus is a unique DNA virus which has a complex
strategy to persist inside the cell. It exists as a minichromosome-
like structure called cccDNA in the host nucleus, which maintains
the viral reservoir and serves as the source of the viral RNA
and viral proteins. The complex viral replication strategy leads
to generation of myriads of RNA intermediates including
the pre-genomic RNA (pgRNA) and other subgenomic RNAs.
The specialty of the viral genome is in its overlapping and
frame-shifted ORFs, which results in differential regulation and
expression of the viral proteins. In addition, such overlapping
sequences result in the synergistic effect of the mutations in
more than one frame. Such genomic variability along with the
overload of the viral proteins in ER/Golgi apparatus increases the
UPR thereby leading to stress. Such prolonged induction of stress
associated with direct or indirect effect of the virus on the cellular
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apoptosis and proliferation results in the disease progression
toward carcinoma. Moreover, the viral oncoprotein HBx is one
of the prime factors that interacts with several host proteins
and modulates the signaling pathways to aid in the process
of hepatocarcinogenesis. In addition, the integration process
not only increases the genome instability but also generates
several fused and/or truncated or altered viral and host proteins,
which aids in the hepatocarcinogenesis process. Lastly, the
prolonged exposure to HBsAg in the circulation results in the
imbalance in the immune response leading to development of an
immune-tolerant microenvironment, which facilitates the tumor
progression. The overview of the complex crosstalk of the viral
persistence with hepatocarcinogenesis is presented in Figure 2.
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