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Abstract: Hepatocellular carcinoma (HCC) is one of the most frequent and fatal human cancers
worldwide and its development and prognosis are intimately associated with chronic infection
with hepatitis B virus (HBV). The identification of genetic mutations and molecular mechanisms
that mediate HBV-induced tumorigenesis therefore holds promise for the development of potential
biomarkers and targets for HCC prevention and therapy. The presence of HBV pre-S gene deletions
in the blood and the expression of pre-S deleted proteins in the liver tissues of patients with chronic
hepatitis B and HBV-related HCC have emerged as valuable biomarkers for higher incidence rates of
HCC development and a higher risk of HCC recurrence after curative surgical resection, respectively.
Moreover, pre-S deleted proteins are regarded as important oncoproteins that activate multiple
signaling pathways to induce DNA damage and promote growth and proliferation in hepatocytes,
leading to HCC development. The signaling molecules dysregulated by pre-S deleted proteins have
also been validated as potential targets for the prevention of HCC development. In this review, we
summarize the clinical and molecular implications of HBV pre-S gene deletions and pre-S deleted
proteins in HCC development and recurrence and highlight their potential applications in HCC
prevention and therapy.

Keywords: hepatocellular carcinoma; hepatitis B virus; pre-S gene deletions; pre-S deleted proteins;
biomarkers; targets

1. Introduction

Hepatocellular carcinoma (HCC) is the predominant histological type of primary liver
cancer, accounting for up to 90% of all cases [1,2]. Despite considerable progress made in
the detection, prevention, and therapy of HCC, it remains the sixth most prevalent and the
third most lethal human cancer worldwide, causing approximately 800,000 deaths every
year [3,4]. Moreover, although curative surgical resection is available for some patients,
the recurrence rate of HCC is up to 70% within five years after surgery, resulting in poor
patient survival [5,6]. Therefore, understanding the pathological mechanisms of HCC
development and recurrence is important for developing promising diagnostic preventive
and therapeutic interventions to improve patient outcomes.
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Among the risk factors for HCC development, chronic hepatitis B virus (HBV) in-
fection plays a major role, contributing to over 50% of all cases worldwide [7,8]. Several
indirect and direct mechanisms have been proposed to explain HBV-mediated HCC devel-
opment, including the chronic hepatitis and regenerative hyperplasia caused by the host
immune system attacking HBV-infected hepatocytes, the genomic instability and inser-
tional mutagenesis induced by the integration of the HBV DNA genome into the host cell
genome, and the oncogenic activities exhibited by HBV gene products such as the HBV X
protein and pre-S deleted proteins [9,10]. Therefore, targeting the mechanisms underlying
HBV-induced tumorigenesis is a promising strategy to discover potential biomarkers and
targets for HCC prevention and therapy.

The HBV surface gene contains three gene segments (pre-S1, pre-S2, and S) and
expresses three different sizes of surface proteins (small, middle, and large), respectively,
composed of domains encoded from the S segment, the pre-S2 and S segments, and all
three gene segments, which collectively constitute the envelope proteins in viral particles
(Figure 1) [11,12]. Several naturally occurring deletion mutations over the pre-S1 and/or
pre-S2 gene segments (the so-called pre-S gene deletions) have been clinically identified
and lead to the expression of large surface proteins that harbor deletions in the pre-S1
and/or pre-S2 domains (the so-called pre-S deleted proteins) (Figure 1) [13,14]. The
presence of pre-S gene deletions in the blood and the expression of pre-S deleted proteins
in the liver tissues of patients with chronic hepatitis B and HBV-related HCC have been
significantly correlated with a higher risk of HCC development and recurrence after
curative surgical resection, respectively [15,16]. Moreover, pre-S deleted proteins have
been well demonstrated to promote HCC development through the activation of multiple
oncogenic signaling pathways in hepatocytes, and their dysregulated signaling molecules
have been shown to have potential as preventive targets for HCC [17,18].
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Figure 1. Schematic representation of HBV pre-S gene deletions and the expression and ER retention of pre-S deleted
proteins. The HBV surface gene consists of three gene segments (pre-S1, pre-S2, and S) and expresses three different sizes of
surface proteins (small, middle, and large) that are, respectively, composed of domains encoded from the S segment, the
pre-S2 and S segments, and all three gene segments, collectively constituting the envelope proteins of viral particles. The numbers
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shown above and below the wild-type surface gene indicate the nt positions of each intact gene segment in the circular
HBV DNA genome, which starts at nt 1 and ends at nt 3221 in a clockwise direction. Deletion mutations (indicated as red
rectangle boxes with a lightning symbol) that occur solely in the pre-S1 or pre-S2 gene segment lead to the expression of
pre-S1 or pre-S2 deletion mutants of large surface proteins, respectively. Unlike wild-type large surface proteins that are
released as constituents of the envelope proteins of HBV particles from host cells, both pre-S1 and pre-S2 deleted proteins are
mainly retained in the host cell organelle ER and induce ER stress. In addition, deletion mutations that occur concurrently
in the pre-S1 and pre-S2 gene segments (the so-called pre-S1 + pre-S2 gene deletions) may lead to the expression of large
surface proteins harboring both pre-S1 and pre-S2 deletions (the so-called pre-S1 + pre-S2 deleted proteins), which may act
in a manner like pre-S1 and pre-S2 deleted proteins—although the exact molecular function remains to be clarified. The
HBV DNA polymerase associated with the viral DNA genome and the nucleocapsid encompassing the viral DNA genome
are also shown in the diagram. Abbreviations: HBV, hepatitis B virus; ER, endoplasmic reticulum.

In this review, we summarize the evidence supporting the clinical significance and
molecular mechanisms of HBV pre-S gene deletions and pre-S deleted proteins in HCC
development and their recurrence as well as underscore their potential implications in
HCC prevention and therapy.

2. The Presence of HBV Pre-S Gene Deletions in the Blood of Patients with Chronic
Hepatitis B Is Associated with Liver Disease Progression and Higher Incidence of
Liver Cirrhosis and HCC Development

Several retrospective studies have revealed that the prevalence of pre-S gene deletions
in the blood of patients gradually increases during disease progression from chronic
hepatitis B (from the high to intermediate to low replicative phases of HBV) to liver
cirrhosis to HCC (Figure 2). Fan et al. and Shen et al. showed that the prevalence of overall
pre-S gene deletions (including pre-S1, pre-S2, and pre-S1 + pre-S2 gene deletions) was
about 7% at the high replicative phase, 13% at the intermediate replicative phase, and 37%
at the low replicative phase of HBV in the blood of patients with chronic hepatitis B [19,20].
Choi et al., Li et al., and Zhao et al. further showed that the prevalence rates of overall
pre-S gene deletions were about 20%, 35%, and 43% in the blood of patients with chronic
hepatitis B, liver cirrhosis, and HCC, respectively [21–23]. Jia et al. also showed that the
prevalence of overall pre-S gene deletions was significantly higher in HCC patients than
in chronic hepatitis B patients [24]. In another cohort study, Shen et al. showed that the
prevalence of overall pre-S gene deletions in the blood of HCC patients was even up to
60% [20]. Furthermore, Li et al. and Zhao et al. showed that the pre-S gene deletions
of small size (≤99 nucleotides (nts)) or the pre-S2 gene deletions were more frequently
detected in patients with HCC than in patients without [22,23].

In addition, Chen et al. and Sinn et al. conducted prospective studies, showing that
the five-year cumulative incidence of liver cirrhosis and HCC development was about
fivefold higher in chronic hepatitis B patients with pre-S gene deletions (pre-S1, pre-S2,
and/or pre-S1 + pre-S2 gene deletions) in the blood than in patients without [25,26]. The
presence of pre-S gene deletions in the blood was evaluated as an independent risk factor
for liver cirrhosis and HCC development [25,26]. Moreover, Cohen et al. showed that the
presence of pre-S2 gene deletions between nts 38 and 55 (a 12 nt, 15-nt, or 18 nt deletion)
in the blood independently predicted HCC development [27]. Collectively, these results
suggest a clinical correlation between pre-S gene deletions and HBV-related liver cirrhosis
and HCC development.
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Figure 2. Schematic summary of the clinical association of HBV pre-S gene deletions with liver disease progression and
HCC development and recurrence. In patients with chronic HBV infection, the prevalence of overall pre-S gene deletions
(including pre-S1, pre-S2, and pre-S1 + pre-S2 gene deletions) in the blood gradually increases with liver disease progression
from the high to intermediate to low replicative phases of chronic hepatitis B, to liver cirrhosis, and reaches the highest
level at the stage of HCC development. The presence of pre-S gene deletions (pre-S1, pre-S2, and/or pre-S1 + pre-S2 gene
deletions) or pre-S2 gene deletions between nts 38 and 55 (nt 38 to 55) predicts higher incidence of liver cirrhosis and
HCC development. Moreover, in patients with HBV-related HCC, the presence of deletions spanning the pre-S2 gene
segment, pre-S2 gene deletion at nts 1 to 54 (nt 1 to 54), pre-S2 gene deletions at ≥5%, or pre-S2 plus pre-S1+pre-S2 gene
deletions at >25% in the blood or type II GGHs comprising ≥10% of hepatocytes in the liver tissues predicts the higher
risk of HCC recurrence after curative surgical resection. Abbreviations: HCC, hepatocellular carcinoma; GGHs, ground
glass hepatocytes.

3. The Presence of HBV Pre-S Gene Deletions in the Blood of Patients with HCC Is
Associated with Higher Risk of HCC Recurrence after Curative Surgical Resection

The clinical correlation between pre-S gene deletions and HCC recurrence has been
validated in several retrospective studies (Figure 2). Li-Shuai et al. showed that HCC
patients with pre-S gene deletions (especially pre-S2 gene deletions) in the blood had a
significantly higher rate of HCC recurrence after curative surgical resection than patients
without [28]. Yen et al. further showed that higher percentages of pre-S2 gene deletions
(≥5%) in the blood of HCC patients were correlated with lower rates of overall and
recurrence-free survival after curative surgical resection [29]. The presence or percentage
of pre-S2 gene deletions in the blood was determined as an independent prognostic factor
for HCC recurrence [28,29]. Furthermore, Teng et al. showed that either the presence
of deletions spanning the pre-S2 gene segment or a certain percentage of pre-S2 plus
pre-S1 + pre-S2 gene deletions (>25%), or a combination of both factors in the blood of
HCC patients, was independently associated with higher risk of HCC recurrence after
curative surgical resection [30–32]. Additionally, Teng et al. showed that the pre-S2 gene
deletion at nts 1 to 54 (a 54 nt deletion) was the most predominant region of pre-S gene
deletions in the blood of HCC patients and independently predicted HCC recurrence after
curative surgical resection [33]. Considering that this pre-S2 gene deletion region (nt 1 to
54) coincides with the B-and T-cell epitopes of HBV large surface proteins [34,35], pre-S2
deleted proteins may emerge as immune escape mutants, possibly conferring their growth
advantage and explaining their strong association with HCC recurrence.
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4. The Expression of Pre-S Deleted Proteins in the Liver Tissues of Patients with HCC
Is Associated with Higher Risk of HCC Recurrence after Curative Surgical Resection

Ground glass hepatocytes (GGHs) have been identified as HBV-infected hepatocytes
that harbor pre-S gene deletions and express pre-S deleted proteins in the liver tissues of
patients with chronic HBV infection (Figure 3) [13,14]. Depending on the type of pre-S
deleted proteins expressed, GGHs are classified into two distinct types (type I and type II).
Type I GGHs grow sporadically and express a globular or inclusion-like pattern of large
surface proteins that harbor deletions in the pre-S1 domain (the so-called pre-S1 deleted
proteins) whereas type II GGHs grow in clusters and express a marginal pattern of large
surface proteins that harbor deletions in the pre-S2 domain (the so-called pre-S2 deleted
proteins) (Figure 3) [13,14]. The retrospective studies conducted by Tsai et al. showed that
higher expression scores of type II GGHs (≥10% of hepatocytes) in the liver tissues of HCC
patients were independently associated with shorter overall and recurrence-free survival
after curative surgical resection, no matter whether patients received pre-surgical anti-HBV
treatment, supporting the clinical correlation between pre-S deleted proteins and HCC
recurrence [36,37]. 

3 

 
 
 
 

Figure 3. Schematic representation of the growth patterns of GGHs and the expression patterns of
HBV pre-S deleted proteins. In the liver tissues of patients with chronic HBV infection, two distinct
types of GGHs (type I and type II) are identified as HBV-infected hepatocytes that express pre-S1 and
pre-S2 deleted proteins, respectively. Type I GGHs display a scattered or sporadic growth pattern and
express pre-S1 deleted proteins in a globular or inclusion-like pattern due to the accumulation of pre-
S1 deleted proteins in the ER, whereas type II GGHs display a clustered growth pattern and express
pre-S2 deleted proteins in a marginal pattern due to the accumulation of pre-S2 deleted proteins
in the ER followed by STIM1-and Orai1-mediated connection of the ER and plasma membrane.
Abbreviations: HBV, hepatitis B virus; GGHs, ground glass hepatocytes; ER, endoplasmic reticulum;
STIM1, stromal interaction molecule 1; Orai1, calcium release-activated calcium modulator 1.

5. Both HBV Pre-S1 and Pre-S2 Deleted Proteins Activate Endoplasmic Reticulum (ER)
Stress-Dependent Signaling Pathways to Induce DNA Damage and to Promote
Growth and Proliferation in Hepatocytes In Vitro and In Vivo

In contrast to the wild-type HBV large surface proteins that constitute the envelope
proteins in viral particle assembly and mediate viral particle release from host cells, both
pre-S1 and pre-S2 deleted proteins have been shown to preferentially accumulate in the
host cell organelle ER, leading to an induction of ER stress (Figure 1) [13]. Through the
mediation of ER stress, both types of pre-S deleted proteins have been demonstrated to
activate multiple oncogenic signaling pathways in hepatocytes, eventually contributing
to HCC development (Figure 4). Hsieh et al. showed that pre-S deleted proteins could
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cause oxidative-stress-induced (via reactive oxygen species) DNA damage in human hep-
atoma cell lines, in transgenic mouse livers, and in GGHs in HCC patients, potentially
contributing to genomic instability [38]. Hung et al. showed that pre-S deleted proteins
could induce the expression of cyclooxygenase-2 (COX-2) through the activation of nu-
clear factor-κB (NF-κB) and p38 mitogen-activated protein kinase (p38 MAPK) in human
hepatoma cell lines, in transgenic mouse livers, and in GGHs in HCC patients, which
enhanced anchorage-independent cell growth [39]. Yang et al. showed that pre-S deleted
proteins could upregulate the expression and secretion of vascular endothelial growth
factor (VEGF)-A, which could, in turn, bind to VEGF receptor-2 (VEGFR-2) in an autocrine
or paracrine manner to activate the protein kinase B (Akt)/mammalian target of the ra-
pamycin (mTOR) signaling pathway in human hepatoma cell lines, in transgenic mouse
livers, and in GGHs in HCC patients, which promoted cell proliferation [40]. Furthermore,
Teng et al. showed that through the mediation of mTOR activation, pre-S deleted proteins
could further initiate two metabolism-related signaling pathways in human hepatoma
cell lines and in transgenic mouse livers, one involving Yin Yang 1(YY1)/Myc/solute
carrier family 2 (facilitated glucose transporter) member 1 (SLC2A1) to stimulate aerobic
glycolysis and the other involving sterol regulatory element-binding transcription factor 1
(SREBF1)/adenosine triphosphate citrate lyase (ACLY)/fatty acid desaturase 2 (FADS2) to
increase lipid biosynthesis, collectively contributing to cell proliferation [41,42].

 

4 

 
 
 

Figure 4. Schematic summary of signaling pathways activated by HBV pre-S deleted proteins and their implications in
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HCC development. In chronic HBV infection, both pre-S1 and pre-S2 deleted proteins accumulate in the ER and induce ER
stress in hepatocytes (as highlighted by (1)). Through the mediation of ER stress, both types of pre-S deleted proteins can
initiate three oncogenic signaling pathways, one involving oxidative stress to induce DNA damage and genomic instability
(as highlighted by (2)), another involving NF-κB/p38 MAPK/COX-2 to enhance anchorage-independent cell growth (as
highlighted by (3)), and the other involving VEGF-A/VEGFR-2/Akt/mTOR to promote cell proliferation (as highlighted
by (4)). Through the mediation of mTOR activation, pre-S deleted proteins can further initiate two metabolism-related
signaling pathways; one involving YY1/Myc/SLC2A1 to stimulate aerobic glycolysis (as highlighted by (5)) and the other
involving SREBF1/ACLY/FADS2 to increase lipid biosynthesis (as highlighted by (6)), collectively contributing to cell
proliferation. Furthermore, pre-S2 deleted proteins can additionally initiate four ER stress-dependent or -independent
signaling pathways: one involving Ca2+/µ-calpain/∆N-cyclin A to induce centrosome overduplication and chromosome
instability (as highlighted by (7)), one involving JAB1/p27/Cdk2/Rb to promote cell cycle progression (as highlighted
by (8)), one involving importin α1/NBS1 to inhibit DNA repair (as highlighted by (9)), and the other involving Bcl-2
to enhance cell survival and drug resistance (as highlighted by (10)). The combined effects of pre-S deleted proteins on
DNA damage and genomic instability, anchorage-independent growth and proliferation, aerobic glycolysis and lipid
biosynthesis, centrosome overduplication and chromosome instability, cell cycle progression, and cell survival result in HCC
development. Abbreviations: HBV, hepatitis B virus; ER, endoplasmic reticulum; NF-κB, nuclear factor-κB; p38 MAPK, p38
mitogen-activated protein kinase; COX-2, cyclooxygenase-2; VEGF-A, vascular endothelial growth factor-A; VEGFR-2,
vascular endothelial growth factor receptor-2; Akt, protein kinase B; mTOR, mammalian target of rapamycin; YY1, Yin Yang
1; SLC2A1, solute carrier family 2 (facilitated glucose transporter) member 1; SREBF1, sterol regulatory element-binding
transcription factor 1; ACLY, adenosine triphosphate citrate lyase; FADS2, fatty acid desaturase 2; Ca2+, calcium; ∆N-cyclin
A, N-terminus truncated cyclin A; JAB1, Jun activation domain-binding protein 1; Cdk2, cyclin-dependent kinase 2; Rb,
retinoblastoma protein; NBS1, Nijmegen breakage syndrome 1; Bcl-2, B cell lymphoma-2; HCC, hepatocellular carcinoma.

6. HBV Pre-S2 Deleted Proteins Additionally Activate ER Stress-Dependent or
Independent Signaling Pathways to Induce Centrosome Overduplication, Promote
Cell Cycle Progression, Inhibit DNA Repair, and Enhance Survival and Drug
Resistance in Hepatocytes In Vitro and In Vivo

Aside from the ER stress-dependent signaling pathways initiated by both types of
pre-S deleted proteins, pre-S2 deleted proteins have been shown to activate additional
signaling pathways with or without the mediation of ER stress (Figure 4). Wang et al.
showed that pre-S2 deleted proteins could not only upregulate the expression of cyclin
A at the transcription level in an ER stress-independent manner, but also induce calcium
(Ca2+)-dependent protease µ-calpain-mediated cleavage of cyclin A through the mediation
of ER stress, collectively resulting in the elevated production of N-terminus truncated
cyclin A (∆N-cyclin A) in human hepatoma cell lines, in transgenic mouse livers, and
in GGHs in HCC patients [43,44]. Unlike its full-length counterpart, which was mainly
detected in the cell nucleus, ∆N-cyclin A was predominantly located in the cytoplasm
and induced centrosome overduplication, potentially contributing to chromosome in-
stability [44]. Furthermore, Wang et al. showed that the induction of Ca2+ efflux from
the ER lumen by pre-S2 deleted proteins could trigger the oligomerization of stromal
interaction molecule 1 (STIM1) on the outer membrane of ER and the recruitment of the
STIM1-resident ER toward the plasma membrane-localized Ca2+ release-activated Ca2+

modulator 1 (Orai1), resulting in Ca2+ influx into the cytoplasm and a consequent increase
in the cytoplasmic Ca2+ concentration, further contributing to µ-calpain activation and
its mediated centrosome overduplication [45]. The STIM1-and Orai1-mediated ER and
plasma membrane connections may explain the marginal expression pattern of pre-S2
deleted proteins in the type II GGHs (Figure 3). In addition, Hsieh et al. and Hsu et al.
showed that without the mediation of ER stress, pre-S2 deleted proteins could induce
the degradation of cyclin-dependent kinase (Cdk) inhibitor p27 through zinc-dependent
interaction with Jun activation domain-binding protein 1 (JAB1), leading to Cdk2-mediated
hyperphosphorylation and the inactivation of the tumor suppressor retinoblastoma protein
(Rb) in human hepatoma cell lines and in transgenic mouse livers, which promoted cell
cycle progression [46,47]. Hsieh et al. further showed that pre-S2 deleted proteins could
inhibit DNA double-strand break repair through interaction with importin α1 to block
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the nuclear transport of an essential DNA repair and recombination factor, Nijmegen
breakage syndrome 1 (NBS1), in human hepatoma cell lines, in transgenic mouse livers,
and in GGHs in HCC patients, leading to genomic instability [48]. Moreover, Hung et al.
showed that pre-S2 deleted proteins could increase the expression of apoptosis regulator
B cell lymphoma-2 (Bcl-2) at both the mRNA and protein levels in human hepatoma cell
lines and transgenic mouse livers, resulting in enhanced survival and resistance to the
chemotherapeutic drug 5-fluorouracil [49].

Most recently, Teng et al. showed that HCC patients with pre-S2 gene deletions in
the blood displayed higher numbers and activity levels of “pro-tumor” regulatory T cells
(Tregs), similar numbers but lower activity levels of the “anti-tumor” cytotoxic T cells
(CTLs), and higher expression levels of immune checkpoint molecule programmed death
ligand 1 (PD-L1) but similar expression levels of its receptor programmed death 1 (PD-1)
in tumor tissues than patients without did, suggesting a possible role of pre-S2 deleted
proteins in the regulation of the tumor immune microenvironment in HBV-related HCC,
although the exact mechanisms remain to be clarified (Figure 5) [50,51]. Considering
that increased Tregs and decreased CTLs in number and activity in tumor tissues have
been shown to promote tumor immune evasion and are associated with poor outcomes
in HCC patients [52], suppressing Tregs or enhancing CTLs in number or activity in the
tumor microenvironment may be a promising strategy for treating HCC patients who
are positive for pre-S2 deleted proteins. Moreover, it has been shown that high PD-L1
expression in tumor tissues is correlated with a poor prognosis in HCC patients [53–55]
and predicts a better response to PD-L1-based therapy in cancer patients [56]. Immune
checkpoint inhibitors targeting PD-L1 may also hold promise as potential therapeutics for
HCC patients with pre-S2 gene deletions.

 

5 

 

Figure 5. Schematic representation of the hypothetical model of HBV pre-S2 deleted proteins in the
regulation of the tumor immune microenvironment in HCC. In the tumor microenvironment of HCC
patients positive for pre-S2 deleted proteins, the expression of PD-L1 in tumor cells is elevated, the
infiltration and activity of CD4+CD25+ Tregs are increased (as shown by increased cell number and
forkhead box P3 (Foxp3) expression), and the activity of CD3+CD8+ CTLs is decreased (as shown by
decreased granzyme B expression and secretion). Tregs have been shown to exert “pro-tumor” activity
by suppressing the activity of “anti-tumor” CTLs [57]. In addition, PD-L1 expressed in tumor cells
has been shown to interact with its receptor, PD-1, expressed in CTLs, to dampen the attack of tumor
cells by CTLs [58]. The combined effects of tumoral PD-L1 overexpression, increased Treg infiltration
and activation, and CTL inactivation favor tumor cell evasion from host immune surveillance,
contributing to HCC development in patients with pre-S2 deleted proteins. Abbreviations: Treg,
regulatory T cell; Foxp3, forkhead box P3; CTL, cytotoxic T cell; PD-L1, programmed death ligand 1;
PD-1, programmed death 1; HCC, hepatocellular carcinoma.
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7. HBV Pre-S2 Deleted Proteins Induce Malignant Transformation of Hepatocytes and
Trigger HCC Development in a Transgenic Mouse Model

The ability of pre-S2 deletion mutant proteins to drive hepatocyte transformation
and liver disease progression to HCC development has been well demonstrated. Wang
et al. showed that pre-S2 deleted proteins could enhance proliferation, multinucleation,
and anchorage-independent growth in untransformed human hepatocyte cell lines [43].
Furthermore, Teng et al. showed that transgenic mice that specifically expressed pre-S2
deleted proteins in the liver displayed several groups of liver pathologies (frequencies in
two independent transgenic mouse lines after 30 months of follow-up): Group 1, chronic
inflammation solely (11% to 24%); Group 2, hepatic steatosis solely (6% to 7%); Group 3, fi-
brosis solely (6% to 15%); Group 4, chronic inflammation and fibrosis (30% to 39%); Group 5,
chronic inflammation, fibrosis, and hepatomegaly (3% to 12%); and Group 6, chronic inflam-
mation, fibrosis, hepatomegaly, and HCC (12% to 15%) [59]. Consistent with the in vitro
effect of pre-S2 deleted proteins in human hepatoma cell lines, ER stress and metabolic
disturbance were also observed in the livers of the transgenic mice at an early stage before
the development of liver pathologies, followed by a series of the activation of oncogenic
signaling pathways during disease progression to HCC development [39,40,59,60].

8. Inhibition of Signaling Pathways Activated by HBV Pre-S Deleted Proteins
Exhibits a Preventive Effect on Liver Pathology and HCC Development in a
Transgenic Mouse Model

The efficacy of targeting signaling pathways activated by pre-S deleted proteins in
ameliorating liver pathology and preventing HCC development has been validated in
a transgenic mouse model by several studies. Teng et al. showed that a combination
treatment of resveratrol and silymarin—two natural products extracted from grapes and
milk thistles, respectively—could inhibit the formation of HCC in transgenic mouse liv-
ers through the suppressing activation of the mTOR/YY1/Myc/SLC2A1 signaling path-
way [41]. Teng et al. also showed that treatment with a phytosome formulation of curcumin,
a natural product extracted from turmeric, could improve chronic inflammation, decrease
hepatic steatosis, and suppress HCC formation in transgenic mouse livers by inhibiting
NF-κB and mTOR activation [61]. Furthermore, Hsieh et al. showed that treatment with
suberoylanilide hydroxamic acid, a histone deacetylase inhibitor, could reduce cell pro-
liferation, the nuclear/cytoplasmic ratio, and multinucleation in transgenic mouse livers
through elevating the expression of thioredoxin-binding protein 2, which competes with
pre-S2 deleted proteins for interaction with JAB1, thereby blocking p27 degradation [62].

9. Discussion

Although this review provides evidence supporting the clinical and molecular im-
plications of HBV pre-S deleted proteins in HCC, some issues are still worth considering.
First, type I and type II GGHs have been identified to harbor pre-S1 and pre-S2 deleted
proteins, respectively [13,14]; however, these two types of GGHs also express wild-type
HBV large surface proteins. Huang et al. showed that the expression of wild-type large
surface proteins resulted in the formation of GGHs and sustained hepatocyte proliferation
in the liver of transgenic mice [63]. Considering that the prevalence of pre-S gene deletions
gradually increases during the progression of chronic HBV infection-related liver diseases
and is associated with the higher incidence of liver cirrhosis and HCC development [21–25],
it is reasonable to speculate that both type I and type II GGHs may evolve from the GGHs,
which solely express wild-type large surface proteins; the expression of wild-type large
surface proteins may initiate the formation of GGHs and sustain their proliferation, but
the emergence of pre-S deleted proteins may confer a significant growth advantage to
GGHs and promote their malignant transformation. Second, pre-S deleted proteins have
been shown to activate multiple oncogenic signaling pathways [18], all of which are not
induced by wild-type large surface proteins or are only induced to a much lesser extent.
For example, Xu et al. showed that the large surface proteins retained within the secretory
pathway, rather than the secretable form of large surface proteins, could cause ER stress in
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human hepatoma cell lines [64]. Wang et al. further showed that pre-S deleted proteins, but
not wild-type large surface proteins, preferentially accumulated in the ER and induced ER
stress [13]. However, Li et al. showed that expression of wild-type large surface proteins
was sufficient to induce cytokinesis failure, leading to hepatocyte hyperploidy [65]. These
findings therefore suggest that pre-S deleted proteins may exhibit a broader range and
stronger activation of signaling pathways than wild-type large surface proteins in GGHs.
Finally, but no less importantly, to date the majority of the cellular experiments performed
to elucidate the signaling pathways activated by pre-S deleted proteins have been carried
out in human hepatoma cell lines. Although most of the signaling pathways have also
been validated in transgenic mouse livers and in GGHs in HCC patients, it remains to
be verified whether pre-S deleted proteins exert the same effect in untransformed human
hepatocyte cell lines.

10. Conclusions

This review highlights that the presence of HBV pre-S gene deletions in the blood
and the expression of pre-S deleted proteins in the liver tissues of patients represent
valuable biomarkers for HCC development and recurrence after curative surgical resection.
Targeting the molecular mechanisms underlying tumorigenesis induced by pre-S deleted
proteins is a promising strategy for preventing HBV-related chronic liver diseases and HCC.

Author Contributions: Conceptualization, Y.-T.L., L.-B.J., W.-L.C., I.-J.S. and C.-F.T.; writing—
original draft preparation, C.-F.T.; writing—review and editing, C.-F.T.; visualization, Y.-T.L., L.-B.J.
and C.-F.T.; funding acquisition, L.-B.J. and C.-F.T. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by China Medical University Hospital, Taichung, Taiwan, grant
number DMR-110-043.

Acknowledgments: In this section, you can acknowledge any support given which is not covered by
the author contribution or funding sections. This may include administrative and technical support,
or donations in kind (e.g., materials used for experiments).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Llovet, J.M.; Zucman-Rossi, J.; Pikarsky, E.; Sangro, B.; Schwartz, M.; Sherman, M.; Gores, G. Hepatocellular carcinoma. Nat. Rev.

Dis. Primers 2016, 2, 16018. [CrossRef]
2. Cheng, K.-C.; Lin, W.-Y.; Liu, C.-S.; Lin, C.-C.; Lai, H.-C.; Lai, S.-W. Association of different types of liver disease with demographic

and clinical factors. Biomedicine 2016, 6, 1–7. [CrossRef] [PubMed]
3. Kulik, L.; El-Serag, H.B. Epidemiology and management of hepatocellular carcinoma. Gastroenterology 2019, 156, 477–491.

[CrossRef] [PubMed]
4. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN

estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021, 68, 394–424. [CrossRef]
5. Zhou, L.; Wang, S.-B.; Chen, S.-G.; Qu, Q.; Rui, J.-A. Risk factors of recurrence and poor survival in curatively resected

hepatocellular carcinoma with microvascular invasion. Adv. Clin. Exp. Med. 2020, 29, 887–892. [CrossRef] [PubMed]
6. Tampaki, M.; Papatheodoridis, G.V.; Cholongitas, E. Intrahepatic recurrence of hepatocellular carcinoma after resection: An

update. Clin. J. Gastroenterol. 2021. [CrossRef]
7. Maucort-Boulch, D.; de Martel, C.; Franceschi, S.; Plummer, M. Fraction and incidence of liver cancer attributable to hepatitis B

and C viruses worldwide: Liver cancer attributable to hepatitis viruses worldwide. Int. J. Cancer 2003, 142, 2471–2477. [CrossRef]
8. Llovet, J.M.; Burroughs, A.; Bruix, J. Hepatocellular carcinoma. Lancet 2003, 362, 1907–1917. [CrossRef]
9. Tarocchi, M.; Polvani, S.; Marroncini, G.; Galli, A. Molecular mechanism of hepatitis B virus-induced hepatocarcinogenesis. World

J. Gastroenterol. 2014, 20, 11630–11640. [CrossRef]
10. Mani, S.K.K.; Andrisani, O. Hepatitis B Virus-Associated Hepatocellular Carcinoma and Hepatic Cancer Stem Cells. Genes 2018,

9, 137. [CrossRef]
11. Robinson, W.S. The Genome of Hepatitis B Virus. Annu. Rev. Microbiol. 1977, 31, 357–377. [CrossRef] [PubMed]
12. Lee, W.M. Hepatitis B Virus Infection. N. Engl. J. Med. 1997, 337, 1733–1745. [CrossRef]
13. Wang, H.-C.; Wu, H.-C.; Chen, C.-F.; Fausto, N.; Lei, H.-Y.; Su, I.-J. Different Types of Ground Glass Hepatocytes in Chronic

Hepatitis B Virus Infection Contain Specific Pre-S Mutants that May Induce Endoplasmic Reticulum Stress. Am. J. Pathol. 2003,
163, 2441–2449. [CrossRef]

http://doi.org/10.1038/nrdp.2016.18
http://doi.org/10.7603/s40681-016-0016-2
http://www.ncbi.nlm.nih.gov/pubmed/27518399
http://doi.org/10.1053/j.gastro.2018.08.065
http://www.ncbi.nlm.nih.gov/pubmed/30367835
http://doi.org/10.3322/caac.21660
http://doi.org/10.17219/acem/76750
http://www.ncbi.nlm.nih.gov/pubmed/32750753
http://doi.org/10.1007/s12328-021-01394-7
http://doi.org/10.1002/ijc.31280
http://doi.org/10.1016/S0140-6736(03)14964-1
http://doi.org/10.3748/wjg.v20.i33.11630
http://doi.org/10.3390/genes9030137
http://doi.org/10.1146/annurev.mi.31.100177.002041
http://www.ncbi.nlm.nih.gov/pubmed/334041
http://doi.org/10.1056/NEJM199712113372406
http://doi.org/10.1016/S0002-9440(10)63599-7


Viruses 2021, 13, 862 11 of 13

14. Su, I.J.; Wang, H.C.; Wu, H.C.; Huang, W.Y. Ground glass hepatocytes contain pre-S mutants and represent preneoplastic lesions
in chronic hepatitis B virus infection. J. Gastroenterol. Hepatol. 2008, 23, 1169–1174. [CrossRef] [PubMed]

15. Su, I.-J.; Wang, L.H.-C.; Hsieh, W.-C.; Wu, H.-C.; Teng, C.-F.; Tsai, H.-W.; Huang, W. The emerging role of hepatitis B virus Pre-S2
deletion mutant proteins in HBV tumorigenesis. J. Biomed. Sci. 2014, 21, 1–8. [CrossRef] [PubMed]

16. Teng, C.-F.; Wu, H.-C.; Su, I.-J.; Jeng, L.-B. Hepatitis B Virus Pre-S Mutants as Biomarkers and Targets for the Development and
Recurrence of Hepatocellular Carcinoma. Viruses 2020, 12, 945. [CrossRef]

17. Teng, C.F.; Wu, H.C.; Shyu, W.C.; Jeng, L.B.; Su, I.J. Pre-S2 Mutant-Induced Mammalian Target of Rapamycin Signal Pathways
as Potential Therapeutic Targets for Hepatitis B Virus-Associated Hepatocellular Carcinoma. Cell Transplant. 2017, 26, 429–438.
[CrossRef] [PubMed]

18. Lin, W.-L.; Hung, J.-H.; Huang, W. Association of the Hepatitis B Virus Large Surface Protein with Viral Infectivity and
Endoplasmic Reticulum Stress-mediated Liver Carcinogenesis. Cells 2020, 9, 2052. [CrossRef]

19. Fan, Y.; Lu, C.; Chen, W.; Yao, W.; Wang, H.; Chang, T.; Lei, H.; Shiau, A.; Su, I. Prevalence and significance of hepatitis B virus
(HBV) pre-S mutants in serum and liver at different replicative stages of chronic HBV infection. Hepatology 2001, 33, 277–286.
[CrossRef] [PubMed]

20. Shen, F.C.; Su, I.J.; Wu, H.C.; Hsieh, Y.H.; Yao, W.J.; Young, K.C.; Chang, T.C.; Hsieh, H.C.; Tsai, H.N.; Huang, W. A pre-S gene chip
to detect pre-S deletions in hepatitis B virus large surface antigen as a predictive marker for hepatoma risk in chronic hepatitis B
virus carriers. J. Biomed. Sci. 2009, 16, 84. [CrossRef] [PubMed]

21. Choi, M.S.; Kim, D.Y.; Lee, D.H.; Lee, J.H.; Koh, K.C.; Paik, S.W.; Rhee, J.C.; Yoo, B.C. Clinical significance of pre-S mutations in
patients with genotype C hepatitis B virus infection. J. Viral Hepat. 2006, 14, 161–168. [CrossRef]

22. Li, X.; Qin, Y.; Liu, Y.; Li, F.; Liao, H.; Lu, S.; Qiao, Y.; Xu, D.; Li, J. PreS deletion profiles of hepatitis B virus (HBV) are associated
with clinical presentations of chronic HBV infection. J. Clin. Virol. 2016, 82, 27–32. [CrossRef]

23. Zhao, Z.-M.; Jin, Y.; Gan, Y.; Zhu, Y.; Chen, T.-Y.; Wang, J.-B.; Sun, Y.; Cao, Z.-G.; Qian, G.-S.; Tu, H. Novel approach to identifying
the hepatitis B virus pre-S deletions associated with hepatocellular carcinoma. World J. Gastroenterol. 2014, 20, 13573–13581.
[CrossRef]

24. Jia, J.; Liang, X.; Chen, S.; Wang, H.; Li, H.; Fang, M.; Bai, X.; Wang, Z.; Wang, M.; Zhu, S.; et al. Next-generation sequencing
revealed divergence in deletions of the preS region in the HBV genome between different HBV-related liver diseases. J. Gen. Virol.
2017, 98, 2748–2758. [CrossRef] [PubMed]

25. Chen, C.H.; Hung, C.H.; Lee, C.M.; Hu, T.H.; Wang, J.H.; Wang, J.C.; Lu, S.N.; Changchien, C.S. Pre-S deletion and complex
mutations of hepatitis B virus related to advanced liver disease in HBeAg-negative patients. Gastroenterology 2007, 133, 1466–1474.
[CrossRef]

26. Sinn, D.H.; Choi, M.S.; Gwak, G.-Y.; Paik, Y.-H.; Lee, J.H.; Koh, K.C.; Paik, S.W.; Yoo, B.C. Pre-S Mutation Is a Significant Risk
Factor for Hepatocellular Carcinoma Development: A Long-Term Retrospective Cohort Study. Dig. Dis. Sci. 2012, 58, 751–758.
[CrossRef] [PubMed]

27. Cohen, D.; Ghosh, S.; Shimakawa, Y.; Ramou, N.; Garcia, P.S.; Dubois, A.; Guillot, C.; Deluce, N.K.-N.; Tilloy, V.; Durand, G.; et al.
Hepatitis B virus preS2∆38–55 variants: A newly identified risk factor for hepatocellular carcinoma. JHEP Rep. 2020, 2, 100144.
[CrossRef]

28. Li-Shuai, Q.; Yu-Yan, C.; Hai-Feng, Z.; Jin-Xia, L.; Cui-Hua, L. Pre-S deletions of hepatitis B virus predict recurrence of
hepatocellular carcinoma after curative resection. Medicine 2017, 96, e8311. [CrossRef] [PubMed]

29. Yen, C.J.; Ai, Y.L.; Tsai, H.W.; Chan, S.H.; Yen, C.S.; Cheng, K.H.; Lee, Y.P.; Kao, C.W.; Wang, Y.C.; Chen, Y.L.; et al. Hepatitis B
virus surface gene pre-S2 mutant as a high-risk serum marker for hepatoma recurrence after curative hepatic resection. Hepatology
2018, 68, 815–826. [CrossRef]

30. Teng, C.F.; Huang, H.Y.; Li, T.C.; Shyu, W.C.; Wu, H.C.; Lin, C.Y.; Su, I.J.; Jeng, L.B. A Next-Generation Sequencing-Based Platform
for Quantitative Detection of Hepatitis B Virus Pre-S Mutants in Plasma of Hepatocellular Carcinoma Patients. Sci. Rep. 2018,
8, 14816. [CrossRef] [PubMed]

31. Teng, C.-F.; Tsai, H.-W.; Li, T.-C.; Wang, T.; Wang, J.; Shyu, W.-C.; Wu, H.-C.; Su, I.-J.; Jeng, L.-B. Detection of hepatitis B virus
pre-S mutants in plasma by a next-generation sequencing-based platform determines their patterns in liver tissues. PLoS ONE
2020, 15, e0234773. [CrossRef]

32. Teng, C.F.; Li, T.C.; Huang, H.Y.; Lin, J.H.; Chen, W.S.; Shyu, W.C.; Wu, H.C.; Peng, C.Y.; Su, I.J.; Jeng, L.B. Next-generation
sequencing-based quantitative detection of hepatitis B virus pre-S mutants in plasma predicts hepatocellular carcinoma recurrence.
Viruses 2020, 12, 796. [CrossRef] [PubMed]

33. Teng, C.F.; Li, T.C.; Huang, H.Y.; Chan, W.L.; Wu, H.C.; Shyu, W.C.; Su, I.J.; Jeng, L.B. Hepatitis B virus pre-S2 deletion (nucleotide
1 to 54) in plasma predicts recurrence of hepatocellular carcinoma after curative surgical resection. PLoS ONE 2020, 15, e0242748.
[CrossRef]

34. Thedja, M.D.; Muljono, D.H.; Ie, S.I.; Sidarta, E.; Verhoef, J.; Marzuki, S. Genogeography and Immune Epitope Characteristics of
Hepatitis B Virus Genotype C Reveals Two Distinct Types: Asian and Papua-Pacific. PLoS ONE 2015, 10, e0132533. [CrossRef]

35. Hatazawa, Y.; Yano, Y.; Okada, R.; Tanahashi, T.; Hayashi, H.; Hirano, H.; Minami, A.; Kawano, Y.; Tanaka, M.; Fukumoto, T.; et al.
Quasispecies variant of pre-S/S gene in HBV-related hepatocellular carcinoma with HBs antigen positive and occult infection.
Infect. Agents Cancer 2018, 13, 7. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1440-1746.2008.05348.x
http://www.ncbi.nlm.nih.gov/pubmed/18505413
http://doi.org/10.1186/s12929-014-0098-7
http://www.ncbi.nlm.nih.gov/pubmed/25316153
http://doi.org/10.3390/v12090945
http://doi.org/10.3727/096368916X694382
http://www.ncbi.nlm.nih.gov/pubmed/28195035
http://doi.org/10.3390/cells9092052
http://doi.org/10.1053/jhep.2001.21163
http://www.ncbi.nlm.nih.gov/pubmed/11124846
http://doi.org/10.1186/1423-0127-16-84
http://www.ncbi.nlm.nih.gov/pubmed/19751529
http://doi.org/10.1111/j.1365-2893.2006.00784.x
http://doi.org/10.1016/j.jcv.2016.06.018
http://doi.org/10.3748/wjg.v20.i37.13573
http://doi.org/10.1099/jgv.0.000942
http://www.ncbi.nlm.nih.gov/pubmed/29022863
http://doi.org/10.1053/j.gastro.2007.09.002
http://doi.org/10.1007/s10620-012-2408-9
http://www.ncbi.nlm.nih.gov/pubmed/23053886
http://doi.org/10.1016/j.jhepr.2020.100144
http://doi.org/10.1097/MD.0000000000008311
http://www.ncbi.nlm.nih.gov/pubmed/29069001
http://doi.org/10.1002/hep.29790
http://doi.org/10.1038/s41598-018-33051-4
http://www.ncbi.nlm.nih.gov/pubmed/30287845
http://doi.org/10.1371/journal.pone.0234773
http://doi.org/10.3390/v12080796
http://www.ncbi.nlm.nih.gov/pubmed/32722114
http://doi.org/10.1371/journal.pone.0242748
http://doi.org/10.1371/journal.pone.0132533
http://doi.org/10.1186/s13027-018-0179-4
http://www.ncbi.nlm.nih.gov/pubmed/29434654


Viruses 2021, 13, 862 12 of 13

36. Tsai, H.-W.; Lin, Y.-J.; Lin, P.-W.; Wu, H.-C.; Hsu, K.-H.; Yen, C.-J.; Chan, S.-H.; Huang, W.; Su, I.-J. A clustered ground-glass
hepatocyte pattern represents a new prognostic marker for the recurrence of hepatocellular carcinoma after surgery. Cancer 2011,
117, 2951–2960. [CrossRef]

37. Tsai, H.-W.; Lin, Y.-J.; Wu, H.-C.; Chang, T.-T.; Wu, I.-C.; Cheng, P.-N.; Yen, C.-J.; Chan, S.-H.; Huang, W.; Su, I.-J. Resistance of
ground glass hepatocytes to oral antivirals in chronic hepatitis B patients and implication for the development of hepatocellular
carcinoma. Oncotarget 2016, 7, 27724–27734. [CrossRef] [PubMed]

38. Hsieh, Y.-H.; Su, I.-J.; Wang, H.-C.; Chang, W.-T.; Lei, H.-Y.; Lai, M.-D.; Huang, W. Pre-S mutant surface antigens in chronic
hepatitis B virus infection induce oxidative stress and DNA damage. Carcinogenesis 2004, 25, 2023–2032. [CrossRef]

39. Hung, J.H.; Su, I.J.; Lei, H.Y.; Wang, H.C.; Lin, W.C.; Chang, W.T.; Huang, W.; Chang, W.C.; Chang, Y.S.; Chen, C.C.; et al.
Endoplasmic reticulum stress stimulates the expression of cyclooxygenase-2 through activation of NF-kappaB and pp38 mitogen-
activated protein kinase. J. Biol. Chem. 2004, 279, 46384–46392. [CrossRef]

40. Yang, J.C.; Teng, C.F.; Wu, H.C.; Tsai, H.W.; Chuang, H.C.; Tsai, T.F.; Hsu, Y.H.; Huang, W.; Wu, L.W.; Su, I.J. Enhanced expression
of vascular endothelial growth factor-A in ground glass hepatocytes and its implication in hepatitis B virus hepatocarcinogenesis.
Hepatology 2009, 49, 1962–1971. [CrossRef]

41. Teng, C.-F.; Hsieh, W.-C.; Wu, H.-C.; Lin, Y.-J.; Tsai, H.-W.; Huang, W.; Su, I.-J. Hepatitis B Virus Pre-S2 Mutant Induces Aerobic
Glycolysis through Mammalian Target of Rapamycin Signal Cascade. PLoS ONE 2015, 10, e0122373. [CrossRef]

42. Teng, C.F.; Wu, H.C.; Hsieh, W.C.; Tsai, H.W.; Su, I.J. Activation of ATP citrate lyase by mTOR signal induces disturbed lipid
metabolism in hepatitis B virus pre-S2 mutant tumorigenesis. J. Virol. 2015, 89, 605–614. [CrossRef] [PubMed]

43. Wang, H.-C.; Chang, W.-T.; Wu, H.-C.; Huang, W.; Lei, H.-Y.; Lai, M.-D.; Fausto, N.; Su, I.-J.; Chang, W.-W. Hepatitis B virus
pre-S2 mutant upregulates cyclin A expression and induces nodular proliferation of hepatocytes. Hepatology 2005, 41, 761–770.
[CrossRef] [PubMed]

44. Wang, L.H.-C.; Huang, W.; Lai, M.-D.; Su, I.-J. Aberrant cyclin A expression and centrosome overduplication induced by hepatitis
B virus Pre-S2 mutants and its implication in hepatocarcinogenesis. Carcinogenesis 2011, 33, 466–472. [CrossRef]

45. Yen, T.T.-C.; Yang, A.; Chiu, W.-T.; Li, T.-N.; Wang, L.-H.; Wu, Y.-H.; Wang, H.-C.; Chen, L.; Wang, W.-C.; Huang, W.; et al.
Hepatitis B virus PreS2-mutant large surface antigen activates store-operated calcium entry and promotes chromosome instability.
Oncotarget 2016, 7, 23346–23360. [CrossRef]

46. Hsieh, Y.H.; Su, I.J.; Wang, H.C.; Tsai, J.H.; Huang, Y.J.; Chang, W.W.; Lai, M.D.; Lei, H.Y.; Huang, W. Hepatitis B virus
pre-S2 mutant sur-face antigen induces degradation of cyclin-dependent kinase inhibitor p27Kip1 through c-Jun activation
do-main-binding protein 1. Mol. Cancer Res. 2007, 5, 1063–1072. [CrossRef]

47. Hsu, J.-L.; Chuang, W.-J.; Su, I.-J.; Gui, W.-J.; Chang, Y.-Y.; Lee, Y.-P.; Ai, Y.-L.; Chuang, D.T.; Huang, W. Zinc-Dependent Interaction
between JAB1 and Pre-S2Mutant Large Surface Antigen of Hepatitis B Virus and Its Implications for Viral Hepatocarcinogenesis.
J. Virol. 2013, 87, 12675–12684. [CrossRef] [PubMed]

48. Hsieh, Y.-H.; Chang, Y.-Y.; Su, I.-J.; Yen, C.-J.; Liu, Y.-R.; Liu, R.-J.; Hsieh, W.-C.; Tsai, H.-W.; Wang, L.H.-C.; Huang, W.
Hepatitis B virus pre-S2 mutant large surface protein inhibits DNA double-strand break repair and leads to genome instability in
hepatocarcinogenesis. J. Pathol. 2015, 236, 337–347. [CrossRef] [PubMed]

49. Hung, J.H.; Teng, Y.N.; Wang, L.H.C.; Su, I.J.; Wang, C.C.; Huang, W.; Lee, K.H.; Lu, K.Y.; Wang, L.H. Induction of Bcl-2 expression
by hepatitis B virus pre-S2 mutant large surface protein resistance to 5-fluorouracil treatment in Huh-7 cells. PLoS ONE 2011,
6, e28977. [CrossRef]

50. Teng, C.-F.; Li, T.-C.; Wang, T.; Wu, T.-H.; Wang, J.; Wu, H.-C.; Shyu, W.-C.; Su, I.-J.; Jeng, L.-B. Increased Expression of
Programmed Death Ligand 1 in Hepatocellular Carcinoma of Patients with Hepatitis B Virus Pre-S2 Mutant. J. Hepatocell.
Carcinoma 2020, 7, 385–401. [CrossRef]

51. Teng, C.-F.; Li, T.-C.; Wang, T.; Liao, D.-C.; Wen, Y.-H.; Wu, T.-H.; Wang, J.; Wu, H.-C.; Shyu, W.-C.; Su, I.-J.; et al. Increased
infiltration of regulatory T cells in hepatocellular carcinoma of patients with hepatitis B virus pre-S2 mutant. Sci. Rep. 2021, 11,
1–12. [CrossRef] [PubMed]

52. Fu, J.; Xu, D.; Liu, Z.; Shi, M.; Zhao, P.; Fu, B.; Zhang, Z.; Yang, H.; Zhang, H.; Zhou, C.; et al. Increased regulatory T cells correlate
with CD8 T-cell impairment and poor survival in hepatocellular carcinoma patients. Gastroenterology 2007, 132, 2328–2339.
[CrossRef]

53. Gao, Q.; Wang, X.-Y.; Qiu, S.-J.; Yamato, I.; Sho, M.; Nakajima, Y.; Zhou, J.; Li, B.-Z.; Shi, Y.-H.; Xiao, Y.-S.; et al. Overexpression of
PD-L1 Significantly Associates with Tumor Aggressiveness and Postoperative Recurrence in Human Hepatocellular Carcinoma.
Clin. Cancer Res. 2009, 15, 971–979. [CrossRef] [PubMed]

54. Gao, X.-S.; Gu, X.; Xiong, W.; Guo, W.; Han, L.; Bai, Y.; Peng, C.; Cui, M.; Xie, M. Increased programmed death ligand-1 expression
predicts poor prognosis in hepatocellular carcinoma patients. OncoTargets Ther. 2016, 9, 4805–4813. [CrossRef]

55. Jung, H.I.; Jeong, D.; Ji, S.; Ahn, T.S.; Bae, S.H.; Chin, S.; Chung, J.C.; Kim, H.C.; Lee, M.S.; Baek, M.-J. Overexpression of PD-L1
and PD-L2 Is Associated with Poor Prognosis in Patients with Hepatocellular Carcinoma. Cancer Res. Treat. 2017, 49, 246–254.
[CrossRef]

56. Herbst, R.S.; Soria, J.C.; Kowanetz, M.; Fine, G.D.; Hamid, O.; Gordon, M.S.; Sosman, J.A.; McDermott, D.F.; Powderly, J.D.;
Gettinger, S.N.; et al. Predictive correlates of response to the anti-PD-L1 antibody MPDL3280A in cancer patients. Nature 2014,
515, 563–567. [CrossRef]

http://doi.org/10.1002/cncr.25837
http://doi.org/10.18632/oncotarget.8388
http://www.ncbi.nlm.nih.gov/pubmed/27027237
http://doi.org/10.1093/carcin/bgh207
http://doi.org/10.1074/jbc.M403568200
http://doi.org/10.1002/hep.22889
http://doi.org/10.1371/journal.pone.0122373
http://doi.org/10.1128/JVI.02363-14
http://www.ncbi.nlm.nih.gov/pubmed/25339766
http://doi.org/10.1002/hep.20615
http://www.ncbi.nlm.nih.gov/pubmed/15726643
http://doi.org/10.1093/carcin/bgr296
http://doi.org/10.18632/oncotarget.8109
http://doi.org/10.1158/1541-7786.MCR-07-0098
http://doi.org/10.1128/JVI.01497-13
http://www.ncbi.nlm.nih.gov/pubmed/24049181
http://doi.org/10.1002/path.4531
http://www.ncbi.nlm.nih.gov/pubmed/25775999
http://doi.org/10.1371/journal.pone.0028977
http://doi.org/10.2147/JHC.S282818
http://doi.org/10.1038/s41598-020-80935-5
http://www.ncbi.nlm.nih.gov/pubmed/33441885
http://doi.org/10.1053/j.gastro.2007.03.102
http://doi.org/10.1158/1078-0432.CCR-08-1608
http://www.ncbi.nlm.nih.gov/pubmed/19188168
http://doi.org/10.2147/OTT.S110713
http://doi.org/10.4143/crt.2016.066
http://doi.org/10.1038/nature14011


Viruses 2021, 13, 862 13 of 13

57. Shevach, E.M.; McHugh, R.S.; Piccirillo, C.A.; Thornton, A.M. Control of T-cell activation by CD4+ CD25+ suppressor T cells.
Immunol. Rev. 2001, 182, 58–67. [CrossRef]

58. Freeman, G.J.; Long, A.J.; Iwai, Y.; Bourque, K.; Chernova, T.; Nishimura, H.; Fitz, L.J.; Malenkovich, N.; Okazaki, T.; Byrne, M.C.;
et al. Engagement of the Pd-1 Immunoinhibitory Receptor by a Novel B7 Family Member Leads to Negative Regulation of
Lymphocyte Activation. J. Exp. Med. 2000, 192, 1027–1034. [CrossRef]

59. Teng, Y.C.; Neo, J.C.; Wu, J.C.; Chen, Y.F.; Kao, C.H.; Tsai, T.F. Expression of a hepatitis B virus pre-S2 deletion mutant in the liver
results in hepatomegaly and hepatocellular carcinoma in mice. J. Pathol. 2017, 241, 463–474. [CrossRef] [PubMed]

60. Wu, H.-C.; Tsai, H.-W.; Teng, C.-F.; Hsieh, W.-C.; Lin, Y.-J.; Wang, L.H.-C.; Yuan, Q.; Su, I.-J. Ground-glass hepatocytes co-
expressing hepatitis B virus X protein and surface antigens exhibit enhanced oncogenic effects and tumorigenesis. Hum. Pathol.
2014, 45, 1294–1301. [CrossRef]

61. Teng, C.-F.; Yu, C.-H.; Chang, H.-Y.; Hsieh, W.-C.; Wu, T.-H.; Lin, J.-H.; Wu, H.-C.; Jeng, L.-B.; Su, I.-J. Chemopreventive Effect of
Phytosomal Curcumin on Hepatitis B Virus-Related Hepatocellular Carcinoma in A Transgenic Mouse Model. Sci. Rep. 2019, 9,
1–13. [CrossRef] [PubMed]

62. Hsieh, Y.-H.; Su, I.-J.; Yen, C.-J.; Tsai, T.-F.; Tsai, H.-W.; Tsai, H.-N.; Huang, Y.-J.; Chen, Y.-Y.; Ai, Y.-L.; Kao, L.-Y.; et al. Histone
deacetylase inhibitor suberoylanilide hydroxamic acid suppresses the pro-oncogenic effects induced by hepatitis B virus pre-S 2
mutant oncoprotein and represents a potential chemopreventive agent in high-risk chronic HBV patients. Carcinogenesis 2012, 34,
475–485. [CrossRef] [PubMed]

63. Huang, S.N.; Chisari, F.V. Strong, sustained hepatocellular proliferation precedes hepatocarcinogenesis in hepatitis B surface
antigen transgenic mice. Hepatology 1995, 21, 620–626. [PubMed]

64. Xu, Z.; Jensen, G.; Yen, T.S. Activation of hepatitis B virus S promoter by the viral large surface protein via induction of stress in
the endoplasmic reticulum. J. Virol. 1997, 71, 7387–7392. [CrossRef] [PubMed]

65. Li, T.N.; Wu, Y.J.; Tsai, H.W.; Sun, C.P.; Wu, Y.H.; Wu, H.L.; Pei, Y.N.; Lu, K.Y.; Yen, T.T.C.; Chang, C.W.; et al. Intrahepatic hepatitis
B virus large surface an-tigen induces hepatocyte hyperploidy via failure of cytokinesis. J. Pathol. 2018, 245, 502–513. [CrossRef]
[PubMed]

http://doi.org/10.1034/j.1600-065X.2001.1820104.x
http://doi.org/10.1084/jem.192.7.1027
http://doi.org/10.1002/path.4850
http://www.ncbi.nlm.nih.gov/pubmed/27868197
http://doi.org/10.1016/j.humpath.2013.10.039
http://doi.org/10.1038/s41598-019-46891-5
http://www.ncbi.nlm.nih.gov/pubmed/31316146
http://doi.org/10.1093/carcin/bgs365
http://www.ncbi.nlm.nih.gov/pubmed/23172669
http://www.ncbi.nlm.nih.gov/pubmed/7875658
http://doi.org/10.1128/JVI.71.10.7387-7392.1997
http://www.ncbi.nlm.nih.gov/pubmed/9311817
http://doi.org/10.1002/path.5102
http://www.ncbi.nlm.nih.gov/pubmed/29862509

	Introduction 
	The Presence of HBV Pre-S Gene Deletions in the Blood of Patients with Chronic Hepatitis B Is Associated with Liver Disease Progression and Higher Incidence of Liver Cirrhosis and HCC Development 
	The Presence of HBV Pre-S Gene Deletions in the Blood of Patients with HCC Is Associated with Higher Risk of HCC Recurrence after Curative Surgical Resection 
	The Expression of Pre-S Deleted Proteins in the Liver Tissues of Patients with HCC Is Associated with Higher Risk of HCC Recurrence after Curative Surgical Resection 
	Both HBV Pre-S1 and Pre-S2 Deleted Proteins Activate Endoplasmic Reticulum (ER) Stress-Dependent Signaling Pathways to Induce DNA Damage and to Promote Growth and Proliferation in Hepatocytes In Vitro and In Vivo 
	HBV Pre-S2 Deleted Proteins Additionally Activate ER Stress-Dependent or Independent Signaling Pathways to Induce Centrosome Overduplication, Promote Cell Cycle Progression, Inhibit DNA Repair, and Enhance Survival and Drug Resistance in Hepatocytes In Vitro and In Vivo 
	HBV Pre-S2 Deleted Proteins Induce Malignant Transformation of Hepatocytes and Trigger HCC Development in a Transgenic Mouse Model 
	Inhibition of Signaling Pathways Activated by HBV Pre-S Deleted Proteins Exhibits a Preventive Effect on Liver Pathology and HCC Development in a Transgenic Mouse Model 
	Discussion 
	Conclusions 
	References

