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Abstract: Mutations in the hepatitis B virus (HBV) genome can potentially lead to vaccination failure,
diagnostic escape, and disease progression. However, there are no reports on viral gene expression
and large hepatitis B surface antigen (HBsAg) antigenicity alterations due to mutations in HBV
isolated from a Bangladeshi population. Here, we sequenced the full genome of the HBV isolated
from a clinically infected patient in Bangladesh. The open reading frames (ORFs) (P, S, C, and X) of
the isolated HBV strain were successfully amplified and cloned into a mammalian expression vector.
The HBV isolate was identified as genotype C (sub-genotype C2), serotype adr, and evolutionarily
related to strains isolated in Indonesia, Malaysia, and China. Clinically significant mutations, such
as preS1 C2964A, reverse transcriptase domain I91L, and small HBsAg N3S, were identified. The
viral P, S, C, and X genes were expressed in HEK-293T and HepG2 cells by transient transfection with
a native subcellular distribution pattern analyzed by immunofluorescence assay. Western blotting
of large HBsAg using preS1 antibody showed no staining, and preS1 ELISA showed a significant
reduction in reactivity due to amino acid mutations. This mutated preS1 sequence has been identified
in several Asian countries. To our knowledge, this is the first report investigating changes in large
HBsAg antigenicity due to preS1 mutations.
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1. Introduction

Hepatitis B virus (HBV) is one of the smallest known animal viruses; it is known to cause
acute and chronic hepatitis in humans, followed by liver cirrhosis and hepatocellular carcinoma
(HCC). The mature infectious virion (Dane particle, approximately 42 nm in diameter) consists of
an icosahedral nucleocapsid surrounded by three kinds of envelope proteins [1]. HBV is distributed
globally with abundant mutations in its genome due to the lack of proofreading capacity in the viral
polymerase protein; this genomic variability has led to what is known as quasispecies. These genomic
variations show a strong association with the clinical characteristics of HBV-infected patients and
geographical distribution [2]. HBV has been categorized into nine genotypes (A–I) depending on
nucleotide variations in at least 8% of the total genome in different strains [3]. However, the partially
double-stranded 3.2 kb viral genome encodes four overlapping open reading frames (ORFs): P, S, C,
and X. Three kinds of envelope/surface proteins are encoded by a single ORF, S, because it contains
three in-frame start codons in the preS1, preS2, and S regions. The large (preS1+preS2+S), medium
(preS2+S), and small (S only) surface proteins share a common C terminus region [4].
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The core protein plays important roles during viral replication and interacts with several host
cellular factors [5–7]. HBx, encoded by ORF X, is a diverse and multifunctional nonstructural
protein associated with many cellular signaling pathways; it plays a vital role in the development
of HBV-induced HCC [8,9]. HBV Pol is a multifunctional protein with reverse transcriptase activity
that lacks proofreading capacity during its translation. Therefore, many drug-resistant mutations
in the reverse transcriptase (RT) domain of Pol have been reported, indicating the need for novel
anti-HBV drugs [10]. On the other hand, the coding regions of all the surface proteins of HBV, including
their promoters (preS1 and S), fully overlap with the terminal protein (TP) domain and RT regions of
Pol [11,12]. Hence, mutations in these regions can also be found in the surface proteins.

Although the small hepatitis B surface antigen (HBsAg) plays an important role in the diagnosis
of acute infection using commercial ELISA kits, mutations are known to lead to diagnostic failures [12].
HBV infection may also be diagnosed through the detection of the medium and large HBsAg proteins
using commercial ELISA kits [13–15]. Anti-preS1 antibodies may be the first serological marker of
the immune response against HBV infection, as it occurs in the early phase of infection because of its
location on the surface of the HBV virion [16]. However, mutations may also occur in the medium
and large surface proteins, and mutations in the preS1 region are reported to be associated with
HCC [17–19]. HBV enters the host cell through the binding of preS1 with the sodium taurocholate
co-transporting polypeptide (NTCP) receptor [20]. The preS1 region contains several immunogenic
domains and T- and B-cell epitopes [21]. Recently, the development of an HBV vaccine targeting
preS1 has been attempted [22]. However, it has not been confirmed whether changes in antigenic
properties due to these mutations affect the efficacy of the vaccine. The development/modification of
novel/available diagnostic kits/HBsAg ELISA kits are required and require routine mutational analyses
of currently circulating HBV genomes in different populations.

Bangladesh is a densely populated country with a high prevalence of HBV infection and
HBV-induced HCC [23]. HBV genotype C is the most prevalent subtype in the Indian subcontinent,
including in Bangladesh [24–26], and is thought to be more harmful and more likely to lead to
HCC [27–29]. Drug resistance and HBsAg diagnostic escape mutations have been also reported in
Bangladesh based on HBV genome sequence analysis only [24–26,30,31]. In this study, we sequenced
the complete genome of HBV isolated from an acute case in Bangladesh and compared its sequence
with those of previously published sequences. Next, we cloned the major HBV viral protein-coding
sequences to an expression vector and analyzed the expression and distribution of these viral proteins
in HEK-293T and HepG2 cells by immunofluorescence analysis. Finally, we performed ELISA and
western blot analysis of the small and large HBsAg proteins to determine the effect of mutations in the
preS1 coding region on its antigenicity.

2. Results

2.1. Confirmation of HBV Infection/Replication

The serum sample was collected from a patient with a history of jaundice who was confirmed to
be HBsAg-positive (OD450/630: 3.66; cut-off value: 0.105) and showed a high level of HBeAg (OD450/630:
2.44; cut-off value: 0.105). qPCR data showed active viremia with a titer of 1.16 × 109 copies viral
genome/mL serum. These data showed that active viral replication occurred in the liver of the infected
patient; this also verified that the patient had no history of treatment with anti-HBV drugs.

2.2. Successful Amplification and Cloning of Four Full Viral Genes

We successfully amplified all four viral genes: P, S, C, and X, which have a length of 2532 bp, 1203
bp, 552 bp, and 465 bp, respectively. Then, we cloned the ORFs of each gene into the mammalian
expression plasmid pCMV-Myc. The correct fragment sizes containing each clone in pCMV-Myc
plasmid were screened after digestion with restriction enzymes (EcoRI and SalI). At least two correct
clones for each ORF were selected for further confirmation by sequencing using CMV promoter primers.
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Sequencing data confirmed the ligation of the correct in-frame specific ORFs with Myc tag; both clones
showed identical nucleotide sequences with the sequences from direct PCR products as well. We
further confirmed the fragment size of each ORF through a comparison with our previously cloned
HBV ORFs in the same expression plasmid. These results suggest that the isolated HBV genes could be
easily amplified by PCR and showed no truncated deletions after cloning into the expression plasmids.

2.3. Characterization, Evolutionary Origin, and Mutational Analysis

The total genome length of the isolated HBV strain in this study was 3215 bp. Identical nucleotide
sequences were obtained from direct PCR products of viral genomic DNA and HBV ORFs cloned
into pCMV-Myc plasmids. The HBV genome sequence was annotated using a previously published
Bangladeshi HBV full genome (MF925359.1) and a reference HBV strain used in our laboratory
(X01587). The isolated HBV in this study (BD2) was confirmed to be genotype C and sub-genotype
C2, as determined by Geno2pheno:hbv and serotype (subtype) adr. Phylogenetic trees can be used to
reveal the evolutionary origins of microorganisms and are commonly used to analyze HBV evolution
patterns [24,25,32]. Our phylogenetic tree, constructed with different HBV genotypes obtained from
GenBank, showed that BD2 was clustered with Bangladeshi HBV isolates, which are closely related to
HBV genomes originating from Indonesia, Malaysia, and China (Figure 1). However, the maximum
sequence identity of 99.47% was obtained in an HBV isolate originating in Thailand (KM999990.1).
Mutational analysis at the nucleotide level showed only two mutations, C2964A and C3062T, in the preS1
region of BD2 HBV; no mutations were found in the preS2 region, consistent with previous findings
(Figure 2) [25]. No nucleotide mutations were identified in the basal core promoter (BCP) or PC/core
promoter. Only one putative NA-resistant mutation, I91L, was found, and no primary, secondary,
pre-treatment, or drug-resistant mutations were observed in the RT domain of Pol. However, some
mutations (H9Y, N13H, I91L, I269L, and V278I) were found in the RT domain that are not associated
with drug resistance, according to Geno2pheno:hbv. Small HBsAg showed the following mutations:
N3S, V18G, E44G, M47T, S53L, V159A, A177V, S210N, and I213L; none of these are associated with
HBsAg escape, though the N3S mutant is associated with an increased risk of HCC [25].

2.4. Expression Analysis of Different HBV Proteins

Mutations in HBV proteins may affect their expression and subcellular distribution; currently,
there are no reports of expression analysis of viral proteins in Bangladeshi HBV isolates. Therefore, we
analyzed the expression of viral proteins in vitro by transient transfection in HEK-293T and HepG2
cells. The expression and subcellular distribution of polymerase, large HBsAg, core, and HBx were
confirmed by immunofluorescence assay (Figure 3). The subcellular distribution of the viral proteins
showed similar staining patterns in both HEK-293T and HepG2 cells to that of our reference strain
(adr4, X01587), despite the presence of several mutations in BD2 (MK628732). These results suggest
that the major HBV proteins isolated from Bangladesh were successfully expressed in a cell culture
system with native subcellular distribution.
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Figure 1. Phylogenetic tree analysis of hepatitis B virus (HBV) BD2 (MK628732). The full genome 
sequences of several HBV strains were extracted from GenBank, and a phylogenetic tree was 
constructed using CLC Sequence Viewer. 

Figure 1. Phylogenetic tree analysis of hepatitis B virus (HBV) BD2 (MK628732). The full genome
sequences of several HBV strains were extracted from GenBank, and a phylogenetic tree was constructed
using CLC Sequence Viewer.
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Figure 2. Alignment of HBV full genome sequence with that of reference strains. The HBV complete 
genome sequence identified in this study was aligned with reference strains MF925359.1 and X01587 
and characterized. Mutational analysis was performed by comparing the present sequence with that 
of the reference HBV genomes. 

Figure 2. Alignment of HBV full genome sequence with that of reference strains. The HBV complete
genome sequence identified in this study was aligned with reference strains MF925359.1 and X01587
and characterized. Mutational analysis was performed by comparing the present sequence with that of
the reference HBV genomes.
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Figure 3. Expression analysis of HBV proteins by immunofluorescence analysis. HEK-293T and 
HepG2 cells were transfected with pCMV-Myc carrying specific HBV genes. Cells were fixed, 
permeabilized, and stained with Myc tag Ab at 48 h after transfection, followed by an Alexa Fluor 
488-conjugated anti-mouse IgG (Green) for HEK-293T cells and Alexa Fluor 546-conjugated anti-
mouse IgG (Red) for HepG2 cells. The cell nuclei were stained with DAPI (blue). The experiment was 
performed at least three independent times, and one representative data set was presented. 

2.5. Antigenicity of Large HBsAg Is Altered due to Mutations in preS1 Region 

Amino acid mutations may change the conformation of HBsAg [12]. Therefore, we compared 
the antigenicity of BD2 with that of the reference HBsAg adr4 from transfected HEK-293T and HepG2 
cell lysates using HBsAg ELISA. The reactivity of BD2 is slightly lower. Nine mutations were found 
in the preS1 domain of large HBsAg from BD2 HBV isolates compared to that from the reference 
strain adr4 (Figure 4A). Therefore, we tested the antigenicity of large HBsAg from the transfected 
HEK-293T and HepG2 cells using preS1 ELISA. Interestingly, BD2 large HBsAg showed significantly 
reduced binding capacity with preS1 ELISA (Figure 4C,H). To confirm this, we performed western 
blotting from both transfected cell lines (HEK-293T and HepG2) using two different antibodies: one 
targeting the Myc tag, and the other targeting preS1 with a commercially available antibody. The 
Myc tag antibody showed comparable levels of large HBsAg expression between both groups, 
whereas the anti-preS1 antibody could not detect large HBsAg in the BD2 samples (Figure 4D,E,G). 
This suggests that amino acid mutations in the preS1 region affected the antigenicity of large HBsAg. 

Figure 3. Expression analysis of HBV proteins by immunofluorescence analysis. HEK-293T and HepG2
cells were transfected with pCMV-Myc carrying specific HBV genes. Cells were fixed, permeabilized,
and stained with Myc tag Ab at 48 h after transfection, followed by an Alexa Fluor 488-conjugated
anti-mouse IgG (Green) for HEK-293T cells and Alexa Fluor 546-conjugated anti-mouse IgG (Red) for
HepG2 cells. The cell nuclei were stained with DAPI (blue). The experiment was performed at least
three independent times, and one representative data set was presented.

2.5. Antigenicity of Large HBsAg Is Altered due to Mutations in preS1 Region

Amino acid mutations may change the conformation of HBsAg [12]. Therefore, we compared the
antigenicity of BD2 with that of the reference HBsAg adr4 from transfected HEK-293T and HepG2 cell
lysates using HBsAg ELISA. The reactivity of BD2 is slightly lower. Nine mutations were found in
the preS1 domain of large HBsAg from BD2 HBV isolates compared to that from the reference strain
adr4 (Figure 4A). Therefore, we tested the antigenicity of large HBsAg from the transfected HEK-293T
and HepG2 cells using preS1 ELISA. Interestingly, BD2 large HBsAg showed significantly reduced
binding capacity with preS1 ELISA (Figure 4C,H). To confirm this, we performed western blotting from
both transfected cell lines (HEK-293T and HepG2) using two different antibodies: one targeting the
Myc tag, and the other targeting preS1 with a commercially available antibody. The Myc tag antibody
showed comparable levels of large HBsAg expression between both groups, whereas the anti-preS1
antibody could not detect large HBsAg in the BD2 samples (Figure 4D,E,G). This suggests that amino
acid mutations in the preS1 region affected the antigenicity of large HBsAg.
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Figure 4. PreS1 region amino acid mutations, western blot analysis, and ELISA. (A) Amino acid 
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transfected with pCMV-LS carrying a large HBsAg coding sequence and pGFP-Max or pSV-β-Gal 
and incubated for 48 h. (B,F) Transfection efficiency was tested by detecting GFP signals from the co-
transfected cells. Pictures were taken using EVOS FL Auto with 10×/0.30 magnification. (C,H) Cells 
were lysed and subjected to ELISA. ELISA results were normalized to the β-Gal assay. (D,G) Lysed 
cells were further subjected to SDS-PAGE followed by western blotting analysis using preS1 and Myc 
tag antibodies. The β-tubulin used as a loading control. (E) Relative antigenic reactivity of large 
HBsAg by western blot. Data were generated from the densitometry of western blot band intensities 
detected by preS1, Myc tag, and β-tubulin antibodies. Relative reactivity of large HBsAg was 
calculated. Each experiment was performed at least three independent times, and results are shown 
as mean ± SD. p ≤ 0.05 was considered as statistically significant. 

Figure 4. PreS1 region amino acid mutations, western blot analysis, and ELISA. (A) Amino acid
mutations in the preS1 region compared to the reference HBV strain adr4. Mentioned cells were
co-transfected with pCMV-LS carrying a large HBsAg coding sequence and pGFP-Max or pSV-β-Gal
and incubated for 48 h. (B,F) Transfection efficiency was tested by detecting GFP signals from the
co-transfected cells. Pictures were taken using EVOS FL Auto with 10×/0.30 magnification. (C,H) Cells
were lysed and subjected to ELISA. ELISA results were normalized to the β-Gal assay. (D,G) Lysed
cells were further subjected to SDS-PAGE followed by western blotting analysis using preS1 and Myc
tag antibodies. The β-tubulin used as a loading control. (E) Relative antigenic reactivity of large HBsAg
by western blot. Data were generated from the densitometry of western blot band intensities detected
by preS1, Myc tag, and β-tubulin antibodies. Relative reactivity of large HBsAg was calculated. Each
experiment was performed at least three independent times, and results are shown as mean ± SD.
p ≤ 0.05 was considered as statistically significant.

2.6. Silent Large HBsAg Containing Mutated HBV Is Circulating in Asiatic Countries

We found several mutations in the preS1 region that may be responsible for antigenic alterations
in large HBsAg. Thus, we investigated whether these mutations in the HBV genome were present in
sequences deposited in the NCBI database from other countries. We searched in BLAST using 119
amino acids/357 nt of the preS1 region of BD2 genome and found a total of 103 amino acid sequences
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and 60 nucleotide sequences showing 100% sequence identity. These preS1 regions mutations were
found in HBV genomes isolated from Asian countries, including Thailand, Myanmar, Cambodia, Laos,
Malaysia, India, Bangladesh, Indonesia, and Japan (Figure 5A,B). These results indicate that HBV
strains containing this mutated large HBsAg are circulating among these countries.
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performed using 119 amino acids/357 nt of the preS1 region of BD2 genome. A total of 103 amino acid
sequences (A) and 60 nucleotide sequences (B) showed 100% sequence identity.

3. Discussion

HBV is a serious public health problem worldwide, including in Bangladesh. Bangladesh
is a densely populated country with a high prevalence of HBV and a predominance of subtype
C/C2 [24–26]. HBV mutations might affect the success rates of diagnostic/vaccination protocols, leading
to the development of drug-resistant strains [33–39]. The expression, distribution, and secretion of
HBV proteins could be affected by amino acid mutations that are also correlated with HCC [40–43].
Here, we identified an HBV strain from an acute clinically infected patient and performed full genome
sequencing, characterization, mutational analysis, cloning, and expression analysis of the major viral
proteins. Several mutations in the preS1 region were found that alter the antigenicity of large HBsAg
against antibodies; furthermore, this HBV strain containing silent antigenic large HBsAg mutations is
circulating in Asian countries.

The detection of HBsAg is the primary marker of acute HBV infection, and active viral replication
is indicated based on the detection of HBeAg and serum DNA levels [44,45]. Genetic variations in HBV,
as well as recombination between different genotypes determine its severity, as well as the progression
to HCC [46]. The evolutionary analysis of the whole genome sequence of Bangladeshi HBV isolates
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showed a close relationship with those from neighboring countries such as India, Myanmar, Nepal,
and Thailand, as well as high recombination rates [25]. PreS1 region mutations might be related to
the progression of liver diseases, and these mutations have been reported in multiple HBV genomes
isolated in Bangladesh [25]. Polymerase mutations potentially lead to drug resistance, which is a
major cause of chronic hepatitis or HCC due to the ineffectiveness of anti-HBV drugs [47]. Some
RT mutations, such as rtI91L, have been positively associated with HCC; however, this has not been
experimentally confirmed in vitro and is considered a putative nucleotide analogues-resistant mutation.
These mutations have been reported in Bangladesh as well [25,48].

The HBV genome encodes four major proteins, and each of them has a different function. Their
expression patterns in hepatocyte-derived cells vary in infection compared to transfection contexts.
However, no expression analysis of the viral proteins of a Bangladeshi HBV isolate has been performed
so far. HBV Pol and core are known to localize to the cytoplasm in transfected cells, with Pol
showing subcellular distribution near the mitochondria; similar results were found in this study [49,50].
HBV envelope proteins are expressed in the cytoplasm, post-translationally glycosylated into the
endoplasmic reticulum (ER) and Golgi bodies, though fractions of these proteins may localize into
mitochondria [51,52]. Mutations in HBsAg may lead to changes in its subcellular distribution and
staining patterns [53]. HBx is a non-structural protein that plays significant roles in the development
of HCC; it is expressed in the cytoplasm and/or nucleus [54,55]. Although the HBV proteins isolated
from Bangladeshi patients displayed several mutations, expression analysis of our viral proteins by
IFA in HEK-293T and HepG2 cells showed a high similarity to native HBV expression properties.

The preS1 region plays an important role in NTCP receptor-mediated HBV infection; mutations in
this region have been associated with HCC [19]. Yin et al. identified HBV with a C2964A mutation in
the preS1 region as a novel factor associated with HCC [56]; this mutation has also been reported in the
present study. The preS1 region (residues 1–47) is necessary for binding with the NTCP receptor for
successful infection [57,58]. Thus, a preS1 peptide-based vaccine could be an alternative strategy to
prevent HBV infection [22,59]. Therefore, whether the antigenicity of large HBsAg due to mutations
in the preS1 region would affect diagnostic accuracy using commercial large HBsAg ELISA kits was
investigated here. In the current report, nine mutations were found in our isolate when compared
to adr4 (X01587); these mutations led to a complete loss of reactivity with a commercial anti-preS1
antibody in western blot analysis. Moreover, the reactivity against PreS1 ELISA also showed significant
reductions. PreS1 residues 21–59 are recognized as a major immunogenic domain; more precisely,
preS1 residues 27 and 39 are involved in the formation of B- and T-cell epitopes. In addition, the
D27G mutation has been identified in patients with active chronic hepatitis [21,60–62]. In this study,
four mutations (D27G, H39N, H51Q, and E54A) were identified within residues 21–59. Furthermore,
the NTCP-binding region of preS1 showed two mutations (D27G and H39N) that require further
investigations into whether these mutations affect the HBV infection efficiency. These mutations, which
are responsible for silent changes in the antigenicity of large HBsAg, have been identified in many
Asian countries, including Bangladesh. However, the expression and secretion efficiency of envelope
proteins and the identification of specific mutations responsible for preS1 silent antigenicity must be
further investigated in future.

4. Materials and Methods

4.1. Sample Collection

The serum sample was collected from a 20-year-old HBsAg-positive male patient with a history
of acute infection. Written consent has been taken from the patient mentioning that the sample will
be used for research purposes and approved by Bangladesh Agricultural University research ethical
committee [Approval ID: AWEEC/BAU/2019(47)]. Infection was confirmed by HBsAg and HBeAg
ELISA in the laboratory.
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4.2. DNA Extraction, PCR Amplification, and Cloning

Viral DNA was extracted from serum samples using the QIAamp DNA Mini Kit (Qiagen, Hilden,
Germany) following the manufacturer’s protocol. Plasmid DNA from Escherichia coli DH5α was
extracted using the PureYield Plasmid Maxiprep System and Wizard Plus Minipreps DNA Purification
System (Promega, Madison, WI, USA) following the manufacturer’s guidelines. The full HBV genome
(P, S, C, and X ORFs) was amplified by PCR using TaKaRa ExTaq polymerase (TaKaRa Bio, Shiga,
Japan) and ORF-specific primer sets (Table 1). Forward and reverse primers were designed to include
the cutting sites of the indicated restriction enzymes upstream of the start codons and downstream of
the end codons for each ORF. PCR was performed at a final volume of 20 µL according to the following
parameters: 96 ◦C for 5 min, followed by 35 cycles of 96 ◦C for 30 s, 54 ◦C for 30 s, and 72 ◦C for 2
min, with a final extension step at 72 ◦C for 7 min. The ORFs amplification was confirmed by 2%
TBE agarose gel electrophoresis to justify the band size corresponded to the length of each specific
gene. The PCR products were then purified using the MonoFas DNA Purification Kit (GL Sciences
Inc., Tokyo, Japan) and digested with restriction enzymes (EcoRI and SalI). Then specific fragments of
each gene (P, S, C, and X) were run on a 1% TAE agarose gel electrophoresis, purified, and ligated with
pCMV-Myc (Clontech) following the standard protocols. The ligated plasmids were transformed into
DH5α E. coli, and fragments containing the ligated pCMV-Myc plasmids were screened by digesting
with restriction enzymes (EcoRI and SalI) after the extraction of plasmid DNA. Two successful clones
for each ORF were selected for further confirmation by sequencing using CMV promoter primers.

Table 1. List of primers used in this study.

Genes or Purpose Primer Names Sequences (5′–3′)

P
EcoRI-Pol-1 GTGGAATTCGGATGCCCCTATCTTATCAACAC

Pol-stop-SalI CACGTCGACTCACGGTGGTCTCCATGCGAC

S
EcoRI-HBs preS1 GTGGAATTCGGATGGGAGGTTGGTCTTCCAAAC

HBs-stop-SalI CACGTCGACTTAAATGTATACCCAAAGAC

C
EcoRI-Core-1 GTGGAATTCGGATGGACATTGACCCGTATAAAG

Core-stop-SalI CACGTCGACTAACATTGAGATTCCCGAG

X
EcoRI-HBx-1 GTGGAATTCGGATGGCTGCTAGGGTGTGCTG

HBx-stop-SalI CACGTCGACTTAGGCAGAGGTGAAAAAGTTG

pCMV_Myc plasmid CMV Pro ACGGTGGGAGGTCTATATAAGC

Real-time
quantitative PCR

HBs F2 CTTCATCCTGCTGCTATGCCT

HBsR2 AAAGCCCAGGATGATGGGAT

4.3. Real-Time Quantitative PCR

The viral load in the serum was determined by quantitative PCR (qPCR) using Fast SYBR™ Green
Master Mix (Applied Biosystems, Vilnius, Lithuania) with the QuantStudio 6 Flex qPCR machine
(Applied Biosystems) following the manufacturer’s guidelines. qPCR was performed as previously
described with a final concentration of 200 nM HBV-specific primers (Table 1) [63].

4.4. Sample Preparation for Sequencing

The direct products of PCR-amplified full ORFs (P, S, C, and X) and cloned plasmids
(pCMV-Myc_HBV_ORFs) were subjected for sequencing using ORF-specific primers and CMV
promoter primers respectively. Samples were prepared for sequencing by PCR at a final volume of
20 µL using BigDye® Terminator v3.1 Cycle and BigDye® Terminator v1.1 & v3.1 5× Sequencing
Buffer (Applied Biosystems). PCR was performed according to the following parameters: 94 ◦C for 5
min, followed by 35 cycles of 94 ◦C for 30 s, 54 ◦C for 30 s, and 60 ◦C for 2 min, with a final extension
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step at 60 ◦C for 7 min. PCR products were precipitated with ethanol, dried, and dissolved in Hi-Di
Formamide (Applied Biosystems). Then samples were boiled for 5 min and sequenced using the
Applied Biosystems 3730 DNA Analyzer (California, CA, USA).

4.5. Sequence Annotation and Analysis and Phylogenetic and Mutational Analysis

First, the raw sequence data were edited, annotated, and analyzed using CLC Sequence Viewer
(http://www.clcbio.com) and compared with two reference sequences (MF925359.1 and X01587). The
genotype and sub-genotype were determined using Geno2pheno:hbv (https://hbv.geno2pheno.org/).
The serotype was determined as previously described [64]. The BD2 HBV isolate was then submitted
to GenBank (accession number: MK628732). ExPASy was used to obtain the amino acid sequence
and for ORF in-frame check with Myc tag in pCMV-Myc vector (http://web.expasy.org). For the
evolutionary analysis, a BLAST analysis was performed using the full BD2 genome to determine
nucleotide identities with previously published HBV genomes. The BD2 HBV genome sequence was
aligned with different genotypes and sub-genotypes for the construction of phylogenetic trees as
previously described [25]. The phylogenetic tree was constructed using BD2 and reference sequences
using MEGA software and CLC Sequence Viewer as previously described [24,25]. Mutational analysis
of different viral proteins was performed using Geno2pheno:hbv (https://hbv.geno2pheno.org) and
the HIV-Grade:HBV-Tool (https://www.hiv-grade.de/cms/grade/explanations/hbv-tool/). Nucleotide
mutations at different regions, such as preS1, basal core promoter, and the RT region, were analyzed
according a previously published report [25]. The preS1 region (nucleotides 1–357 and residues 1–119)
was used a query sequence to search BLAST nucleotides and BLAST protein for sequences with 100%
sequence identity.

4.6. Cell Lines and Transfection

HEK-293T cells and a human liver carcinoma cell line, HepG2, were used to express the major
HBV proteins P, S, C, and X. Cells were originally obtained from ATCC and maintained and cultured
in our laboratory according to our previous protocol [12]. The HEK-293T cells were seeded in
6-well collagen-coated plates (2 × 105 cells/well) and incubated overnight. Transient transfection was
performed using 1 µg plasmid using TransIT-LT1 reagent (Mirus Bio, Madison, WI, USA) according to
the manufacturer’s guidelines. HepG2 cells were seeded similarly (5 × 105 cells/well) and transfected
using GenJet™ In Vitro DNA Transfection Reagent ver II (SignaGen Laboratories) according to the
manufacturer’s guidelines. After 48 h, cells were collected for further experiments. Transfection for
immunofluorescence staining was performed following our previous protocol [12].

4.7. Western Blot, Immunofluorescence Analysis, and ELISA

Western blotting and immunofluorescence analysis were performed on the transfected cells
according to our previously described methods [12,63]. The transfected cells were lysed with 50 mM
NaH2PO4 [pH: 8.0], 300 mM NaCl, 0.1% NP40, and complete mammalian protease inhibitor (Sigma
P8849; 1:1000 dilution), and prepared lysates were used for ELISA and western blotting. Antibodies
targeting the Myc tag (Anti-Myc tag antibody [9E10]; Millipore) and the preS1 (Anti HBV Pre-S1
antibody, mouse mono-1, Catalog No. BCL-AB-01; Beacle, Inc.) were used to detect large HBsA by
western blot. ELISA for the detection of small HBsAg (HBsAg ELISA rapid II, Beacle Inc., Kyoto, Japan)
from serum samples or lysates of transfected cells were performed according to the manufacturer’s
guidelines. For ELISA of the large HBsAg (HBs Pre-S1 Quantitative ELISA Kit, Rapid; Beacle, Inc.)
and E antigen (HBeAg ELISA Kit, Bioneovan, Beijing, China), the following modified protocol was
used. First, 100 µL sample was loaded onto a well and incubated overnight at room temperature
with gentle shaking. Then, 50 µL HRP-conjugated preS1 Ab or HBe Ab was added, and the samples
were incubated for 1–2 h at room temperature with gentle shaking. The well was then washed five
times and dried by shaking and with paper towels. The color reaction was developed by incubation
with substrate solution A and B, and the reaction was stopped with stop solution. The optical density

http://www.clcbio.com
https://hbv.geno2pheno.org/
http://web.expasy.org
https://hbv.geno2pheno.org
https://www.hiv-grade.de/cms/grade/explanations/hbv-tool/
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(OD450) was measured at 450 nm and quantified relative to that of the reference wavelength (OD630)
using a Spectra Max 190 microplate spectrophotometer (Molecular Devices, San Jose, CA, USA).

4.8. Statistical Analysis

Statistical significance of antigenicity alteration was determined using t-test, and probability
values of p ≤ 0.05 were considered statistically significant. Each experiment was performed at least
three times, and the results were presented as the mean ± standard deviation (SD) of the mean.

5. Conclusions

An HBV strain isolated from an acute case in a Bangladeshi patient was characterized as genotype
C (subtype C2) and serotype adr and was confirmed to be evolutionarily related to HBV strains from
Indonesia, Malaysia, and China. preS1 C2964A, RT domain I91L, and small HBsAg N3S mutations
were found, all of which have clinical importance. The four viral genes were successfully amplified
by PCR and cloned in mammalian expression vectors. The major viral proteins all showed native
expression properties. Mutations in the preS1 region altered the antigenicity of large HBsAg and are
circulating in Asian countries. To the best of our knowledge, this is the first study reporting a clinical
case of this mutated HBV strain showing large HBsAg antigenic alteration.

Author Contributions: M.G.H. designed the study, conducted all the experiments, and prepared the manuscript.
M.M.M. collected the serum sample. K.H.M.N.H.N. helped to design the study. K.U. directed and supervised the
study. All authors have read and agreed to the published version of the manuscript.

Funding: The manuscript English proof-reading service and article processing charge for the journal have been
supported by the Research Promotion Division, Department of Research Promotion, Osaka University, Japan.

Acknowledgments: The authors would like to thank Tomoyuki Honda for the kind gift of pCMV-Myc vector and
primers used in this study.

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

Abbreviations

HBV Hepatitis B virus
HBsAg Hepatitis B surface antigen
HCC Hepatocellular carcinoma
NTCP Sodium taurocholate co-transporting polypeptide
ORF open reading frame

References

1. Locarnini, S. Molecular virology of hepatitis B virus. Semin. Liver Dis. 2004, 24, 3–10. [CrossRef] [PubMed]
2. Yano, Y.; Azuma, T.; Hayashi, Y. Variations and mutations in the hepatitis B virus genome and their

associations with clinical characteristics. World J. Hepatol. 2015, 7, 583–592. [CrossRef] [PubMed]
3. Okamoto, H.; Tsuda, F.; Sakugawa, H.; Sastrosoewignjo, R.I.; Imai, M.; Miyakawa, Y.; Mayumi, M. Typing

hepatitis B virus by homology in nucleotide sequence: Comparison of surface antigen subtypes. J. Gen. Virol.
1988, 69, 2575–2583. [CrossRef] [PubMed]

4. Glebe, D.; Urban, S. Viral and cellular determinants involved in hepadnaviral entry. World J. Gastroenterol.
2007, 13, 22–38. [CrossRef]

5. Diab, A.; Foca, A.; Zoulim, F.; Durantel, D.; Andrisani, O. The diverse functions of the hepatitis B core/capsid
protein (HBc) in the viral life cycle: Implications for the development of HBc-targeting antivirals. Antivir.
Res. 2018, 149, 211–220. [CrossRef]

6. Sohn, S.Y.; Kim, S.B.; Kim, J.; Ahn, B.Y. Negative regulation of hepatitis B virus replication by cellular
Hsp40/DnaJ proteins through destabilization of viral core and X proteins. J. Gen. Virol. 2006, 87, 1883–1891.
[CrossRef]

7. Hayashi, M.; Imanaka-Yoshida, K.; Yoshida, T.; Wood, M.; Fearns, C.; Tatake, R.J.; Lee, J.D. A crucial role of
mitochondrial Hsp40 in preventing dilated cardiomyopathy. Nat. Med. 2006, 12, 128–132. [CrossRef]

http://dx.doi.org/10.1055/s-2004-828672
http://www.ncbi.nlm.nih.gov/pubmed/15192795
http://dx.doi.org/10.4254/wjh.v7.i3.583
http://www.ncbi.nlm.nih.gov/pubmed/25848482
http://dx.doi.org/10.1099/0022-1317-69-10-2575
http://www.ncbi.nlm.nih.gov/pubmed/3171552
http://dx.doi.org/10.3748/wjg.v13.i1.22
http://dx.doi.org/10.1016/j.antiviral.2017.11.015
http://dx.doi.org/10.1099/vir.0.81684-0
http://dx.doi.org/10.1038/nm1327


Int. J. Mol. Sci. 2020, 21, 546 14 of 16

8. Bouchard, M.J.; Schneider, R.J. The enigmatic X gene of hepatitis B virus. J. Virol. 2004, 78, 12725–12734.
[CrossRef]

9. Rawat, S.; Clippinger, A.J.; Bouchard, M.J. Modulation of apoptotic signaling by the hepatitis B virus X
protein. Viruses 2012, 4, 2945–2972. [CrossRef]

10. Kim, K.H.; Kim, N.D.; Seong, B.L. Discovery and development of anti-HBV agents and their resistance.
Molecules 2010, 15, 5878–5908. [CrossRef]

11. Tacke, F.; Liedtke, C.; Bocklage, S.; Manns, M.P.; Trautwein, C. CREB/PKA sensitive signalling pathways
activate and maintain expression levels of the hepatitis B virus pre-S2/S promoter. Gut 2005, 54, 1309–1317.
[CrossRef] [PubMed]

12. Hossain, M.G.; Ueda, K. Investigation of a novel hepatitis B virus surface antigen (HBsAg) escape mutant
affecting immunogenicity. PLoS ONE 2017, 12, e0167871. [CrossRef] [PubMed]

13. Hu, Z.; Li, M.; Huang, B.; Liu, J.; Yu, L.; Chen, G. Detection of hepatitis B virus PreS1 antigen using a
time-resolved fluoroimmunoassay. J. Immunoass. Immunochem. 2012, 33, 156–165. [CrossRef] [PubMed]

14. Yuan, Q.; Ge, S.; Xiong, J.; Yan, Q.; Li, Z.; Hao, X.; Tian, D.; Niu, J.; Su, Z.; Chen, C.; et al. A novel immunoassay
for PreS1 and/or core-related antigens for detection of HBsAg variants. J. Virol. Methods 2010, 168, 108–113.
[CrossRef] [PubMed]

15. Yuan, Q.; Ge, S.X.; Yan, Q.; Zhao, Y.; Xiong, J.H.; Zhang, J.; Xia, N.S. Establishment of a new combined
enzyme immunoassay for detection of HBV preS1 and core antigens and the consistency with HBV DNA
test. Bing Du Xue Bao Chin. J. Virol. 2007, 23, 252–257.

16. Wei, J.; Wang, Y.Q.; Lu, Z.M.; Li, G.D.; Wang, Y.; Zhang, Z.C. Detection of anti-preS1 antibodies for recovery
of hepatitis B patients by immunoassay. World J. Gastroenterol. 2002, 8, 276–281. [CrossRef]

17. Lin, C.L.; Kao, J.H. Hepatitis B virus genotypes and variants. Cold Spring Harb. Perspect. Med. 2015, 5,
a021436. [CrossRef]

18. El-Mowafy, M.; Elgaml, A.; El-Mesery, M.; Elegezy, M. Molecular analysis of Hepatitis B virus sub-genotypes
and incidence of preS1/preS2 region mutations in HBV-infected Egyptian patients from Mansoura. J. Med.
Virol. 2017, 89, 1559–1566. [CrossRef]

19. Lee, S.A.; Kim, K.J.; Kim, D.W.; Kim, B.J. Male-specific W4P/R mutation in the pre-S1 region of hepatitis
B virus, increasing the risk of progression of liver diseases in chronic patients. J. Clin. Microbiol. 2013, 51,
3928–3936. [CrossRef]

20. Yan, H.; Zhong, G.; Xu, G.; He, W.; Jing, Z.; Gao, Z.; Huang, Y.; Qi, Y.; Peng, B.; Wang, H.; et al. Sodium
taurocholate cotransporting polypeptide is a functional receptor for human hepatitis B and D virus. Elife
2012, 1, e00049. [CrossRef]

21. Hu, W.G.; Wei, J.; Yang, X.X.; Xia, H.C.; Li, F.; Zhang, Z.C. Expression of overlapping PreS1 fragment
recombinant proteins for the determination of immunogenic domains in HBsAg PreS1 region. Acta Biochim.
Biophys. Sin. 2004, 36, 397–404. [CrossRef] [PubMed]

22. Bian, Y.; Zhang, Z.; Sun, Z.; Zhao, J.; Zhu, D.; Wang, Y.; Fu, S.; Guo, J.; Liu, L.; Su, L.; et al. Vaccines targeting
preS1 domain overcome immune tolerance in hepatitis B virus carrier mice. Hepatology 2017, 66, 1067–1082.
[CrossRef] [PubMed]

23. Noor-E-Alam, S.M. Management of hepatocellular carcinoma: Bangladesh perspective. Euroasian J. Hepato
gastroenterol. 2018, 8, 52. [CrossRef] [PubMed]

24. Rahman, M.A.; Hakim, F.; Ahmed, M.; Ahsan, C.R.; Nessa, J.; Yasmin, M. Prevalence of genotypes and
subtypes of hepatitis B viruses in Bangladeshi population. SpringerPlus 2016, 5, 278. [CrossRef] [PubMed]

25. Munshi, S.U.; Tran, T.T.T.; Vo, T.N.T.; Tabassum, S.; Sultana, N.; Nguyen, T.H.; Jahan, M.; Le, C.N.; Baker, S.;
Rahman, M. Molecular characterization of hepatitis B virus in Bangladesh reveals a highly recombinant
population. PLoS ONE 2017, 12, e0188944. [CrossRef] [PubMed]

26. Hossain, M.G.; Ueda, K. A meta-analysis on genetic variability of RT/HBsAg overlapping region of hepatitis
B virus (HBV) isolates of Bangladesh. Infect. Agents Cancer 2019, 14, 33. [CrossRef]

27. Tangkijvanich, P.; Mahachai, V.; Komolmit, P.; Fongsarun, J.; Theamboonlers, A.; Poovorawan, Y. Hepatitis
B virus genotypes and hepatocellular carcinoma in Thailand. World J. Gastroenterol. 2005, 11, 2238–2243.
[CrossRef]

28. Orito, E.; Mizokami, M. Differences of HBV genotypes and hepatocellular carcinoma in Asian countries.
Hepatol. Res. 2007, 37, S33–S35. [CrossRef]

http://dx.doi.org/10.1128/JVI.78.23.12725-12734.2004
http://dx.doi.org/10.3390/v4112945
http://dx.doi.org/10.3390/molecules15095878
http://dx.doi.org/10.1136/gut.2005.065086
http://www.ncbi.nlm.nih.gov/pubmed/15871998
http://dx.doi.org/10.1371/journal.pone.0167871
http://www.ncbi.nlm.nih.gov/pubmed/28045894
http://dx.doi.org/10.1080/15321819.2011.609576
http://www.ncbi.nlm.nih.gov/pubmed/22471606
http://dx.doi.org/10.1016/j.jviromet.2010.04.029
http://www.ncbi.nlm.nih.gov/pubmed/20451558
http://dx.doi.org/10.3748/wjg.v8.i2.276
http://dx.doi.org/10.1101/cshperspect.a021436
http://dx.doi.org/10.1002/jmv.24828
http://dx.doi.org/10.1128/JCM.01505-13
http://dx.doi.org/10.7554/eLife.00049
http://dx.doi.org/10.1093/abbs/36.6.397
http://www.ncbi.nlm.nih.gov/pubmed/15188054
http://dx.doi.org/10.1002/hep.29239
http://www.ncbi.nlm.nih.gov/pubmed/28445927
http://dx.doi.org/10.5005/jp-journals-10018-1258
http://www.ncbi.nlm.nih.gov/pubmed/29963462
http://dx.doi.org/10.1186/s40064-016-1840-2
http://www.ncbi.nlm.nih.gov/pubmed/27006886
http://dx.doi.org/10.1371/journal.pone.0188944
http://www.ncbi.nlm.nih.gov/pubmed/29216251
http://dx.doi.org/10.1186/s13027-019-0253-6
http://dx.doi.org/10.3748/wjg.v11.i15.2238
http://dx.doi.org/10.1111/j.1872-034X.2007.00101.x


Int. J. Mol. Sci. 2020, 21, 546 15 of 16

29. Chan, H.L.; Hui, A.Y.; Wong, M.L.; Tse, A.M.; Hung, L.C.; Wong, V.W.; Sung, J.J. Genotype C hepatitis B
virus infection is associated with an increased risk of hepatocellular carcinoma. Gut 2004, 53, 1494–1498.
[CrossRef]

30. Shaha, M.; Hoque, S.A.; Rahman, S.R. Molecular epidemiology of hepatitis B virus isolated from Bangladesh.
SpringerPlus 2016, 5, 1513. [CrossRef]

31. Shaha, M.; Sarker, P.K.; Hossain, M.S.; Das, K.C.; Jahan, M.; Dey, S.K.; Tabassum, S.; Hashem, A.; Salimullah, M.
Analysis of the complete genome of hepatitis B virus subgenotype C2 isolate NHB17965 from a HBV infected
patient. F1000Research 2018, 7, 1023. [CrossRef] [PubMed]

32. Sicheritz-Pontén, T.; Andersson, S.G. A phylogenomic approach to microbial evolution. Nucleic Acids Res.
2001, 29, 545–552. [CrossRef] [PubMed]

33. Luongo, M.; Critelli, R.; Grottola, A.; Gitto, S.; Bernabucci, V.; Bevini, M.; Vecchi, C.; Montagnani, G.; Villa, E.
Acute hepatitis B caused by a vaccine-escape HBV strain in vaccinated subject: Sequence analysis and
therapeutic strategy. J. Clin. Virol. 2015, 62, 89–91. [CrossRef] [PubMed]

34. Lin, Y.M.; Jow, G.M.; Mu, S.C.; Chen, B.F. Naturally occurring hepatitis B virus B-cell and T-cell epitope
mutants in hepatitis B vaccinated children. Sci. World J. 2013, 2013, 571875. [CrossRef] [PubMed]

35. Tian, Y.; Xu, Y.; Zhang, Z.; Meng, Z.; Qin, L.; Lu, M.; Yang, D. The amino Acid residues at positions 120
to 123 are crucial for the antigenicity of hepatitis B surface antigen. J. Clin. Microbiol. 2007, 45, 2971–2978.
[CrossRef] [PubMed]

36. Yu, D.M.; Li, X.H.; Mom, V.; Lu, Z.H.; Liao, X.W.; Han, Y.; Pichoud, C.; Gong, Q.M.; Zhang, D.H.; Zhang, Y.;
et al. N-glycosylation mutations within hepatitis B virus surface major hydrophilic region contribute mostly
to immune escape. J. Hepatol. 2014, 60, 515–522. [CrossRef]

37. Huang, C.H.; Yuan, Q.; Chen, P.J.; Zhang, Y.L.; Chen, C.R.; Zheng, Q.B.; Yeh, S.H.; Yu, H.; Xue, Y.; Chen, Y.X.;
et al. Influence of mutations in hepatitis B virus surface protein on viral antigenicity and phenotype in occult
HBV strains from blood donors. J. Hepatol. 2012, 57, 720–729. [CrossRef]

38. Shi, Y.; Wei, F.; Hu, D.; Li, Q.; Smith, D.; Li, N.; Chen, D. Mutations in the major hydrophilic region (MHR) of
hepatitis B virus genotype C in North China. J. Med. Virol. 2012, 84, 1901–1906. [CrossRef]

39. Dos Santos, M.; Pacheco, S.R.; Stocker, A.; Schinoni, M.I.; Parana, R.; Reis, M.G.; Silva, L.K. Mutations
associated with drug resistance and prevalence of vaccine escape mutations in patients with chronic hepatitis
B infection. J. Med. Virol. 2017, 89, 1811–1816. [CrossRef]

40. Wu, C.C.; Chen, Y.S.; Cao, L.; Chen, X.W.; Lu, M.J. Hepatitis B virus infection: Defective surface antigen
expression and pathogenesis. World J. Gastroenterol. 2018, 24, 3488–3499. [CrossRef]

41. Zhou, L.Y.; Chen, E.Q.; Wang, M.L.; Chen, L.L.; Liu, C.P.; Zeng, F.; Tang, H. Biological characteristics
comparison of HBV rtA181T mutants with truncated or substituted HBsAg expression in vitro and in vivo
model systems. Sci. Rep. 2016, 6, 39260. [CrossRef] [PubMed]

42. Li, M.S.; Lau, T.C.K.; Chan, S.K.P.; Wong, C.H.; Ng, P.K.S.; Sung, J.J.Y.; Chan, H.L.Y.; Tsui, S.K.W. The G1613A
mutation in the HBV genome affects HBeAg expression and viral replication through altered core promoter
activity. PLoS ONE 2011, 6, e21856. [CrossRef] [PubMed]

43. Choi, Y.M.; Lee, S.Y.; Kim, B.J. Naturally occurring hepatitis B virus mutations leading to endoplasmic
reticulum stress and their contribution to the progression of hepatocellular Carcinoma. Int. J. Mol. Sci. 2019,
20, 597. [CrossRef] [PubMed]

44. Tassopoulos, N.C.; Papaevangelou, G.J.; Roumeliotou-Karayiannis, A.; Sjogren, M.H.; Engle, R.; Karpodini, E.;
Purcell, R.H. Serologic markers of hepatitis B virus (HBV) and hepatitis D virus infection in carriers of
hepatitis B surface antigen who are frequently exposed to HBV. Hepato-Gastroenterology 1986, 33, 151–154.

45. Kao, J.H. Diagnosis of hepatitis B virus infection through serological and virological markers. Expert Rev.
Gastroenterol. Hepatol. 2008, 2, 553–562. [CrossRef]

46. Zhang, Z.H.; Wu, C.C.; Chen, X.W.; Li, X.; Li, J.; Lu, M.J. Genetic variation of hepatitis B virus and its
significance for pathogenesis. World J. Gastroenterol. 2016, 22, 126–144. [CrossRef]

47. Yang, H.; Westland, C.E.; Delaney, W.E.; Heathcote, E.J.; Ho, V.; Fry, J.; Brosgart, C.; Gibbs, C.S.; Miller, M.D.;
Xiong, S. Resistance surveillance in chronic hepatitis B patients treated with adefovir dipivoxil for up to 60
weeks. Hepatology 2002, 36, 464–473. [CrossRef]

48. Choi, Y.M.; Lee, S.Y.; Kim, B.J. Naturally occurring hepatitis B virus reverse transcriptase mutations related
to potential antiviral drug resistance and liver disease progression. World J. Gastroenterol. 2018, 24, 1708–1724.
[CrossRef]

http://dx.doi.org/10.1136/gut.2003.033324
http://dx.doi.org/10.1186/s40064-016-3174-5
http://dx.doi.org/10.12688/f1000research.15090.3
http://www.ncbi.nlm.nih.gov/pubmed/30228877
http://dx.doi.org/10.1093/nar/29.2.545
http://www.ncbi.nlm.nih.gov/pubmed/11139625
http://dx.doi.org/10.1016/j.jcv.2014.11.029
http://www.ncbi.nlm.nih.gov/pubmed/25542480
http://dx.doi.org/10.1155/2013/571875
http://www.ncbi.nlm.nih.gov/pubmed/24379746
http://dx.doi.org/10.1128/JCM.00508-07
http://www.ncbi.nlm.nih.gov/pubmed/17609325
http://dx.doi.org/10.1016/j.jhep.2013.11.004
http://dx.doi.org/10.1016/j.jhep.2012.05.009
http://dx.doi.org/10.1002/jmv.23419
http://dx.doi.org/10.1002/jmv.24853
http://dx.doi.org/10.3748/wjg.v24.i31.3488
http://dx.doi.org/10.1038/srep39260
http://www.ncbi.nlm.nih.gov/pubmed/27976732
http://dx.doi.org/10.1371/journal.pone.0021856
http://www.ncbi.nlm.nih.gov/pubmed/21814558
http://dx.doi.org/10.3390/ijms20030597
http://www.ncbi.nlm.nih.gov/pubmed/30704071
http://dx.doi.org/10.1586/17474124.2.4.553
http://dx.doi.org/10.3748/wjg.v22.i1.126
http://dx.doi.org/10.1053/jhep.2002.34740
http://dx.doi.org/10.3748/wjg.v24.i16.1708


Int. J. Mol. Sci. 2020, 21, 546 16 of 16

49. Unchwaniwala, N.; Sherer, N.M.; Loeb, D.D. Hepatitis B virus polymerase localizes to the mitochondria,
and its terminal protein domain contains the mitochondrial targeting signal. J. Virol. 2016, 90, 8705–8719.
[CrossRef]

50. Jazayeri, M.S.; Dornan, E.S.; Boner, W.; Fattovich, G.; Hadziyannis, S.; Carman, W.F. Intracellular distribution
of hepatitis B virus core protein expressed in vitro depends on the sequence of the isolate and the serologic
pattern. J. Infect. Dis. 2004, 189, 1634–1645. [CrossRef]

51. Patzer, E.J.; Nakamura, G.R.; Simonsen, C.C.; Levinson, A.D.; Brands, R. Intracellular assembly and packaging
of hepatitis B surface antigen particles occur in the endoplasmic reticulum. J. Virol. 1986, 58, 884–892.
[CrossRef] [PubMed]

52. Patient, R.; Hourioux, C.; Sizaret, P.-Y.; Trassard, S.; Sureau, C.; Roingeard, P. Hepatitis B virus subviral
envelope particle morphogenesis and intracellular trafficking. J. Virol. 2007, 81, 3842–3851. [CrossRef]
[PubMed]

53. Biswas, S.; Candotti, D.; Allain, J.P. Specific amino acid substitutions in the S protein prevent its excretion
in vitro and may contribute to occult hepatitis B virus infection. J. Virol. 2013, 87, 7882–7892. [CrossRef]
[PubMed]

54. Ng, S.A.; Lee, C. Hepatitis B virus X gene and hepatocarcinogenesis. J. Gastroenterol. 2011, 46, 974–990.
[CrossRef]

55. Keasler, V.V.; Hodgson, A.J.; Madden, C.R.; Slagle, B.L. Hepatitis B virus HBx protein localized to the nucleus
restores HBx-deficient virus replication in HepG2 cells and in vivo in hydrodynamically-injected mice.
Virology 2009, 390, 122–129. [CrossRef]

56. Yin, J.; Xie, J.; Zhang, H.; Shen, Q.; Han, L.; Lu, W.; Han, Y.; Li, C.; Ni, W.; Wang, H.; et al. Significant
association of different preS mutations with hepatitis B-related cirrhosis or hepatocellular carcinoma. J.
Gastroenterol. 2010, 45, 1063–1071. [CrossRef]

57. Chen, P.J.; Wu, T.C. One step closer to an experimental infection system for Hepatitis B Virus?—The
identification of sodium taurocholate cotransporting peptide as a viral receptor. Cell Biosci. 2013, 3, 2.
[CrossRef]

58. Meier, A.; Mehrle, S.; Weiss, T.S.; Mier, W.; Urban, S. Myristoylated PreS1-domain of the hepatitis B virus
L-protein mediates specific binding to differentiated hepatocytes. Hepatology 2013, 58, 31–42. [CrossRef]

59. Dobrica, M.O.; Lazar, C.; Paruch, L.; Skomedal, H.; Steen, H.; Haugslien, S.; Tucureanu, C.; Caras, I.; Onu, A.;
Ciulean, S.; et al. A novel chimeric Hepatitis B virus S/preS1 antigen produced in mammalian and plant
cells elicits stronger humoral and cellular immune response than the standard vaccine-constituent, S protein.
Antivir. Res. 2017, 144, 256–265. [CrossRef]

60. Pourkarim, M.R.; Amini-Bavil-Olyaee, S.; Verbeeck, J.; Lemey, P.; Zeller, M.; Rahman, M.; Maes, P.; Nevens, F.;
Van Ranst, M. Molecular evolutionary analysis and mutational pattern of full-length genomes of hepatitis B
virus isolated from Belgian patients with different clinical manifestations. J. Med. Virol. 2010, 82, 379–389.
[CrossRef]

61. Hellström, U.B.; Madalinski, K.; Sylvan, S.P. PreS1 epitope recognition in newborns after vaccination with
the third-generation Sci-B-Vac vaccine and their relation to the antibody response to hepatitis B surface
antigen. Virol. J. 2009, 6, 7.

62. Hu, W.G.; Wei, J.; Xia, H.C.; Yang, X.X.; Li, F.; Li, G.D.; Wang, Y.; Zhang, Z.C. Identification of the immunogenic
domains in HBsAg preS1 region using overlapping preS1 fragment fusion proteins. World J. Gastroenterol.
2005, 11, 2088–2094. [CrossRef]

63. Hossain, M.G.; Ohsaki, E.; Honda, T.; Ueda, K. Importance of promyelocytic leukema protein (PML) for
Kaposi’s sarcoma-associated herpesvirus lytic replication. Front. Microbiol. 2018, 9, 2324. [CrossRef]
[PubMed]

64. Magnius, L.O.; Norder, H. Subtypes, genotypes and molecular epidemiology of the hepatitis B virus as
reflected by sequence variability of the S-gene. Intervirology 1995, 38, 24–34. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1128/JVI.01229-16
http://dx.doi.org/10.1086/382190
http://dx.doi.org/10.1128/JVI.58.3.884-892.1986
http://www.ncbi.nlm.nih.gov/pubmed/3517385
http://dx.doi.org/10.1128/JVI.02741-06
http://www.ncbi.nlm.nih.gov/pubmed/17267490
http://dx.doi.org/10.1128/JVI.00710-13
http://www.ncbi.nlm.nih.gov/pubmed/23658444
http://dx.doi.org/10.1007/s00535-011-0415-9
http://dx.doi.org/10.1016/j.virol.2009.05.001
http://dx.doi.org/10.1007/s00535-010-0253-1
http://dx.doi.org/10.1186/2045-3701-3-2
http://dx.doi.org/10.1002/hep.26181
http://dx.doi.org/10.1016/j.antiviral.2017.06.017
http://dx.doi.org/10.1002/jmv.21726
http://dx.doi.org/10.3748/wjg.v11.i14.2088
http://dx.doi.org/10.3389/fmicb.2018.02324
http://www.ncbi.nlm.nih.gov/pubmed/30349510
http://dx.doi.org/10.1159/000150411
http://www.ncbi.nlm.nih.gov/pubmed/8666521
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Confirmation of HBV Infection/Replication 
	Successful Amplification and Cloning of Four Full Viral Genes 
	Characterization, Evolutionary Origin, and Mutational Analysis 
	Expression Analysis of Different HBV Proteins 
	Antigenicity of Large HBsAg Is Altered due to Mutations in preS1 Region 
	Silent Large HBsAg Containing Mutated HBV Is Circulating in Asiatic Countries 

	Discussion 
	Materials and Methods 
	Sample Collection 
	DNA Extraction, PCR Amplification, and Cloning 
	Real-Time Quantitative PCR 
	Sample Preparation for Sequencing 
	Sequence Annotation and Analysis and Phylogenetic and Mutational Analysis 
	Cell Lines and Transfection 
	Western Blot, Immunofluorescence Analysis, and ELISA 
	Statistical Analysis 

	Conclusions 
	References

