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Abstract

AIM: To establish a cell model harboring replicative
clinical hepatitis B virus (HBV) isolates and evaluate
its application in individualized selection of anti-HBV
agents for chronic hepatitis B (CHB) patients.
METHODS: The full-length HBV genomic DNA from
8 CHB patients was amplified by polymerase chain
reaction (PCR). All the patients were treated with
lamivudine for at least seven months and finally
became resistant to lamivudine. The amplified HBV
DNA fragments were inserted into pHY106 vectors by
Sap 1 digestion. The recombinant plasmids containing
1.1 copies of HBV genome were transiently transfected
into Huh7 cell line, and the levels of HBsAg, HBeAg
and intercellular HBV replicative intermediates were
determined by ELISA and Southern blot analysis,
respectively, with or without lamivudine and adefovir
treatment. The antiviral treatment with adefovir was
administered to the patients and analyzed in parallel.
RESULTS: A total of 25 independent HBV isolates
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were obtained from the sera of 8 patients, each
patient had at least two isolates. One isolate from each
individual was selected and subcloned into pHY106
vector, including 5 isolates with YVDD mutation and 3
isolates with YIDD mutation. All recombinant plasmids
harboring HBV isolates were transfected into Huh7
cells. The results indicated that HBV genome carried in
HBV replicons of clinical HBV isolates could effectively
replicate and express in Huh7 cells. Adefovir, but not
lamivudine, inhibited HBV replication both /» vitro and
/in vivo, and /n vitro inhibition was dose-dependent.
CONCLUSION: The novel method described herein
enables individualized selection of anti-HBV agents in
clinic and is useful in future studies of antiviral therapy
for CHB.
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INTRODUCTION

Hepatitis B virus (HBV) infection may lead to acute
liver disease, chronic active hepatitis, liver cirrhosis,
and hepatocellular carcinoma (HCC). Over 350
million people worldwide are estimated to be infected
chronically by HBV and are, therefore, at risk of liver
failure, cirrhosis, or HCCU. The principal treatment for
chronic hepatitis B (CHB) involves the use of interferon
alpha (IFN-) or nucleoside analogs.

Although the use of IFN-a and nucleoside analogs
(such as lamivudine and adefovir) has improved the
treatment of chronically infected HBV patients, an
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effective reduction in virus load is only observed in less
than 40% of treated patientsP'". The molecular basis
for resistance to antiviral therapy is not cleatly defined.
However, studies have suggested that HBV genome
mutations may play a direct role in the development of
resistance to antiviral agents!'"".

In vitro analysis of clinical HBV isolates is difficult
due to the lack of HBV cell culture modell* "L
Fortunately, the lack of i witro infectivity can be
conquered by transfecting recombinant plasmids
encoding over-length HBV genome into human liver
cell lines. Following transfection, HBV pre-genomic
and messenger RNA are transcribed from the plasmids
and progeny virus is replicated and released from cells.
The present study is to develop a more efficient method
for selecting anti-HBV agents using a highly efficient
HBYV expression vector. It is supposed to be useful for
future studies on resistance surveillance and novel drug
discovery.

MATERIALS AND METHODS

Patients

Eight patients with CHB were selected according
to the diagnostic criteria of CHBP? and the
infection of hepatitis A, C, E and G viruses, human
immunodeficiency virus, cytomegalovirus and the use
of alcohol were excluded. All patients were treated
with lamivudine for more than seven months, and were
found to be resistant to lamivudine treatment in the
Department of Infectious Diseases of Union Hospital
of Tongji Medical College, Huazhong University of
Science and Technology, from January 2005 to August
2005. All the patients were HBsAg and HBeAg positive,
with HBV DNA levels above 10° copies/mL and
elevated serum ALT (= 1.5 times that of the upper
normal limit) at the time of sample collection. Access
to the materials complied with the Helsinki Declaration
and approved by the local ethics committee, and the
informed consents were obtained from all the patients.

Plasmids and bacteria

HBYV cloning and expression vector pHY106 was
kindly provided by Dr. Lu MJ (Institute of Virology,
Duisburg-Essen University, Germany), which contains
a cytomegalovirus (CMV) promoter upstream of a
short, recombinant HBV sequence that allows the
in-frame insertion of a full-length HBV genome by
Sap 1 digestion (Figure 1). The HBV replicon, pHBV1.3,
containing 1.3-fold full length genome of HBV (ayw
subtype), was conducted in our laboratory as described
previously®?'l. Plasmid pUC19 and E.co/i JM109 strain
wete maintained in our laboratory and stored at -80°C.

Cell culture

Human hepatoblastoma cell line, Huh7, was maintained
in MEM medium supplemented with 10% fetal bovine
serum (FBS) at 37°C in a moist atmosphete containing
5% CO,.

Primers design

Primers were designed according to Gunthet’s method??,
P1 (1803-1821): 5'-CCGGAAAGCTTGAGCTCTTC-
TTTTTCACCTCTGCCTAATCA-3" and P2
(1841-1822): 5'-CCGGAAAGCTTGAGCTCTTCAAA
AAGTTGCATGGTGCTGG-3' for amplifying HBV
full-length genome. The italics denoted Hind 1I,
Sac | and Sap [ sites for inserting HBV genome into
pUC19 and PHY106.

Amplification of full-length HBV genomic DNA

HBV DNA was isolated from 200 pL sera using
QIAamp Blood Kit (Qiagen Co., Germany) according to
manufacturer’s instructions. Polymerase chain reaction
(PCR) amplification of full-length HBV genomes was
performed using primers P1 and P2 according to the
methods of Gunther ¢ a/*2. If the initial PCR reactions
were negative, a second round of PCR was performed
under identical conditions using 5 uL. of 1:10 dilution of
the first round reaction products as template.

Construction of recombinant plasmids harboring
full-length HBV genome

Following PCR amplification, PCR product was purified
using a QIAquick Gel Kit (Qiagen Co., Germany)
according to manufacturer’s instructions. Then PCR
products and plasmid pUC19 were digested with the
restriction enzyme Sac 1, and the 3.2 kb PCR products
were inserted into the linear pUC19 vector (Figure 2).
Recombinant plasmids were identified by restriction
enzyme cleavage and termed as pUC19-HBV1.0.

Construction of HBV replicons harboring 1.1-fold length
HBYV genome

pUC19-HBV1.0 was cleaved with the restriction
enzyme Sap |, and a 3.2 kb fragment was recovered and
subcloned into pHY106 vector (Figure 2). Recombinant
plasmids were identified by Hind Il and Ns/ [ digestion
and termed as pHY106-HBV1.1. HBV polymerase gene
of pHY106-HBV1.1 was analyzed by sequencing,

Replication of clinical HBV replicon in Huh7 cell line
The plasmid pHY106-HBV1.1 was transiently
transfected into Huh7 cells, and the replication of
clinical HBV replicons was measured. Huh7 cells were
sceded with 5 X 10°/well and cultured in six-well plates.
Sixteen hours later, the cells were transfected with 5 pg
of plasmid pHY106-HBV1.1 using 5 pL lipofectamine
reagent (Invitrogen Co., USA) according to the
manufacturer’s instructions. Following transfection,
cultures were fed with fresh media and incubated for
96 h. The levels of HBsAg, HBeAg and HBV DNA in
supernatant were determined by ELISA and quantitative
PCR everyday. Meanwhile, the total cellular DNA was
isolated and HBV replicative intermediates were detected
by Southern blot hybridization.

Southern blot analysis of HBV replicative intermediates
Five pg of total DNA of transfected cells was separated
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Figure 1 The schematic map of HBV expression vector of pHY106.
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Figure 2 Construction of replicons of clinical HBV isolates using pHY106. Full-
length HBV genomes from PCR amplication can be digested with Sap I and
inserted into Sap I -digested pHY106 to produce HBV replicon. HBV open
reading frames (ORFs) for the pre-core (PC), core, preS1 (PS1), preS2 (2)
surface (S), polymerase, and X genes are indicated by square frame. Promoter
sequences for the preS (PS), surface (S) and core (C) genes are indicated by
arrows.

on 1.5% agarose gels, and blot onto Hybond-N nylon
membranes (Amersham Bioscience Inc, UK) using
standard Southern blot procedures. Membranes were
hybridized with a **P-labeled full-length HBV DNA
fragment and viral DNA was analyzed using a storage
phosphor system (Cyclone, Packard Bioscience Co.).

Antiviral treatment in Huh7 cells tranfected with clinical
HBY replicons

Plasmid pHY106-HBV1.1 was transiently transfected
into Huh7 cells as described above. The next day, cells
were fed with fresh medium containing 0.01, 0.1, 1 and
10 pmol/L of adefovir (Gilead Sciences, USA) and 0.01,
0.1, 1 and 10 pmol/L of lamivudine, respectively, for
72 h, after which intracellular HBV replicative
intermediates were isolated and quantified as described
above.
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Figure 3 Identification of recombinant expression plasmids by restriction
endonuclease digestion analysis. M: 1 kb DNA ladder marker; Lane 1-8:
Recombinant plasmids digested with Hind I and Nsi 1.

Statistical analysis

Data were presented as mean * SD error of the mean
(SEM). Statistical significance of differences between the
measured parameters was determined by Mann-Whitney’s
test. Statistical analyses were performed using the
SPSS13.0 software. The values were statistically signifi-
cant at P < 0.05.

RESULTS

Amplification and cloning of full-length clinical HBY
isolates

Using the method of Gunther ef 4/, full-length HBV
DNA was amplified from the sera of 6 patients
following a single round of PCR. For the other two
cases, a second round of PCR was performed to amplify
HBYV full-length genome successfully. In general, it was
more difficult to amplify full-length HBV genome from
patients with low levels of viremia. The PCR products
were cloned into pUC19 vector, and a total of 25
independent HBV clones were obtained from the sera
of the 8 patients and each patient had at least two clones.

Construction of HBV replicons harboring 1.1-fold length
HBYV genome

One clone was selected from each patient, and was
subcloned into pHY106 vector. The directions of
inserted clones were identified by digestion with
restriction enzyme Hind 1l and Nsi 1 (Ns/ 1 is a single
restriction site at nt1064 of HBV genome). If HBV
clones were forwardly inserted, the recombinant plasmid
should be cleaved into two fragments with a molecular
weight of 5400 bp and 920 bp (Figure 3). Polymerase
gene of 5 HBV isolates showed YVDD mutation and
the other 3 isolates showed YIDD mutation.

Replication of clinical HBV replicons in Huh7 cell line

Eight of the HBYV isolates cloned into the PHY106
vector were analyzed for their ability to replicate 7 vitro.
Recombinant plasmids were transfected into Huh7 cells
and allowed to replicate for 96 h, after which HBsAg,
HBeAg and HBV DNA were detected, and intracellular
replicative intermediates were extracted and analyzed
by Southern blot hybridization. A marked variation
was observed in the levels of HBsAg, HBeAg, HBV
DNA and intracellular replicative intermediates among



Lu YP et a/. Replication of clinical HBV isolate

3493

Table 1 HBsAg and HBeAg levels of clinical HBV isolates in culture supernatants (mean + SD)

24 h 48 h 72 h 96 h

Isolates HBsAg HBeAg HBsAg HBeAg HBsAg HBeAg HBsAg HBeAg

1 0.236 + 0.028 0.158 £ 0.018 0.792 £ 0.055 0.435 + 0.039 1.892 £ 0.168 1.276 £ 0.138 1.725 £ 0.258 1.212 £ 0.237
2 0.225 +0.019 0.149 £ 0.014 0.646 + 0.043 0.453 + 0.044 1.737 £0.132 1.321 £ 0.215 1.722 £ 0.633 1.121 £ 0.153
3 0.214 £ 0.038 0.152 £ 0.015 0.756 + 0.075 0.421 + 0.054 1.654 £ 0.156 1.232 £ 0.342 1.563 £ 0.742 1.133 £ 0.217
4 0.195 + 0.022 0.122 £ 0.012 0.533 £ 0.057 0.349 + 0.033 1.278 £ 0.132 1.133 £ 0.142 1.236 £ 0.571 1.123 £ 0.342
5 0.189 £ 0.028 0.112 £ 0.013 0.636 + 0.062 0.352 + 0.024 0.996 + 0.114 0.982 +0.211 1.006 + 0.263 1.012 £ 0.411
6 0.188 £ 0.033 0.132 £ 0.013 0.537 £ 0.075 0.384 + 0.042 0.987 +£0.132 0.952 + 0.156 0.945 + 0.154 0.943 £ 0.125
7 0.179 £ 0.018 0.122 £ 0.012 0.639 £ 0.031 0.298 + 0.027 1.139 £ 0.163 0.892 + 0.142 0.997 £ 0.218 0.885 +0.218
8 0.236 + 0.043 0.155 £ 0.015 0.836 + 0.061 0.475 + 0.039 1.754 £ 0.174 1.312+0.111 1.825+0.318 1.212+0.323
Positive 0.336 + 0.048 0.217 £ 0.028 0.956 + 0.078 0.552 + 0.066 1.868 £ 0.218 1.202 £ 0.324 1.922 £ 0.525 1.189 + 0.305
Negative 0.046 + 0.012 0.032 £ 0.011 0.044 £ 0.018 0.040 + 0.015 0.047 £ 0.020 0.038 £ 0.012 0.042 £ 0.013 0.039 £ 0.018

Plasmid pHBV 1.3 is positive control; Plasmid pHY106 is negative control.

Table 2 Viral loads in supernatants of Huh7 cells transfected

with HBV replicon (copies/mL)

Replicons Transfected time (h)

24 48 72 96
1 5.6 x 10° 25x10° 3.6 x 10° 3.9 x10°
2 5.2 x10° 2.0x10° 28 x10° 2.7 x10°
3 45x10° 1.8 x10° 24x10° 2.6 x10°
4 <10 1.1x10° 7.5 x10* 9.7 x10*
5 <10 1.2x10° 8.2 x 10" 9.1 x10*
6 <10 1.5x10° 7.8 x10* 8.9 x10*
7 <10 1.3 x10° 9.5 x10* 12x10°
8 5.5 x 10 23x10° 28 x10° 29 x10°
pHBV1.3 6.5 x 10 2.8 x10° 25x10° 2.7 x10°
pHY106 <10 <10 <10 <10

pHBV1.3 is positive control; pHY106 is negative control.

Figure 4 Analysis of intracellular replication of clinical HBV isolates. HBV
isolates were cloned into the vector pHY106 and transfected into Huh2 cells.
Seventy-two hours after transfection, intracellular replicative intermediates
were isolated and analyzed by Southern blot. Double-stranded (DS) and single-
stranded (SS) intermediates are indicated. Lane 1-8: eight replicons of clinical
HBV isolates; Lane 9: pHY106 negative control.

individual clones (Tables 1 and 2, Figure 4). The HBsAg
and HBeAg levels rapidly reached to a plateau within
72 h. Further incubation did not increase the
concentration of HBsAg and HBeAg in the culture
supernatants. There was also a consistency of the
HBsAg, HBeAg and HBV DNA levels in supernatants
(Tables 1 and 2).

Figure 5 Antiviral susceptibility
of an HBV isolate cloned from
a patient with lamivudine
resistance. An HBV isolate
amplified from the sera of
patients failing in lamivudine
therapy was cloned into the
pHY106 vector and analyzed
in vitro. Lane 1-4: transfected
cells treated with 0.01, 0.1, 1
and 10 umol/L of adefovir; Lane
5-8: transfected cells treated
with 0.01, 0.1, 1 and 10 umol/L
of lamivudine.

Antiviral treatment in Huh7 cells tranfected with clinical
HBY replicons

A cell-based antiviral assay was used to test the
lamivudine and adefovir susceptibility of the 8 clinical
isolates that replicated efficiently in cell culture. The
results indicated that adefovir but not lamivudine,
efficiently inhibited the replication of clinical HBV
isolates in vitro, furthermore, the inhibition effect
depended upon the concentration of adefovir. The viral
replication was completely inhibited in the transfected
cells treated with 10 pmol/L adefovir (Figure 5).

Antiviral treatment in vivo

All chronic HBV infected patients who had resistance
to lamivudine were treated with adefovir for 6 mo.
These patients were sensitive to adefovir therapy,
and their HBV viral load in sera dropped at least
10°-10° copies/mL. Together with the results of antiviral
test of adefovir iz vitro as described above, it indicated
that antiviral susceptibility of clinical HBV isolates was
well coincident between 7 vivo and in vitro.

DISCUSSION

HBYV contains a 3.2-kb, circular, double-stranded
DNA genome and causes acute and chronic hepatitis
B, cirrhosis, and eventually HCC?!. Investigation of
the expression and replication of the HBV genome as
well as the full viral life cycle is hampered by the lack

www.wjgnet.com
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of an /n vitro tissue culture system in which HBV is
propagated!'®"’l. The HBV cell model system has been
the subject of many studies in the last four decades.
Unfortunately, no study has reported the identification
of an appropriate tissue culture system to propagate
HBV. This has greatly hindered the progress of HBV
studies in many fields, such as virology, molecular
biology, immunology and antiviral therapy. In an
attempt to overcome this obstacle, several researchers
transducted HBV genome into human hepatocyte via
plasmids, in which HBV gene could replicate, express,
and even assemble infectious virions??*%l, Because the
HBV genome is very dense and genes overlap with each
other, HBV genome was inserted into plasmids in a
head-to-tail linkage manner.

Recently, many groups have transfected over-length
HBYV genome into hepatocytes for viral replication
and anti-HBV studies?'?*%, It is well known that the
longest HBV transcript is a 3.5 kb mRNA; therefore,
several plasmids carrying HBV multiple genomes wete
constructed, such as 2.0 copies and 1.3 copies of HBV
genome, these over-length HBV genome contains
complete HBV replication units, such as Enh T,
Enh I, DR1, DR2, the transcription origin site of
viral pre-genome, promoters and ORFs. Although
these artificially constructed HBV replicons played
an important role in anti-HBV studies, they were not
suitable for the individualized selection of antiviral
agents. Recently many scientists working in HBV
fields considered that HBV replicated as quasi-species
in vivo and individual species are likely to vary? . HBV
genome mutation is mostly caused by immune and
drug pressures, for example, CHB patients treated with
lamivudine, when mutation appeared in polymerase gene
of HBV, will be resistant to lamivudine therapy. As a
result, HBV replicon can be used for the individualized
selection of antiviral agents 7z vitro based on clinical
HBYV isolates.

In this study, we established a novel method to
assess #n vitro replication of clinical HBV isolate and
investigated its application for selecting antiviral agents
for CHB patients. We employed pHY106 vector to
construct HBV replicons of clinical isolates. The
pHY106 contains a CMV promoter, followed by a
15 nucleotide HBV sequence encoding the pre-core
initiation site (plus the next two amino acids of the pre-
core protein), a short heterologous linker sequence that
contains two Sap | sites, and finally a 180 nucleotide
region that encodes the carboxy terminus of the HBV
X gene (five amino acids) and the polyadenylation signal
for HBV mRNA. Following digestion of pHY106 and
full-length HBV genomes with Sap 1 (Figure 2), HBV
genomes can be inserted in-frame, resulting in the
generation of replication-competent HBV clones, 95%
of which are derived from patient virus (Figure 2). The
CMV promoter upstream of the pre-core initiation site
allows efficient transcription of the 3.5 kb pre-genomic
RNA after transfection of liver cell lines. The minimal
5" and 3' sequence derived from the wild type HBV
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strain in pHY106 is highly conserved among published
HBYV isolates. Thus, HBV isolates cloned into the
pHY106 vector should be representative of patient virus
with little or no genotypic changes.

We obtained 8 clinical HBV teplicons from CHB
patients with lamivudine resistance, and found that
these replicons were not susceptive to lamivudine
treatment 7z vitro because of YMDD mutation of
polymerase gene. Sequence analysis of clinical HBV
isolates with established drug resistant mutations
will provide useful information for selecting the
existing or novel antiviral agents or the combination
of antiviral agents for further treatment. At least
four major mutational patterns are associated with
lamivudine resistance (rtM2041, rtL.180M + rtM2041,
rtL180M + M204V, and rtV173L + rtL180M +
M204V)#1. Many mutations enhance viral replication,
e.g., the pre-core mutation G1896A has been shown
to greatly enhance the replication capacity of HBV
encoding the rtM204I (but not rtM204V) lamivudine
resistant mutationP®”. Adefovir demonstrated an
excellent therapeutic effect for CHB patients who
failed in lamivudine therapyP'~?. Together with the
results of antiviral treatment of adefovir 7z vitro and
in vivo, our results confirmed that adefovir inhibited the
replication of HBV with lamivudine resisitance 7z vitro
and /n vive, and indicated that antiviral susceptibility
of clinical HBV isolates was well coincident between
in vivo and in vitro. Therefore, the antiviral treatment 7
vitro will provide useful information for individualized
selection of antiviral agents 7 vivo.

Several antiviral agents including lamivudine, adefovir
and entacavir are available for CHB treatment, and
several novel antiviral agents for CHB treatment are
being developed. Ir vitro analysis of drug susceptibility
based on clinical HBV isolates is useful for personalized
selection of the existing or novel antiviral agents
or combinations of antiviral agents for treatment.
However, there are still some problems to be resolved.
Firstly, HBV replicates as quasi-species 7 vivo, and the
replication capacity of individual species are likely to
vary; therefore the predominant HBV isolate should be
selected in this study. Secondly, the replication of HBV
in vitro is significantly different from that of 7 wive, and
the influence of the difference between 7 vitro and in vivo
on antiviral agent selection should be considered. Finally,
despite the use of a high fidelity DNA polymerase for
HBV genome amplification, artificial mutation may
occur in HBV genome, and the replication of HBV
isolates may be affected.

Our study described a novel strategy and method for
developing an 7z vitro system for selection of antiviral
agents based on clinical HBV isolates, and evaluated the
application in individualized selection of antiviral agents
for chronic hepatitis B patients. The results indicated
that 7z vitro analysis of drug susceptibility based on
clinical HBV isolates is useful for individualized selection
of antiviral agents for patients with CHB.
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COMMENTS

Background

Hepatitis B virus (HBV) is the leading cause of chronic hepatitis. Antiviral
treatment of chronic hepatitis B (CHB) relies on interferon alpha and nucleoside
analogs that inhibit activity of HBV polymerase. However, resistance of HBV
to antiviral nucleoside analogs, caused by mutation of HBV polymerase gene,
has become a major clinical problem. Moreover, the lack of reliable in vitro
infection system and convenient models has hindered the new treatment
options. Therefore, establishment of new strategies for studying in vitro the
drug susceptibility of clinical isolates of HBV is extremely important for antiviral
therapy for CHB patients.

Research frontiers

The phenotypic assays have first been developed for monitoring drug
susceptibility of human immunodeficiency virus viral populations. Some of them
are used currently in clinical practice to monitor drug resistance. As compared
with the human immunodeficiency virus phenotypic assay, the development and
clinical use of the HBV phenotypic assay are still at an early stage. This study
demonstrated the relevance of this type of assay for longitudinal monitoring
of the drug susceptibility status of the viral population isolated from clinical
samples.

Innovations and breakthroughs

This study describes a novel strategy and method for the cloning of HBV
genomes isolated from CHB patients into plasmidic vectors and the basis of
another phenotypic assay capable of assessing HBV drug susceptibility in vitro
and evaluates the effects of antiviral agents in circulating viral isolates from
chronic HBV.

Applications

This work may help determine the drug susceptibility of HBV quasi-species to
antivirals and select antiviral agents for CHB patients.

Peer review

In this study the authors established a novel method to assess in vitro
replication of clinical HBV isolate and investigated its application for selecting
antiviral agents for CHB patients. It will be very useful in future studies of
antiviral therapy for CHB.
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