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Hepatitis B virus (HBV) infection causes major public health problems worldwide. The clinical limitation of
current antiviral drugs for HBV, such as lamivudine, is the emergence of drug-resistant viral strains during
prolonged antiviral therapy. Cepharanthine hydrochloride (CH), a natural alkaloid-derived compound, has
been reported to possess potent activity against various viruses. The present study was performed to evaluate
the in vitro activity of CH against clinical wild-type and lamivudine-resistant HBV isolates in transiently
transfected cells. HBV DNA was extracted from serum samples collected both before lamivudine therapy
and at the time of viral breakthrough and was amplified by polymerase chain reaction (PCR). The amplicons
were cloned into a novel expression vector, pHY106, which can initiate the intracellular HBV replication cycle
after cell transfection. Following transfection of the cloned amplicon into HepG2 cells, a drug susceptibility
assay was performed. The level of viral antigen, HBeAg, was determined by enzyme-linked immunosorbent
assay (ELISA). Quantitative real-time PCR (Q-PCR) was used for determining the amount of intracellular
HBV DNA. Heat stress cognate 70 (Hsc70), a host protein required for HBV replication, was also analyzed
by reverse transcription PCR (RT-PCR) to explore the possible antiviral mechanism of CH. The results showed
that CH inhibited replication and HBeAg production by either wild-type or lamivudine-resistant HBV clinical
isolates in a dose-dependent manner. The Hsc70 mRNA was also downregulated significantly. In conclusion,
CH is active against both wild-type and lamivudine-resistant HBV clinical isolates, and its activity may be
associated with its inhibition of host Hsc70.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Hepatitis B virus (HBV) infection causes the major public health
problems worldwide. Over the past two decades, the prognosis of
chronic hepatitis B has been significantly improved due to the emer-
gence of two formulations of interferon and five orally administered
nucleos(t)ide analogs (Yuen and Lai, 2011). However, the prolonged
use of nucleos(t)ide analogs frequently result in the emergence of
drug-resistant HBV mutants, which are responsible for therapeutic
failure and progression of liver disease (Hongthanakorn et al., 2011).
It is reported that up to 76% of the patients developed viral resistance
after 5 years of lamivudine therapy (Yuen et al., 2009). The signature
mutations rtM204V/I, which have been mapped in the conserved
tyrosine–methionine–aspartate–aspartate (YMDD) motif within the
C domain of the reverse transcriptase (RT), are frequently associated
with lamivudine resistance (Allen et al., 1998). Furthermore, they are
.
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often associated with the compensatory mutations rtL180M or
rtV173L in the B domain of the RT, which partially restore the replica-
tive capacity of the YMDD mutation strains (Delaney et al., 2003;
Enomoto et al., 2007). One in vitro study demonstrated that drug sus-
ceptibility decreased over 10,000-fold once lamivudine-resistant HBV
mutants were selected (Lada et al., 2004). Moreover, the rapid progres-
sion or acute exacerbation of hepatitis usually occurs after the emer-
gence of lamivudine resistance (Suzuki et al., 2006). Thus, the
discovery and development of novel anti-HBV drugs with innovative
targets are urgently needed for the treatment of chronic hepatitis B,
especially for rescue therapy of drug-resistant patients.

Natural herbs offer good candidates with special antiviral charac-
teristics and are widely used for chronic hepatitis B treatment (Cui
et al., 2010). Cepharanthine hydrochloride (CH) is a compound man-
ufactured by salification from cepharanthine, which is a natural bisco-
claurine alkaloid extracted from Stephania cepharantha Hayata. CH
has attracted increasing scientific attention in recent years due to
the extent of its biological activities, including antitumor, antiviral
and anti-inflammatory actions, and its ability to promote leukocyte,
induce apoptosis and reverse multidrug resistance induced by long-
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term chemotherapy (Rogosnitzky and Danks, 2011). With regard to
the antiviral activity of CH, thus far there have been several reports
on human immunodeficiency virus (HIV) (Baba et al., 2001), severe
acute respiratory syndrome coronavirus (SARS-CoV) (Zhang et al.,
2005) and herpes simplex virus (HSV) (Liu et al., 2004). However,
the in vitro anti-HBV activity of CH has never been explored until
our recent unpublished observations demonstrated that CH was an
efficient inhibitor of wild-type HBV in the stable HBV-producing cell
line HepG2.2.15.

In the present study, we investigated the antiviral activity of CH
against wild-type and lamivudine-resistant HBV clinical isolates in
transiently transfected HepG2 cells. The preliminary mechanism of
action, based on the theory that host heat stress cognate 70 (Hsc70)
is required for HBV replication (Wang et al., 2010, 2011), was further
explored.
2. Materials and methods

2.1. Patient

A 26-year-old chronically HBV-infected Chinese man initially
received oral lamivudine monotherapy at 100 mg per day. The
patient's serum HBV DNA decreased from 1.4×108 copies/ml to
1.3×104 copies/ml after receiving lamivudine monotherapy for
6 months, and became undetectable after additional 6 months of
lamivudine therapy. Unfortunately, the patient's serum HBV DNA
rebounded to 4.8×106 copies/ml after a total of 16 months of lamivu-
dine monotherapy, and continued to rise to the initial level 3 months
later. At this time point, a genotypic analysis by direct sequencing of
the entire polymerase RT region of the circulating HBV was performed
and revealed the presence of rtV173L/L180M/M204V triple mutations,
but not additional lamivudine resistance-conferring mutations. The re-
sistant HBV strain was genotype B. The patient was seropositive for
HBsAg and HBeAg. Serum samples were collected before lamivudine
therapy and after viral breakthrough, respectively, for drug susceptibil-
ity analysis. Access to thematerialswas approved by the ethics commit-
tee of Zhengzhou University, Henan, China, and informed consent was
obtained from the patient.
2.2. Compounds

CH (Fig. 1) with purity of over 95% as determined by high perfor-
mance liquid chromatography (HPLC) was maintained in our labora-
tory. Lamivudine was provided by GlaxoSmithKline Co., Ltd. (Suzhou,
China). Adefovir, used as a positive control for the inhibition of the
lamivudine-resistant HBV strain, was obtained from GlaxoSmithKline
Co., Ltd. (Tianjin, China). Stock solutions (100 mM) of CH, lamivudine
and adefovir were dissolved in phosphate buffered saline (PBS) and
diluted with culture medium to the desired working concentrations
when used.
Fig. 1. Chemical structure of cepharanthine hydrochloride. Molecular formula:
C37H38N2O6·HCL; molecular weight: 679 g/mol.
2.3. Cell line and plasmid

The human hepatoma cell line HepG2 was obtained from the China
Center for Typical Culture Collection (CCTCC) (Wuhan, China). The cells
were cultured at 37 °C in a humidified 5% CO2 atmosphere in Dulbecco's
modified Eagle's medium (DMEM) (Hyclone, USA) supplemented with
10% fetal bovine serum (GIBCO, USA), 100 units/ml penicillin G and
100 μg/ml streptomycin. pHY106, a novel plasmid expression vector,
was constructed and kindly provided by William Delaney and Huiling
Yang from Gilead Sciences. The plasmid contains 180 bp of HBV se-
quence that is very well conserved among various HBV genotypes and
two SapI sites that allow insertion of the SapI-treated PCR-amplified
HBV genome (Yang et al., 2004).

2.4. Cytotoxicity assay

The cytotoxicity of the tested compounds to HepG2 cells was de-
termined by the XTT assay as described by Guo et al. (2010), except
that the duration of drug administration was 6 days. Each compound
was assayed in four replicates with at least five concentrations. The
cytotoxic concentrations of the compounds reducing cell viability by
50% (CC50) were determined.

2.5. Isolation and sequence analysis of clinical HBV strains

HBV DNA was extracted from 200 μl of serum samples using a
commercial viral DNA extraction kit (OMEGA, USA). The full-length
HBV genome was amplified by polymerase chain reaction (PCR)
using the primers and thermocycling conditions described by
Günther et al. (1995). The PCR product was digested with SapI
(MBI, USA) and then ligated into the SapI-digested and shrimp alka-
line phosphatase-treated pHY106 plasmid, producing a recombinant
clone termed pHY106-HBV. The recombinant clone served as a tem-
plate for sequencing the conserved HBV polymerase RT region. The
result indicated that the cloned HBV genome that was directly isolat-
ed from the serum of the lamivudine-resistant patient harbored the
rtV173L/L180M/M204V triple mutations. As expected, the cloned
HBV genome from the serum collected before lamivudine therapy
contained no mutation and was used as a wild-type control.

2.6. Transfection and drug treatment

The selected recombinant clones containing wild-type or mutated
HBV genome were transiently transfected into HepG2 cells as follows.
Briefly, six-well culture plates (Corning, USA) were seeded at
6×105HepG2 cells/well 16 h earlier and transfected with 4 μg DNA
using 10 μl Lipofectamine 2000 (Invitrogen, USA) according to the
manufacturer's protocol. After determining the effects of the com-
pounds on HepG2 cell viability, drug treatment was initiated the
next day and lasted for 6 days, with replacement of fresh drug-free
or drug-containing media every 2 days. The concentrations of CH,
lamivudine and adefovir used for the drug susceptibility assays
were 0, 0.01, 0.1, 1, 10 and 100 μM. After 6 days of drug treatment,
the cell culture supernatant and cells were collected and stored
at −20 °C for the subsequent experiments.

2.7. Detection of HBV antigens in the cell culture supernatant

After 6 days of drug treatment, HBsAg and HBeAg in the cell culture
supernatant were detected using a commercially available ELISA kit
(Kehua Bio-engineering Corporation, Shanghai, China) according to
the manufacturer's protocol. Inhibition rates (%) were calculated using
the following formula: [(A450 of the control wells without drug
−A450 of the experimental wells)/(A450 of the control wells without
drug−A450 of blank control wells without cells)]×100%. The 50%



Fig. 2. Effects of antivirals on HBeAg production from wild-type and lamivudine-
resistant HBV. HepG2 cells were transiently transfected with the wild-type (A) or
lamivudine-resistant (B) HBV genome. Twenty-four hours after transfection, the cells
were treated with the indicated concentrations of lamivudine (LAM), adefovir (ADV) or
cepharanthine hydrochloride (CH). After 6 days of treatment, HBeAg was detected in
the cell culture supernatant using a specific ELISA kit. The experiments were performed
in triplicate, and the data are presented as the means±S.D. of three independent experi-
ments. **Pb0.01, *Pb0.05 compared with the no drug control group.
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inhibitory concentrations (IC50s) were calculated by regression
analyses.

2.8. Quantification of intracellular HBV DNA

The quantity of intracellular HBV DNA was determined by quanti-
tative real-time PCR based on the TaqMan technology. In brief, the
cells were rinsed twice with cold PBS and lysed with 500 μl of lysis
buffer containing 50 mM Tris–HCl (pH 7.4), 150 mm/l NaCL and
0.5% (vol/vol) Nonidet P-40. After centrifugation at 13,000 rpm for
3 min, supernatants were transferred to fresh microcentrifuge tubes,
and MgCl2 was added to give a final Mg2+ concentration of 10 mM.
Contaminating input plasmid was then digested for 1 h at 37 °C
with 20 U of DNase I before the reaction was terminated with
10 mM EDTA. HBV DNA was purified using a commercially available
viral DNA extraction kit (OMEGA, USA). Quantitative real-time PCR
was performed in a LightCycler (Roche, Germany) with the HBV Fluo-
rescent Quantitative PCR Detection Kit (PG Biotech, Shenzhen, China)
according to the manufacturer's instructions. After an initial denatur-
ation at 95 °C for 90 s, 40 cycles of denaturation at 94 °C for 5 s and
annealing/extension at 56 °C for 45 s were conducted. The inhibitory
rates and IC50s were calculated as described above.

2.9. RT-PCR analysis of host Hsc70 mRNA

To elucidate the antiviral mechanism of CH, the amount of host
Hsc70 mRNAwas determined by RT-PCR. In brief, after exposure to dif-
ferent concentrations of CH for 6 days, the total RNAwas extracted from
the collected cell sampleswith the TRIzol reagent (Invitrogen, USA) and
digested with RNase-free DNase I (Promega, USA) for 30 min, followed
by RT-PCR analysis. The sequences of the Hsc70 primers were Hsc70-F:
5′-TGCTGCTGCTA TTGCTTACG-3′, and Hsc70-R: 5′-TCAATAGTGAG-
GATTGACACATCA-3′. As an internal reference, a GAPDH gene segment
was amplified with primers GAPDH-F: 5′-GAGTCAACGGATTTGGTCGT-
3′ and GAPDH-R: 5′-GACAAGCTTCCCGTTC TCAG-3′. The RT-PCR pro-
gram was 42 °C for 60 min, 25 °C for 5 min, followed by 30 cycles of
94 °C for 30 s, 54 °C for 30 s, and 72 °C for 30 s. The PCR bands were an-
alyzed by the Quantity One software (Bio-Rad, USA). The amount of
gene-specific PCR products was expressed as the ratio of the intensity
of each band to that of the corresponding GAPDH internal reference.

2.10. Statistical analysis

Statistical analysis was performed using the SPSS 19.0 software
(SPSS Inc., Chicago, IL, USA). The data are expressed as the means
±SD. Student's t-test and one-way ANOVA were used to determine
the statistical significance of differences between groups. A value of
Pb0.05 was considered statistically significant.

3. Results

3.1. Effects of compounds on cell viability

Cell viability of HepG2 cells was evaluated by the XTT assay after
exposure to varying concentrations of compounds for 6 days. Results
showed that no significant cytotoxicity was observedwith lamivudine
at the highest drug concentrations of 1000 μM. whereas the CC50
values for adefovir and CH were 215.06±18.75 μM and 203.47±
27.39 μM, respectively.

3.2. Effect of CH on antigen production from wild-type and
lamivudine-resistant HBV

To assess the inhibitory efficacy of antivirals on HBV antigen produc-
tion, HBsAg and HBeAg in culture medium were detected by ELISA
after 6 days of continuous exposure to increasing concentrations of
the antivirals. However, the level of HBsAg fromHepG2 cells transfected
with the rtV173L/L180M/M204V triple mutant was so low (data not
shown), even in the drug-free group, that it was excluded from the an-
tigen criterion. The antigen inhibitory efficiency of antivirals was
assessed only based on HBeAg. As shown in Fig. 2A, CH, lamivudine
and adefovir dose-dependently inhibited HBeAg production from
wild-type HBV transfected cells. The IC50 for the inhibition of HBeAg
production by CH was 31.89±5.77 μM. However, neither lamivudine
nor adefovir achieved 50% inhibition of HBeAg production, even at the
concentration of 100 μM.

The inhibitory efficiency of CH, lamivudine, and adefovir on HBeAg
production from the lamivudine-resistant HBV mutant was also deter-
mined. As expected, lamivudine was not as active on the lamivudine-
resistant HBV mutant as it was on wild-type HBV. However, CH caused
a similar inhibition of HBeAg production from the lamivudine-resistant
HBV (Fig. 2B), indicating that CH was equally effective as an inhibitor
against HBeAg expression by lamivudine-resistant HBV as it was on
the wild-type virus. After 6 days of treatment with adefovir, the same
dose-dependent inhibition of HBeAg production was also observed. It
is noteworthy that adefovir showed a relatively weaker inhibition on
HBeAg production compared with CH.
3.3. Effect of CH on viral replication of wild-type and lamivudine-resistant
HBV

To evaluate the inhibitory potency of antivirals on HBV replication,
intracellular HBV DNA was extracted and submitted to real-time PCR
analysis at the end of treatment. As demonstrated in Fig. 3A, consis-
tent with the inhibitory effect on HBeAg production, CH, lamivudine
and adefovir inhibited the replication of wild-type HBV in a dose-
dependent manner. The most potent inhibition was observed with

image of Fig.�2


Fig. 3. Inhibitory effects of antivirals on the viral replication of wild-type and
lamivudine-resistant HBV. HepG2 cells were transiently transfected with wild-type
(A) or lamivudine-resistant (B) HBV genome. Twenty-four hours after transfection,
the cultureswere treatedwith the indicated concentrations of lamivudine (LAM), adefovir
(ADV) or cepharanthine hydrochloride (CH). After 6 days of treatment, viral DNA was
extracted from the cultured cells and quantified by real-time quantitative PCR using a
commercially available kit. The experiments were performed in triplicate, and the data
are presented as the means±S.D. of three independent experiments. **Pb0.01, *Pb0.05
compared with the no drug control group.

Fig. 4. Effect of CH on host Hsc70 mRNA. HepG2 cells were transiently transfected with
the wild-type or lamivudine-resistant HBV genome and then treated with cepharanthine
hydrochloride (CH) at concentrations of 0 (1), 0.01 (2), 0.1 (3), 1 (4), 10 (5) or 100 (6) μM
for 6 days. At the end of treatment, the total RNAwas extracted, and heat stress cognate 70
(Hsc70) mRNA was determined by RT-PCR (A and B). The levels of Hsc70 mRNA were
quantified and normalized relative to the internal reference GAPDH mRNA (C and D).
The experiments were performed in triplicate, and a representative set of data is
presented. **Pb0.01, *Pb0.05 compared with the no drug control group.
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lamivudine (IC50=0.82±0.05 μM), followed by CH (IC50=2.14±
0.78 μM) and adefovir (IC50=4.23±0.32 μM).

With respect to lamivudine-resistant HBV mutants, lamivudine
was not active on the rtV173L/L180M/M204V triple mutant, with a
resistance factor of >120 (IC50>100 μM) compared with the wild-
type HBV strain. However, exposure to CH or adefovir produced
dose-dependent inhibition of the replication of the mutant HBV
(Fig. 3B), with IC50 of 2.1±0.39 μM and 4.88±0.55 μM, respectively.

3.4. Effect of CH on host Hsc70 mRNA

After exposure to increasing concentrations of CH for 6 days, the
amount of intracellular Hsc70 mRNA was also determined by
RT-PCR. As shown in Fig. 4, in comparison to the drug-free group, the
level of Hsc70 mRNA in CH-treated cells transfected with either the
wild-type or mutated HBV genome decreased in a dose-dependent
manner, which paralleled the reduction of intracellular HBV DNA. It is
worth noting that, after exposure to the same concentration of
CH, there is no significant difference in the level of Hsc70 mRNA
between wild-type HBV-transfected cells and lamivudine-resistant
HBV-transfected cells (P>0.05).

4. Discussion

The emergence of HBV strains resistant to antiviral treatments is a
major clinical concern. With the expanding use and prolonged ad-
ministration of lamivudine, rtV173L/L180M/M204V triple mutant, in
which rtV173L and rtL180M act as compensatory mutations partially
restoring the replicative capacity of rtM204V mutation strains, were
selected more and more frequently and became the next most com-
mon mutation profile associated with lamivudine resistance
(Westland et al., 2005). One alternative that would delay or overcome
the occurrence of drug-resistant mutants is to switch to or add novel
drugs that do not share the same resistance profiles. Many natural
herbs and related active compounds have been reported to have
promising, distinctive and potent anti-HBV activities. In this study,
based on the in vitro cell transfection system, we assessed the anti-
viral activity of CH, a natural alkaloid-derived compound, against
wild-type and lamivudine-resistant HBV clinical isolates. The prelim-
inary mechanism of action of CH was also explored.

Due to the lack of a proofreading function of HBV polymerase,
combined with the high level viral replication in infected liver cells
of chronic hepatitis B patients, it is estimated that 1010 base-pairing
errors occur daily (Doo and Liang, 2001). Consequently, HBV in
chronically infected patients harbor many virus quasispecies which
contain a diversity of genetic context. Presently, the in vitro drug sus-
ceptibility assessments of HBV mutants commonly depend on the
methods that artificially reproduce one or a few resistant mutations,
usually by site-directed mutagenesis of a laboratory strain, on a
wild-type virus backbone (Brunelle et al., 2006; Jacquard et al.,
2006). However, viruses created by the site-directed mutagenesis of
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a laboratory strain would not contain the natural genetic context of a
mutation identified in clinical strains, and discrepancies between the
susceptibilities to antivirals of laboratory- and patient-derived HBV
mutants will emerge (Brunelle et al., 2007). Therefore, phenotypic
analysis of HBV clinical mutants isolated directly from the sera of pa-
tients would offer more relevant and accurate information than that
obtained from testing viruses with mutations introduced into labora-
tory strains.

In this report, a previously reported expression vector for cloning
the entire HBV genome was used to facilitate the replication and gene
expression of full-length clinical HBV isolates. The novel plasmid
pHY106 contains 180 bp of HBV sequences, which are highly con-
served among various HBV genotypes, and contains two SapI sites,
allowing insertion of the SapI treated PCR-amplified HBV genome,
leading to a 1.1-unit length of HBV genome which is necessary and
sufficient to enable the synthesis of full-length HBV pregenomic
RNA (pgRNA) required to trigger the intracellular HBV cycle (Seeger
and Mason, 2000). In the present study, the full-length HBV genome,
amplified with high-fidelity PCR polymerase from the serum of a
chronic hepatitis B patient who had developed resistance to lamivu-
dine, was cloned to pHY106 and used for drugs susceptibility testing.
The sequences of our individual clone matched that of its respective
patient serum HBV, indicating that the constructed individual clone
represented the dominant serum HBV quasispecies population.
Thus, the drug susceptibility results obtained in this report would
precisely reflect those of the serum HBV itself.

In the HBV genome, the polymerase gene overlaps the surface an-
tigen gene. As a result, mutations in the RT domain might affect the
production of the HBsAg protein by introducing a stop codon into
the S open reading frame (ORF) (Pollicino et al., 2009; Wakil et al.,
2002). In the present study, after transient transfection with the
rtV173L/L180M/M204V triple mutant, HepG2 cells secreted HBsAg
at an extremely low level, even in the no drug control group. Thus,
HBsAg was excluded from the antigen criterion for evaluating the
susceptibility of the triple mutant to antivirals. The antigen inhibitory
efficiency of antivirals was assessed based only on HBeAg production.

We recently assessed the in vitro potency of CH for the inhibition
of wild-type HBV in a stably expressing HBV cell line HepG2.2.15. In
the present study, we confirmed the findings of previous studies,
which showed that CH is a potent inhibitor of wild-type HBV in
vitro. In HepG2 cells transiently transfected with the wild-type HBV
genome, CH inhibited HBV replication and HBeAg expression more
efficiently than adefovir, while lamivudine displayed the most potent
antiviral activity. Moreover, we provided new information that
showed that CH inhibited the replication and HBeAg production of
clinical lamivudine-resistant HBV isolates almost as efficiently as it
did that of wild-type HBV. The in vitro cross-resistance profile of CH
for the lamivudine-resistant variant studied here proved to be more
favorable than that of lamivudine and comparable to that of adefovir.

Of course, the in vitro therapeutic potency of a drug does not de-
pend only on its antiviral capacity. Its cytotoxic effect also has to be
taken into account, since the selectivity index (IC50/CC50) of a drug
may prevent the use of optimal dose to reach a more potent antiviral
effect. Interestingly, the cytotoxicity assay indicated that CH and ade-
fovir had similar cytotoxicity to HepG2 cells. Thus, in combination
with the antiviral capacity profile of compounds tested, it can be con-
cluded that CH has more favorable therapeutic potency than adefovir.

Although more and more natural herbs and related active com-
pounds have been used for chronic hepatitis B treatment, the mecha-
nisms of action of most of the compounds remain unclear. Recently,
researchers have found that Hsc70 is a host protein associated with
HBV replication and could be therapeutic target of some natural
anti-HBV compounds (Wang et al., 2010, 2011). To gain new insights
into the mechanism of inhibition of HBV by CH, we assessed the effect
of in vitro CH treatment on host Hsc70 mRNA by RT-PCR. The results
showed that CH inhibited host Hsc70 mRNA expression in parallel
with the inhibitory effect on intracellular HBV replication, illustrating
that CH may suppress HBV via downregulation of host Hsc70 expres-
sion. We also investigated the potential influence of the knockdown
of the Hsc70 mRNA on the host cells. Interestingly, the reduction of
Hsc70 mRNA by CH did not cause apparent negative effects on the
growth of human HepG2 cells (unpublished observations). Neverthe-
less, the downregulation of the protein and the exact mechanism of
the downregulation of Hsc70 by CH deserve further studies. Further-
more, the effects of CH on other ATP-binding protein of the heat stress
protein like Hsp90 or chaperone proteins like p23 Hsp40 or Hop in-
volved in HBV replication also merit investigations.

In conclusion, our findings indicate that CH is a potent inhibitor of
clinical wild-type and lamivudine-resistant HBV isolates and deserves
further investigation. This compoundmay be a new alternative candi-
date for the treatment of chronic hepatitis B patients who have devel-
oped resistance to lamivudine. Furthermore, CH might also be
valuable for combination therapies with approved nucleos(t)ide ana-
logs to prevent or delay the emergence of drug-resistant mutants in
chronically HBV-infected patients.
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