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bstract

The hepatitis B virus (HBV) genome basic core promoter (BCP) modulates HBeAg secretion at the transcriptional level. In addition to pre-core
utations, variations in the BCP are related to hepatitis B e antigen (HBeAg)-negative chronic hepatitis B. HBeAg-negative chronic hepatitis
patients show a lower sustained response to interferon (IFN). The aim of this study was to determine if there is a relationship between HBV

CP mutation and sensitivity of HBV to IFN-alpha in vitro. BCP mutations were introduced by site-directed mutagenesis and the entire genomes
f wild-type and mutant HBV were transiently transferred into Huh7 cells by calcium phosphate transfection. With or without IFN-alpha, viral
roducts in the culture medium and viral replication intermediates in the cytoplasm were detected 3 days after transfection. The amount of hepatitis
surface antigen (HBsAg) secreted by wild-type HBV and the BCP mutant was similar, while HBeAg secreted by the mutant was decreased by

5.4%. HBV particles and replication intermediates of the BCP mutant were increased. After IFN-alpha was added, HBeAg, HBV DNA and HBV

eplication intermediates decreased for both the wild-type HBV (by 25.7%, 31.8%, 29.8%, respectively) and the BCP mutant (by 8.4%, 27.4%,
0.1%, respectively). These data indicate that HBV harboring the BCP double mutation has stronger replication competence and lower sensitivity
o IFN-alpha than wild-type.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Chronic hepatitis B virus infection remains a major public
ealth problem worldwide. Despite a high rate of viral clear-
nce by immunocompetent adults and the availability of efficient
accines, a large proportion of the world’s population (400 mil-
ion) is chronically infected with HBV. Chronic hepatitis B
CHB) virus infection can result in a wide spectrum of liver

iseases. Current strategies for treating hepatitis B have focused
n clearance of active HBV infection through suppression of
iral replication. IFN-alpha and nucleos(t)ide analogs (lamivu-

Abbreviations: HBeAg, hepatitis B e antigen; BCP, basic core promoter;
BV, hepatitis B virus; IFN, interferon; HBsAg, hepatitis B surface antigen;
RFs, open reading frames; nt, nucleotide; dNTPs, deoxynucleoside triphos-
hate; ELISA, enzyme-linked immunosorbent assay; pgRNA, pregenome RNA;
URS, core upstream regulatory sequences; NRE, negative regulatory element
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ine and adefovir) (Marcellin et al., 2003; Hadziyannis et al.,
003) have been approved for treatment by the FDA. Chronic
BV infection is predominantly treated with IFN-alpha, which

esults in efficient reduction of the viral load in only 20–40% of
atients.

HBV is a small enveloped DNA virus, the replication
f which involves reverse transcription of pregenomic RNA
Summers and Mason, 1982). The HBV genome is 3.2 kb
n length and consists of partially double-stranded DNA that
ontains four open reading frames (ORFs) encoding core, sur-
ace, polymerase-reverse transcriptase and X gene products
Will et al., 1987). The expression of these viral gene prod-
cts is regulated by four promoters that direct the generation
f 3.5 kb, 2.4 kb, 2.1 kb and 0.7 kb mRNAs, respectively. The
BV core promoter regulates transcription of the 3.5 kb C
RNA/pregenome that not only serves for translation of core

rotein and polymerase-reverse transcriptase, but is also the tem-

late for reverse transcription (Yuh et al., 1992). Only HBeAg
recursor is translated from the second core promoter transcript,
recore mRNA. Because of its crucial role in the viral life cycle,
aturally occurring sequence variation found in the HBV core
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romoter of certain patients is currently the focus of intense
nvestigation. A double mutation, A1762T and G1764A, in the
ore promoter has frequently been found in HBV strains iso-
ated from patients with chronic hepatitis B (Okamoto et al.,
994; Kurosaki et al., 1996).

Although the BCP influences the clinical status of HBV infec-
ion, the role of BCP mutations in the progression of chronic
epatitis and IFN-alpha sensitivity are still unknown. This study
as designed to evaluate the relationship between HBV BCP
utation and sensitivity of HBV to IFN-alpha in vitro.

. Materials and methods

.1. Amplification of the HBV genome

Serum was collected from an 11-year-old male asymp-
omatic carrier of HBsAg who had not received IFN-alpha
r lamivudine treatment. The serum also tested positive for
BeAg and anti-HBc. The serum contained 6 × 108 copies/ml
f HBV genotype C a normal ALT level (<1 ULN). Serum
BV DNA was isolated by digestion with Proteinase K

ollowed by phenol/chloroform extraction and ethanol precip-
tation. The entire HBV genome (3.2 kb) was amplified with
he following primers (Gunther et al., 1995): P1 (5′-CCG-
AAAGCTTGAGCTCTTCTTTTTCACCTCTGCCTAATCA,
821–1841) and P2 (5′-CCGGAAAGCTTGAGCTCTTCAAA-
AGTTGCATGGTGCTGG, 1825–1806) (SapI sites are under-

ined). PCR amplification was performed using the Expand
igh-Fidelity PCR System (Roche) under the following

onditions: 94 ◦C for 2 min; 35 cycles of 94 ◦C for 40 s, 60 ◦C
or 1 min and 68 ◦C for 3 min, with an increment of 5 s for each
emaining cycle; and a final extension at 72 ◦C for 7 min.

.2. Cloning and sequencing of the HBV genome

PCR products 3.2 kb in length were isolated and ligated into
he pGEM-T easy vector (Promega) according to the Man-
facturer’s instructions. Ligation products were transformed
nto JM109 calcium chloride competent cells. Positive clones
ere selected and checked by digestion with EcoRI. The HBV
enome was released from a positive clone and transfected into
uh7 cells. The most competent clone 57-1 with full length HBV
as confirmed by DNA sequencing and named pGEM-T-HBV.

.3. Generation of a BCP double mutant

Site-directed mutagenesis, using pGEM-T-HBV as the
emplate, was used to introduce a BCP double mutation,
1762T and G1764A, into the HBV genome (Fig. 1).
he following primers were used for mutagenesis: 1762/64
ense (5′-GAGGAGATTAGGTTAATGATCTTTGTACTAG-
AGGC 3′) and 1762/64 anti (5′-GCCTCCTAGTACA-
AGATCATTAACTAATCTCCT); PS5 sense (1260–1279,

′-GCCGATCCATACTGCGGAAC) and SP6 promoter (5′-
TTTAGGTGACACTATAGAA) primers were also used. All
utagenesis reactions were carried out using Expand High-
idelity PCR System (Roche).
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In the first round of PCR, the1762/64 sense and SP6 pro-
oter primers were used to acquire a 188 bp fragment, and

762/64 anti-PS5 sense primers produced a 503 bp fragment.
he two fragments were then used as templates in the sec-
nd round of PCR. A 676 bp-fragment, amplified with the PS5
ense and SP6 promoter primers, was cloned into the pGEM-T
asy vector. After sequencing to rule out undesired misin-
orporations, a PstI–BamHI fragment with the BCP double
utation was excised and exchanged with the correspond-

ng wild-type PstI–BamHI fragment from pGEM-T-HBV. The
esultant plasmid, designated pGEM-T-HBV-TA, contained the
762T/1764A mutations.

.4. Preparation of HBV for transfection

Bacteria strains containing the pGEM-T-HBV or pGEM-T-
BV-TA were cultured at large scale and the two plasmids were

xtracted and purified. The plasmids were digested with ScaI
o destroy the vector, whose length was similar to that of the
BV genome, extracted twice with phenol:chloroform:isoamyl

lcohol, and precipitated. The recovered plasmids were digested
ith SapI overnight and separated on a 0.8% agarose gel. The
.2 kb linear HBV monomers were purified with the QIAquick
el Extraction Kit (Qiagen) and quantified for transfection.

.5. Transfection of HBV DNA by calcium phosphate
recipitation

Huh7 cells were plated at a density of 1.3 × 106 per 60-
m diameter petri dish (Falcon) 1 day before transfection. The
edium was changed 4 h before transfection. Calcium phos-

hate precipitation transfection was carried out according to
he Manufacturer’s protocol (ProFection Mammalian Trans-
ection System—Calcium Phosphate; Promega). Medium with
r without 1000 IU ml−1 IFN-alpha (Interferon alfa-2b; Intron
, Schering-Plough Research Institute) was added 24 h after

hock, and the culture medium and cells were harvested 3 days
ater. Transfection efficiency was normalized by the activity of
ecreted alkaline phosphatase (SEAP) as previously described
Wen et al., 1986; Berger et al., 1988; Cullen and Malim, 1992).

.6. Detection of HBsAg, HBeAg and HBV DNA secreted
nto culture medium

HBsAg and HBeAg in the cell culture supernatant were
ssayed with commercial enzyme-linked immunosorbent assay
ELISA) kits. HBsAg was assayed with Hepanostika HBsAg
ni-Form II (Biomérieux bv, Netherlands) and RADIM (Italia)
as used for HBeAg. Transfected Huh7 cell culture medium was

ollected 3 days after transfection and centrifuged at 14,000 rpm
or 10 min at 4 ◦C to remove cell debris. The supernatant was
djusted to 10 mM MgCl2 and treated with 100 �g ml−1 DNase

for 60 min at 37 ◦C to remove the remaining linear HBV
onomers. HBV DNA in the cell medium was detected by
uorescent real-time quantitative PCR (commercially available
ssay kit, Roche Light Cycler).
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ig. 1. Construction of plasmid containing the A1762T/G1764A mutation. The H
irected mutagenesis. The PCR product replaced the corresponding fragment of
utations.

.7. Purification of HBV DNA from intracellular core
articles and Southern blot analysis

Cells were washed and lysed in 0.5 ml of lysis buffer (50 mM
ris–HCl [pH 7.4], 1 mM EDTA, 1% Nonidet P-40) at 72 h after

ransfection. The lysates were incubated on ice for 15 min, after
hich nuclei were pelleted by centrifugation. The supernatant
as treated with 10 mM MgCl2 and 100 mg ml−1 of DNase I

or 60 min at 37 ◦C, and then digested with 1% sodium dodecyl
ulfate and 0.5 mg ml−1 Proteinase K for 1 h at 60 ◦C. The DNA
as separated on a 1.0% agarose gel, blotted onto Magnaprobe

embranes (Osmonics), and hybridized with digoxin labeled

ull-length HBV probe (PCR DIG Probe Synthesis Kit (Roche).
he probe was purified with the QIAquick Gel Extraction Kit
nd quantified for hybridization. A DIG Luminescent Detection

c
t
5
8

BCP 1762/1764 mutation was introduced into a short PCR product by PCR site-
ild-type clone to create pGEM-T-HBV-TA that contains the A1762T/G1764A

it (Roche) and DIG Easy Hyb (Roche) were used to perform
he hybridization reaction. AP-anti-Dig (1 IU �l−1) at 1:5000
nd CSPD (25 mM) at 1:100 were used to detect probe on the
embrane. Fluorescence signals were detected with Kodak X-

ay film and quantified with Quantity One software (Biorad).

.8. Determination of optimum IFN-alpha concentration in
itro

The optimal concentration of IFN-alpha in vitro was deter-
ined by adding different concentrations of IFN-alpha-2b to the
ulture medium. The serial concentrations of IFN-alpha used in
he experiment were 62.5 IU ml−1, 125 IU ml−1, 250 IU ml−1,
00 IU ml−1, 1000 IU ml−1, 2000 IU ml−1, 4000 IU ml−1 and
000 IU ml−1. Three days after transfection, the culture medium
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Fig. 2. Electrophoresis of HBV DNA PCR product and digested clones. (A) HBV DNA PCR product from different serum. The sample IDs are listed above the
corresponding lane. (B) Electrophoresis of different clones digested with EcoRI. Clones 42-2, 57-1, 57-2, 102-1, 199-1, and 199-2 contain the entire HBV genome.
(C) Purified HBV DNA digested with SapI. The HBV DNA clones are indicated above the lanes.
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ig. 3. Inhibitory effect of different concentrations of IFN-alpha on HBV antig
ecreted into medium. (C) HBV DNA in HBV particles secreted into medium.

as collected for detection of HBsAg, HBeAg and HBV DNA.
he concentration of IFN-alpha that was most inhibitory towards
BV was selected by comparing the amounts of HBsAg, HBeAg

nd HBV DNA secreted into the medium.

.9. Statistics

Results were reported as means ± standard deviations. The
-test was applied to comparisons between groups; a P value of
0.05 was considered statistically significant. Statistical analysis
as performed using SPSS (SPSS, Inc., Chicago, IL).

. Results

.1. Cloning of wild-type HBV and HBV with BCP
762/1764 double mutation

Full length HBV genomes of 3.2 kb were amplified from dif-

erent carriers which named 42, 57, 102, 199 for each using
xpand High-Fidelity PCR System (Fig. 2A). After A/T cloning,
e acquired constructs harboring HBV full length genome

nd named as 42-1, 42-2, 57-1, 57-2, 102-1, 199-1, 199-2 for

a
i
a
1

ig. 4. HBsAg, HBeAg and HBV DNA in the supernatant of transfected cell cultur
BV DNA in HBV particles secreted into medium. Means and standard deviations a

reatment; #P < 0.05 compared to BCP mutant 4-20.
pression and particle secretion. (A) HBsAg secreted into medium. (B) HBeAg
s and standard deviations are based on three independent experiments.

ach construct. Insertion of the HBV genome was confirmed
y digestion with EcoRI (Fig. 2B). The HBV genome from
ifferent clone was released and transfected into Huh7 cells.
he most competent clone, 57-1, which produced the largest
mount of viral antigen and exhibited the highest level of repli-
ation was selected and named pGEM-T-HBV (data not shown).
CR-mediated site-directed mutagenesis and molecular cloning
sing pGEM-T-HBV produced pGEM-T-HBV-TA (clone 4-20)
ith BCP 1762T/1764A mutations (Fig. 2C). Both of the HBV
enome sequence were confirmed by sequencing.

.2. Replication of wild-type HBV and HBV with BCP
762/1764 double mutation and the susceptibility to
FN-alpha treatment

.2.1. Determination of the optimal IFN-alpha
oncentration in vitro

The inhibitory effect of IFN-alpha on HBV replication and

ntigen secretion was dose-dependent. As shown in Fig. 3 the
nhibitory effect on HBsAg and HBeAg increased as the IFN-
lpha concentration increased. The inhibitory effect peaked at
000 IU ml−1. A similar inhibitory effect was seen for HBV

es. (A) HBsAg secreted into medium. (B) HBeAg secreted into medium. (C)
re based on three independent experiments. *P < 0.05 compared to IFN-alpha
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Fig. 5. Southern blot of HBV replicative intermediate. (A) Southern blot of HBV replicative intermediate. M, DNA marker, mixture of 3.2 kb linear HBV DNA
a ith IF
t ondin
t < 0.0
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nd 3.2 kb circular HBV DNA; Lane 1, wild-type HBV 57-1; Lane 2, 57-1 w
reatment; 2215, HepG2.2.15 (positive control). (B) Relative amount of corresp
hree independent experiments. *P < 0.05 compared to IFN-alpha treatment; #P

articles secreted into medium; however, the highest inhibitory
ffect here was at 4000 IU ml−1. Based on these results and those
f other researchers, 1000 IU ml−1 was selected as the working
oncentration of IFN-alpha.

.2.2. HBV antigen secretion and replication of wild-type
BV and the BCP double mutant
The amounts of HBsAg secreted into medium were similar

or both wild-type HBV and the BCP double mutant. In contrast,
he amount of HBeAg secreted into the medium clearly differed
etween wild-type HBV and BCP double mutant (P < 0.05)
Fig. 4). The BCP double mutant secreted 35.4% less HBeAg
han wild-type HBV. The BCP mutation did not affect the expres-
ion and secretion of HBsAg. HBV DNA in HBV particles
ecreted into medium of the BCP double mutant was increased
y 113.9% in comparison with wild-type HBV (Fig. 4).

Southern blot analysis was carried out to detect HBV replica-
ive intermediates within HBV core particles in the cytoplasm
f transfected Huh7 cells (Fig. 5). Replicative intermediates of
he BCP double mutant were increased in comparison with wild-
ype HBV (P < 0.05). These results indicate that the BCP double

utant had a higher replication rate than wild-type HBV.

.2.3. Inhibitory effect of IFN-alpha on replication of
ild-type HBV and HBV with BCP 1762/1764 double
utation
The inhibitory effect of IFN-alpha on viral antigens HBsAg

nd HBeAg was different in wild-type HBV and BCP double
utant (Fig. 4). The inhibitory effect of IFN-alpha on HBsAg
as similar for both wild-type HBV and BCP double mutant.
he inhibition of HBeAg was significantly different between
ild-type HBV and the BCP double mutant (P < 0.05). Wild-

ype HBV HBeAg was inhibited by 25.7%, while HBeAg
f the BCP double mutant was inhibited by only 8.4%
Fig. 4).
HBV DNA in HBV particles secreted into medium was inhib-
ted by IFN-alpha in both wild-type HBV and the BCP double

utant (Fig. 4) (P < 0.05). These results indicate that IFN-alpha
an inhibit particle secretion of both wild-type HBV and the

s
a
H
w

N-alpha treatment; Lane 3, BCP mutant 4-20; Lane 4, 4-20 with IFN-alpha
g HBV replicative intermediate. Means and standard deviations are based on

5 compared to BCP mutant 4-20.

CP mutant type. The inhibition of wild-type HBV DNA was
omewhat stronger than that of the BCP double mutant (31.8%
ersus 27.4%).

Southern blot analysis showed that IFN-alpha reduced the
mount of HBV replicative intermediates within HBV core
articles in the cytoplasm of transfected Huh7 for both wild-
ype HBV and the BCP double mutant (P < 0.05) (Fig. 5). The
nhibitory effect on wild-type HBV was stronger (29.8%) than
or the BCP double mutant (10.0%). These results indicate that
FN-alpha can inhibit replication of both the wild-type HBV and
he BCP mutant.

. Discussion

This study evaluated the biological properties of HBV vari-
nts with mutations in the core promoter since such mutations
re commonly observed during chronic HBV infection. The
pstream regulatory sequences of the HBV precore and core
egion include the BCP (1742–1849), core upstream regula-
ory sequences (CURS, 1643–1742) and a negative regulatory
lement (NRE, 1611–1634). These sequences are important in
iral replication and gene expression and can regulate the tran-
cription of precore mRNA and core mRNA (Yuh et al., 1992).
urther studies (Yu and Mertz, 1996) have indicated that unique
romoter controlled transcription of precore and pregenome
NA, which overlap in basic elements but are separate geneti-
ally, is regulated by different transcription factors. Therefore,
utations of BCP would have different influences on transcrip-

ion of precore and pregenome RNA. Precore mRNA would be
ranslated and processed into HBeAg while pregenome RNA
ould serve as the template of reverse transcription for viral

eplication. Hence, BCP mutations would have different effects
n HBeAg and viral replication.

Our research showed that a BCP double mutation (A1762T
nd G1764A) has no obvious effect on HBsAg production and

ecretion, but does influence HBeAg production and secretion,
nd viral replication. Compared to wild-type HBV, secretion of
BeAg into culture medium decreased 35.4% after transfection
ith HBV DNA harboring the BCP double mutation. There was
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lso a two-fold increase in viral DNA in the medium and a con-
omitant rise in viral replicative intermediates in the cytoplasm.
hus, HBV haboring the BCP double mutation synthesizes and
ecretes less HBeAg and has a higher replication efficiency.

These observations are consistent with previously published
ata. In vitro studies have shown that the A1762T-G1764A dou-
le mutation specifically suppresses precore RNA transcription
nd HBeAg synthesis, and enhances viral replication (Yuh et al.,
992; Buckwold et al., 1996; Baumert et al., 1998). Buckwold
t al. (1997) found that the BCP double mutation decreases
BeAg production but does not affect the production of HBcAg

nd pregenome RNA. Instead, the efficiency of viral replication
ncreased. Furthermore, probably because HBeAg might inhibit
iral replication (Guidotti et al., 1996), HBV with decreased
BeAg production would have a higher replication efficiency.
ut there are contradictory results as well. Nishizono et al.

1995) did not find any significant difference in promoter activi-
ies between wild-type HBV and the BCP double mutant. Lindh
t al. (1999) found that the A1762T mutation may be useful
s a marker for progressive liver damage but not be associated
ith HBeAg status or virus load. Most of the available informa-

ion is from clinical studies, and the results stemming from the
nteraction between the virus and the immune system may not
irectly reflect the extent of viral replication. Moreover, mixed
nfections of wild-type and mutant HBV were present, in which
he proportion of each would affect the HBV titer in the serum.

The mechanism of the above results is complicated and might
nvolve many factors, especially transcription factors. Moriyama
1997) considered that the increase in viral replication efficiency
as due to increased pregenome mRNA and increased HBcAg
roduction. In vivo functional studies have shown that T/A
ouble mutations convert the nuclear receptor binding site and
hange X protein sequences, resulting in the suppression of C
ene expression and the restoration of enhanced viral replication
Gunther et al., 1998). Further studies (Li et al., 1999) indicated
hat this double mutation not only removes the nuclear recep-
or binding site but also creates an HNF1 transcription factor
inding site.

IFNs have immunomodulatory properties as well as direct
ntiviral activity. Interferons exert their cellular activities by
inding to specific membrane receptors on the cell surface. Once
ound to the cell membrane, IFNs initiate a complex sequence
f intracellular events. In vitro studies have demonstrated that
hese events include the induction of certain enzymes, suppres-
ion of cell proliferation, immunomodulation activities such as
nhancement of the phagocytic activity of macrophages and aug-
entation of the specific cytotoxicity of lymphocytes for target

ells, and inhibition of virus replication in virus-infected cells.
owever, there were no conclusions about the BCP mutation

nd the IFN sensitivity. It is well known that cells expressing
nly HBcAg do not elicit a response from specific CD4+ T
ells, whereas CD4+ T cells recognize and lyse cells harboring
BeAg (e.g. hepatocytes infected with wt virus) (Diepolder et
l., 1999). Therefore, lower SR in HBeAg-negative patients is
artially due to lower or absent HBeAg expression.

Various in vitro studies have examined the inhibitory effects
f IFN-alpha/beta on HBV-replication. Rang et al. (1999) have

i
B
t
p

rch 75 (2007) 139–145

hown that IFN-alpha may reduce the stability of HBV RNA
n transiently transfected Huh7 cells, and Caselmann et al.
1992) observed a decrease of pregenomic HBV-RNA in Hep
2 cells stably transfected with the HBV genome when they
ere treated with IFN-alpha. Hamasaki et al. (1992) demon-

trated a reduction of HBs antigen mRNA levels by IFN-alpha
n hepatoma cells with integrated HBV DNA. Thus, type I IFNs
nhibit HBV replication and protein production by a variety
f different mechanisms. Erhardt et al. (2000) suggested that
BV genome mutations located within the BCP were deter-
inants of a response to IFN therapy. Moreover, the BCP
utation might determine different outcomes of IFN therapy

n CHB patient with different HBeAg status. They performed
sequence analysis of the NRE, CURE, BCP and precore

egion from the sera of 96 patients with chronic replicative hep-
titis B (64 HBeAg-positive patients and 32 HBeAg-negative
atients) treated with IFN-alpha. IFN responsiveness correlated
o HBV DNA levels, HBsAg levels, the number of muta-
ions in the complete BCP, especially in nucleotide region
753–1766, and mutations at nucleotides 1762 and 1764. In
BeAg-positive hepatitis, SR to IFN was associated with a
igh number of mutations in the BCP (P < 0.04) and nucleotide
egion 1753–1766 (P < 0.015), as well as mutations at nucleotide
764 (P < 0.007). In HBeAg-negative hepatitis, SR to IFN cor-
elated with a low number of mutations in the BCP (P < 0.04)
nd nucleotide region 1753–1766 (P < 0.02) and with a wild-
ype sequence at nucleotide 1764 (P < 0.003). Prediction of
FN response was possible on the basis of nucleotide 1764 in
7% of HBeAg-positive patients and 78% of HBeAg-negative
atients. On the one hand, BCP mutation downregulates pre-
ore mRNA transcription and decreased HBeAg production,
hich could serve to lower the immune tolerance induced by
BeAg and increase the IFN treatment effect. On the other
and, BCP mutation enhances pregenome mRNA transcription
nd increases viral load, which could decrease the effect of IFN
reatment.

Contradictory results include those of Hannoun et al. (2002),
hich indicate that HBV X gene and BCP mutations are rare

n CHB patients and have no significant relation to IFN ther-
py. Chun et al. (2000) also showed that BCP mutation has no
ignificant relation to viral replication and liver injury.

Besides HBV BCP double mutation, there may exist other
utations affecting the HBV replication and IFN sensitivity. To

ompare IFN-alpha sensitivity between BCP mutation and HBV
ild type, we amplified wild-type HBV DNA with high replica-

ive potency from a chronic HBV infection and acquired the
CP mutation strain by site-directed mutagenesis method from

he isolate. Therefore, two sequences are identical except for
he BCP. Further confirmation will be necessary with multiple
eplicates from different patients, including patients with high
nd low viral load.

In conclusion, current observation has shown that wild-type
BV was more sensitive to IFN-alpha in vitro than HBV carry-
ng a BCP double mutation. These findings demonstrate that the
CP mutation may be associated with sensitivity to IFN-alpha

reatment, but there is a need for further studies to clarify the
articular mechanism(s) involved.
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