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Hepatocytes
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The roles of furin and intrahepatic cytokines in
chronic heptatitis B virus (HBV) infection remain
largely unknown. Here, we examined the relations
between furin, IL-10, IL-12␤, interferon (IFN)-␥, programed death (PD)-1, programed death ligand (PDL)1, and the suppression of hepatitis B e antigen
(HBeAg) and surface antigen (HBsAg) biosynthesis.
Liver biopsies were performed on 20 chronically
HBV-infected (15 HBeAg-positive and 5 HBeAg-negative) patients to assess liver inflammation/fibrosis,
and mRNA levels of furin, IL-10, IL-12␤, IFN-␥, PD-1,
and PD-L1 were assessed by quantitative real-time
PCR. IFN-␥ mRNA abundance was associated with
lower furin mRNA levels and higher PD-1 and PD-L1
mRNA levels in liver tissue from HBeAg-positive patients. IL-10 and IL-12␤ mRNA levels positively correlated with IFN-␥ expression levels (P < 0.05). PD-L1
and furin mRNA levels were further assessed in IFN␥-stimulated hepatoma cell lines with (HepG2.2.15
cells) and without (HepG2 and Huh7 cells) HBV replication. IFN-␥ enhanced PD-L1 expression in hepatoma cells. In HepG2.2.15 cells, IFN-␥ further suppressed furin and HBeAg expression. Furin inhibition
and knockdown in HepG2.2.15 cells also down-regulated HBeAg and HBsAg biosynthesis. These data suggest that IFN-␥ modulates the inflammatory response
to avoid excessive hepatocyte damage through the
enhancement of PD-1/PD-L1 expression, whereas furin suppression may contribute to a reduction in
HBeAg/HBsAg biosynthesis. (Am J Pathol 2012, 181:
19 –25; http://dx.doi.org/10.1016/j.ajpath.2012.03.036)

During the course of chronic heptatitis B virus (HBV)
infection, hepatitis B e antigen (HBeAg) seroconversion
is associated with reduced viral replication and a substantial decrease in the risk of liver cirrhosis and hepatocarcinogenesis.1– 4 Most spontaneous HBeAg seroconversion occurs after puberty in chronic HBV-infected
patients, and prevalence increases with age.5,6 However,
the contributing factors and mechanisms of HBeAg seroconversion and the avoidance of fulminant hepatic failure are incompletely understood.7–9
Our previous study found that IL-10 and IL-12␤ are
associated with spontaneous HBeAg seroconversion at
an earlier age.10 IL-12 is a proinflammatory cytokine that
modulates the immune system to act against various viral
infections; IL-10 is a cytokine essential for immune regulation.11 In animal models and cell lines, the relevant
downstream signals of IL-10 (ie, programed death 1,
PD-1, and its ligand, PD-L1) and IL-12 [ie, interferon
(IFN)-␥] play key roles in the course of chronic HBV
infection.12–15 Furin, a proprotein peptidase located at
the endoplasmic reticulum membrane in human hepatocytes, is used by HBV to facilitate the biosynthesis and
maturation of HBeAg from 25-kDa proprotein to 17-kDa
mature HBeAg. Furin gene polymorphism was found to
affect the processing of HBeAg in human hepatocytes
and the onset age of spontaneous HBeAg seroconversion in humans.16 However, the roles of furin and intrahepatic cytokines in chronic HBV-infected persons remain largely unknown.
In this study, we assessed the relations among furin,
intrahepatic cytokines (IL-10, IL-12, IFN-␥), and related
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signals (PD-1, PD-L1) in the liver parenchyma of chronic
HBV-infected patients. Further in vitro studies that used
hepatoma cell lines were also conducted to clarify the
relations among the observed phenomena.

Materials and Methods
Assessment of the mRNA Expression Levels in
Human Liver with Chronic HBV Infection
Subjects infected with HBV (n ⫽ 20) were recruited from
the Department of Pediatrics of the National Taiwan University Hospital; five subjects were HBeAg-negative [3
with serum alanine aminotransferase (ALT) level ⬍40 IU/
mL, and 2 with ALT levels between 100 and 102 IU/mL];
the remaining 15 subjects were HBeAg positive (2 with
serum ALT ⬍ 40 IU/mL, and 13 with ALT levels between
43 and 956 IU/mL). None of the patients was treated with
IFN-␣ or nucleos(t)ide analogs. After the liver biopsy,
specimens were stored in liquid nitrogen until processing. RNA was extracted with the RNeasy mini kit (Qiagen,
Hilden, Germany) and reverse-transcribed with SuperScript III Reverse Transcriptase (Invitrogen, Carlsbad,
CA). Taqman-based quantitative real-time PCR was performed with an ABI 7900 (Applied Biosystems, Foster
City, CA). The primers and probes used to detect IL-10,
IL-12␤, IFN-␥, furin, PD-1, and PD-L1 were commercially
available (Applied Biosystems); TATA-binding protein
was used as the endogenous control and reference.
The study protocol was approved by the Institutional
Review Board of the National Taiwan University Hospital.
All patients included in the study gave signed informed
consent for liver tissue collection and storage.

HepG2, HepG2.2.15, and Huh7 Cell Lines
HepG2 cells (a human hepatoma cell line) were purchased from the Bioresource Collection and Research
Center (Hsinchu, Taiwan), Huh7 cells (a human hepatocarcinoma cell line) and HepG2.2.15 cells (an HBV replication-competent human hepatoma cell line),17 were
gifts from Dr. Hui-Lin Wu (Hepatitis Research Center,
National Taiwan University Hospital, Taipei, Taiwan). Cell
culture media were purchased from Thermo Scientific
(Logan, UT); fetal bovine serum was purchased from
Invitrogen; human recombinant IFN-␥ was purchased
from R&D Systems, Inc. (Minneapolis, MN); TRIzol was
purchased from Gibco BRL (Gaithersburg, MD); all other
reagents were purchased from Sigma-Aldrich (St. Louis,
MO).

IFN-␥ Treatment
HepG2.2.15 and HepG2 cells were maintained in 10%
fetal bovine serum and ␣-modified Eagle’s medium
(␣MEM; Thermo Scientific); Huh7 cells were cultured in
10% fetal bovine serum in DMEM (Dulbecco’s modified
Eagle’s medium; Invitrogen); cells were subcultured
every 3 days to avoid full confluence. Then, 6 ⫻ 104 cells
were plated in six-well culture plates overnight in DMEM

supplemented with 10% heat-inactivated fetal bovine
serum, and IFN-␥ (0, 15, 30 ng/mL) was added. Each
culture condition was performed in triplicate. After 24
hours of incubation, HepG2 and Huh7 cells were washed
with PBS (Biological Industries, Kibbutz Beit Haemek,
Israel) twice and harvested for RNA extraction.
HepG2.2.15 cells were washed twice with PBS and harvested for RNA extraction after 24, 48, and 72 hours of
incubation. The culture medium of HepG2.2.15 cells was
replaced at 24 and 48 hours. HepG2.2.15 culture medium was harvested at 24, 48, and 72 hours to quantify
HBeAg secretion amount during 0 to 24, 24 to 48, and 48
to 72 hours of culture.

Gene Expression Assay
RNA extracted from HepG2, HepG2.2.15, and Huh7 cell
lines was reverse-transcribed with SuperScript III Reverse Transcriptase for quantitative real-time PCR analysis. The primers and probes used were commercially
available; TATA-binding protein was the endogenous
control. PD-L1 and furin mRNA levels were assessed
after 24 hours of IFN-␥ treatment in HepG2, HepG2.2.15,
and Huh7 cell lines. Levels of furin and PD-L1 mRNA
were also determined in HepG2.2.15 cells after 48 and 72
hours of IFN-␥ treatment.

Furin Inhibition and Knockdown in HepG2.2.15
Cells
HepG2.2.15 cells (1 ⫻ 105 cells plated in six-well culture
plates) in ␣MEM (Thermo Scientific) supplemented with
10% heat-inactivated fetal bovine serum with and without
furin inhibitor I (10 mol/L; Decanoyl-Arg-Val-Lys-ArgCMK; EMD Chemicals, Inc., Gibbstown, NJ) cultured in
vitro for 11 days were used to assess the effect of furin
inhibition on HBeAg and HBsAg production. Each culture
condition was performed in triplicate. Furin knockdown
by RNA interference was also used to assess the effect of
furin on biosynthesis of HBV viral particles in HepG2.2.15
cells in ␣MEM with 10% heat-inactivated fetal bovine
serum for 1 day. The following three small interfering
RNAs (siRNAs) specific to furin (OriGene Technologies,
Rockville, MD) were used: siRNA-A, SR303336A, 5=GGACAUGAGAUAAUGUUAGAGGUdTdT-3=; siRNA-B,
SR303336B, 5=-GCACUAUAGCACCGAGAAUGACGGdTdG-3=; and siRNA-C: SR303336C, 5=-CGAGGUGACAGAUGCAGUGGAGGCA-3=. Transfection was performed with TurboFect TM (Fermentas Inc., Hanover,
MD), according to the manufacturer’s instructions. The
efficacy of furin knockdown by siRNA was further assessed by Western blot analysis with the use of standard
methods.

HBeAg and HBsAg Determination in
HepG2.2.15 Culture Medium
Culture media of HepG2.2.15 with and without IFN-␥
treatment were obtained from 0 to 24, 24 to 48, and 48 to
72 hours of in vitro culture. Culture media of HepG2.2.15

Immune Regulation and HBeAg/HBsAg
21
AJP July 2012, Vol. 181, No. 1

Table 1.

Profiles of Cytokines and Related Molecules in Liver Parenchyma in Chronic HBV-Infected Patients in HBeAg-Positive versus
HBeAg-Negative Status

Sex (M:F)
Liver biopsy age, median (range) (years)
ALT, median (range) (IU/L)
HBV genotype (B:C)
mRNA levels, median (range) (2⫺⌬⌬Ct)
IL-10
IL-12␤
IFN-␥
Furin
PD-1
PD-L1

HBeAg-positive
(n ⫽ 15)

HBeAg-negative
(n ⫽ 5)

P

9:6
15.6 (2.3–24.8)
210 (16–956)
14:1

3:2
14.0 (3.6–21.5)
41 (11–124)
5:0

0.98
0.90
0.04
0.99

0.79 (0–1.10)
1.33 (0.94–1.72)
0.95 (0.09–4.45)
0.80 (0.11–2.58)
1.43 (0.25–2.80)
1.04 (0.72–1.37)

0.45 (0–0.94)
0.96 (0.25–1.67)
0.43 (0.16–1.44)
0.61 (0.56–1.69)
0.58 (0.36–1.32)
0.76 (0.36–1.16)

0.17
0.30
0.09
0.57
0.03
0.20

F, female; M, male; ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; IFN-␥, interferon-␥; PD-1, program death-1;
PD-L1, program death-ligand 1.

with and without furin inhibitor treatment were collected
after 1 to 5 days of in vitro culture. HBeAg amount in
sample-to-cutoff ratio was assessed by radioimmunoassay (Abbott Laboratories, North Chicago, IL) and HBsAg
titer by Architect HBsAg QT (Abbott Diagnostic, Wiesbaden, Germany).

Electron Microscopic Assessment of HBV Viral
Particles in the Cytoplasm of HepG2.2.15 Cells
To determine the effect of furin inhibition on HBV viral
particles in HepG2.2.15 cells, electron microscopic assessment was used to assess the structure of the HBV
nucleocapsid in HepG2.2.15 cells with and without furin
inhibitor I (10 mol/L) pretreatment for 48 hours.

Enzyme-Linked Immunosorbent Assay
Determination of Serum IL-10, IL12,
and IFN-␥ Levels
Serum samples obtained from patients at the time of liver
biopsy were assessed for IL-10, IL-12, and IFN-␥ levels
by enzyme-linked immunosorbent assay (DuoSet; R&D
Systems).

Statistical Analyses
Statistical analyses were carried out using STATA 8.2
(StataCorp LP, College Station, TX) and MedCalc 12.2.1
(MedCalc Software, Mariakerke, Belgium) software packages. The 2⫺⌬⌬Ct values measured by quantitative realtime PCR, which represented the relative mRNA expression level, were applied for statistical analysis. The
Mann-Whitney U-test was used to analyze differences
in distribution/median between groups of continuous
variables, and Fisher’s exact test was applied to categorical variables. Simple and multiple regression analyses were used to analyze the relations between variables. Analysis of variance was used to analyze the
differences in median/range between two groups of
continuous variables. A P value ⬍ 0.05 was deemed to
indicate statistical significance.

Results
Relation among Furin, Intrahepatic Cytokines
Expression Patterns, and Clinical Data in
Human Liver Specimens
Liver specimens from 15 HBeAg-positive subjects and 5
HBeAg-negative subjects were analyzed by quantitative
real-time PCR (Table 1). The median age at liver biopsy of
the 15 HBeAg-positive patients (nine males, six females)
was 15.6 years (range, 2.3 to 24.8 years), and HBeAg
seroconversion occurred at a median interval of 2.0 years
(range, 0.2 to 16.7 years) after the biopsy in these patients. The median age at liver biopsy of the five HBeAgnegative patients (three males, two females) was 14.0
years (range, 3.6 to 21.5 years) at a median of 2.1 years
(range; 0.9 to 2.8 years) after HBeAg seroconversion.
Most of the HBeAg-positive patients had elevated serum
ALT levels (⬎40 IU/mL) at the time of liver biopsy
(86.7%), whereas 40% of the HBeAg-negative patients
had elevated serum ALT levels. The mRNA levels of PD-1
were significantly higher in the livers of HBeAg-positive
subjects than in the livers of HBeAg-negative subjects
(Table 1). mRNA levels of IL-10, IL-12␤, IFN-␥, and furin
were higher in the HBeAg-positive group, but this was not
statistically significant, probably because of the relatively
small sample size.
In the liver specimens from HBeAg-positive subjects,
IFN-␥ mRNA abundance was significantly correlated with
IL-10 and IL-12␤ expression levels [correlation coefficient
(CC) ⫽ 0.67 and 0.61; P ⫽ 0.006 and 0.02, respectively;
Figure 1, A and C]. Serum IL-10 and IL-12 levels at the
time of liver biopsy were also positively associated with
serum IFN-␥ levels (CC ⫽ 0.98 and 0.99; P ⬍ 0.001 and
P ⬍ 0.01, respectively). IFN-␥ abundance was also associated with PD-L1 (CC ⫽ 0.84; P ⬍ 0.001; Figure 1B)
and PD-1 (CC ⫽ 0.72; P ⫽ 0.003; Figure 1E) expression
levels, PD-L1 and PD-1 mRNA levels were significantly
correlated (CC ⫽ 0.61; P ⫽ 0.004), and increased IFN-␥
mRNA abundance was associated with decreased furin
mRNA levels (CC ⫽ ⫺0.52; P ⫽ 0.04; Figure 1D) in
patients’ liver tissues. The multiple-regression model also
indicated a significant association between furin and
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Figure 1. Correlations of mRNA levels between IL-10 and interferon (INF)-␥ (A), IFN-␥ and programed death ligand (PD-L)1 (B), IL-12␤(p35) and INF-␥, (C),
INF-␥ and furin (D), and INF-␥ and programed death (PD)-1 (E) [correlation coefficient (CC) ⫽ 0.67, 0.84, 0.61, ⫺0.52, and 0.72; P ⫽ 0.006, P ⬍ 0.001, P ⫽ 0.02,
P ⫽ 0.04, and P ⫽ 0.003, respectively) of liver specimens from heptatitis B e antigen-positive chronic heptatitis B surface antigen carriers.

IFN-␥ mRNA levels (r ⫽ ⫺0.81; P ⫽ 0.02) when considering the effects of IL-10 and IL-12␤ in the statistical
model. In the multiple linear regression analysis for prediction of PD-1/PD-L1 levels, IFN-␥ was the most significant predicting factor (P ⬍ 0.01). Higher IL-10 mRNA
levels were predictive of a shorter interval from the time of
liver biopsy to spontaneous HBeAg seroconversion
(CC ⫽ ⫺0.52; P ⫽ 0.04). In liver tissue from the HBeAgnegative subjects, there was no association of IL-10 and
IL-12␤ with IFN-␥ mRNA levels (P ⬎ 0.05). There were
positive correlations of PD-L1 and PD-1 with IFN-␥ mRNA
levels (P ⫽ 0.02 and 0.02, respectively), and PD-1 mRNA
abundance was correlated with PD-L1 mRNA level (CC ⫽
0.92; P ⫽ 0.03). Furin mRNA level was also negatively
correlated with IFN-␥ expression (P ⫽ 0.04) in the livers of
HBeAg-negative subjects.
Subjects with a serum ALT level fivefold or more higher
than the upper normal limit (n ⫽ 5) at liver biopsy were
noted to have significantly higher IFN-␥ and PD-L1 mRNA
levels (P ⫽ 0.02 and 0.01, respectively) than others (n ⫽
15). Slightly greater IL-10, IL-12␤, and PD-1 mRNA expressions in the liver of the high-ALT group (n ⫽ 5)
compared with the others (n ⫽ 15) (P ⫽ 0.08, 0.07, and
0.09, respectively) were also noted.

Effect of IFN-␥ on HBV-(HepG2.2.15) and NonHBV-Producing Hepatoma Cell Lines (HepG2
and Huh7) in Vitro
To confirm the relations between furin and PD-L1 and
IFN-␥ observed in human liver tissues, we cultured nonHBV-producing hepatoma cell lines (HepG2 and Huh7)
and a HBV viral particle production-competent hepatoma
cell line (HepG2.2.15) in vitro with recombinant human
IFN-␥ at different concentrations (0, 15, 30 ng/mL) for 24
to 72 hours. There was a dose-dependent increase in
PD-L1 expression levels in IFN-␥-stimulated HepG2 and
Huh7 cell lines (Figure 2). In IFN-␥ (15, 30 ng/mL; 24
hours) stimulated HepG2 and Huh7 cells, a trend toward
a correlation between increased IFN-␥ levels and decreased furin expression (HepG2: CC ⫽ ⫺0.82, P ⫽ 0.07;
Huh7: CC ⫽ ⫺0.84, P ⫽ 0.08) was also observed.
The HBeAg secretion ability of HepG2.2.15 cells in vitro
significantly decreased after IFN-␥ treatment (Figure 3A).
IFN-␥ also enhanced PD-L1 mRNA expression in a dosedependent manner (from 24 to 72 hours; Figure 3B). A
decline in furin mRNA expression in HepG2.2.15 cells
was observed after 48 and 72 hours of incubation with
recombinant IFN-␥ in vitro (Figure 3C).

Effect of Furin Suppression and Knockdown on
HBV-Producing HepG2.2.15 Cells in Vitro
We further analyzed the effect of furin on IFN-␥-mediated
HBV suppression with the use of a furin inhibitor-I and
RNA-interference knockdown system in HepG2.2.15
cells in vitro. Furin inhibitor-I significantly suppressed
HBeAg production by HepG2.2.15 cells, beginning on
the third day of stimulation (Figure 4A). After 2 days of in
vitro culture, the HBV nucleocapsids in the cytoplasm of
HepG2.2.15 cells increased in size compared with those
without furin inhibition (53.0 ⫾ 3.6 vs 44.7 ⫾ 2.9 nm; P ⬍
0.001). HBsAg titer in the culture medium of HepG2.2.15
cells declined after the fifth day of furin inhibition (Figure
4C). Western blot analysis and quantification showed that
furin production in HepG2.2.15 cells significantly decreased after knockdown by RNA interference (data not
shown). Knockdown of furin in HepG2.2.15 cells by
siRNA also suppressed the biosynthesis of both HBeAg
and HBsAg (Figure 4, B and D).

Discussion
Clinical data describing intrahepatic cytokine downstream signal expression levels in chronic HBV-infected
patients before and after HBeAg seroconversion are limited but valuable in elucidating the HBeAg seroconversion process.
Furin is a proprotein convertase in hepatocyte located
at the membrane of the endoplasmic reticulum.18 Furin is
essential for the maturation and secretion of HBeAg from
hepatocytes by cleaving the C-terminus of the HBV precore proprotein (P22) and maintaining peripheral immune

Figure 2. Programed death ligand (PD-L)1 mRNA expression in HepG2 and
Huh7 cancer cell lines after interferon (IFN)-␥ stimulation (0, 15, or 30
ng/mL). PD-L1 mRNA level was calculated as the ratio of the 2⫺⌬⌬Ct values
with and without IFN-␥ treatment. *P ⬍ 0.001.
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Figure 3. mRNA levels of heptatitis B virus e antigen (HBeAg) (A), programed death ligand (PD-L)1 (B), and furin (C) in HepG2.2.15 cell-culture medium after
interferon (IFN-␥) in vitro stimulation. Expression in HepG2.2.15 cells after IFN-␥ stimulation (0, 15, or 30 ng/mL). *P ⬍ 0.001. S/CO, sample-to-cutoff ratio,
†
P ⬍ 0.05, and ‡P ⬍ 0.01.

tolerance.18 –20 Failure to process the HBV P22 into mature HBeAg (P17) disrupts the stability of HBV nucleocapsids and down-regulates HBV replication via false
integration of the HBV P22 into the HBV nucleocapsid
(P21) polymer.21,22
In this study, we identified a negative correlation between IFN-␥ and furin expression in the livers of chronically HBV-infected patients before HBeAg seroconversion. Furin inhibition was also found by electron
microscopy to alter the structure of HBV nucleocapsids in
the cytoplasm of HepG2.2.15 cells, beginning on the
third day of furin inhibition, followed by a decline in
HBsAg titer in culture medium after the fifth day of culture.
This change in HBV nucleocapsid structure suggests that
the nonsecreted HBeAg P22 may have some effect
on the HBV nucleocapsid P21 polymer architecture and
that the altered structure further inhibits HBsAg biosynthesis. The HBeAg P22 proprotein was noted to misincorporate into the HBV nucleocapsid polymer in a previous study and was suspected to associate with the
similar amino acid sequence and structure of the P21 and
P22 proteins.22 Our results showed poor HBeAg secretion after furin inhibition, which may lead to the misincorporation of HBeAg P22 proprotein into the HBV nucleocapsid polymer, alter the structure of the HBV
nucleocapsid, and decrease the efficacy of HBV replication and HBsAg biosynthesis. These observations suggest a new regulatory role for IFN-␥ during the course of
spontaneous HBeAg seroconversion by the down-regulation of furin expression, which may decrease the secretion of both HBeAg and HBsAg.20 –22
In this study, we also observed positive correlations
between IL-10 and IFN-␥ and between IL-12 and IFN-␥
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We also observed positive correlation of IFN-␥ with PD-1
and PD-L1 mRNA levels in HBeAg-positive human livers.
PD-1 is an immune-regulatory receptor belonging to the
CD28/CTLA-4 family. It negatively regulates antigen receptor signals on interaction with either PD-L1 or PD-L2.28 We
restricted our investigations to PD-L1 because this is the
ligand of PD-1 expressed on hepatocytes. In HepG2,
HepG2.2.15, and Huh7 hepatoma cell lines, we demonstrated the IFN-␥ dose-dependent induction of PD-L1
mRNA expression. PD-1/PD-L1 is considered a marker of
immunologic tolerance and T-cell dysfunction in the presence of infectious pathogens, including HBV.14,29 Blockage
of PD-1/PD-L1 was found to enhance the re-activation of
HBV-specific CTLs and secretion of IFN-␥ by circulating
intrahepatic lymphocytes after HBeAg seroconversion.30
Strikingly, nonexpression of the PD-1/PD-L1 pathway was
associated with fulminant hepatic failure in HBV-infected
patients.31 Hence, up-regulation of the PD-1/PD-L1 pathway may efficiently mitigate pathogenic T-cell responses,
limit liver damage, and avoid massive hepatocyte damage
and fulminate hepatic failure in patients with HBV infection.31 PD-1/PD-L1, noted to be induced in the liver by viral
infection and IFN-␥, is thus suspected to play key regulatory
roles in avoiding excessive tissue damage once the inflammatory response is programed to turn off or the immune
response fails to clear the pathogen.32,33 In this study, increased intrahepatic IFN-␥ mRNA levels in HBeAg-positive
chronic HBV-infected patients were correlated with elevated PD-1/PD-L1 mRNA abundances, and recombinant
IFN-␥ enhanced PD-L1 expression in hepatoma cells. An
increase in PD-L1 expression in the liver during the inflammatory phase may represent an oscillation in the immune
response, whereby a cessation of the excessive inflammatory response follows active inflammation to avoid excessive liver damage.31–33
In conclusion, this is the first study to report decreased
HBV viral antigen biosynthesis (HBeAg and HBsAg) by
IFN-␥-mediated furin down-regulation, whereas PD-1/PD-L1
pathway up-regulation may modulate the inflammatory response to avoid excessive liver damage and fulminant hepatic failure. These findings offer some new insight into
antiviral therapy of chronically HBV-infected patients.
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