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a b s t r a c t

Weak T-cell reactivity to the hepatitis B virus (HBV) is believed to be the dominant cause of chronic HBV
infection. Several lines of experimental evidence suggest that treatment with telbivudine increases the
rate of HBV e antigen (HBeAg) loss, undetectable HBV DNA, and normalization of serum alanine amino-
transferase (ALT) in chronic hepatitis B patients (CHB). However, it is still unclear how early antiviral
therapy affects cellular immune responses during sustained telbivudine treatment. In order to investigate
this issue, we measured detailed prospective clinical, virological, and biochemical parameters, and we
examined the frequency of T cell subgroups as well as the ability of peripheral blood mononuclear cells
(PBMC) to respond to stimuli at five protocol time points for 51 CHB patients who received telbivudine
therapy for one year. The preliminary data from this study revealed that effective-treated patients
showed an increased frequency of peripheral blood CD4+T lymphocytes, an augmented proliferative
response of HBV-specific T-cells to the hepatitis B core antigen (HBcAg), and the induction of cytokines,
such as interferon gamma (IFN-c), tumour necrosis factor alpha (TNF-a) release at the site of infection
compared to non-responsive patients. Enhanced HBV-specific T-cell reactivity to telbivudine therapy,
which peaked at treatment week 12, was confined to a subgroup of effective-treated patients who
achieved greater viral suppression.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

Hepatitis B virus (HBV) infection is a complex and heteroge-
neous disease that can evolve in a variety of ways, such as liver fail-
ure, cirrhosis, and hepatocellular carcinoma (Lee, 1997). The
pathogenesis of liver damage during an HBV infection is im-
mune-mediated and is dependent on the balance between viral
replication and the HBV-specific cytotoxic T lymphocyte (CTL) re-
sponse (Guidotti and Chisari, 2006; Maini et al., 1999). Vigorous
immune response against HBV has been repeatedly demonstrated
in patients with acute self-limiting HBV infection, but the poly-
clonal CTL immune response is weak and hard to detect in periph-
eral circulation in chronically infected patients (Guidotti and
Chisari, 2006; Sprengers et al., 2006; Sobao and Takiguchi, 2002).
It has been demonstrated that the weak T cell response of chronic
hepatitis B patients (CHB) is associated with persistently high viral
replication (Stoop et al., 2005; Franzese et al., 2005). Such findings
have led to the suggestion that early antiviral therapy may prevent
down-regulation or exhaustion of HBV-specific T-cell responses.
ll rights reserved.
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Two major types of antiviral drugs are being used for the treat-
ment of chronic HBV: nucleotide analogs (such as lamivudine,
adefovir, entecavir, tenofovir, and telbivudine) and interferon
(e.g., pegylated IFN-a2b) (Dienstag, 2008). These drugs effectively
suppress HBV replication, decrease liver injury, and delay disease
progression (Dienstag et al., 1999, 2003; Liaw et al., 2004; Perrillo,
2009). In a multicenter study, an efficient antiviral was found to
promote T cell response in chronically infected patients. The fre-
quency of HBV-specific CTL in the peripheral blood of responders
was significantly higher than that of non-responders after lamivu-
dine treatment (Maini et al., 2000; Boni et al., 2001; Tsai et al.,
2003). It is important to know whether reduction of viral load
resulting from antiviral treatment can cause a recovery of the im-
paired T cell response in CHB patients. To our knowledge, no data
have been reported concerning the effects of telbivudine on the
serial measurement of peripheral blood lymphocyte subgroups
and its correlation with serum HBV DNA levels in CHB patients.
In this paper, we prospectively examined T-lymphocyte immune
responses in relation to viral levels and antiviral therapy in 51 pa-
tients with CHB. We tried to assess the association between T-cell
responses and viremia during telbivudine therapy. Results provide
insight into the effects of antiviral therapy on the cellular immune
response and on the outcome of chronic hepatitis B.

http://dx.doi.org/10.1016/j.antiviral.2011.04.008
mailto:ljli@zju.edu.cn
http://dx.doi.org/10.1016/j.antiviral.2011.04.008
http://www.sciencedirect.com/science/journal/01663542
http://www.elsevier.com/locate/antiviral


24 Y. Chen et al. / Antiviral Research 91 (2011) 23–31
2. Materials and methods

2.1. Patients

Fifty-one patients (39 males and 12 females, aged 22–62 years)
and recruited from the First Affiliated Hospital of Zhejiang Medical
University, were prospectively enrolled for the study of the cell-
mediated immune response before and during telbivudine therapy.
All patients tested positive for the presence of hepatitis B surface
antigen (HBsAg) on at least two occasions more than 6 months
apart and with HBV DNA >5 log10 copies/mL. All presented in-
creased serum alanine aminotransferase (ALT) levels for at least
6 months. Patients co-infected with human immunodeficiency
virus (HIV), hepatitis A virus, hepatitis C virus, or hepatitis D virus
and patients with resolved viral hepatitis were excluded from this
study. Other possible causes of chronic liver damage, such as alco-
hol, drugs, autoimmune diseases, and congestive heart failure were
also excluded. The baseline clinical data are shown in Table 1. All
patients gave their informed consent to participate in the study.
The study protocol, conforming to the guidelines of the Declaration
of Helsinki, was approved by the Ethics Review Committee of the
First Affiliated Hospital, School of Medicine, Zhejiang University.

2.2. Study design

The study comprised 12 weeks of patient monitoring before the
start of treatment, followed by 52 weeks of telbivudine mono-
therapy (600 mg once a day). Clinical, virological, biochemical,
and immunological parameters were assessed in study patients
at five protocol time points (baseline and weeks 12, 24, 36, and
52). At each assessment, patients were evaluated for HBV-DNA,
HBsAg, hepatitis B e antigen (HBeAg), hepatitis B e antibody
(anti-HBe), and hepatitis B c antibody (anti-HBc). An adverse event
inquiry was completed, and blood samples were drawn for immu-
noassays and blood chemistry. Patients achieving a level of HBV
DNA undetectable by polymerase chain reaction (PCR), HBeAg
seroconversion, and normalization of serum ALT levels were de-
fined as complete responders (CR). Cases with a transient normal-
ization of serum ALT and HBV DNA levels followed by a relapse
during continued antiviral therapies were defined as partial
responders (PR). HBeAg positive patients who achieved levels of
HBV DNA non-detectable by PCR and ALT normalization, but did
not show HBeAg seroconversion were also defined as PR.
Non-responders (NR) were defined as lacking either a biochemical
Table 1
Baseline characteristics of patients.

Characteristics All patients (n = 51)

Sex(male/female) 39/12
Age, years 32 (22–62)

Serum HBV DNA load
>5–7 log10 copies (mL) 27 (52.9%)
>7 log10 copies (mL) 24 (47.1%)
HBV genotypic distribution
Genotype B 16 (31.4%)
Genotype C 25 (49.0%)
Genotype D 3 (5.9%)
Genotype (B + C)/(C + D) 7 (13.7%)
HBeAg-positive patients 41 (80.4%)
Serum ALT (U/L) 160 (81–651)
Serum AST (U/L) 119 (56–575)
Serum total bilirubin (lmol/L) 25.1 (10.4–40.3)
HLA-A2 positive 26 (51%)

Data are expressed as median (range) or n (%), unless otherwise indicated.
Normal ALT range = 3–50 U/L.
Normal AST range = 3–40 U/L.
Normal total bilirubin range = 1.0–22.0 lmol/L.
or a virological response during therapy (Chien et al., 1998; Liaw
et al., 2000).
2.3. Serological liver function tests and virological assessments

Routine liver function tests included serum alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), and total bilirubin
(TBL). These assays were performed with routine automated tech-
niques (upper limit of normal: 50 U/L, 40 U/L, and 22.0 lmol/L,
respectively) (HITACHI 7600, Japan). The quantitative determina-
tions of HBV markers (HBsAg, HBeAg, anti-HBe, and anti-HBc) were
examined using a commercial Chemiluminescent Microparticle
Immunoassay (CMIA) kit with the Architect-i2000 system (Abbott
Laboratories).
2.4. Serum HBV DNA detection and HBV genotype analysis

Serum HBV DNA load in individuals was quantified at all time
points using the Cobas HBV Amplicor Monitor assay (Roche Diag-
nostics, Branchburg, NJ). The experimental methods were in accor-
dance with the instructions of the Manufacturer in the reagent kit
(Roche Diagnostics, Branchburg, NJ), and the detection limit of the
assay was 300 viral genomes copies/mL.

The HBV genotypes were determined using sequence detection
via PCR. All products were directly sequenced with a HBV
Genotype Real Time PCR Kit (ZJ bio-Tech, China) and run on
MegaBACE™ 500 according to Manufacturer’s instructions. HBV
genome sequences analysis software was used to analyze the
results.
2.5. Peripheral blood lymphocyte subgroups measurement

The fresh whole blood from each patient was stained with anti-
CD3-PCy5, CD4-FITC, and CD8-PE mouse anti-human fluorescence
monoclonal antibody (all from BD Biosciences) for 30 min at room
temperature. Red blood cells were lysed and cells were fixed using
the Coulter QPREP specimen processing instrument (Beckman
Coulter). The percentages of CD4+ and CD8+ T cells in the total lym-
phocyte population were analyzed on a Becton Dickinson FACS
using CELLQuest software (BD Bioscience).
2.6. In vitro HBV specific CTL cultures and proliferation assays

Peripheral blood mononuclear cells (PBMC) were obtained by
separating the blood samples using Ficoll Hypaque centrifugation
(Amersham Pharmacia, Uppsala, Sweden). Then, the sample was
washed twice with phosphate-buffered saline (PBS) and separated
into two parts, some with culture and the rest with cryopreserving
in 90% newborn calf serum (NCS) �10% dimethyl sulfoxide (DMSO)
at �80 �C for future use. T-cell proliferative response to hepatitis B
core antigen (HBcAg) was analyzed in PBMC prepared according to
the previous protocol (Li et al., 2010; Rico et al., 2001). The fre-
quency of HBV core-specific CTL significantly increased after day
11 of the culture, when IL-2, HBcAg, and HBV core18–27 peptides
were used as stimuli. Fresh PBMC and post-stimulatory PBMC were
obtained and phenotypic analysis of CTL was performed using pen-
tamer staining.

The HBV core-specific CTLs were measured using flow cytomet-
ric analysis of a human leucocyte antigen (HLA)-restricted peptide
pentamer complex (Proimmune, Oxford, UK) in 26 of 51 patients
who were HLA-A2 positive. The sequences of HBV peptides were
FLPSDFFPSV (core 18–27). The frequency of the HBV core-specific
CTL was gated on CD3+, CD8+, and pentamer+ cells. More than
105 events were acquired for each sample.



Y. Chen et al. / Antiviral Research 91 (2011) 23–31 25
2.7. HBcAg-induced cytokine secretion (ELISpot assay)

For the cultured Enzyme-Linked Immunospot (ELISpot) Assay,
1 � 106 cryopreserved PBMC were thawed and interferon gamma
(IFN-c), tumor necrosis factor alpha (TNF-a), interleukin-10 (IL-
10) ELISpot assays were performed to analyze T cell responses to
HBcAg following the in vitro expansion of PBMC, as previously de-
scribed (Rico et al., 2001; Evans et al., 2008).

PBMCs were seeded at 2.5 � 105 per well for 48 h in 96-well tis-
sue culture plates (Mabtech, Nacka, Sweden) in the presence of
Table 2
Laboratory test at baseline and at week 52 of follow-up in 51 patients with CHB.

Baseline

CR (n = 13) PR (n = 23) N

HBV-DNA, log10 copies/mL 6.56 ± 1.66 7.53 ± 0.89 7
HBV-DNA PCR undetectable (<300 copies/mL) 0 (0) 0 (0) 0
HBeAg-positive 5 (38.5) 23 (100) 1
HBeAg-negative 8 (61.5) 0 (0) 2
Serum ALT (U/L) 146 (88–417) 178 (81–290) 1
ALT normalization 0 (0) 0 (0) 0
CD4+ T-lymphocyte (%) 35.6 ± 7.8 29.8 ± 9.9 3
CD8+ T-lymphocyte (%) 25.8 ± 8.0 31.7 ± 8.7 3
CD4+/CD8+ T ratio 1.2 ± 0.3 1.0 ± 0.5 1

Data shown are mean ± standard deviation, n (%) or median (range), unless otherwise in
One-way ANOVA and v2 analysis were used as appropriate.

Fig. 1. Peripheral blood CD4+, CD8+ T-cells distribution, CD4+/CD8+ ratio, and serum H
responders; B1 and B2, partial responders; C1 and C2, non-responders; ⁄P < 0.05, for th
between baseline and week 12, 24, 36,or 52.
commercially available recombinant HBV nucleocapsid protein
(HBcAg; >95% purity; final concentration 2 lg/mL) in triplicate
wells at 37 �C with 5% CO2. PBMCs were also cultured with phyto-
hemagglutinin (Sigma, Dorset, United Kingdom) as a positive con-
trol. Antigen-specific spot-forming cells (SFCs in the presence of
antigen minus SFCs in buffer controls) were counted with an ELI-
Spot reader (CTL Immunospot). The number of spots in wells with
media alone was subtracted from each of the peptide specific wells
and results are stated as number of HBV-specific SFCs per 106 orig-
inally cultured PBMCs. The same individuals were tested for all
Treatment over 52 weeks

R (n = 15) P values CR (n = 13) PR (n = 23) NR (n = 15) P values

.72 ± 0.53 0.0002 1.57 ± 0.59 1.96 ± 0.62 4.10 ± 0.99 <0.0001
(0) 1 13 (100) 20 (87) 0 (0) 0.000

3 (86.7) 0.011 0 (0) 13 (56.5) 13 (86.7) 0.000
(13.3) 0.000 13 (100) 10 (43.5) 2 (13.3) 0.000

56 (84–651) 0.9473 19 (12–44) 26 (11–87) 24 (13–74) 0.6398
(0) 1 13 (100) 20 (86.9) 11 (73.3) 0.000

2.9 ± 8.1 0.1961 40.0 ± 7.1 33.1 ± 9.6 33.9 ± 4.2 0.0266
0.2 ± 9.9 0.2932 25.8 ± 8.9 28.7 ± 8.6 31.3 ± 8.8 0.3228
.3 ± 0.6 0.237 1.8 ± 0.7 1.3 ± 0.6 1.2 ± 0.5 0.039

dicated. Comparisons are made among CR, PR, and NR at baseline and at week 52.

BV-DNA levels during the course of telbivudine treatment. A1 and A2, completed
e difference in the peripheral blood CD4+ T-cells distribution and CD4+/CD8+ ratio
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time points; the assays were done based on availability of frozen
PBMCs.

2.8. Statistics

Continuous data were presented as means ± standard devia-
tions or median (range) and were compared using one-way ANOVA
or v2 analysis. Correlations were examined using Spearman rank
correlation analysis for nonparametric values. The differences were
considered statistically significant at P < 0.05.
Fig. 2. The total numbers of HBV core 18–27 peptides specific T cells were assayed at bo
group of patient 23, PR group of patient 18, and NR group of patient 5) during telbivudine
CD8-FITC, and pentamer-PE. Proliferation of HBV core-specific T cells were examined at
mL), and 40 U/mL IL-2. Differential abilities of the proliferation responses of HBV core-s
3. Results

3.1. Clinical outcome

Based on HBeAg status, serum HBV DNA levels, and normaliza-
tion of the ALT at week 52, three subgroups of patients were iden-
tified (Table 2). The completed responders (CR), partial responders
(PR), and non-responders (NR) represented 13 (25.5%), 23 (45.1%)
and 15 (29.4%) patients in the sample of 51, respectively. Mean
baseline HBV DNA levels (Log10 copies/mL) were 6.56 (CR), 7.53
th pre-stimulation and post-stimulation from one patient within each subgroup (CR
treatment in HLA-A2 positive patients. Cells were stained with anti-CD3-Pcy5, anti-

day 11 following co-culture with HBcAg (1 lg/mL), HBV core 18–27 peptides (1 lg/
pecific T cells to telbivudine treatment are shown.



Table 3
Laboratory test at five times (weeks) of HBV-specific CTL frequency in 26 HLA-A2 positive patients.

Group Number of HLA-A2 positive Frequency of HBV-specific CTL (%)

Pre-stimulation Post-stimulation

0 12 24 36 52 0 12 24 36 52

CR 6 (23.1%) 0.32
(0–1.76)

0.75
(0–2.01)

0.15
(0–0.51)

0.06
(0–0.63)

0.02
(0–0.11)

4.25
(0.43–6.17)

7.41
(3.23–9.37)

1.54
(0.32–4.05)

0.62
(0.28–1.71)

0.11
(0.33–1.12)

PR 13 (50.0%) 0.37
(0–1.03)

0.47
(0–3.51)

0.17
(0–0.85)

0.08
(0–0.31)

0.09
(0–0.26)

2.40
(0.55–4.66)

3.09
(1.46–6.87)

0.51
(0.23–2.54)

1.44
(0.29–2.72)

0.63
(0.13–1.07)

NR 7 (26.9%) 0.23
(0–1.12)

0.27
(0–0.93)

0.10
(0–0.50)

0.11
(0–0.41)

0.04
(0–0.10)

0.52
(0.21–1.65)

0.61
(0.35–1.12)

0.32
(0.13–0.98)

0.98
(0.27–1.69)

0.52
(0. 38–1.17)

Data shown are n (%) or median (range), post-stimulation meaning T-cell proliferative responses to HBcAg.
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(PR), and 7.72 (NR). There was a significant difference in serum
HBV DNA levels at baseline among these three groups of patients
(P < 0.01) (Table 2, Fig. 1). After 52 weeks of telbivudine mono-
therapy, serum HBV DNA levels were markedly reduced in the
CR and PR groups, being undetectable with the signal amplification
assay in 33 of 51 patients, 13 in the CR and 20 in the PR. 41 HBeAg-
positive patients had a loss or marked reduction of HBeAg, and five
of these had the appearance of anti-HBe. Telbivudine-treated 10
HBeAg-negative patients showed higher rates of nondetectable
viremia compared with 41 HBeAg-positive patients. No patient
achieved HBsAg loss or seroconversion during the 52-week treat-
ment period (data not shown).

There was a significant reduction in median ALT levels during
telbivudine treatment of 51 patients with CHB (Table 2). At week
52, normal ALT were observed in 13/13 (100%), 20/23 (86.9%),
and 11/15 (73.3%) of patients (CR, PR, and NR, respectively). The
lower the HBV DNA levels achieved at baseline, the higher rates
of HBV DNA non-detectable by PCR, ALT nomalization, and HBeAg
seroconversion were achieved at week 52 (Table 2).
3.2. Peripheral blood lymphocyte subgroups response to treatment

There was a significant difference in the frequency of the re-
sponse of T cell subgroups to the efficient therapy of telbivudine.
The clearance of HBV DNA was relatively rapid, the percentage of
peripheral blood CD4+ T-cells gradually and steadily increased,
and CD8+ T-cells gradually and steadily decreased throughout the
52-week period (Fig. 1). It is noteworthy that only when HBV
DNA levels dropped to approximately 4 log10 copies/mL, at week
12, could significant increases in the CD4+ cells be observed
(P < 0.05). In the CR and PR, the ratio of CD4+ to CD8+ T-cells
(CD4+/CD8+ ratio) continued to improve and achieved a highly sig-
nificant difference from the baseline (P < 0.05) by the 12th week.
On the contrary, in the NR, the frequency of T cell subgroups exhib-
ited no significant differences among the five time points of the
study (Fig. 1). There were no statistically significant differences
in CD4+ and CD8+ lymphocyte subset values and CD4+/CD8+ ratios
between 10 HBeAg-negative and 41 HBeAg-positive patients (data
not shown).
Fig. 3. Enumeration of HBcAg-specific IFN-c, TNF-a, and IL-10 spot forming cells
(SFC) per 1 � 106 peripheral blood lymphocytes during telbivudine treatment in the
CR, PR, and NR groups. The results are a combination of three independent
experiments. ⁄P < 0.05, for the difference in the CR, PR, and NR groups between
baseline and week 12, 24, 36, or 52.
3.3. T-cell proliferation responses to HBcAg during sustained treatment

The HBV-specific CTL response was tested in 26 HLA-A2 positive
patients using pentamers, and sustained lower response rates
(1.76% � 0) were observed at different time points after the start
of therapy (Fig. 2, Table 3). Among these HLA-A2 positive patients,
ten of them had a relatively higher frequency of CTL response be-
fore stimulation, and four in ten had a complete seroconversion at
week 52.

Proliferative responses of T cells were performed during antivi-
ral therapy. Five in 6 CR patients showed significant proliferative
responses at week 12, and these responses were sustained until
week 36. These proliferative responses were always specific to
HBV core 18–27 peptides. Four in 13 PR patients also showed a
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strong proliferative response at week 12. However, non-responders
did not show a strong proliferative response during a sustained
treatment (Fig. 2, Table 3).
3.4. Induction of HBV-peptide-specific CTL activity

We used ELISpot assays to confirm HBV-peptide-specific CTL
activity. This analysis was performed retrospectively on frozen
PBMC from the 51 patients initially enrolled. HBV-specific cytokine
production levels of PBMC are shown in Fig. 3. Cytokine production
showed secretion of IFN-c and TNF-a and the absence of IL-10 at
week 12 in CR and PR groups (P < 0.05). All patients exhibited
remarkable increase in TNF-a production at weeks 24 and 36, as
compared to baseline.
3.5. Correlation between viral suppression and peripheral blood
lymphocyte phenotypes

We tried to assess the association of CD4+ T cells frequency or
CD4+/CD8+ ratio with viral load in the three groups during
Fig. 4. Correlations between the peripheral blood CD4+ T-cells, CD4+/CD8+ ratio, and HBV
ratio correlated with a reduction in HBV-DNA levels. The average frequency of CD4+ T-cel
24, 36, and 52) are represented as diamonds. Error bars illustrate standard errors.
telbivudine therapy. In the CR group, there was a significant
inverse correlation between the frequency of peripheral CD4+

T-cells and HBV DNA levels (r = �0.9445, P = 0.0156). There was
also a direct correlation between the CD4+/CD8+ ratio and HBV
DNA levels (r = �0.8305, P = 0.0816). However, the relationship
was not significant in PR and NR groups over the whole observa-
tion period (Fig. 4).
3.6. Correlation between HBV-DNA levels and frequency of IFN-c-
producing, TNF-a-producing, and IL-10-producing T-cells

In all patients, we assessed the frequency of HBV-specific T-cells
producing IFN-c, TNF-a, and IL-10 at the five time points specified.
There was a significant increase in the frequency of IFN-c-produc-
ing and TNF-a-producing T cells in response to HBcAg at weeks 12,
24, and 36 compared to the baseline (P < 0.05). In parallel, the fre-
quency of IL-10-producing cells decreased (Fig. 3). This was inver-
sely correlated with the increase in IFN-c, TNF-a expression, and
HBV-DNA levels in CR and PR patients, whereas there was no
-DNA levels in the CR, PR, and NR groups. A increase in CD4+ T-cells and CD4+/CD8+

ls, CD4+/CD8+ ratio and HBV-DNA levels for each time point (baseline and weeks 12,



Fig. 5. Correlations between the HBcAg-specific IFN-c, TNF-a, and IL-10 spot forming cells (SFC) and HBV-DNA levels. An increase in HBV-specific IFN-c-producing and TNF-
a-producing T cells correlates with a reduction in HBV-DNA levels. The average HBV-DNA and IFN-c, TNF-a expression levels for each time point (baseline and weeks 12, 24,
and 36) are represented as diamonds. Error bars illustrate standard errors.
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correlation between IL-10-producing cells and HBV-DNA levels in
the CR groups (Fig. 5).
4. Discussion

Currently, antiviral therapy has become more effective for CHB.
Telbivudine is a new orally bioavailable antiviral drug with high
potency and selectivity against HBV in vitro and in animal models
(Nash, 2009; Bryant et al., 2001). The multinational GLOBE phase III
study has shown that telbivudine treatment continued to be supe-
rior to lamivudine in its ability to reduce HBV load to undetectable
levels, normalize serum ALT, and improve the rates of HBeAg sero-
conversion in CHB individuals, and there was less viral resistance
in the telbivudine than in the lamivudine group (Lai et al., 2005,
2006, 2007; Liaw et al., 2009). Our results showed that telbivudine
led to an early rapid viral load reduction in all patients and contin-
ued biochemical and virologic improvement through 52 weeks of
treatment in patients with CHB. The improvement of virologic
and biochemical parameters found in this study was in agreement
with the above-mentioned studies.

Although the anti-HBV nucleoside drugs mainly target the viral
polymerase activity and exhibit the early virological response, the
long-term effects of most antiviral drugs is unsatisfactory (having,
e.g., the emergence of HBV mutants and post-treatment relapse)
(Lok and McMahon, 2004). So, more concerns have been drawn
to the long-term response and especially to the continuous and
stable inhibition of HBV replication. According to previous reports,
in HBV infection, efficient therapy of anti-HBV drugs results in sus-
tained inhibition of HBV replication and a significant enhancement
of cellular immune responses (Boni et al., 2001; Rico et al., 2001;
Tsai et al., 2003).

In this study, we found that, accompanied by a decrease in ser-
um viral load, major changes of T lymphocyte subgroups were ob-
served in the peripheral blood from patients with telbivudine
therapy. Concomitantly with a quantitative reduction in viral rep-
lication, the frequency of CD4+ T cells and the CD4+/CD8+ ratio in-
creased during effective therapy. The results demonstrate a close
positive correlation between HBV-DNA levels and frequency of
CD4+ T cells. The independent effect of viral load on the peripheral
T-lymphocyte subgroup profile found in this study was partly in
accordance with previous studies (Stoop et al., 2007; Lau et al.,
2007).

Emerging evidence indicates that robust, early CD4 T-cell
response is critical in the induction of effectively sustaining CD8
T-cell activity (Janssen et al., 2003; Shedlock and Shen, 2003). Stud-
ies by Boni et al. (2001) showed that lamivudine treatment for
chronic hepatitis B can successfully restore CTL reactivity, creating
the appropriate conditions for their therapeutic stimulation. To
assess whether the antiviral effect of telbivudine also beneficially
affects HBV-specific CTL function and restores efficient CTL respon-
siveness, we used a pentamers HLA-peptide complex technique
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which could be applied to the direct measurement of each CTL
population against viral peptides, including the direct measure-
ment of the HBV core 18–27 (HBc18–27) peptide CTL population,
especially the proliferation of HBV-specific CD8+ T cells in response
to HBcAg in vitro stimulation. Our data revealed that patients given
the effective therapy of telbivudine not only enhanced the recon-
stitution of CD4 response, but also showed a significant enhance-
ment in stimulation of HBV-specific CTL activity and reduced
HBV serum titres, efficiently resulting in a significant increase in
the frequency of CTL and a greater magnitude of cytokine
production.

After stimulation with HBcAg, virus-specific T-cells examined
directly from blood produced IFN-c and TNF-a more frequently
than IL-10. Production of proinflammatory cytokines such as IFN-
c and TNF-a may contribute to the facilitation of viral clearance.
Recently, lamivudine therapy induced mainly CTL that were less
frequent before the therapy. Since recovered CTL maintained the
ability to produce IFN-c in response to peptides, these CTL appar-
ently contribute to the efficacy of lamivudine therapy in patients
with hepatitis B (Kondo et al., 2004). Our results also showed that
the activity of HBV-specific T lymphocyte producing IFN-c and
TNF-a showed a strong response during sustained treatment. The
decrease in serum HBV DNA levels was associated with an increase
in IFN-c and TNF-a production by HBV antigen-specific T cells.

Interestingly, at the initial period of treatment (612 week), the
decrease of HBV DNA in all three groups was relatively rapid, but
the changes in peripheral T cell subgroups, CD4+/CD8+ ratio, HBV
specific T-cells proliferative response, and IFN-c, TNF-a, and IL-
10 were remarkably different. At present, virological parameters
(at 12 or 24 weeks) are the most common predictors of a response
to antiviral therapy in chronic HBV infection. However, the changes
in virological parameters did not show significant differences dur-
ing the early period (612 week). Thus, these data should be com-
bined with immunological tests, which provide information on
CHB patient immune status. Early changes in immune parameters,
especially, may help to predict the long-term efficacy of antiviral
therapy, because these parameters were shown to be of paramount
importance to evaluating the future direction of anti-viral treat-
ment for HBV-infected patients (Tsai et al., 2003; Rico et al., 2001).

In conclusion, our data indicate that, in patients with chronic
hepatitis B infection, peripheral blood CD4+ T cells, the CD4+/
CD8+ ratio, and the activity of HBV antigen-specific T lymphocytes
correlate with continuous and stable inhibition of viral replication,
which may be predictive of responsiveness during telbivudine
therapy. The proper restoration of antiviral immunity was clearly
associated with decreases in HBV viremia, indicating a strong cor-
relation between viral load and T-cell function. These findings will
be useful to develop appropriate therapeutic strategies for control-
ling viral hepatitis, as well as to improve understanding of the cur-
rent knowledge regarding hepatitis prognosis.
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