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Telbivudine preserves T-helper 1 cytokine production and
downregulates programmed death ligand 1 in a mouse model

of viral hepatitis
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SUMMARY. Telbivudine is an orally bioavailable L-nucleoside
with potent and specific anti-hepatitis B virus activity. The
higher rate of hepatitis B e antigen (HBeAg) seroconversion
during telbivudine treatment than other potent anti-HBV
agents suggests a potential immunomodulatory effect. We
sought to determine the effects of telbivudine on the immune
system, particularly on cytokine production and T-cell re-
sponse, using an animal model with mouse hepatitis virus
strain 3 (MHV-3)-induced hepatitis. The effects of telbivudine
on virus replication and cytokine production were investi-
gated in vitro using MHV-3-infected macrophages, and the
effects on T-cell response were investigated in vivo in an
MHYV-3-induced viral hepatitis model. Telbivudine had no
effect on MHV-3 replication in macrophages. However, the
production of tumour necrosis factor-« and interleukin-12
was increased significantly in MHV-3-induced macrophages
treated with telbivudine. In vivo survival was enhanced in

telbivudine-treated mice, with marked normalization in
clinical conditions and histological lesions. Serum levels of
interferon-y were elevated significantly after telbivudine
treatment in MHV-3-infected C3H mice. In contrast, serum
interleukin-4 levels were decreased significantly. Further-
more, telbivudine treatment enhanced the ability of T cells to
undergo proliferation and secrete cytokines but did not affect
cytotoxicity of infected hepatocytes. Of note, we found that
telbivudine treatment suppressed programmed death ligand
1 expression on T cells. The results demonstrate the immu-
nomodulatory properties of telbivudine, independent of its
antiviral activity, in a mouse model of MHV-3-induced
hepatitis.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a significant cause of
liver-related morbidity and mortality, particularly in regions
of high endemicity [1]. The natural course and clinical
outcome of HBV infection is mediated by a complex inter-
action between the virus and the host’s immune response.
Successful control of HBV replication is associated with a
strong, multi-specific CD4* and CD8" T-cell response in
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conjunction with a humoral immune response [2-5]. Based
on current understanding of host—virus interactions and the
natural course of HBV infection, management strategies
have focussed on enhancement of the host’s HBV-specific T-
cell response and direct suppression of HBV replication to
attain sustained viral control and remission of liver disease
[6,7]. Of the currently available anti-HBV therapies, only
interferon (IFN)-z and pegylated IFN-oa have demonstrated
an immunomodulatory effect on HBV [8]. The immuno-
modulatory effect has been reported with the nucleoside
ribavirin; the mechanisms of action are considered to be Th1
cell differentiation and upregulation of activity of double-
stranded (ds) RNA-activated protein kinase [9-11]. Very
little is known about the influence of newer oral nucleosides
on the T-cell-specific immune response.

Telbivudine, an L-nucleoside analogue of thymidine, is a
potent and specific inhibitor of HBV DNA polymerase, and it
is approved for the treatment of patients with chronic hep-
atitis B (CHB) [12-16]. In the 2-year analysis of the GLOBE
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study, the rate of hepatitis B e antigen (HBeAg) serocon-
version during telbivudine administration was higher than
during lamivudine administration in patients with serum
alanine aminotransferase (ALT) levels greater than two
times the upper limit of normal (ULN) [17]. The relatively
high HBeAg seroconversion rate attained with telbivudine
differs from the rates obtained with other potent anti-HBV
agents and suggests that telbivudine potentially has immu-
nomodulatory activities.

The aims of the present study were to characterize the
effects of telbivudine on cytokine profile and T-cell response
in vitro and in vivo using a previously characterized mouse
model of viral hepatitis induced by the coronavirus mouse
hepatitis virus strain 3 (MHV-3) [18,19]. The effect of tel-
bivudine on the programmed cell death pathway, a possible
mechanism by which CD8* T-cell function was influenced,
was also investigated.

MATERIALS AND METHODS

Telbivudine and lamivudine

Telbivudine (pure substance) was obtained from Novartis
Pharma (Basel, Switzerland) and lamivudine was purchased
from Moravek Biochemical (Brea, CA, USA). Substance
concentrations were determined by high-performance liquid
chromatography.

Virus

Mouse hepatitis virus strain 3 was originally obtained from
the American Type Culture Collection (Rockville, MD, USA)
and it was plaque purified on monolayers of DBT cells and
grown to titres of 2 x 107 plaque-forming units (p.f.u.)/mL.
Virus was harvested by centrifugation at 4500 g for 1 h at
4 °C and was assayed on monolayers of L2 cells in a stan-
dard plaque assay.

Mice

Female BALB/c] and C3H mice at 6—8 weeks of age were
obtained from the Hubei Provincial Institute of Science and
Technology (Wuhan, China) and the Vital River Company
(Beijing, China), respectively. All animal studies were con-
ducted in accordance with the Chinese Council on Animal
Care and they were approved by Tongji Hospital (Tongji
Medical College, Huazhong University of Science and Tech-
nology, Wuhan, China).

In vitro study

Macrophage isolation

Peritoneal macrophages were harvested from BALB/c] mice
4 days after an intraperitoneal injection of 1.5 mL of 3%
thioglycollate, as outlined previously [20]. Macrophages
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were 295% pure, as determined by morphology. Viability
exceeded 95% by Trypan blue exclusion.

Effect of telbivudine on the replication of MHV-3 in macrophages
Macrophages were incubated in the presence of indicated
concentrations of telbivudine (10, 50 or 100 ug/mL) with
MHV-3. Macrophages were harvested 10 h after infection
and viral titre was determined in a standard plaque assay.

Cytokine level measurement by PCR and enzyme-linked
immunosorbent assay

To determine the effect of telbivudine on tumour necrosis
factor (TNF)-o and interleukin (IL)-12 cytokine production,
one million macrophages from BALB/c] mice were stimu-
lated with MHV-3 (multiplicity of infection, 2.5) and tel-
bivudine was added at indicated concentrations. Relative
quantitative real-time polymerase chain reaction (PCR) was
performed to measure the mRNA levels on a Roche Light-
Cycler® (Roche Diagnostics, Nutley, NJ, USA) following the
manufacturers’ instructions. Cytokine protein levels were
determined in cell supernatants following appropriate dilu-
tion using enzyme-linked immunosorbent assay (ELISA)
(R&D Systems, Abingdon, UK). The cytokine levels in lipo-
polysaccharide (LPS)-stimulated macrophages with or
without telbivudine added from the same strain of mice were
also investigated.

In vivo study

Animal model

Fifteen C3H mice each infected with 10 p.f.u. MHV-3
received telbivudine 60 mg/kg in 100 uL phosphate-buffered
saline (PBS) via intraperitoneal injection for 15 days, start-
ing 2 h before infection and daily thereafter. An additional
15 MHYV-3-infected mice in each group received lamivudine
60 mg/kg per day or PBS as a control. Clinical conditions
and survival were observed. Animals were killed on Day 15
after infection, and spleens, livers and blood were collected
for experiments.

Clinical conditions

The effect of treatment with telbivudine on MHV-3-induced
liver disease was determined by monitoring mice twice daily
for changes in clinical signs, including abnormalities of fur
texture, increased respiration, and the presence of tremor.
Conditions were graded on a scale of 1-5, with 1 indicating
the marked presence of an abnormality and 5 indicating
normalcy. A composite score for all parameters was calcu-
lated by two independent examiners who were blinded to the
treatment regimens to minimize bias.

Liver histology

At the time the mice were Kkilled, livers were removed,
weighed and fixed in 10% buffered formalin for a minimum
of 4 h. Tissues were processed and paraffin embedded by
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routine methods, and they were stained with haematoxylin
and eosin.

Isolation of splenocytes and CD8* T cells

Spleens from each group of mice were harvested 15 days
after MHV-3 infection. Spleens were dissected and single-cell
suspensions were made by passage through a nylon cell
strainer. After density gradient centrifugation and lysis of red
cells in ammonium chloride solution, cells were prepared for
study. CD8™ T cells were purified from single-cell splenocyte
suspension using an isolation kit (Miltenyi Biotec, Bergisch
Gladbach, Germany).

Hepatocytes

Mouse hepatitis virus strain 3-infected C3H mice were an-
aesthetized and their livers were perfused in situ with a Ca**-
free Hank’s balanced salt solution containing 1 mM ethy-
lenediaminetetraacetic acid for 4 min at 37 °C, followed by a
0.05% collagenase solution (type IV; Sigma-Aldrich, St
Louis, MO, USA) for 10 min. After digestion, the livers were
removed and placed into a sterile Petri dish. Single-cell
suspensions were prepared. The viability of hepatocytes both
before and after treatment was >95%, as assessed by Trypan
blue staining.

Serum collection and cytokine measurements

On the day the mice were killed, sera were collected and
assayed for IL-4 and IFN-y using the appropriate ELISA (R&D
Systems).

Intracellular staining for cytokines

Mice were sacrificed at the indicated time points. Purified
cells were cultured at 2 x 10° cells/mL in the presence of
25 ng/mlL phorbol myristate acetate plus 1 pg/mlL ionomy-
cin for 5 h in 24-well plates. Cells were then stained with
monoclonal antibodies specific for surface markers, per-
meabilized, and fixed using Cytofix/Cytoperm™ (BD, Frank-
lin Lakes, NJ, USA) according to the manufacturer’s
instructions. Different cell subsets were identified using
antibodies to IL-4, IL-10, IFN-y, TNF-¢, perforin, granzyme B
(eBioscience, San Diego, CA, USA) and their isotypes.

Flow cytometry

The antibodies used for staining were anti-CD3 (PE-Cy5.5),
anti-CD8 (APC), anti-CD4
(FITC)], anti-programmed death 1(PD-1), anti-programmed
death ligand 1 (PDL-1), anti-Fas ligand (FasL), anti-perforin,
anti-granzyme B, anti-TNF-z-R1/2, anti-TNF-o, anti-IFN-y
(PE), and isotype control (PE) (eBioscience). All analyses were
performed on a FACSAria™ cell sorter (BD), and subsequent

[fluorescein isothiocyanate

analysis was performed with FACSDiva software (BD).

Cytotoxicity against hepatocytes
Freshly isolated hepatocytes from MHV-3-infected C3H mice
were used as target cells and CD8™ T cells as effector cells.

Cytolytic activity was determined with the CytoTox 96%
non-radioactive cytotoxicity assay (Promega, Madison, WI,
USA). For each effector:target cell ratio (ranging from 40.0:1
to 2.5:1), specific target cell lysis was calculated as follows:
[(experimental release — spontaneous release)/(maximum
release — spontaneous release)] X 100. Each effector:target
cell ratio was measured in quadruplicate.

Statistical analysis

Statistical analysis was conducted with a Student’s t-test,
and a P-value of <0.05 was considered statistically signifi-
cant. Results were reported as the mean * standard devia-
tion for three or more separate experiments, each performed
in triplicate.

RESULTS

Telbivudine does not affect MHV-3 replication in
macrophages

First, we investigated whether telbivudine has no cytotoxic
effect on macrophages. The addition of up to 100 ug/mL
telbivudine to peritoneal macrophages freshly isolated from
BALB/c] mice had no toxic effects, as demonstrated by Try-
pan blue exclusion (95% viable cells).

To examine the efficacy of telbivudine on viral replication
directly, isolated macrophages were treated with telbivudine
at indicated concentrations. The starting concentration
(10 pug/mL) was chosen based on maximal concentration
and area under the concentration—time curve from zero to
infinity, and it was as close to twice the dose as that for
patient administration [21,22]. Telbivudine had no effect on
MHYV-3 replication from the starting dose of 10 ug/mlL to
doses as high as 50 and 100 ug/mL (Fig. 1).
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Fig. 1 Telbivudine does not affect MHV-3 replication in
BALB/cJ macrophages in vitro. Confluent monolayers of
macrophages were infected with 2 x 10° MHV-3 in the
presence of indicated concentrations of telbivudine for 10 h.
Viral titres were measured on monolayers of L2 cells. Data
are presented as mean * SD for three separate experiments
done in duplicate.
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comparison with basal values. Telbivudine significantly
enhanced the production of TNF-¢: and IL-12 in MHV-3-infected
macrophages compared with controls and this effect occurred
in a dose-dependent manner (Figs 2b,d). A similar pattern of
Experiments were performed to test the ability of telbivudine increase in TNF-a and IL-12 mRNA production was also
to modulate the immune response of MHV-3-infected observed in response to telbivudine (Figs 2a,c). However,
macrophages. Macrophages produced significantly higher telbivudine had no effect on TNF-o and IL-12 levels or mRNA
levels of TNF-o and IL-12 in response to MHV-3 infection in production in LPS-stimulated macrophages (Figs 2a,b).

Telbivudine enhanced the production of TNF-o. and IL-12
in macrophages after MHV-3 infection but not in
LPS-induced macrophages
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Fig. 2 Effect of telbivudine on MHV-3-infected macrophages in vitro. The left panels show that telbivudine enhanced the
production and mRNA transcription of TNF-« (a,b) and IL-12 (c,d) in macrophages after MHV-3 infection. The right panels
show that telbivudine has no effect on TNF-« (a,b) or IL-12 (c,d) in LPS-induced macrophages. Data are presented as
mean * SD for three separate experiments. *P < 0.01.
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Telbivudine improves survival and clinical outcome in vivo

Telbivudine increased the survival rate in MHV-3-infected
C3H mice from 18.2% to 63.6% compared with the PBS-
treated controls (Fig. 3a). A composite clinical score was
obtained by combining the clinical scores for all measured
symptoms. Telbivudine-treated mice maintained improved
composite clinical scores in all conditional categories to the
end of the study (Fig. 3b).

Telbivudine reduces histological lesions in the liver

In addition to improving overall survival and clinical scores,
telbivudine reduced the histological signs associated with
MHYV-3 infection (Fig. 3c). The livers recovered from the
PBS-treated mice showed remarkable necrosis by 15 days
after infection compared with the livers obtained from the
uninfected control mice (the arrows in Fig. 3c indicate
necrosis). In contrast, although not completely free of dis-
ease, the livers recovered from the telbivudine-treated mice
showed a marked reduction in histological evidence of
hepatic necrosis (Fig. 3c).
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Telbivudine promotes IFN-y production and inhibits IL-4
production in vivo

Telbivudine treatment resulted in an additional 1.8-fold in-
crease in IFN-y production in sera compared with MHV-3-
infected controls (Table 1). In contrast, a 1.6-fold inhibition
of IL-4 production was observed in the telbivudine-treated
group compared with the controls.

Telbivudine increases the total number of T cells, the
percentage of IFN-y- and TNF-o-producing CD4™ T cells,
and the percentage of IFN-y-producing CD8" T cells

Phenotypic analysis of spleen cells from telbivudine-treated
mice revealed an increase in the total number of T cells
compared with PBS- and lamivudine-treated controls
(Fig. 4a). The frequency of IFN-y-producing CD4" and CD8"
T cells in the telbivudine-treated group was significantly
increased compared with the PBS- and lamivudine-treated
groups (Figs 4b,c,f). The frequency of TNF-a-producing
CD4" T cells in the telbivudine-treated group was increased
significantly compared with the PBS- and lamivudine-
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Fig. 3 Telbivudine therapy improves survival rate, clinical conditions and histological lesions in MHV-3-infected C3H mice.
Fifteen animals in each group received either telbivudine or PBS for 15 days. (a) Survival rates in the telbivudine group
increased to 63.6% when compared with the PBS group (18.2%). (b) Composite clinical scores: scores were calculated for fur
texture, respiration and tremor. Data are the mean examination of three animals per group scored in a blinded fashion. (c)
Histological improvement: at 15 days after infection, hepatic necrosis was minimized post telbivudine treatment (arrows).
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Table 1 Effect of telbivudine on cytokine release following MHV-3 infection in vivo

Treatment
No infection control Telbivudine
Days after MHV-3 [FN-y IL-4 IFN-y IL-4 IFN-y 1L-4
infection in C3H mice (ng/mL) (pg/mL) (ng/mL) (pg/mL) (ng/mL) (pg/mL)
15 17.7 £ 1.3 48.2 £ 2.0 67.4 + 3.5 44.6 £ 2.6 125.9* + 4.3 26.6" £ 1.8

Concentrations of [FN-y and IL.-4 were measured in sera of C3H mice 15 days after infection. Data are presented as mean * SD
from three separate experiments with three mice in each group. *P < 0.01 compared with PBS-treated mice.

treated groups (Figs 4d,g). The frequency of the TNF-o-pro-
ducing CD8" T cells was similar among all of the treatment
groups (Figs 4e,g). No difference was observed in the fre-
quency of IL-4- and IL-10-producing CD4" and CD8™ T cells
(data not shown).

Telbivudine has no effect on cytolytic function but
downregulates PD-L1 expression on T cells

To determine whether telbivudine treatment enhanced killer
T-cell cytotoxicity, we performed cytotoxicity assays using
spleen-isolated CD8* T cells as effector cells. An increase in
cytotoxicity (Fig. 5a) was observed in all infected groups, but
no differences were observed among groups with or without
telbivudine treatment, suggesting that telbivudine has no
effect on the cytolytic function of T cells. PD-1 and FasL
expression were increased in infected groups compared with
the uninfected group, but no differences were observed
among infected groups (Fig. 5b). There were no significant
differences for tumour necrosis factor receptor (TNFR)-1,
TNFR-2, perforin or granzyme B expression on the CD8* T
cells among infected groups and the uninfected group
(Fig. 5¢). To further understand this phenomenon, we
investigated the expression of PD-L1 and found that tel-
bivudine treatment significantly downregulated the expres-
sion of PD-L1 on CD3"* and CD8™ T cells compared with PBS
and lamivudine treatment (Figs 5d,e).

DISCUSSION

This is the first study to demonstrate, both in vitro and in
vivo, that telbivudine has immunomodulatory effects, inde-
pendent of its potent antiviral activity. Our data show that
telbivudine has no inhibitory effects on the replication of
MHV-3 in macrophages. This finding is consistent with the
fact that telbivudine is highly selective for HBV and lacks
activity against other viruses [12]. This study showed that
telbivudine, at concentrations that are achieved in vivo,
enhanced the production of TNF-o¢ and IL-12 in BALB/c]
macrophages in vitro when challenged with MHV-3. Tel-
bivudine was unable to cause a similar effect in LPS-induced
inflammatory cytokines. This may be because the mecha-
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nism of induction of TNF-o and IL-12 by LPS is different from
that by virus [23].

Previous studies of the immune response during antiviral
treatment with nucleoside or nucleotide analogues in
patients with CHB have shown that potent suppression of
HBYV replication is associated with enhanced T-cell reactivity
and cytokine production [24-26]. However, these studies in
patients with CHB do not allow dissection of whether the
effect on adaptive immunity is due to direct immunomodu-
latory properties of the antiviral agent or a secondary to
reduced viraemia and antigen levels. The advantage of our
mouse model is that it allows investigation of potential
immunomodulatory effects independent of antiviral activity.
The use of MHV-3, which produces a strain-dependent pat-
tern of viral hepatitis in inbred strains of mice, has brought
insights into the pathogenesis of viral hepatitis [27-31]. A
previous study using an MHV-3 virus-induced hepatitis
model from our group showed that ribavirin preserves Th1
cytokine production but inhibits Th2 cytokine response; the
study explored the remarkable increased sustained virologi-
cal response post interferon and ribavirin combination
therapy for hepatitis C patients [9].

The results from the in vitro experiments on the MHV-3-
infected macrophages support a further investigation of the
immunomodulatory effect of telbivudine in vivo. Because
MHV-3 belongs to the coronavirus family of positive-stran-
ded RNA viruses, it is a suitable model with which to study
the pure immunomodulatory effect of telbivudine without
the influence of its viral inhibitory effect, which in turn may
indirectly affect the immune system. In this study, telbivu-
dine treatment significantly improved survival in MHV-3-
infected C3H mice and it improved clinical conditions and
histological outcomes. The treatment of MHV-3-infected
C3H mice with telbivudine resulted in the inhibition of IL-4
production, and similar doses of telbivudine enhanced the
production of IFN-y, and furthermore increased total T cell
numbers, IFN-y-producing CD4" and CD8™ T cells and TNF-
a-producing CD4" T cells, indicating a predominantly Th1l
response post telbivudine treatment.

One mechanism of the immune response involves naive
CD4" T cells, which, through the production of cytokines,
control the development of immune—effector mechanisms
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Fig. 4 Effect of telbivudine treatment on the total number of T cells and the percentage of IFN-y and TNF-¢ in CD4" and CD8*
T cells. Mice were sacrificed 15 days after infection, and single-cell suspensions were prepared from their spleen. Cells were
stained with anti-CD3, anti-CD4 or anti-CD8, and IFN-y or TNF-o. Telbivudine treatment increased the total number of T cells,
which was determined by the percentage of CD3* cells in counted splenocytes (a). Telbivudine increased the percentage of
IFN-y- and TNF-a-producing CD4™" T cells (b,d.f,g) and the percentage of IFN-y-producing CD8" T cells (c.f,g). The numbers in
plots were assessed on CD4" or CD8™ T cells. The results are a combination of three independent experiments. (b—e) are
representative of three similar experiments. *P < 0.01.

[32]. A Th1 response has been associated with host resis- suggested that resistance to MHV-3 is associated with a
tance whereas a Th2 response has been associated with predominant Th1 response, the production of IFN, and
susceptibility in murine models of MHV-3. Studies have cytotoxic T cells [33,34]. Cytotoxic lymphocytes kill target
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Fig. 5 Telbivudine has no effect on cytotoxicity. Hepatocytes were isolated from MHV 3-infected C3H mice on Day 15 as target
cells. As effector cells, CD8* T cells (pooled from three mice per experimental group) were obtained from each group. (a)
Cytotoxicity to hepatocytes and (b) PD-1 and Fas ligand expression on CD8" T cells were increased in infected groups. There
were no differences between the PBS-, lamivudine- and telbivudine-treated groups. (c) TNFR1, TNFR2, perforin and granzyme
B expression on CD8™ T cells were similar in each group. (d) Histograms show PD-L1 expression levels on CD3™ cells from each
group. (e) The percentage of PD-L1 expression on CD8™ T cells is shown. The results are a combination of three independent
experiments. (d) is representative of three similar experiments. *P < 0.01.

cells by two major pathways: one is dependent on the exo-
cytosis of granule effector molecules, including perforin and
granzymes A and B; the other is dependent on the engage-
ment of target cell TNFR-1 family death receptors (e.g. Fas,
TNFR-1, TNFR-2) by effector cell-expressed Fasl, mem-
brane-bound or secreted TNF, or TNF-related apoptosis-
inducing ligand [35-37]. Our results demonstrate that FasL
plays an important role in cytotoxic T lymphocyte (CTL)
cytotoxicity to hepatocytes in MHV-3-infected C3H mice.
However, telbivudine treatment did not promote CTL cyto-
toxicity. Previous studies have established that TNF-o and
IFN-y are key cytokines for non-cytolytic control of HBV
replication [38—40]. The release of these cytokines from T
cells leads to inactivation of HBV without killing the infected
hepatocytes. Our results suggest that telbivudine is altering
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the balance of Th1/Th2 cytokines which is independent of
the direct antiviral effect against MHV-3.

Programmed death-1 is a receptor that is expressed on a
subset of activated T and B cells and PD-L1 (also known as
B7-H1) is expressed on both haematopoietic and parenchy-
mal cells [41,42]. In chronic viral infection, CD8 T cells
express high levels of PD-1, but its ligand PD-L1 is also
highly upregulated [43]. In vivo blockade of the interaction
of PD-1 with its ligand PD-L1 has been reported to enhance
T-cell responses [43]. Reduction of PD-1 during the treat-
ment of CHB was shown to correlate with reduction of HBV
DNA levels [26]. Given the role of PD-1/PD-L1 is an
important inhibitory pathway in T-cell function, the effect of
telbivudine on the expression of PD-1 and PD-L1 was
investigated to further define the effect of telbivudine on
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T-cell response. Although telbivudine does not alter the
expression of PD-1, of note is that it significantly downreg-
ulated PD-L1 expression on T cells in MHV-3-infected C3H
mice. This result provides initial evidence for a role of tel-
bivudine in this inhibitory pathway in regulating T-cell
function that may favour the development of immune
clearance of virus infection. However, the effects of telbivu-
dine on PD-1 and PD-L1 expression on other cell types
should be clarified in further studies. Also, the underlying
molecular mechanism requires further investigation. One of
the proposed mechanisms is upregulation of the activity of
cellular kinases to facilitate efficient phosphorylation. On the
other hand, many nucleoside analogue-like substances [e.g.
CpG-containing DNA, as found in DNA viruses and bacteria;
viral dsRNA; the viral mimic polyinosinic:polycytidylic acid
(polyI:C)] can exert immunomodulatory activities via toll-
like receptors. As telbivudine is a thymidine nucleoside
analogue, it may exert immunomodulatory activities via toll-
like receptors.

In summary, the present study demonstrates that the
beneficial effects of telbivudine in MHV-3-induced hepatitis
may be mediated by its effect on the immune response rather
than the inhibition of viral replication in this animal model.
The
explained partly by a shift in the balance between Th1- and

immunomodulatory effect of telbivudine may be

Th2-like immune responses. This in turn may explain the
benefit of telbivudine on the amelioration of MHV-3 infection
and increased survival as well as improvements in clinical
scores and liver histology. These data identify an immuno-
modulatory mechanism of telbivudine treatment in the
MHYV-3-induced viral hepatitis model and provide an insight
into a potential additional mode of action for the manage-
ment of viral hepatitis infection.
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