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Chronic infection with hepatitis B virus (HBV) is associated with impairment of T and NK cell immunity. This study was aimed
at investigating the impact of treatment with telbivudine (LDT) on T and NK cell immunity in patients with chronic hepatitis B
(CHB). A total of 54 CHB patients and 30 healthy controls (HC) were recruited. Individual patients were treated orally with 600
mg LDT daily for 13 months. The serum HBV DNA loads, the levels of the HBV-related biomarkers alanine aminotransferase
(ALT) and aspartate transaminase (AST), and the numbers of different subsets of peripheral T and NK cells in subjects were
measured before and longitudinally after LDT treatment. Following treatment with LDT, the serum HBV DNA loads and the
percentages of HBsAg- or HBeAg-seropositive cases were gradually reduced, accompanied by decreased levels of serum ALT and
AST. In comparison with the HC, fewer CD3� CD56� and CD244� NK cells and CD3� CD8� T cells, lower frequencies of cyto-
kine� CD4� T cells, and more CD3� CD4�, CD4� CD25� Foxp3�, CD4� CD25� CD127low, and CD8� PD-1� T cells were de-
tected in CHB patients. Treatment with LDT increased the numbers of NK and CD8� cells and the frequencies of cytokine�

CD4� T cells but reduced the numbers of CD4� CD25� Foxp3�, CD4� CD25� CD127low, and CD8� PD-1� T cells in CHB pa-
tients. The frequencies of cytokine� CD4� T cells were negatively associated with the levels of serum HBV DNA, ALT, and AST.
Thus, treatment with LDT inhibits HBV replication, modulates T and NK cell immunity, and improves liver function in Chinese
patients with CHB.

Hepatitis B is a potentially life-threatening liver disease caused
by infection with hepatitis B virus (HBV). Approximately 2

billion people have been infected with HBV, and more than 360
million patients worldwide have chronic hepatitis B (CHB) (1).
Although the HBV-specific vaccine is highly effective and safe and
has been used for more than 20 years, HBV is still the most com-
mon cause of chronic liver disease in the world (2). Furthermore,
many patients with CHB are at high risk of developing liver cir-
rhosis and hepatocellular carcinoma (HCC) (3). Hence, under-
standing the pathogenesis of CHB is of great importance in the
management of patients with CHB.

T cell responses are crucial for viral clearance in HBV-infected
individuals (4). Both CD4� and CD8� T cells are responsible for
the control of acute HBV infection (5). Previous studies have
shown that circulating HBV-specific CD4� and CD8� T cells are
rarely detected in patients with CHB (6, 7), suggesting an impair-
ment of HBV-specific T cell responses. In addition, recent studies
have suggested that polyclonal and multispecific T-helper (Th)
cell responses, including Th1 and Th2 responses, determine the
outcome of HBV infection (8, 9). Th1 cells produce interleukin-2
(IL-2), gamma interferon (IFN-�), and tumor necrosis factor al-
pha (TNF-�), whereas Th2 cells secrete IL-4, IL-6, IL-10, and
IL-13 (10). Moreover, the profiles of these circulating cytokines
are associated with the levels of viral replication and liver function
(11). Regulatory T cells (Tregs) are important regulators of im-
mune responses, and a higher frequency of Tregs is commonly
detected in patients with CHB (12–14). Furthermore, higher per-
centages of Tregs are associated with increased levels of serum
HBV DNA, suggesting that Tregs inhibit HBV-specific T cell im-
munity in patients with CHB (15, 16). In addition, Tregs can mod-
ulate HBV-specific CD8� T cell responses (16). NK cells partici-
pate in the control of HBV infection (17). NK cells also produce

proinflammatory cytokines such as IFN-�, which regulates anti-
viral immunity (17). The CD244 antigen is an activating receptor
on NK cells, and engagement of CD244 enhances NK cell activity
and IFN-� production (18). Numerous studies have shown that a
lower frequency of CD244� NK cells is present in CHB patients
(19). Therefore, different subsets of lymphocytes control HBV
replication and disease progression in patients with CHB. How-
ever, there are few longitudinal studies of lymphocyte profiles and
function during the pathogenic process of CHB, particularly in
Chinese patients.

Our previous studies have shown that treatment with antiviral
drugs such as adefovir dipivoxil (ADV) or entecavir (ETV) can
inhibit HBV replication, reduce the levels of serum HBeAb, and
improve liver function (20, 21). Long-term treatment with ADV
or ETV enhances HBV-specific T cell immunity and reduces the
frequency of Tregs in patients with CHB (20, 21). However, a
previous study has indicated that long-term treatment with ADV
or ETV has a very low HBeAg� seroconversion rate in CHB pa-
tients (22). Hence, application of new antiviral drugs may be valu-
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able for the management of patients with CHB. Telbivudine
(LDT) is a synthetic thymidine nucleoside analogue with activity
against HBV (23). The available data from clinical trials indicate
that LDT is a potent inhibitor of HBV replication and a better
inducer of HBeAg� seroconversion than other antiviral reagents
in CHB patients (24, 25). A recent study showed that treatment
with LDT rapidly reduces the HBV DNA load, which is associated
with an increased frequency of Th2 cells and decreased frequen-
cies of Th17 cells and Tregs in a few patients with CHB (26).
However, little is known about the impact of treatment with LDT
on the numbers of CD8� T cells and NK cells and their functions
in patients with CHB.

In this study, we examined the effect of treatment with LDT on
the numbers of CD4� and CD8� T cells and NK cells and their
functions, as well as the potential association of different popula-
tions of lymphocytes with liver function, in 54 patients with CHB.
We found that treatment with LDT inhibited HBV replication and
improved liver function, accompanied by modulation of NK and
T cells, in patients with CHB.

MATERIALS AND METHODS
Patients. A total of 54 patients with CHB were recruited at the First Hos-
pital of Jilin University from September 2008 to October 2010. Individual
subjects with CHB were diagnosed if they were seropositive for HBsAg,
HBeAg, and HBV DNA for at least 13 months (27). All hepatitis B patients
had evidence of infection with genotype C HBV. Another 30 gender-, age-,
and ethnicity-matched healthy subjects were also recruited as healthy
controls (HC). Individuals with seropositive hepatitis C virus, hepatitis G
virus, hepatitis D virus, or HIV-1 infection or autoimmune liver disease
were excluded. All patients denied being drug users or having been ex-
posed to hepatotoxins, so far as they knew (27). Written informed consent
was obtained from individual participants. The experimental protocol
was established according to the guidelines of the 1975 Declaration of
Helsinki and was approved by the Human Ethics Committee of Jilin Uni-
versity, China. The demographic and clinical characteristics of the pa-
tients are summarized in Table 1.

Individual patients were treated orally with 600 mg LDT (Novartis
Pharmaceutics) once per day for 13 months, along with other short-term
common medicines to reduce clinical symptoms, including metoclopra-
mide (Fahrenheit Pharmaceutical, Shanghai, China) three times per day
for 10 days for two patients and ibuprofen (Zhengzhou Chengwang
Chemical Pharmaceutical, Zhengzhou, China) for 7 days for four pa-
tients. The patients visited the outpatient service every 3 months for a

physical examination and laboratory tests. Their clinical symptoms were
recorded, and the patients were monitored for 1 year.

Virological and immunological assessments. Peripheral blood ve-
nous samples were obtained from individual patients before treatment
and 3, 6, 9, and 13 months after the initial treatment. The levels of plasma
HBsAg, anti-HBs, anti-HBc, HBeAg, and anti-HBe in individual partici-
pants were measured using commercially available kits according to the
manufacturer’s instructions (Abbott Laboratories). The levels of serum
alanine aminotransferase (ALT) and aspartate transaminase (AST) were
detected using an automatic biochemistry analyzer (Roche Diagnostics)
(21). The levels of serum HBV DNA were determined by quantitative
real-time PCR (RT-PCR) using a specific kit (Amplicor; Roche) according
to the manufacturer’s instructions. The limit of detection for HBV DNA
was 300 copies/ml (21). Patients’ clinical symptoms were recorded, and
the patients were monitored for 1 year.

Flow cytometry analysis. The frequencies of peripheral blood NK
cells and T cells in individual patients were analyzed by flow cytometry
using specific antibodies, as previously described (28). Briefly, individual
blood samples (100 �l) were incubated in duplicate with a mixture of
fluorescein isothiocyanate (FITC)-conjugated anti-CD3, allophycocya-
nin (APC)-conjugated anti-CD56, and phycoerythrin (PE)-conjugated
anti-NK2B4 (BD Bioscience, San Diego, CA) for 30 min at room temper-
ature. FITC-IgG1, PE-IgG1, and APC-IgG1 were used as negative con-
trols. Additional cells were stained with peridinin chlorophyll protein
(PerCP)–anti-CD4, FITC–anti-CD25, and PE–anti-CD127 or PerCP–
anti-CD3, PE–anti-CD8, and FITC–PD-1. The erythrocytes were lysed
with BD FACS lysing solution (BD Bioscience) according to the manufac-
turer’s instructions. Some PerCP–anti-CD4- and FITC–anti-CD25-
stained cells were fixed, permeabilized, and stained intracellularly with
PE–anti-Foxp3. After being washed, the cells were characterized using a
FACSCalibur flow cytometer (Becton Dickinson) and FlowJo software
(v7.6.2) (TreeStar, Ashland, OR). At least 20,000 events for each sample
were acquired for analysis. To ensure the quality of each batch of data
during the longitudinal study, we used the same lots of antibodies from
identical manufacturers according to the same protocol, in a blinded
manner (28).

Flow cytometry analysis of intracellular cytokine staining (ICS). For
analysis of intracellular cytokine production, peripheral blood mononu-
clear cells (PBMCs) were isolated by density gradient centrifugation using
Ficoll-Paque Plus (Amersham Biosciences, Little Chalfont, United King-
dom). Human PBMCs (106 cells/well) were stimulated with 50 ng/ml of
phorbol-12-myristate-13-acetate (PMA; Sigma Chemical, St. Louis, MO)
and 2 �g/ml of ionomycin in RPMI 1640 medium (Invitrogen, Carlsbad,
CA) supplemented with 10% fetal calf serum (FCS; HyClone) for 6 h, with
the addition of monensin (GolgiStop; BD Sciences) for the last 2 h of
incubation. PBMCs cultured in medium alone were used as negative con-
trols. The cells were stained in duplicate with PerCP–anti-CD3 and FITC–
anti-CD4 at room temperature for 30 min. After being washed, the cells
were fixed and permeabilized using a fixing/permeabilizing reagent
(Caltag), followed by staining with PE–anti-IL-2, PE–anti-TNF-�, PE–
anti-IL-4, PE–anti-IL-6, PE–anti-IL-10, PE–anti-IFN-�, or isotype-
matched control antibodies. After being washed, the cells were character-
ized by flow cytometry analysis, and at least 50,000 events per sample were
analyzed.

Statistical analysis. Data are expressed as medians and ranges, unless
specified otherwise. All clinical and flow cytometry data were analyzed by
the Kruskal-Wallis test and the chi-square test, using SPSS 16.0 software.
The relationship between two variables was evaluated using the Spearman
rank correlation test. Individual data were stratified according to the levels
of cytokines, HBV DNA load (�300 copies/ml or �300 copies/ml), and
seropositive HBeAg status, and the differences between them were ana-
lyzed using Kruskal-Wallis, chi-square, and Fisher’s exact tests, where
applicable. A two-sided P value of �0.05 was considered statistically sig-
nificant.

TABLE 1 Demographic and clinical characteristics of participants

Parametera

Value for groupb

CHB patients HC

No. of individuals 54 30
Age (yr) 41.8 � 6.7 42.9 � 8.1

No. (%) of:
Males 44 (81.5) 24 (80)
Females 10 (18.5) 6 (20)

HBV DNA level (log10 copies/ml) 8.1 � 1.2 NA
ALT level (U/liter) 167.2 � 1.2* 22.6 � 4.3
AST level (U/liter) 132.9 � 9.9* 22.3 � 5.3
HBsAg level (log10 IU/ml) 1.6 � 2.5 NA
a Normal values are as follows: ALT, �40 IU/liter; AST, �40 IU/liter; and HBV DNA,
�3 log10 copies/ml.
b Data are means � standard deviations (SD), except as specified. HC, healthy controls;
CHB, chronic hepatitis B; NA, not applicable. *, P � 0.05 versus the HC.
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RESULTS
Treatment with LDT modulates HBV-related biochemical
markers in CHB patients. To determine the impact of treatment
with LDT on immune profiles and liver function, a total of 54
CHB patients and 30 HC were recruited. There was no statistically
significant difference in the distributions of age and gender be-
tween the CHB patients and the HC (Table 1). As expected, pa-
tients but not HC had various levels of HBV loads and high levels
of serum HBsAg. Furthermore, the concentrations of serum ALT
and AST in CHB patients were significantly higher than those in
the HC.

Following treatment with LDT, the HBV DNA loads in the
CHB patients gradually decreased and were significantly lower
than those before treatment (see Fig. S1 in the supplemental ma-
terial). There were 4 cases with undetectable serum HBV DNA at
3 months post-initial treatment, and the number of cases with
undetectable HBV DNA increased with time (Table 2). Similarly,
following treatment with LDT, the number of cases with serone-
gative HBeAg and HBsAg gradually increased, and the levels of
serum HBsAg were significantly reduced with time (Table 2; see
Fig. S1). Furthermore, the levels of serum ALT and AST rapidly
decreased and reached the normal range at 13 months post-initial
treatment. Together, our data indicate that treatment with LDT
effectively inhibited HBV replication and improved liver function
in patients with CHB.

Treatment with LDT restores the number of activated NK
cells in patients with CHB. We next characterized the numbers of
total PBMCs in patients and HC and found that the numbers of
PBMCs in CHB patients (median, 9.2 � 106/ml; range, 3.6 �
106/ml to 10.2 � 106/ml) before LDT treatment were significantly
greater than those in the HC (median, 5.5 � 106/ml; range, 3.2 �
106/ml to 9.6 � 106/ml) (P 	 0.012). Following treatment with
LDT for 13 months, the median number of PBMCs in the patients
decreased from 9.22 � 106/ml to 5.8 � 106/ml, which was similar
to the median for the HC. Therefore, treatment with LDT reduced
the number of PBMCs in patients with CHB.

Characterization of peripheral blood NK cells revealed that the
number of CD3
 CD56� NK cells in CHB patients before treat-
ment was significantly lower than that in the HC (medians of
1.29 � 105 versus 0.70 � 105/ml) (P � 0.001) (Fig. 1). Following
treatment with LDT for 3 months, the number of NK cells in-
creased significantly (medians of 1.12 � 105, 1.23 � 105, 1.29 �

105, and 1.29 � 105/ml for 3, 6, 9, and 13 months posttreatment,
respectively) compared with that before treatment (P � 0.001)
and was gradually elevated at the later time points, to a level sim-
ilar to that in the HC. A similar pattern for the number of CD244�

NK cells in total NK cells (medians of 0.59 � 104, 1.32 � 104,
1.85 � 104, 1.98 � 104, and 2.13 � 104/ml in CHB patients at 0, 3,
6, 9, and 12 months posttreatment versus 1.80 � 104/ml in HC)
was observed in this population. Hence, treatment with LDT in-
creased the number of activated NK cells in patients with CHB.

Treatment with LDT significantly modulates the number of
peripheral T cells in CHB patients. Further characterization of
peripheral T cells indicated that the numbers of CD3� and CD3�

CD4� T cells in CHB patients before treatment were significantly
higher than those in the HC (medians of 7.44 � 105 versus 6.29 �
105/ml [P � 0.001] and 5.01 � 105 versus 3.81 � 105/ml [P �
0.001], respectively) (see Fig. S2 in the supplemental material). In
contrast, the number of CD3� CD8� T cells in CHB patients
before treatment was significantly lower than that in the HC (me-
dians of 2.33 � 105 versus 2.89 � 105/ml; P 	 0.004). As a result,
the ratios of CD3� CD4� T cells to CD3� CD8� T cells in patients
were higher than those in the HC. Following treatment with LDT
for 3 months, the number of CD3� cells increased significantly
(medians of 7.94 � 105, 7.86 � 105, 7.85 � 105, and 7.77 � 105/ml
for 3, 6, 9, and 13 months posttreatment, respectively) and was
maintained at a similar level throughout the observation period in
CHB patients. Furthermore, the number of CD3� CD4� T cells in
CHB patients was slightly reduced at 9 months post-initial treat-
ment and was maintained at a low level at 13 months post-initial
treatment (medians of 5.16 � 105, 4.45 � 105, 4.11 � 105, and
4.19 � 105/ml for 3, 6, 9, and 13 months posttreatment, respec-
tively). In addition, the number of CD3� CD8� T cells in CHB
patients at 6 months post-initial treatment was significantly
greater than that before treatment and further increased with time
(medians of 2.76 � 105, 3.15 � 105, 3.62 � 105, and 3.59 � 105/ml
for 3, 6, 9, and 13 months posttreatment, respectively). Accord-
ingly, following LDT treatment, the ratios of CD3� CD4� to
CD3� CD8� T cells in patients with CHB were gradually reduced.
Therefore, treatment with LDT modulated the number of differ-
ent subsets of T cells and reduced the ratio of CD4� to CD8� T
cells in patients with CHB.

Treatment with LDT reduces the numbers of regulatory
CD4� and CD8� T cells in CHB patients. We further determined

TABLE 2 Effects of telbivudine on HBV DNA loads and HBeAg status

Parameter

Valuea

Baseline 3 mo 6 mo 9 mo 13 mo

Mean HBV DNA load � SD (log10 copies/ml) 8.1 � 1.2 4.6 � 1.7* 3.9 � 1.2* 4.0 � 1.5* 3.9 � 1.4*

No. of patients
HBV DNA load

�300 copies/ml 54 50 36 30 13
�300 copies/ml 0 4* 18* 24* 31*

HBeAg status
Positive 54 49 46 42 39
Negative 0 5* 8* 12* 15*

HBeAg status
Positive 54 51 45 44 39
Negative 0 3* 9* 10* 15*

a *, P � 0.05 versus the basal value.
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the numbers of circulating CD4� CD25� Foxp3�, CD4� CD25�

CD127low, and CD3� CD8� PD-1� T cells. We found that the
numbers of CD4� CD25� Foxp3�, CD4� CD25� CD127low, and
CD3� CD8� PD-1� T cells in CHB patients before LDT treatment
were significantly greater than those in the HC (medians of 5.38 �
104 versus 1.66 � 104/ml [P � 0.001], 5.87 � 104 versus 1.65 �
104/ml [P � 0.001], and 1.32 � 104 versus 0.95 � 104/ml [P �
0.001], respectively) (Fig. 2). Following treatment with LDT, the
numbers of CD4� CD25� Foxp3�, CD4� CD25� CD127low, and
CD3� CD8� PD-1� T cells were gradually reduced compared
with those before treatment. Therefore, treatment with LDT mod-
ulated regulatory CD4� and CD8� T cells.

Treatment with LDT modulates the frequency of effector T
cell responses in patients with CHB. Effector T cells can secrete
cytokines in response to stimulators. To determine the impact of
treatment with LDT on effector T cell responses, PBMCs were
isolated from individual CHB patients and healthy subjects and
then stimulated with PMA and ionomycin. The frequencies of
cytokine-secreting CD4� T cells were characterized by intracellu-
lar staining and flow cytometry analysis. The frequencies of IL-2�,
IFN-��, TNF-��, IL-4�, IL-6�, and IL-10� CD4� T cells in the

patients with CHB were significantly lower than those in the HC
(medians of 12.16% versus 5.55% [P � 0.001], 9.14% versus
6.18% [P � 0.001], 15.75% versus 5.01% [P � 0.001], 8.49%
versus 2.44% [P � 0.001], 12.45% versus 3.19% [P � 0.001], and
11.70% versus 2.76% [P � 0.001], respectively). Following treat-
ment with LDT for 3 months, the frequencies of cytokine-secret-
ing CD4� T cells increased significantly and were further elevated
at later time points for CHB patients (Fig. 3). Thus, treatment with
LDT increased the frequencies of cytokine-secreting CD4� effec-
tor T cells in patients with CHB.

Treatment with LDT reduces serum HBV loads but enhances
T cell immunity in CHB patients. Further analysis indicated that
there was a negative association between the frequencies of cyto-
kine-secreting CD4� T cells and the levels of HBV DNA loads in
patients with CHB. While high serum HBV DNA loads were de-
tected in patients with CHB before LDT treatment, the frequency
of each type of cytokine-secreting CD4� T cell was at its lowest
level (Fig. 4A). Treatment with LDT decreased the serum HBV
DNA loads but increased the frequency of each type of cytokine-
secreting CD4� T cell. As a result, the serum HBV DNA loads in
CHB patients were negatively associated with the frequencies of

FIG 1 Fluorescence-activated cell sorter (FACS) analysis of NK cells. The numbers of CD56� NK and CD56� CD244� NK cells in CHB patients and HC subjects
were determined longitudinally by flow cytometry analysis. PBMCs were obtained from individual subjects at the indicated time points and stained in duplicate
with anti-CD56, anti-CD3, and anti-CD244. The cells were gated on living mononuclear cells and then analyzed for the number of CD3
 CD56� NK cells.
Additional cells were gated on CD3
 cells and analyzed for the number of CD3
 CD56� CD244� cells. Data shown are representative charts or the mean
numbers of NK and CD244� NK cells per ml peripheral blood for individual patients at each time point from two separate experiments. (A) Representative flow
cytometry charts. (B) Numbers of CD56� NK and CD56� CD244� NK cells. Data were analyzed by the Kruskal-Wallis test. The horizontal lines indicate the
median values for the groups.
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cytokine-secreting CD4� T cells. Similarly, the frequencies of cy-
tokine-secreting CD4� T cells were negatively associated with the
levels of serum ALT and AST in CHB patients (Fig. 4B). Collec-
tively, these data indicate that treatment with LDT inhibited HBV
replication, enhanced T cell immunity, and improved liver func-
tion in these patients.

DISCUSSION

LDT is an orally bioavailable L-nucleoside with potent and specific
anti-HBV activity and has been proved to have better therapeutic
responses and less virological resistance in CHB patients (25, 29,
30). Several studies have also shown that LDT inhibits HBV rep-
lication by modulating T cell immunity (20, 21). In this study, we
longitudinally investigated the therapeutic effect and immuno-
modulatory function of LDT in CHB patients. We found that
treatment with LDT significantly reduced the levels of serum HBV
DNA, ALT, and AST, demonstrating that treatment with LDT

inhibited HBV DNA replication and improved liver function in
CHB patients, consistent with a previous report (31). In addition,
treatment with LDT did not cause obvious side effects in the CHB
patients tested. Therefore, LDT may be safe and effective for the
treatment of patients with CHB.

Longitudinal characterization of NK and CD244� NK cells
revealed that while the numbers of NK and CD244� NK cells in
CHB patients were significantly lower than those in the HC, treat-
ment with LDT for 3 months significantly increased the numbers
of both NK and CD244� NK cells, with further increases at later
time points, in CHB patients. Our data support the notion that
CHB patients develop impaired NK responses (32, 33) and indi-
cate that treatment with LDT corrected immune impairment of
NK responses in CHB patients. It is possible that LDT inhibited
HBV replication and reduced HBV loads, which mitigated the
inhibitory effect of HBV on NK cell activity, increasing NK cell
responses in CHB patients. Therefore, the NK cell response to

FIG 2 FACS analysis of peripheral blood CD4� CD25� Foxp3�, CD4� CD25� CD127low, and CD3� CD8� PD-1� cells. The numbers of peripheral blood
CD4� CD25� Foxp3�, CD4� CD25� CD127low, and CD3� CD8� PD-1� T cells in individual CHB patients and HC subjects were determined longitudinally
by flow cytometry analysis at the indicated time points. Data shown are representative FACS charts or mean numbers of each type of cell per ml of peripheral
blood for individual subjects from two separate experiments. (A) Representative FACS charts. (B) Numbers of CD4� CD25� Foxp3�, CD4� CD25� CD127low,
and CD3� CD8� PD-1� T cells. Data were analyzed by the Kruskal-Wallis test. The horizontal lines indicate the median values for the groups.
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viral antigens is important for viral clearance during HBV infec-
tion (34, 35). In addition, activated NK cells, particularly CD244�

NK cells, secrete high levels of IFN-�, which is crucial for the
clearance of HBV (18, 19). The significantly increased CD244�

NK responses induced by treatment with LDT may inhibit HBV
replication via negative feedback, contributing to anti-HBV im-
munity in CHB patients.

Previous studies have shown that persistent infection of HBV
can modulate T cell immunity (6, 7). We found that the numbers
of CD3� and CD4� T cells in CHB patients were significantly
higher than those in the HC, while the number of CD8� T cells
was significantly lower than that in HC. Given that CD8� T cells
are crucial for anti-HBV immunity, the smaller number of CD8�

T cells in CHB patients further indicated that persistent infection
with HBV impaired T cell immunity (7). Following treatment
with LDT, the numbers of CD3� and CD4� T cells gradually
decreased, while the number of CD8� T cells increased signifi-
cantly. The increased number of CD8� T cells may reflect anti-
HBV immunity in CHB patients. Therefore, the number of differ-
ent subsets of T cells in CHB patients may be a biomarker for
evaluating HBV replication and anti-HBV T cell immunity in
CHB patients.

Tregs are important for the maintenance of immune tolerance.
A previous study has shown that the level of Foxp3 expression is
inversely correlated with that of CD127 expression in human T
cells (36). Similarly, we found larger numbers of CD4� CD25�

Foxp3� and CD4� CD25� CD127low T cells in CHB patients,
supporting the notion that Tregs contribute to immunological

hyporesponsiveness against HBV infection (15, 17, 37, 38). These
data also suggest that CD127low may be a good marker for Tregs.
PD-1 is expressed on activated T cells, and engagement of PD-1 by
its ligands promotes a negative signal for T cell immunity. We
found a significantly larger number of PD-1� CD8� T cells in
CHB patients than in the HC, consistent with a previous report
(39). Furthermore, treatment with LDT decreased the numbers of
Tregs and PD-1� CD8� T cells in CHB patients, which may have
contributed to the inhibition of HBV replication.

Previous studies have shown that antigen-specific CD4� T cell
immunity also plays important roles in anti-HBV immunity (40,
41). IFN-�, IL-2, and TNF-� are crucial for Th1 responses and can
inhibit HBV DNA replication (42–44). IL-4 can promote the pro-
duction of anti-HBV neutralizing antibodies and help in the clear-
ance of circulating virus (20, 21). In contrast, IL-6 and IL-10 are
involved in the pathogenesis of CHB (20, 21, 45). We character-
ized different functional CD4� T cells and found that the frequen-
cies of IL-2�, IFN-��, TNF-��, IL-4�, IL-6�, and IL-10� CD4�

T cells in CHB patients were significantly lower than those in the
HC. These data suggest that although CHB patients had a greater
number of CD4� T cells, they had an impairment in CD4� T cell
function. We found that treatment with LDT increased the fre-
quencies of cytokine-producing CD4� T cells in CHB patients.
Our data are consistent with a previous report that increased
CD4� T cell immunity is associated with the restoration of anti-
HBV T cell immunity (46). The increased effector CD4� T cell
responses induced by treatment with LDT may also contribute to
its anti-HBV activity in CHB patients. It is notably that the fre-

FIG 3 FACS analysis of different functional CD4� T cells. PBMCs were isolated from individual CHB patients and HC subjects at the indicated time points and
stimulated with PMA-ionomycin in vitro. Subsequently, the cells were stained with anti-CD4, fixed, permeabilized, and stained with antibodies against the
indicated cytokines. The frequencies of cytokine� CD4� T cells were determined by flow cytometry. Data are mean values for each measure for individual
subjects from two separate experiments. Data were analyzed by the Kruskal-Wallis test. The horizontal lines indicate the median values for the groups.
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quency of IL-10� T cells remained lower than that in the HC after
completing the treatment. Given that IL-10-secreting T cells usu-
ally negatively regulate anti-HBV immunity, our data suggest that
treatment with LDT may preferably enhance anti-HBV T cell im-
munity but have a lesser effect on IL-10� T cell responses in CHB
patients. More importantly, we observed that the percentages of
cytokine-producing effector CD4� T cells were inversely corre-
lated with the levels of serum HBV DNA, ALT, and AST. Given
that these cytokines are crucial for the inhibition of HBV replica-
tion or in regulating T cell immunity (42–44, 47), the significantly
increased cytokine responses may be responsible for the control of
HBV replication and liver inflammation in CHB patients.

In summary, treatment with LDT not only dramatically re-
duced the levels of serum HBV DNA, ALT, and AST but also
corrected the impairments of immune function in CHB patients.
It is possible that LDT inhibits HBV replication, which reduces the
inhibitory effect of HBV on T cell immunity. Alternatively, the
reduced HBV replication in the liver may also mitigate HBV-re-
lated inflammation, which in turn reduces T cell infiltration in the
liver. We are interested in further investigating the mechanisms
underlying the action of LDT in regulating T cell immunity in
CHB patients. Our findings highlight the possibility that the en-
hanced immune response seen with LDT treatment may play an
important role in HBV clearance. We recognize that our study has

some limitations, such as a relatively small sample size and the lack
of studies on antigen-specific T cell responses and molecular
mechanisms of the therapeutic effect. Therefore, further studies
with a larger population are warranted.
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