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Abstract

AIM: To investigate if and how programmed death
type-1 (PD-1) expression affects the natural course of
hepatitis B virus (HBV) infection.

METHODS: Sixty-four patients in different natural
stages of chronic HBV infection were enrolled in this
study. PD-1 expression in total T cells was detected by
flow cytometry. Levels of total CD8+ T cell responses
and proliferation in relation to PD-1 expression levels
were analyzed with intracellular staining and PD-1/
PD-L1 blockage.

RESULTS: The PD-1 expression in T cells was dynami-
cally changed during the natural course of chronic HBV
infection, did not significantly increase in the immune
tolerance phase, and returned to normal in the inactive
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virus carrier stage. Blockage of the PD-1/PD-L1 path-
way could not affect the T-cell response in the immune
tolerance and inactive virus carrier stages of chronic
HBV infection. However, it could significantly restore
the T-cell response in the immune clearance stage of
chronic HBV infection. Furthermore, the PD-1 expres-
sion level in T cells was associated with the alanine
aminotransferase level during the immune clearance
stage of chronic HBV infection.

CONCLUSION: The PD-I/PD-L1 pathway plays a dif-
ferent role in T-cell response during the natural course
of chronic HBV infection.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

During chronic hepatitis B virus (HBV) infection, a
dynamic balance between viral replication and host
immune response is pivotal to the pathogenesis of liver
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disease. In accordance with immune characteristics,
chronic HBV infection can be clinically categorized into
three periods, namely immune tolerance phase, immune
clearance phase, and immune stable phase or inactive virus
carrier phase!™”. Tt has been widely accepted that adaptive
immune responses, particularly cellular immune responses,
mediate the clearance of HBVP, Unfortunately, HBV-
specific T-cell function is impaired in patients with chronic
HBV infection characterized by low levels of antiviral
cytokines, impaired cytotoxic T lymphocyte activity, and
persistent viremia ™", However, the mechanism underlying
this T-cell malfunction in chronic HBV infection has not
been completely understood”.

The immunologic receptor programmed death type-1
(PD-1), a 55 kDa transmembrane protein containing an
immunologic receptor tyrosine-based inhibitory motif,
was originally isolated from a T-cell line exhibiting a high
sensitivity to apoptosis[m]. The PD-1/PD-L1 pathway
has been well documented to play a negative role in the
regulation of activation and proliferation of T-cells and
production of cytokines[“’m. There is evidence that
the PD-1 pathway plays an important role in inhibiting
the function of virus-specific CD8+ T-cells in chronic
viral infection involving human immunodeficiency virus
HIV)"™' hepatitis C virus (HCV)!"™'¥, and HBV!".

Although reports are available on the changes in
expression levels of PD-1 and T-cell responses in patients
with HBV infection'™, the change pattern of PD-1
expression in the natural course of chronic HBV infection
has not yet been presented. Understanding such changes
in PD-1 expression and T-cell responses in the course
of chronic HBV infection is crucial in the management
of HBV cartiers. For this reason, we analyzed the PD-1
expression in T cells and tested the role of the PD-1/
PD-L1 pathway in the regulation of T-cell response
during different stages of chronic HBV infection. Our
results suggest that activated PD-1 signaling is closely
related with T-cell malfunction in the immune clearance
phase but not in the other two phases of chronic HBV
infection.

MATERIALS AND METHODS

Subjects

Sixty-four patients with chronic HBV infection (53 males
and 11 females), enrolled in this study, were positive for
HBsAg and anti-HBc but negative for antibodies (Abs)
to HCV, delta virus (HDV), HIV-1 and -2, and other
symptoms of chronic liver damage. The patients were
observed for more than 48 wk during which liver function
and serum DNA level were tested once every 3 mo. Of
the 64 patients, 9 were in the immune tolerance stage with
the presence of HBeAg, high serum DNA level, normal
serum alanine aminotransferase (ALT) and minimal
or no evident inflaimmation on liver biopsy, 10 were in
the inactive virus carrier stage and negative for HBeAg
and positive for anti-HBe antibody with undetectable
or low HBV DNA level, and 45 were in the immune
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clearance phase with persistent elevated serum ALT level
and positive serum HBV DNA. The morphology of
liver was examined by ultrasonography or computerized
tomography, which showed no radiologic or histological
evidence of cirrhosis. None of the patients received
antiviral therapy and/or immune regulate therapy before
they were admitted (clinical information is listed in Table 1).
Twelve healthy blood donors served as normal controls.
All the patients and normal controls were Chinese.
Our study was approved by the local ethics committee,
and all patients provided their written informed consent.

Virology assessment

HBsAg, HBeAg, anti-HBs, anti-HBc, anti-HBe, and an-
tibodies to HCV, HDV, HIV-1, and HIV-2 were detected
by enzyme linked immunosorbent assay with commer-
cially available kits (Sino-American Biotechnology Com-
pany, Sasc). Serum HBV-DNA level was measured by
fluorescent quantitative PCR with commercially available

kits (PE/B/M]J/L, Shenzhen, China).

Isolation of peripheral blood mononuclear cells

EDTA- and heparin-anticoagulated blood (5-7 mL) was
collected from each patient and used either directly for
fluorescence-activated cell sorting (FACS) or for peripheral
blood mononuclear cell (PBMC) isolation. PBMC (2 X
10°-6 x 10% were isolated by Ficoll-Hypaque density
gradient centrifugation, washed twice in phosphate-
buffered saline, and analyzed immediately.

Flow cytometry

Cells were stained with fluorescein isothiocyanate (FITC)-,
phycoerythrin (PE)-, and allophycocyanin (APC)-labeled
monoclonal antibodies, respectively, according to their
manufacturers’ instructions. Flow cytometry was per-
formed using FACSCalibur (Becton Dickinson, San Jose,
CA). FACS data were analyzed using CellQuest software
(Becton Dickinson Rutherford, NJ). The PE-labeled anti-
PD-1 monoclonal antibodies were obtained from BD
PharMingen (BD Biosciences, San Jose, CA). FITC-anti-
CD4 and APC-anti-CD8 antibodies wete purchased from
eBioscience (San Diego, CA).

PD-1/PD-L1 blockage

Fresh PBMC (1 X 10°-5 x 10°) isolated from patients with
chronic HBV infection were incubated for 45 min at 37°C
with anti-PD-L1 (10 g/mL) or isotype control antibody
(IgG2b clone MPC 11; 10 ug/mL e-Bioscience, Boston,
MA) or without anything, washed and co-incubated with
the Dybeads CD3/CD28 T-cell expander (4 X 10'/mlL,
Invitrogen) for 3 d. On the third day of incubation, the
cells were stained with surface antibodies, perforin, and
granzyme B, respectively, for flow cytometry analysis.

Intracellular perforin and granzyme B staining

In vitro expanded cells (0.2 X 10°-0.3 x 10°%) were stained
with anti-CD8 APC mAb (BD Biosciences) before they
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Subjects Sex Age (yr) ALT (U/L) eAg (+) HBV DNA
Male Female ND < 10’ 10*-10’ > 10’
NC 8 4 23.5+45 245+97 - 12 - - -
Immune tolerance 7 2 26.0 £ 6.4 424 +289 9 0 0 2 7
Immune clearance 37 8 33.3+88 298.0 £289.4 33 0 0 25 20
Inactive carrier 9 1 39.1+121 23.8+£10.7 0 0 10 0 0
NC: Normal control; ND: Not done; ALT: Alanine aminotransferase; HBV: Hepatitis B virus.
were fixed and permeabilized (Cytofix-Cytoperm by BD A, O = 0.002
Biosciences) for intracellular staining (ICS) with anti- 8 450 P = 0.486
petforin-FITC (BD Biosciences) or anti-GRZ-A-FITC E 40 - P =0.016
(BD Biosciences) mAbs. 8 ¥r P =083,
o g zg i P = 0.009
Proliferation of CD8 T cells 5 20| P = 0.603
Freshly isolated peripheral lymphocytes were re-suspend- % s | o o
ed at the concentration of 1 x 10° cells/mL in RPMI £ 10k o o 9
1640 medium supplemented with 10% heat-inactivated [~ % g
fetal calf serum (R10; Invitrogen) and stimulated with the E3 % @ %
Dybeads CD3/CD28 T cell expander (4 X 10" cells/mL, é\c?’ ,\{&‘ @0& RY
Invitrogen), with or without antd-PD-L1 Mab (10 g/mlL) @Q} } \\\e& ée?"‘
or isotype control antibody (IgG2b clone MPC 11; &o‘& ,@’bé 6“}(&
10 pg/mL e-Bioscience, Boston, MA). On day 3, the cells & N
re-suspended in 300 puL. PBS were double-stained with
anti-CD8-FITC and 7-amino-actinomycin D. Cellular B
data were acquired for analysis. The total number of cells %
in each well was calculated according to the following N
formula: Total number of cells = (number of live cells/ ?
number of beads) X 10°. %
S
c
Statistical analysis o
Wilcoxon matched paired test and Mann-Whitney test =
of SSPS 12.0 were used to assess the difference between E'

different groups. Spearman correlation analysis of PD-1
expression and HBV viral titers or ALT level was per-
formed. P < 0.05 was considered statistically significant.
The test of significance was two sided.

RESULTS

PD-1 expression in CD8+ T cells during the natural
course of chronic HBV infection

To determine the surface expression of PD-1 in total
petipheral CD8+ T cells during the natural course of
chronic HBV infection, the total number of peripheral T
cells of 39 patients (9 in the immune tolerance phase, 10
in the inactive virus carrier phase, and 20 in the immune
clearance phase) were analyzed by flow cytometry. The
PD-1 expression levels in CD8+ T cells in the immune
tolerance and inactive virus carrier stages of chronic
HBYV infection patients did not significantly differ
from those of the normal controls. However, the PD-1
expression levels were significantly higher in the immune
clearance stage of chronic HBV infection patients than
in normal controls and in the other two natural stages of
chronic HBV infection patients (Figure 1).
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Figure 1 Programmed death type-1 (PD-1) expression in total peripheral
CD8+ T cells in the natural stages of chronic hepatitis B virus (HBV)
infection. A: The dot plots showing the percentage of PD-1+ CD8+ T cells in
different natural stages of chronic HBV infection patients and normal controls
and the horizontal bars indicating the median percentage of positive PD-1 in
CD8+ T cells; B: The dot plots showing the PD-1 mean fluorescence intensity
(MFI) expression in total CD8+ T cells, and the horizontal bars indicating the
median PD-1 MFI expression level in CD8+ T cells. NC: Normal control.

PD-1 expression level was positively correlated with
serum ALT level in the immune clearance stage of
chronic HBV infection
The PD-1 expression level was significantly higher in
the immune clearance stage of chronic HBV infection
patients than in normal controls and in the other two
natural stages of chronic HBV infection patients.

The patients were divided into two groups according
to their ALT level. Based on the exacerbation or flare of
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Figure 2 PD-1 expression levels in the total T cells in the immune clearance stage of chronic HBV infection and liver inflammatory groups. A: The dot plots
showing the percentage of positive PD-1in CD8+ T cells in high and low liver inflammatory groups; B: The dot plots showing the PD-1 MFI expression level in the total
CD8+ T cells in high and low liver inflammatory groups; C: Positive correlation between PD-1 MFI expression and alanine aminotransferase (ALT) levels in CD8+ T

cells; D: Positive PD-1 percentage and ALT level in CD8+ T cells.

hepatitis B*! and general indications of antiviral therapy
for CHB with interferon™, we used 10 times the upper
limit of normal ALT level (10 X ULT, 400 IU/L) as
the cut-off value in dividing the patients. Patients with
their ALT level higher than 400 TU/L were defined as
the high immune response group, while those with their
ALT levels lower than 400 IU/L were defined as the
low immune response group. The PD-1 expression level
in CD8+ T cells was much higher in the high immune
response group than in the low immune response group
(P < 0.05, Figure 2A and B).

Further analysis showed that the PD-1 expression
level was positively correlated with the ALT level in total
CD8+ T cells (P < 0.05, Figure 2C and D).

PD-1 expression level was not correlated with serum
HBYV DNA level in total T cells during the immune
clearance phase of chronic HBV infection

In this study, no significant correlation was found
between the percentage and mean fluorescence intensity
(MFI) of PD-1 expression and the serum viral load in
total T cells. Similatly, no difference was observed in
PD-1 expression in CD4+ T cells and CD8+ T cells
between the HBe+ and HBe- groups.

Relation between CD8+ T cell response and PD-1
expression level in the immune clearance stage of
chronic HBV infection

The relation between total CD8+ T cell response and
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PD-1 expression level was analyzed with ICS, which
showed that the CD8+ T cell response level was inversely
correlated with PD-1 MFI (Figure 3A-D).

Blocking PD-1/PD-L1 engagement in the total CD8+ T
cells during the immune clearance stage of chronic HBV
infection

To investigate the role of PD-1 expression in CD8+ T cell
responses in the natural stages of chronic HBV infection,
expansion of CD8+ T cells and production of cytokines
were detected 3 d after iz vitro stimulation in the presence
or absence of anti-PD-L1 antibody. The blockage of
PD-1/PD-L1 significantly enhanced the expansion of
T cells in the immune clearance stage of chronic HBV
infection (Figure 4C), and increased the production of
petforin and granzyme B by CD8+ T cells in the immune
clearance, immune tolerance and inactive virus catrrier
stages of chronic HBV infection (Figure 4A and B).

DISCUSSION

As a negative co-stimulatory receptor, PD-1 interacts
with its ligands, PD-L1 and PD-L2, to attenuate
T-cell responses and appears particularly important in
regulating T-cell tolerance. In chronic infection with
viruses such as HIV and HCV"**, the PD-1 expression
level remains high in virus-specific T cells. In our study,
the PD-1 expression level in T cells was dynamically
changed during the natural stage of chronic HBV
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Figure 3 Relation between PD-1 expression level in CD8+ T cells and CD8+ T-cell responses in the inmune clearance stage of chronic HBV infection.
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Figure 4 Effect of anti-PD-L1 antibody on the function of CD8+ T cells in the immune clearance stage of chronic HBV infection. A, B: Significant restoration
of CD8+ T cell response after blockage of PD-1/PD-L1; C: Restoration of T-cell proliferation after blockage of PD-1/PD-L1.

infection, indicating that it is up-regulated when the difference may be due to the different study groups and
host antiviral immune is activated and down-regulated detection methods used. Furthermotre, the PD-1 MFI
when the virus is cleared and the antiviral immune is in CD8+ T cells was inversely correlated with CD8+ T
inactivated. cell responses, and blockage of PD-1/PD-L1 interaction
Among the natural stages of chronic HBV infection, significantly restored the proliferation of T-cells and the
the immune clearance stage is the most critical phase for secretion of antiviral cytokines in the immune clearance
the host in eliminating the virus. In this study, the PD-1 stage of chronic HBV infection, suggesting that the
expression level in T cells was significantly higher in the PD-1/PD-L1 pathway affects the progtess of chronic
immune clearance stage than in the other two stages HBYV infection by regulating T-cell response in the
of chronic HBV infection and in normal controls. The immune clearance stage of chronic HBV infection.
PD-1 expression level in CD8+ T cells was related with CHB is characterized by loss of virus-specific CD8+
serum ALT level but not with serum viral load, which T cells and varying degrees of functional impairment of
is not consistent with the reported ﬁndingsm’ls’m. The virus-specific T-cell responses. In patients with chronic
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HBYV infection, the PD-1 is highly expressed in virus
specific CD8+ T cells, and the spectrum of anti-HBV
immunity can be improved by blocking the PD-1". In
this study, the PD-1 expression level in CD8+ T cells was
up-regulated, and blocking the PD-1/PD-L1 pathway
increased the proliferation of T-cells and restored the
response of CD8+ T cells in the immune clearance stage
but not in the immune tolerance and inactive virus carrier
stages of chronic HBV infection, suggesting that the
PD-1 inhibitory pathway particularly acts on the immune
clearance stage of chronic HBV infection, and that the
PD-1 exptession level and the role of the PD-1/PD-L1
pathway are dramatically changed with the antiviral
immune change in the natural stage of chronic HBV
infection.

In conclusion, PD-1 expression participates in
modulating the host antiviral immunity throughout the
natural course of chronic HBV infection. However, in
this study, we only examined the total number of CD8+
T cells but did not calculate the number of HBV-specific
CD8+ T cells as targets. Further study is needed on the
virus-specific anti-viral immunity.

COMMENTS

Background

Adaptive immune response, particularly cellular immune response, mediates
the clearance of hepatitis B virus (HBV). Unfortunately, HBV-specific T-cell
function is severely impaired in chronic HBV infection patients, characterized
by low levels of antiviral cytokines, impaired cytotoxic T lymphocyte activity and
persistent viraemia. The mechanism underlying T-cell malfunction in chronic
HBV infection has not yet been completely understood.

Research frontiers

The programmed death type-1 (PD-1)/PD-L1 pathway plays a negative role
in the regulation of activation and proliferation of T cells and production of
cytokines. There is evidence that the PD-1 pathway plays an important role in
inhibiting the function of virus-specific CD8+ T-cells in chronic viral infections
involving human immunodeficiency virus, hepatitis C virus, and HBV. However,
the change pattern of PD-1 expression in the natural course of chronic HBV
infection has not been presented. The results of this study indicate that the
PD-I/PD-L1 pathway plays a different role in T-cell response in the natural
course of chronic HBV infection.

Innovations and breakthroughs

Recent reports have highlighted the importance of the PD-1 pathway in T-cell
response in in different stages of chronic HBV infection. This study showed
PD-1 expression participated in modulating host antiviral immunity throughout
the natural course of chronic HBV infection.

Applications

By discussing the changes in expression of PD-1 and T cell responses in the
natural course of chronic HBV infection, this study may represent a future
strategy for therapeutic intervention in treatment of patients with HBV infection.

Terminology

PD-1: A 55 kDa transmembrane protein containing an immunologic receptor
tyrosine-based inhibitory motif, which was originally isolated from a T-cell line
exhibiting a high sensitivity to apoptosis. As a negative co-stimulatory receptor,
PD-1 interacts with its ligands, PD-L1 and PD-L2, to attenuate T-cell responses
and appears to be particularly important for regulating T-cell tolerance.

Peer review

By employing well-designed immunological techniques, the authors found that
the expression of PD-1 was significantly up-regulated in T-cells of patients
in the immune clearance phase of chronic HBV infection and was closely
correlated with increasing serum ALT levels but not with serum HBV DNA in the
same phase, which may contribute to the elucidation of the pathophysiology
underlying the different natural courses of chronic HBV infection.
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