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Abstract: Objective: To investigate the expression and significance of Programmed cell death receptor 1 (PD-1) in 
the peripheral blood of chronic hepatitis B (CHB) patients. Methods: Flow cytometry was used to detect PD-1 and 
CD4+CD25+ regulatory T cell (Treg) levels in 126 cases of CHB and 46 healthy controls. The correlation between PD-
1, CD4+CD25+ Treg and clinical parameters of CHB were analyzed. Results: Both PD-1 and CD4+CD25+ Treg levels in 
CHB patients were significantly higher than that in healthy controls, and both were slightly increased with the copy 
number of HBV-DNA in CHB patients. Receiver operating characteristic (ROC) curve showed that the area under the 
curve (AUC) values of PD-1 and CD4+CD25+ Treg to distinguish CHB patients from healthy controls were 0.8 and 0.5, 
respectively. Conclusion: PD-1 is an independent factor to distinguish CHB from healthy controls. It may be used as 
a potential molecular biomarker for early diagnosis and screening of CHB.
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Introduction

Chronic hepatitis B (CHB) is a global disease 
caused by hepatitis B virus (HBV) [1]. The 
immune system plays an important role in the 
process of HBV infection [2]. Programmed cell 
death receptor 1 (PD-1), also known as CD279, 
which belongs to the immunoglobulin super-
family, is a newly discovered immune inhibitory 
molecule [3]. It can be induced in the activation 
of CD4+ T cells, CD8+ T cells, NK cells, B cells  
and mononuclear cells. The interaction be- 
tween PD-1 and its ligands PD-L1 and PD-L2 
may inhibit T lymphocyte responses through 
different mechanisms [4, 5], including T lym-
phocyte deletion and apoptosis, anti-toxic kill-
ing, inhibition of proliferation, as well as induc-
tion and maintenance of T lymphocyte failure 
[6]. CD4+CD25+ regulatory T cells (Tregs) are 
important indicators to reflect the immune  
status of the body [7], CD4+CD25+ Tregs 
increased in patients with chronic HBV infec-
tion. In addition, studies have confirmed that 
CD4+CD25+ Treg could inhibit the initiation  
and expansion of antigen-specific CD8+ T cell 
response during HBV-DNA immunization [8]. 
Meanwhile the PD-1/PD-L1 pathway is closely 

related to Tregs [9, 10]. The PD-1/PD-L1 path-
way inhibits the immune response of T cells  
by inducing and maintaining Tregs. In this study, 
to explore the feasibility of using PD-1 as a 
molecular biomarker to diagnose CHB, we com-
pared the expression levels of PD-1 in the 
peripheral blood of CHB patients and healthy 
controls, and statistically analyzed the correla-
tion between PD-1 and liver function indexes of 
CHB patients. Meanwhile, the difference of 
CD4+CD25+ Treg level between patients with 
CHB and healthy controls was also detected 
and analyzed.

Materials and methods

Specimens

A total of 126 CHB patients (72 males and 54 
females, aged 13-80 years, with an average 
age of 38 years) who were admitted to our hos-
pital from 2013 to 2014 were selected for PD-1 
and CD4+CD25+ Treg detection. The diagnosis 
was made according to the “guidelines for the 
prevention and treatment of CHB” (2005) by 
the liver disease branch, and infection epidemi-
ology branch of the Chinese medical associa-
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Table 1. The percentage of PD-1 and CD4+CD25+ Treg in peripheral blood of CHB patients and 
healthy controls (Student’s t-test was used to compare differences between the two groups, *P < 
0.05, **P < 0.01)
Group n PD-1 (%) P CD4+CD25+ Treg (%) P
CHB 126 25.01±11.03**,↑ 0.005 19.26±9.25*,↑ 0.037
Control 42 17.2±4.37 18.15±5.23
*The difference is significant. **The difference is very significant. ↑Express elevated.

tion [4]. All patients were screened and exclud-
ed from having liver damage caused by overlap-
ping viral infections such as hepatitis A, C, D 
and E, as well as other causes (alcohol, drugs, 
etc.). In the experiment, 46 healthy control sub-
jects were selected. The healthy subjects do 
not have hepatitis history, and were negative 
for hepatitis B markers. 

Reagents

Anti-CD25-APC, anti-CD4-FITC and anti-PD-1 
(CD279)-PE kits were purchased from Becton-
Dickinson. HBV-DNA quantitative PCR kit was 
provided by Sun yat-sen medical University 
Da’an gene co., LTD.

Flow cytometry 

Two-3 mL of peripheral venous blood was  
sampled and anticoagulant EDTA was used. 
After blending, 100 μL of the whole blood  
was placed in to two determination tubes. 
Twenty μL of isotype control and CD4-FITC/
CD279-PE/CD25-APC were added to the two 
tubes, respectively. After mixing, cells were 
incubated for 20 mins at room temperature in 
the dark and washed twice with PBS. Samples 
were immediately measured by Canto II  
flow cytometry. The percentage of PD-1 and 
CD4+CD25+ Treg were obtained by counting 
10,000 cells in the determination process.

Quantitative detection of HBV-DNA

Fluorescence quantitative PCR was used. The 
operation was carried out in strict accordance 
with the instructions of the HBV-DNA quantita-
tive PCR kit. The diagnostic kit used a nucleic 
acid lysis buffer to allow rapid lysis and release 
of HBV-DNA from a serum or plasma specimen. 
By applying real-time fluorescence quantitative 
PCR technology, this test utilized a pair of spe-
cific primers which are designed to target at a 
conserved sequence of HBV-DNA a specific flu-
orescence probe, accompanied with PCR mix, 
to achieve quantitative detection of HBV-DNA 
through fluorescent signal changes.

Statistical analysis

Student’s t-test was used to compare differ-
ences between the two groups or association. 
P < 0.05 was considered as a statistically sig-
nificant different. Pearson’s Correlation test 
was used to show the correlation of PD-1 and 
CD4+CD25+ Treg in CHB specimens. Receiver 
operating characteristic (ROC) curves were 
plotted to determine the potential of PD-1 and 
CD4+CD25+ Treg to distinguish CHB from con-
trol. All statistical comparisons were performed 
using SPSS 19.0 software (SPSS, Inc., Chicago, 
IL, USA).

Results

PD-1 levels in CHB patients and healthy con-
trols

A total of 172 cases were enrolled in this  
study. The expression levels of PD-1 in controls  
(n = 46) and patients with CHB (n = 126) were 
assessed by flow cytometry. The results showed 
that the PD-1 expression level was significantly 
increased in CHB patients than that of controls 
(25.01±11.03 vs. 17.2±4.37, P = 0.005, Table 
1). 

Association between the value of PD-1 and 
clinical parameters in CHB patients

We assessed the potential correlations bet- 
ween the value of PD-1 and clinical parameters 
of CHB patients, including HBV-DNA copy num-
ber, the value of CD4+ T cells, CD8+ T cells, 
CD4+CD25+ Tregs, and age of patients. The 
value of PD-1 increased slightly with the 
increase of HBV-DNA copy number. When HBV-
DNA copy number was less than 103, the value 
of PD-1 was 24.81±9.21. When HBV-DNA copy 
number was greater than or equal to 103, the 
value of PD-1 was 25.27±10.23, but the differ-
ence was not significant (P = 0.668, Table 2). 
Furthermore, the value of PD-1 was not corre-
lated with the value of CD4+ T cells, CD8+ T 
cells, CD4+CD25+ Treg, or the age of CHB 
patients (Table 3).
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Table 3. Correlation between PD-1 and clini-
cal parameters of CHB patients (Pearson’s 
Correlation test was used to show the correla-
tion)
Correlation R P
PD-1 and CD4+ 0.119 0.185
PD-1 and CD8+ 0.003 0.971
PD-1 and Treg 0.082 0.361
PD-1 and age 0.336 0.214

CD4+CD25+ Treg levels in CHB patients and 
healthy controls

The value of CD4+CD25+ Treg in the peripheral 
blood of CHB patients was 19.26±9.40, which 
was significantly higher than that of the healthy 
control group (18.15±5.23, P = 0.037, Table 1). 
Similar to PD-1, the CD4+CD25+ Treg level  
was slightly increased with the increase of  
HBV-DNA copy number. When HBV-DNA copy 
number was less than 103, the value of 
CD4+CD25+ Treg was 19.21±8.02. When HBV-
DNA copy number was greater than or equal to 
103, the value of CD4+CD25+ Treg was increased 
to 19.66±7.25, but the difference was not sig-
nificant (P = 0.825, Table 2). 

PD-1 exhibits sufficient power to distinguish 
CHB patients from control samples 

To further evaluate whether the levels of PD-1 
and CD4+CD25+ Treg could distinguish CHB 
patients from control samples, ROC curves 
were plotted. The results demonstrated that 
AUC values of PD-1 and CD4+CD25+ Treg were 
0.8 and 0.5, respectively; which demonstrated 
that PD-1 exhibited sufficient power to distin-
guish CHB patients from control samples 
(Figure 1).

Discussion

CHB is a worldwide disease caused by HBV. 
Due to its high incidence, long course, easy 
recurrence and level of harm, it has now 
become an internationally recognized problem 

[11, 12]. The immune system plays an impor-
tant role in the process of HBV infection. The 
strength and type of immune response directly 
affect the development and outcome of CHB in 
patients [13, 14].

PD-1 is a newly discovered immunosuppressive 
co-stimulator, which is induced in activated 
CD4+ T cells, CD8+ T cells, B cells, monocytes 
and NKT cells [15]. Its interaction with PD-L1 
and PD-L2 may inhibit T lymphocyte response 
through different mechanisms [16], including T 
lymphocyte deletion and apoptosis, anti-toxic 
killing, inhibition of proliferation, induction and 
maintenance of T lymphocyte failure. Recent 
studies have shown that the PD-1/PD-L1 inhibi-
tory pathway is involved in regulating the func-
tional failure of T cells in HBV and HCV patients 
with chronic infection; which weakens the 
body’s ability to effectively kill viruses and thus 
leads to chronic viral infection [17]. In this 
study, we compared the differences of PD-1 
between CHB patients and healthy control indi-
viduals, and the results showed that the expres-
sion of PD-1 in CHB patients was significantly 
higher than that in healthy controls, and it was 
slightly increased with the copy number of HBV-
DNA in CHB patients, indicating that PD-1 may 
be used as a molecular biomarker for the early 
screening and diagnosis of CHB. To further con-
firm that PD-1 may be used as an independent 
factor to distinguish CHB from healthy controls, 
we used ROC curves to statistically analyze the 
difference between the two. Results of the ROC 
curve showed that the AUC value of PD-1 to dis-
tinguish the two was 0.8. The closer the AUC 
value is to 1, the stronger the ability of this fac-
tor to distinguish between the two [18]. 
Therefore, the results of this study showed that 
PD-1 had a strong ability to distinguish CHB 
from a healthy control. PD-1 may be used as  
an independent factor to distinguish CHB from 
healthy controls, and as a potential molecular 
marker of CHB, it may be used for early diagno-
sis and screening of CHB.

In addition, studies have pointed out that  
the PD-1/PD-L1 pathway can induce the differ-

Table 2. The percentages of PD-1 and CD4+CD25+ Treg in peripheral blood of patients with different 
HBV-DNA copy number of CHB (Student’s t-test was used to compare differences between the two 
groups)
Group n PD-1 (%) P CD4+CD25+ Treg (%) P
HBV-DNA ≥ 103 64 25.27±10.23↑ 0.668 19.66±7.25↑ 0.825
HBV-DNA < 103 62 24.81±9.21 19.21±8.02
↑Express elevated.
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Figure 1. ROC curves showed that, for PD-1, the AUC value is 0.8, and for CD4+CD25+ Treg, the AUC value is 0.5.

entiation and maintenance of CD4+CD25+ Treg 
cells by enhancing the expression of Foxp3,  
a master transcription factor of Treg cells. 
Through the induction of Tregs, PD-1 inhibits 
the T cell immune response. CD4+CD25+ Tregs 
are important indicators reflecting the immune 
status of the body [19, 20]. Peng et al. found 
that the CD4+CD25+ Treg levels increased in 
patients with chronic HBV infection. In addition, 
studies have confirmed that CD4+CD25+ Treg 
could inhibit the initiation and expansion of 
antigen-specific CD8+ T cell responses during 
HBV-DNA immunization [8]. CD8+ T cells show- 
ed an enhanced response peak after the 
removal of this cell population [21, 22]. 
Therefore, in this study, we compared the dif-
ferences of CD4+CD25+ Tregs between CHB 
patients and healthy control individuals. It was 
also found that CD4+CD25+ Tregs in CHB 
patients were higher than that in healthy con-
trols, and CD4+CD25+ Tregs increased slightly 
with the increase of HBV-DNA copy number in 
CHB patients, indicating that the proportion of 
CD4+CD25+ Tregs was higher in CHB patients 
with more active virus replication. In CHB 
patients, Treg may play a role in the following 
two aspects: on the one hand, Tregs can inhibit 
the proliferation and differentiation of self-reac-
tive lymphocytes and secrete cytokines such 
as IFN-γ; On the other hand, Tregs can also 
exert a regulatory function by secreting IL-4, 
IL-10, TGF-β and other inhibitory cytokines [19]. 
Furthermore, the results of the ROC curve 
showed that the AUC value of CD4+CD25+ Treg 

to distinguish between CHB and healthy  
controls was 0.5. The AUC value of PD-1 to dis-
tinguish the two was 0.8 (which is closer to  
1). Detecting the expression of PD-1 may be 
more effective than detecting CD4+CD25+  
Tregs to distinguish CHB patients from healthy 
controls.
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