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Abstract. Previous studies have indicated that immune 
dysregulation is an important cause of HCV-mediated damage 
to the liver. Co-stimulation signals, including programmed 
cell death protein 1 (PD-1) and inducible T-cell co-stimulator 
(ICOS), have been demonstrated to be involved in the patho-
genesis of HCV. The purpose of this study was to investigate 
the soluble PD-1 (sPD-1) and soluble ICOS (sICOS) serum 
levels in chronic HCV patients, and to elucidate the association 
of sPD-1 and sICOS levels with pathological injury of chronic 
HCV infection. Sixty-three patients with chronic HCV and 
30 normal controls were recruited for this study. The serum 
concentration levels of sPD-1 and sICOS were measured by 
enzyme-linked immunosorbent assay, and the mRNA levels 
of PD-1 and ICOS were detected using real-time RT-PCR. 
The serum sPD‑1 and sICOS levels were significantly elevated 
in the chronic HCV patient group compared with the normal 
control group. Furthermore, the relative mRNA expression 
levels of these proteins were also increased in chronic HCV 
patients. sPD‑1 and sICOS serum levels were significantly 
correlated with anti-HCV antibody levels, but not with HCV 

RNA. Aberrant sPD‑1 and sICOS serum levels may reflect the 
dysregulation of T-cell activation, and are associated with the 
pathological injury of chronic HCV infection.

Introduction

Almost 3% of the world's population is infected with hepa-
titis C virus (HCV) (1). Chronic infection with HCV may 
result in both hepatic and extrahepatic disease, such as inflam-
mation of the liver, which in turn may progress to cirrhosis, 
liver failure or cancer (2). The mechanism whereby HCV 
damages the liver is unclear, but there is much evidence to 
suggest that the immunity disorder is one of the important 
reasons for this (3). Active T cells in the liver may target 
those hepatocytes infected with HCV and clear them to 
prevent virus prevalence. Once infected with HCV, the HCV 
particles are processed by antigen-presenting cells (APC) and 
then presented to naive T cells by major histocompatibility 
complex (MHC) molecules, which deliver a primary signal 
to initiate T-cell activation by the engagement of the T-cell 
receptor/CD3 complex with foreign antigens associated with 
MHC. In addition, the optimal activation of T cells requires a 
co-stimulatory signal. Co-stimulatory signals include CD28/
B7 and TNFR/TNF superfamilies; however, numerous novel 
molecules, such as programmed death 1 (PD-1), inducible 
T-cell co-stimulator (ICOS), B and T lymphocyte attenuator 
(BTLA), B7-H1 (PD-L1), B7RP-1 (B7H,B7-H2), B7-DC 
(PD‑L2), B7‑H3 and B7‑H4, have recently been identified (4). 
These signals are also important in physiological functions 
and pathologic progress (4). Cytotoxic T lymphocytes (CTL) 
are hypothesized to control HCV replication, but these fail in 
numerous persistently infected individuals (5-7). Additionally, 
the CTL numbers are often low in chronic HCV patients, as 
the HCV core protein is able to suppress the host immune 
response (8-11). Monocyte-derived dendritic cells (Mo-DCs) 
generated from hepatitis C patients have an impaired ability to 
stimulate allogeneic CD4+ T cells that are not able to release 
a significant amount of effective cytokines (12). However, 
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the exact immunopathological mechanisms by which HCV 
escapes the host immune response remain unknown.

Previous studies have demonstrated that co-stimulators, 
PD-1 and ICOS, are involved in the HCV pathogenic prog-
ress. PD-1 receptor expression is greater in dysfunctional 
HCV‑specific T cells compared with normal cells (13,14). In 
acute HCV affections, PD-1 also upregulates CD4+ and CD8+ 
T lymphocytes. Interaction with its ligand, PD-L1, in the 
HCV‑specific T cells inhibits effector functions and induces 
T-cell apoptosis. In an HCV core(+) mouse model, CD8+ cells 
were accompanied with enhanced PD-1 expression. The core 
antigen of HCV is an immunomodulatory protein that alters 
the adaptive immune response (11). The aforementioned 
findings demonstrate that PD-1 is randomly expressed in 
HCV‑specific immune cells, although its function has not yet 
been fully elucidated.

Another co-stimulator, ICOS, also assists in activating 
adaptive immunity, particularly by aiding antibody secre-
tion by B cells. However, there is limited number of studies 
concerning ICOS in HCV patients. Ribavirin downmodulates 
ICOS in CD4+ T cells and assists HCV clearance, indicating 
that ICOS prevention is a novel choice for HCV treatment (15). 
In addition, ICOS has been found to be upregulated in chronic 
HBV-infected cells.

Previous studies have demonstrated that there are different 
isoforms of PD-1 and ICOS from alternatively spliced 
messenger RNA (mRNA), and the soluble isoforms of these 
may regulate immune homeostasis (16). In addition, soluble 
ICOS (sICOS) and soluble PD‑1 (sPD‑1) have been identified 
to be present in numerous diseases, particularly autoimmune 
diseases, such as systemic lupus erythematosus (SLE) and 
cancer. However, the clinical significance of these markers in 
chronic HCV infection remains uncertain. The aim of this 
study was to elucidate the correlation between these soluble 
molecules and T-cell activation in chronic HCV patients, and 
to investigate their possible association with the pathogenesis 
of HCV.

Materials and methods

Subjects. Sixty-three Chinese patients with chronic HCV and 
30 volunteers (normal controls) were recruited in this study. The 
individuals with chronic HCV were patients at The Affiliated 
Hospital of North Sichuan Medical College and the Yongchuan 
Hospital of Chongqing Medical University. All patients were 
anti-HCV antibody- and HCV RNA-positive, but negative 
for HBV, HDV and human immunodeficiency virus, and 
without any other disease-related liver damage. Patients with 
concomitant illness and autoimmune disease were excluded. 
No patients had accepted administration of anti-HCV agents 
or steroids one year prior to sampling. Each individual signed 
the written informed consent, and the protocol was approved 
by the Clinical Research Ethics Committee of the affiliated 
hospital of North Sichuan Medical College.

Virological detection and biochemistry assays. Anti-HCV 
antibody was determined by a kit (i2000; Abbort, Wiesbaden, 
Germany). The HCV RNA level was determined by real-time 
RT-PCR using the LightCycler® 480 System (Roche Diagnostics 
GmbH, Mannheim, Germany) with a detection sensitivity of 

1x103 IU/ml. Serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), total bilirubin (TB) and direct bili-
rubin (DB) were measured by the Synchron LX20 auto-analyzer 
(Beckman Coulter Inc., Fullerton, CA, USA).

ELISA assay of sICOS and sPD‑1. Serum concentrations of 
sICOS and sPD-1 of all patients and the normal control group 
were detected with ELISA (R&D Systems, Inc., Minneapolis, 
MN, USA). The assay was conducted according to the manu-
facturer's instructions.

Real‑time RT‑PCR. Peripheral blood mononuclear cells 
(PBMC) were obtained according to the specification of the 
kit (Tianjin Hao Yang Biological Manufacture Co., Ltd., 
Tianjin, China). RNA extraction and cDNA synthesis were 
performed according to the experimental guidelines of 
Promega Corporation (Madison, WI, USA). The PCR primer 
sequences used were: Sense 5'-GTTCCCTGAGTTGTTTG-3' 
and antisense: 5'-TCATCTTGAGGTGTCCC-3' for ICOS; 
sense 5'-CCGCCTTCTGTAATGGTTTGA-3' and antisense: 
5'-GGGCAGCTGTATGATCTGGAA-3' for PD-1 (17). 
GAPDH was used as an internal control. Relative quantifica-
tion was calculated using the 2-ΔΔCt formula.

Statistical analysis. The Mann-Whitney rank sum test was used 
to analyze the difference in sPD-1 and sICOS levels between 
normal controls and patients. The Spearman's rank correlation 
test was used to assess the correlation between sPD-1, sICOS 
and ALT or anti-HCV antibody levels. Results are expressed as 
the median (interquartile range). The data were analyzed with 
OriginPro 8.5 statistical software. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Numerous biochemical marker levels were increased in  
chronic HCV patients compared with the normal controls. 
Sixty-three patients with chronic HCV infection and 30 normal 
controls were studied. The detection results of ALT, AST, DB 
and TB are summarized in Table I. Serum AST, ALT, TB and 
DB were significantly elevated in the HCV group compared 
with the normal control group, indicating that HCV chronic 
infection causes liver damage.

Serum levels of sPD‑1 and sICOS were elevated in chronic 
HCV patients compared with the normal controls. The sPD-1 
and sICOS serum levels were extremely low in the normal 
controls, a large number of which were below the detection 
limit of the two kits (Fig. 1A and B, respectively). However, the 
sPD-1 and sICOS levels were significantly higher in patients 
with chronic HCV infection compared with the normal 
controls (P<0.01 for both; Fig. 1A and B, respectively).

sPD‑1 and sICOS are correlated with anti‑HCV antibody levels 
in chronic HCV patients. A potential correlation was identified 
between serum ALT and sPD‑1/sICOS. A significant correla-
tion between ALT and sPD-1 levels was observed (r=0.268, 
P=0.033; Fig. 2F), although sICOS levels did not correlate with 
ALT levels (Fig. 2E). sPD-1 levels did not correlate with the DB 
and TB levels (Fig. 2A and B, respectively), whereas the sICOS 
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levels correlated with DB and TB levels (Fig. 2C and D, respec-
tively), this correlation may have been due to the detection bias. 
However, the upregulation of DB may have been as a result of 
other factors. sPD-1 and sICOS serum levels correlated with 
anti-HCV antibody levels (sPD-1, r=0.344, P=0.005; sICOS, 
r=0.322, P=0.009; Fig. 3A and B, respectively), indicating that 
their infection may be an immune reaction in chronic HCV 
patients. However, no difference in sICOS or sPD-1 levels 
between HCV patients with normal and abnormal ALT results 
was detected (F sig. 4A and B, respectively).

No correlation was evident between HCV RNA levels and 
sPD‑1/sICOS concentration. HCV RNA levels were measured 
using real-time RT-PCR and the statistical analysis revealed 
that there was no significant correlation between HCV RNA 
levels and sICOS (P>0.05) or sPD-1 (P>0.05) levels in patients 
with chronic HCV infection (Fig. 4A and B, respectively). In 
addition, the correlation between sPD-1 and sICOS levels was 
not significant (Fig. 5).

PD‑1 and ICOS mRNA levels were elevated in PBMC of HCV 
patients. Quantitative RT-PCR demonstrated that the mRNA 
levels of PD-1 and ICOS in PBMC were elevated in chronic 
HCV patients compared with the normal controls (Fig. 6A and 
B, respectively). Considering that sPD-1 and sICOS may be 
shed from the membrane of these cells, the upregulation of 
these molecules may be one of the reasons to explain the high 
levels of PD-1 and ICOS in HCV patients.

Discussion

Communication between T cells and APC initiates the 
immune response to HCV infection. Dysfunction of T cells 
and abnormal immunomodulation molecules of APC in HCV 
patients have been demonstrated (18,19). However, the soluble 
co-stimulatory molecules in chronic HCV patients has not 
previously been investigated.

In the present study, we demonstrated that the serum 
concentrations of sPD-1 and sICOS were markedly elevated 
in chronic HCV patients compared with the normal controls. 
The levels of sPD‑1 and sICOS were significantly correlated 

with the anti-HCV antibody serum levels in HCV patients. 
The anti-HCV antibody levels are recognized as HCV infec-
tion markers, and high anti-HCV antibody levels indicate 
active replication of HCV. However, in the present study, the 
sPD-1 and sICOS levels were not significantly correlated 
with the HCV RNA level. This may be due to the fact that 
the immune regulation ability of PD-1 and ICOS is not very 
effective at influencing the virus replication; thus, they are not 
sensitively reactive to the changes in HCV RNA levels. There 
are numerous co-stimulatory molecules, such as CD28, CD80, 

Table I. Comparison of multiple biochemical and immunological markers between normal controls and chronic HCV patients.

Characteristic Normal controls (n=30) Chronic hepatitis C (n=63)

Age (mean ± SD, years) 44.6±14.4  48±15.7
Female/male 17/13 24/39
ALT [median (IQ range), U/ml] 13.4 (3.2-29.5) 37 (6.9-285.1)a 
AST [median (IQ range), U/ml] 11.2 (2.7-27.4) 36.5 (11.7-187)a

TB [median (IQ range), µmol/l] 5.6 (2.1-16.5) 12.5 (2.8-80.6)
DB [median (IQ range), µmol/l] 2.1 (0.4-6.6) 3.7 (1.1-46.8)
Anti-HCV [median (IQ range)] 0.46 (0.05-0.91) 3.7 (3.1-19.62)a

HCV RNA log10 (mean ± SD, U/ml) <3 6.01±1.62a

Autoimmune diseases  None None

HCV, hepatitis C virus; SD, standard deviation; IQ, interquartile;  ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total 
bilirubin; DB, direct bilirubin; n, number of individuals. aP<0.05 when compared with healthy controls.

  A

  B

Figure 1. Soluble programmed cell death protein 1 (sPD-1) and soluble 
inducible T‑cell co‑stimulator (sICOS) serum levels are significantly higher 
in patients with chronic hepatitis C virus (HCV) infection compared with 
the normal controls. ***P<0.01. HCV, chronic HCV-infected patients; health, 
normal controls.
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CD86 and CTLA, all of which have two forms (the membrane 
and soluble forms) (20). sPD-1 and sICOS are formed from 
alternative mRNA splicing. Since sPD-1, and not sICOS, 
has been demonstrated to be highly expressed in the active 
lymphocytes of autoimmune diseases (21), sPD-1 may not be 
a specific molecule in chronic HCV infection. Additionally, 
sICOS has not been investigated previously. Therefore, these 
two markers are not necessarily disease‑specific molecules. 
However, due to their correlation with the anti-HCV antibody, 
sPD-1 and sICOS may be partially associated with virus 
replication and HCV pathogenesis, which may lead to the 
dysregulation of T-cell co-stimulation.

In the present study, we found that the sPD-1 and sICOS 
levels were significantly higher in the HCV group compared 
with the normal control group. However, the biological 
significance of these results remains unknown. Both of these 
molecules have an immunomodulatory function. Increased 
production of sPD-1 and sICOS may interfere with the patient's 
adaptive immune function. sPD-1 and sICOS may compete 
and interfere with the PD-1 and ICOS interactions with their 
respective ligands, leading to immune dysregulation and a 
defective immune response. PD-1/PD-L has been demonstrated 

to negatively regulate the T-cell response, both in the primary 
and secondary immune responses (22). Blocking the PD-1/
PD-L pathway could enhance the anti-virus immunity. Thus, 
the abnormal expression of sPD-1 may interact with PD-L and 
inhibit PD-1/PD-L axis-induced T-cell apoptosis, leading to 
continuation of T‑cell activation and causing inflammation. 
ICOS is usually expressed in activated T cells and ampli-
fies the first stimulator signal. Abnormal sICOS is likely to 
compete with ICOS-L and reduce T-cell reaction, which may 
cause T-cell exhausion. Both PD-1 and ICOS activation have 
been demonstrated to induce Th2 cytokine release and in turn 
suppress Th1 inflammation, leading to liver damage (23). 
Humoral immune function may also be enhanced by ICOS. 
ICOS knockout may prevent T cell‑specific germinal center 
formation, as B cells have been observed to be inactive and 
incapable of migrating to form the germinal center. The 
T cells specifically induced immunoglobulin dyspoiesis, indi-
cating that high antibody production is ICOS-dependent (24). 
In the present study, the high levels of sICOS were concordant 
with the high levels of anti-HCV antibody, which is explained 
by the fact that sICOS is predominantly shed from the active 
T-cell membranes. Thus, the aberrant production of sPD-1 

Figure 2. Correlation analyses of soluble programmed cell death protein 1 (sPD-1) and soluble inducible T-cell co-stimulator (sICOS) with total bilirubin (TB),  
direct bilirubin (DB), alanine aminotransferase (ALT) and anti-hepatitis C virus (HCV) antibody in chronic HCV patients. sPD-1 levels did not correlate with 
(A) DB or (B) TB levels. sICOS levels correlated with (C) DB and (D) TB levels. sICOS levels did not correlate with (E) ALT levels, whereas, sPD-1 levels 
correlated with (F) ALT levels.

  A

  C

  E   F

  D

  B
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and sICOS may be important in HCV infection. The detailed 
immunopathological roles of those soluble co-stimulatory 
molecules in HCV infection require further study.

PD‑1 expression levels in HCV‑specific CD8+ and CD4+ 
T cells do not correlate with clinical outcomes (13). In addition, 
sPD-1 is upregulated in certain autoimmune diseases. Notably, 
HCV has recently been classified as an autoimmune disease. 
In the present study, TB and DB were weakly correlated with 
sPD-1, but not with sICOS. Similarly, ALT was correlated 
with sPD-1 and not with sICOS. We suggest that sPD-1 and 
sICOS are not disease‑specific indicators, due to their weak 
immunomodulatory ability and the fact that their levels do not 
change synchronously with other biochemical markers. sPD-1 
and sICOS are usually aberrant in immune disorder disease; 
however, they may have little correlation with the changes in 
liver function (Fig. 4).

  A

  B

Figure 3. Analyses reveal that (A) soluble programmed cell death protein 1 
(sPD-1) and (B) soluble inducible T-cell co-stimulator (sICOS) serum levels 
are significantly correlated with anti‑hepatitis C virus (HCV) antibody levels 
in chronic HCV patients. No difference is evident in the levels of sPD-1 or 
sICOS between HCV patients with normal and abnormal ALT level results. 

Figure 5. There is no correlation between soluble programmed cell death 
protein 1 (sPD-1) and soluble inducible T-cell co-stimulator (sICOS) levels 
in chronic HCV patients.

  A

  B

Figure 6. Quantitative RT-PCR revealed that the mRNA levels of (A) pro-
grammed cell death protein 1 (PD-1) and (B) inducible T-cell co-stimulator 
(ICOS) in the PBMC of chronic HCV patients are significantly higher com-
pared with those of the normal controls, *P<0.01.

Figure 4. No correlation is evident between hepatitis C virus (HCV) RNA 
levels and (A) soluble inducible T-cell co-stimulator (sICOS) or (B) soluble 
programmed cell death protein 1 (sPD-1) levels in patients with chronic HCV 
infection.

  A

  B
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To elucidate the mechanism of soluble sPD-1 and sICOS 
generation, we detected the transcription level changes of the 
two molecules. As expected, PD-1 and ICOS levels are both 
higher in the HCV patient group compared with the normal 
control group. As the sPD-1 and sICOS mRNA levels corre-
sponded with their membrane protein forms, the high ICOS 
and PD-1 mRNA levels may indicate that their soluble forms 
predominantly shed from the membrane, and may have a nega-
tive regulation of their function. Although the exact mechanism 
of the soluble forms in immune regulation is not yet clear, the 
different concentrations of soluble forms may have different 
functions in HCV-infected patients. Blocking PD-1/PD-L has 
been demonstrated to be a useful way of recovering T-cell 
function. T cells proliferate significantly following blocking 
of PD-1 (25). However, in our study, upregulation of sPD-1 
did not induce T-cell proliferation and clearing of the virus. 
Thus, T-cell function and subtype in the HCV patients should 
be identified, and the different concentrations and functions 
of sPD-1 in the T cells from HCV patients should be investi-
gated. No studies are available regarding the manner in which 
sICOS affects T-cell immunity and whether it functions as a 
competitor of ICOS, both of which require further study.

In summary, this is the first study to identify soluble 
co-stimulatory molecules in chronic HCV patients. Our results 
provide a new direction and experimental basis to elucidate 
the pathological mechanism of chronic HCV infection. The 
soluble co-stimulatory molecules may be a new therapeutic 
target in HCV therapy. The biological function of sPD-1 and 
sICOS in HCV infection requires further study in order for 
their therapeutic function to be investigated.
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