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Expression and clinical significance of programmed death-1
on lymphocytes and programmed death ligand-1 on monocytes
in the peripheral blood of patients with cervical cancer
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Abstract. The programmed death-1 (PD-1) signaling pathway
serves a critical role in immune regulation and tolerance by
suppressing the activation and proliferation of T cells. The
aim of the present study was to investigate the effect of PD-1
and programmed death-ligand 1 (PD-L1) on the development
of cervical carcinoma and cervical intraepithelial neoplasia
(CIN). A total of 40 healthy controls (HC), 40 patients with
CIN and 66 newly diagnosed cervical cancer patients were
recruited. The expression level of PD-1 expression on periph-
eral cluster of differentiation (CD)4* and CD8* T cells and
PD-L1 on monocytes was analyzed by flow cytometry. The
expression level of soluble PD-L1 in serum was determined
by an ELISA. The results of the present study demonstrated
that the PD-1 expression level on CD4* and CD8* T cells was
significantly increased in CIN and cervical cancer, compared
with that in HC. In addition, the PD-1 expression level on
CD4* and CD8* T cells was increased in cervical cancer,
compared with that in CIN. However, the expression level of
PDL-1 on CD14* monocytes was increased in cancer and CIN,
but limited in cancer and CIN. In addition, PD-1 expression on
CD4* T cells was positively associated with PD-1 expression
on CD8* T cells in cervical cancer (P<0.05). Further analyses
revealed that the proportion of PD-1 on CD4* and CD8*
T cells were positively associated with tumor stages. However,
no difference in the degree of soluble PD-1 among cancer, CIN
and HC cells was revealed. The results suggested that the PD-1
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signaling pathway is involved in the development of CIN and
cervical cancer.

Introduction

Cervical cancer is the second most common cause of cancer
in females worldwide, with ~510,000 new cases and 288,000
mortalities reported annually (1). Although there have been
advances in the diagnosis and prognosis of cervical cancer
in previous decades, there is still a requirement to improve
early detection screening methods and to identify additional
circulating biomarkers for a greater number of patients and
more personalized treatments.

The immune system offers an attractive research
area to identify novel diagnostic and prognostic markers.
Nedergaard et al (2) demonstrated significantly lower peritu-
moral and intratumoral densities of cluster of differentiation
(CD)4* and CDS8* in patients with stage Ib squamous cell
cervical carcinoma who had a relapse compared with those
who had not. These results suggested that the immune system
serves an important role in cervical cancer, and that cells and
molecules involved in the regulation of T cell responses may
be novel diagnostic and/or prognostic markers, and therapeutic
target for the disease.

The programmed death-1 (PD-1) signaling pathway, an
important co-inhibitory pathway, serves a pivotal role in
immune regulation and immune tolerance. PD-1/programmed
death-ligand 1 (PD-L1) interactions have been revealed to
inhibit a wide range of immune responses against pathogens,
tumors and self-antigens (3,4). PD-1 (also termed CD279) is
expressed on numerous types of cells, including activated
T cells, B cells and natural killer T (NKT). The associated
ligand PD-L1 exhibits a broad expression pattern on a range
of leucocytes, non-hematopoietic cells and in non-lymphoid
tissues (5). In malignant tumors, the PD-1/PD-L1 signaling
pathway participates in immunotolerance and negatively
controls antigen-specific T-cell activity via the T-cell
receptor and major histocompatibility complex (6). Cancer
cells expressing PD-1 ligands (PD-L1/2) inhibit activation of
tumor-infiltrating lymphocytes, facilitating disease progres-
sion (7-10). Furthermore, previous studies have suggested that
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the upregulation of PD-1/PD-L1 expression level on peripheral
blood cells is closely associated with cancer (10-12) and the
soluble form of PD-L1 (sPD-L1) may effectively inhibit the
proliferation of PD-1* T cells (13). An increased expression
level of PD-L1 in patients with lung cancer was closely asso-
ciated with lymph node metastasis (14). Preliminary clinical
trials exploring the interruption of the PD-1/PD-LI signaling
pathway demonstrated a potential antitumor effect in various
solid neoplasms, including malignant melanoma, non-small
cell lung carcinoma and renal cell carcinoma (15). A previous
study reported that PD-L1 is expressed only on a minority of
cervical cancer cells and PD-1 is expressed by a large number
of infiltrating CD8* T cells, suggesting that inhibition of
PD-1 may have therapeutic potential in patients with cervical
cancer (16). Another recent investigation revealed that an
aberrant differentiation and accumulation of CD14*PD-L1*
M?2-macrophage-like cells in the microenvironment of
cervical cancer may promote immunosuppressive conditions
and were associated with tumor invasion, angiogenesis and
metastasis (17). However, the roles of PD-1/PD-L1 on circu-
lating immune cells and sPD-L1 in cervical cancer remain
unclear.

The present study aimed to determine the expression levels
of PD-1 on CD4* and CD8" T cells and PD-L1 on CDI14*
monocytes in peripheral blood, and the expression level of
sPD-L1 in the serum of patients with cervical carcinoma, and
to explore their clinical implications.

Materials and methods

Study subject recruitment. The present study included
66 patients (age 32-68 years, mean 47.8 years) with FIGO
stages I-II cervical carcinoma (18), 40 patients with cervical
intraepithelial neoplasia (CIN; age 30-68 years, mean
44 4 years) and 40 healthy controls (HC; age 34-70 years,
mean 48.3 years) admitted to the Department of Obstetrics
and Gynecology, The Second Affiliated Hospital of Soochow
University (Suzhou, China). The complete date range for
patient recruitment was from August 2014 to August 2015.
All patients had been histologically diagnosed by the
preoperative endoscopy biopsy and the postoperative biopsy
diagnosis, and had not received chemotherapy, hormono-
therapy, targeted therapy or radiotherapy within the last
6 months. The clinical stages were determined according to
the FIGO standard. The clinical characteristics of patients
are summarized in Table I. The HCs were recruited from
people who came to the same hospital for general health exams.
Written informed consent was obtained from all patients or a
legally authorized representative prior to blood sampling. The
present study was approved by the Ethics Committee of the
Second Affiliated Hospital of Soochow University.

Blood sample collection. Blood samples were obtained by
venipuncture of the left upper limb on first admission prior
to any treatment at fasting state in the morning and stored in
sterile tubes that contained EDTA salt and aprotinin. Tubes
of peripheral blood were transported to the research center
within 12 h for the determination of expression levels of PD-1
and PD-L1. Subsequently, the supernatant was separated by
centrifugation (Centrifuge LDZ5-2; Jinli Centrifuge Co., Ltd.,
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Beijing, China) at 1,000 x g for 15 min and stored in a -80°C
refrigerator until further analysis.

Staining and flow cytometry. The frequencies of PD-1 and
PD-L1 expressions were assessed using a Beckman Coulter
flow cytometer (FC500; Beckman Coulter, Inc., Brea, CA,
USA) in all studied individuals according to the stain-lyse and
wash protocol as previously described by Moniuszko et al (19).
Briefly, 50 ul EDTA-anti-coagulated whole blood was stained
with 5 pl of the following mouse anti-human monoclonal anti-
bodies, CD4 fluorescein isothiocyanate (FITC; cat no. 317408),
CD8a-FITC (cat no. 301006), CD14-FITC (cat no. 325604),
PD-1-phycoerythrin (PE; cat no. 329906) and PD-L1-PE (cat
no. 329706) to identify PD-1*CD4*, PD-1*CD8* T cells and
CD14*PD-L1* monocytes, respectively (all used as supplied
and obtained from BioLegend, Inc., San Diego, CA, USA).
All blood samples were incubated for 30 min at 4°C in the
dark. Thereafter, the cells were lysed using Optilyse C Lysis
Solution (Immotech SAS, Marseille, MC, France) and washed
twice with cold PBS. A minimum of 100,000 events was
acquired. FlowJo version 7.6.1 (Tree Star, Inc., Ashland, OR,
USA) software was used for the analysis of flow cytometry
data.

ELISA. ELISA was used to detect PD-L1 in the serum of
patients with cervical cancer, CIN and in the HCs. Human
sPD-L1 detection kits (Bright Scistar Biotechnology Co., Ltd.,
Suzhou, China) were used, according to the manufacturer's
protocol. The 96-well plate was pre-coated with monoclonal
capture antibody [mouse anti-human PD-L1 monoclonal
antibody (2H11); cat no. XGKX20150602-1; Bright Scistar
Biotechnology Co., Ltd.]. Serum samples were diluted 1:1
with sample diluting buffer (PBS containing 1% bovine serum
albumin, purchased from Sinopharm Chemical Reagent Co.,
Ltd., Shanghai, China). Equal amounts (100 p1) of the standards
(recombinant human PD-L1 Fc chimera protein, purchased
from R&D Systems, Inc., Minneapolis, MN, USA) and diluted
serum samples were dispensed into the wells of a 96-well
plate and incubated for 2 h at room temperature. Wells were
washed with PBST (0.1% Tween-20 in PBS) three times and
100 ul detection antibody [mouse anti-human PD-L1 mono-
clonal antibody (10D7-Biotin); cat no. XGKX20150602-1;
dilution 1:2,000; Bright Scistar Biotechnology Co., Ltd.] was
added. The plates were incubated for 1 h at room temperature,
washed with PBST three times, and then further incubated
with 100 pl diluted streptavidin-horseradish peroxidase (cat
no. SLBR2968V; dilution 1:6,000; Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) for 45 min at room tempera-
ture. Following eight washes with PBST, 100 ul chromogenic
substrate (TMB blue substrate) was added for another 15 min
at room temperature. The reaction was stopped with 50 ul
of 2 M sulfuric acid and absorbance was read at 450 nm by
an automated plate reader (Multiskan MK3; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). All samples were
analyzed in duplicate and standard curves were run for each
plate.

Statistical analysis. All statistical analyses were performed
using GraphPad Prism version 5.0 (GraphPad Software, Inc.,
La Jolla, CA, USA). An unpaired Student's t-test was used
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Table 1. Association between the expression levels of PD-1 on T cells and PD-L1 on monocytes and clinicopathological factors

in cervical carcinoma.

PD-1*CD4*

PD-1"CD8* PD-L1*CD14*

Parameter n T cells (%) P-value T cells (%) P-value monocytes (%) P-value

Age, years >0.05 >0.05 >0.05
<50 38 42.93+2.02 33.25+1.93 73.69+3.16
=50 28 40.39+2 .47 30.59+2.10 70.06+4.56

Histopathology >0.05 >0.05 >0.05
SCC 58 42.00+1.64 32.88+1.54 73.17x1.71
ADC/ADSC 8 40.80+5.36 25.54+1.53 65.60+8.32

FIGO stage <0.05 <0.05 >0.05
Stage 1 35 38.71£2.09 30.97+1.94 73.13£3.23
Stage 11 31 42.28+2.25 33.30+2.05 71.49+4.19

Grade of differentiation >0.05 >0.05 >0.05
Good 14 39.13£2.55 28.61+3.14 72.55+4.14
Moderate/poor 42 41.08+4.39 30.33+1.89 69.83+1.74

Lymph nodes >0.05 >0.05 >0.05
Negative 58 42.19+1.57 32.95+1.49 73.18+2.65
Positive 8 39.31+6.67 24.93+3.32 65.49+10.10

Tumor size, mm >0.05 >0.05 >0.05
<40 34 39.62+1.99 32.66+1.84 71.25+3.51
>40 32 44.36+2 .38 31.46+2.28 73.55+3.87

Parametrical invasion >0.05 >0.05 >0.05
Without 59 46.03+1.62 33.05+1.48 73.15+£2.62
With 7 40.37+6.20 27.60+1.96 64.48+11.60

HR-HPV >0.05 >0.05 >0.05
Negative 15 40.98+1.34 31.47+2.08 70.16+5.67
Positive 51 43.55+2.65 31.99+1.77 72.98+4.10

Data are presented as the mean + standard deviation. All statistical analyses were conducted using GraphPad Prism 5.0 (GraphPad Software,
Inc., San Diego, CA, USA) and an unpaired Student's t-test was used for comparison between groups. FIGO, International Federation of
Gynecology and Obstetrics; SCC, squamous cell carcinoma; ADC, adenocarcinoma; ADSC, adenosquamous carcinoma; HR-HPV, high-risk

type of human papillomavirus.

for comparison between groups. The Pearson's correlation
analysis was used to determine the correlation coefficient.
The data are expressed as the mean + standard deviation.
P<0.05 (two-tailed) was considered to indicate a statistically
significant difference.

Results

PD-1 and PD-LI expression levels increased on peripheral
T cells and CDI14* monocytes, respectively. The expression
levels of PD-1 on lymphocytes and PD-L1 on monocytes
were detected in peripheral blood of 66 patients with cervical
cancer, 36 patients with CIN and 31 HCs. Patients and controls
did not exhibit any significant difference with regard to age
(P>0.05). The PD-1 expression level on CD4* and CD8*
T cells was significantly increased in CIN and cervical cancer,
compared with that in HC. In addition, the PD-1 expression
level on CD4* and CD8* T cells was increased in cervical
cancer, compared with that in CIN. However, the expression
level of PDL-1 on CD14* monocytes was increased in cancer

and CIN, but limited in cancer and CIN (Figs. 1 and 2). The
results of the present study indicated that in addition to PD-1
upregulation on T cells, PD-L1 expression level on monocytes
also increased significantly in cervical lesions suggesting
that the PD-1/PD-L1 signaling pathway may be involved in
the pathogenesis of cervical cancer and CIN by its regula-
tion on circulating immune cells. The present study further
investigated the associations amongst these subsets. The data
revealed that PD-1 expression on CD4* T cells was positively
associated with PD-1 expression on CD8" T cells in cancer
(r=0.43; P<0.001); however, no correlation was identified
between PD-1 and PD-L1 expression levels (Fig. 3).

The associations of clinicopathological factors with PD-1
and PD-LI1 expression. As presented in Table I, the expres-
sion levels of PD-1 on CD4* and CD8* T cells was positively
associated with FIGO stage (Fig. 4) and no association was
demonstrated between PD-L1 expression and clinicopatho-
logical factors including age, histopathology, FIGO stage,
grade of differentiation, lymph node invasion, tumor size,
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Figure 1. Representative dot plots of PD-1 expression level on peripheral CD4* and CD8* T-cells and PD-L1 expression on CD14 monocytes in (A) healthy
controls, (B) cervical intraepithelial neoplasia and (C) cervical cancer. The lymphocyte and monocyte subpopulation were selected on the basis of forward
scatter and side scatter from peripheral blood cells. The percentage of positive cells is indicated in the upper right region. PD-1, programmed death-1; PD-L1,

programmed death-ligand 1; CD, cluster of differentiation.
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Figure 2. Expression levels of PD-1 and PD-L1 increased on peripheral
T cells and CD14* monocytes, respectively. Boxes represent the interquar-
tile range and horizontal lines inside each box represent the median. The
vertical lines from the ends of each box encompass the extreme data points.
Expression level of PD-1 on CD4* T-cells or CD8* T-cells was presented
as a percentage. P-values were determined using an unpaired Student's
t-test. "P<0.05; “P<0.01; "“P<0.001. NS, not significant; PD-1, programmed
death-1; PD-L1, programmed death-ligand 1; CD, cluster of differentiation.

parametrical invasion and high-risk type of human papilloma-
virus (HR-HPV) positivity in cancer. In addition, the present
study did not reveal any significant association of PD-1/PD-L1
expression level with grade of differentiation and HR-HPV
infection in CIN (data not shown).

Expression level of soluble PD-LI. Sequentially, the present
study evaluated the expression level of sPD-L1 in the serum of
various patient groups and demonstrated that sPD-L1 expres-
sion level in patients with cervical cancer (0.320+0.015 pg/l),
patients with CIN (0.315+0.016 ug/l) and healthy controls
(0.389+0.023 pg/l) were all low level and there was no signifi-
cant difference between them.

Discussion

The PD-1 signaling pathway activates second messengers that
influence T-cell proliferation, cytokine production and cyto-
lytic function, which serve pivotal roles in immune regulation
and immune tolerance (20). This pathway may be a potential
immunomodulatory mechanism employed by tumors to subvert
the host immune response. Various antibodies have entered
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Figure 3. Association between the percentage of (A) PD-1 expressed on CD4*
and CD8* T cells, (B) PD-1 on CD4* T cells and PD-L1 on CD14* mono-
cytes and (C) PD-1 on CD8* T cells and PD-L1 on monocytes in cervical
carcinoma patients. Each dot represented one subject. A total of 66 patients
with cervical cancer were included. PD-1, programmed death-1; PD-LI,
programmed death-ligand 1; CD, cluster of differentiation.

clinical trials targeting this pathway and have demonstrated
efficacy and objective responses in solid tumors (15). However,
studies investigating the PD-1 signaling pathway, particularly
on the role of the pathway in the peripheral immune system, in
cervical cancer remain limited. The present study first focused
on the expression level of PD-1 on peripheral T cells and PD-L1
on monocytes and the expression level of soluble PD-LI in
patients with cervical carcinoma, and further explored their
correlations with clinicopathological parameters. The results
provide evidence that PD-1/PD-LI is involved in the develop-
ment of cervical cancer and CIN.

PD-1 is classified as a member of the CD28 co-stimulatory
receptor super-family, which is expressed on activated T and
B lymphocytes and interacts with its ligands, PD-L1 and
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Figure 4. Percentage of PD-1 expressed on CD4* and CD8* T cells and
PD-L1 on CDI14* monocytes in patients with cervical cancer with various
tumor stages. Boxes represent the interquartile range and horizontal lines
inside each box represent the median. The vertical lines from the ends of
each box encompass the extreme data points. A total of 66 patients with
cervical cancer were included; 35 patients were stage I and 31 patients were
stage I1. "P<0.05. NS, not significant; PD-1, programmed death-1; PD-L1,
programmed death-ligand 1; CD, cluster of differentiation.

PD-L2 (5). There is accumulating evidence indicating that
upregulation of PD-1 expression on CD4* T cells and CD8*
T cells is closely associated with numerous types of autoim-
mune diseases, viral infections and cancer (10,21,22). For
example, Wang et al (21) revealed that expression levels of PD-1
on circulating T cells were elevated in patients with systemic
lupus erythematosus and was associated with the production
of anti-self-antibodies. Su et al (22) also demonstrated that
proportions of PD-1 expression on CD4* or CD8* T cells were
significantly increased in the patients with cancer compared
with the controls, indicating that impaired cellular immune
function may contribute to chronic HCV infection. Previous
studies have revealed that PD-1 expression level is upregulated
on peripheral T cells in ovarian and pancreatic cancer (10,11).
The present study first demonstrated that PD-1 expression
levels on CD4* and CD8* T cells were significantly elevated
in samples from patients with cancer and CIN compared with
in HCs (Fig. 2), indicating a non-redundant role of PD-1 in
the pathogenesis of cervical carcinoma and CIN. This impor-
tant finding suggested that PD-1 expression on T cells may
be further exploited as a diagnostic test in the management of
cervical lesions.

Previous studies suggested that the expression level of
PD-1 on T cells may be positively correlated with disease
progression of gastric cancer (12) and chronic lymphocytic
leukemia (23). Consistent with this, the present study revealed
that PD-1 expression on CD4* and CD8" T cells was signifi-
cantly higher in cervical patients with stage I compared with
stage I (according to FIGO stage), suggesting that PD-1 may
also act as an indicator of disease progression in cervical
cancer. Yang et al (24) reported that PD-1 expression on
cervical T cells was associated with HR-HPV positivity and
increased in parallel with increasing CIN grade. Conversely,
the present study did not identify any association between
the expression of PD-1 on circulating T cells and HR-HPV
infection and CIN grade. One possible explanation may be



7230

that it is cervical cell-mediated immunity inhibited by the
upregulated PD-1 signaling pathway, not peripheral immu-
nity, contributing to the progression of HR-HPV-associated
CIN.

Subsequently, the present study investigated the expres-
sion level of PD-L1 on circulating monocytes and explored
its clinical implications. PD-L1 is expressed in a variety of
innate immune cells, including dendritic cells, macrophages
and monocytes (3,5). Heeren et al (25) demonstrated that
upregulated CD14* PD-L1* APC/Treg axis contributed to
a switch to a profound immune-suppressive microenviron-
ment in metastatic lymph nodes from patients with cervical
cancer, which enabled immune escape. The present study
differs from the study by Heeren er al (25) in revealing PD-L1
upregulation on CD14* monocytes in the peripheral blood of
patients with cancer and CIN, which is more accessible in the
clinical setting. However, the level of PD-L1 expression had
no difference between cancer and CIN, and also demonstrated
no association with clinical states of both cervical lesions.
Thus, increased PD-L1 expression level on circulating CD14*
monocytes may contribute to the pathogenesis of cervical
cancer and CIN, but may not be utilized to distinguish benign
lesions from malignant tumors or influence the severity of
these diseases.

As the distribution of circulating lymphocyte and mono-
cyte subsets significantly changed, the present study analyzed
the associations between these subsets in cervical cancer. The
results revealed a significantly positive correlation between the
expression level of PD-1 on CD4* and CD8* T cells (Fig. 3A),
suggesting that the regulation of PD-1 was not cell specific
in cancer. Since PD-1 is also expressed on numerous other
cell types, including B cells, dendritic cells, NKT cells and
on activated monocytes (5), the expression level of PD-1 on
these cells in cervical cancer should be investigated in further
studies. By contrast, no correlation was identified between
PD-1 and PD-L1 expression levels in cancer. It would be useful
to explore whether there is a suppressive nature of PD-L1*
monocytes on PD-1*" T cells in peripheral blood in cervical
cancer, as previously reported in ascites of patients with
ovarian cancer (10).

An increased expression level of PD-1 and PD-L1 on
circulating immune cells was revealed in the present study,
and subsequently detection of the soluble form of these
molecules, which acts as an antagonist, blocking PD-1/PD-L1
engagement and increasing the proliferation and cytokine
production of T cells, was determined (13). Previous studies
have demonstrated that expression levels of sPD-L1 were
elevated in lung cancer (14) and aggressive diffuse large B-cell
lymphoma (26). Conversely, the present study demonstrated
that sPD-L1 inhibitory molecule was expressed at low levels
in all analyzed samples of healthy controls and patients. One
possible explanation may be that PD-L1 is expressed on only
a minority of cervical cancer cells (13), which may not excrete
enough PD-LI resulting in a high expression level of sPD-L1
in serum.

The results of the present study revealed that there are
elevated expression levels of PD-1 on T cells and PD-L1 on
monocytes in peripheral blood of cervical and CIN patients,
and proportions of PD-1 on CD4* and CD8" T cells were
positively associated with tumor stages reflecting the severity
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of cancer. These novel results suggested that PD-1 expression
on T cells and PD-L1 on CD14* monocytes may be potent
predicting biomarkers and may indicate usefulness of alter-
native immunological therapeutic strategies using PD-1 axis
inhibitors for cervical cancer and CIN.

A number of limitations should be noted. The overall sample
size of the present study is relatively small and the changes of
PD-1/PD-L1 expression levels over time following treatments
including operation, radiotherapy and chemotherapy, were not
evaluated. Another limitation is that the present study was not
designed to predict the mortality rate of cervical carcinoma.
Thus, further larger prospective longitudinal studies are
required.
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