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The possible regulatory effect of the PD-1/PD-L1 signaling pathway
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Abstract. Aim of this study was to investigate the possible regulatory effect of the programmed
death-1 (PD-1)/programmed death ligand-1 (PD-L1) signaling pathway on Tregs in ovarian cancer.
Immunohistochemistry was used to detect the expression of PD-L1 and PD-1 and the presence of
FOXP3+ Tregs in ovarian cancer. Then, ovarian cancer HO8910 cells were subjected to transfection
with PD-L1 siRNA in vitro. CCK-8, Transwell and wound healing assays were performed to detect
the biological behaviors of ovarian cancer cells. Human T-cells isolated from human peripheral blood
were cocultured with HO8910 cells, which were divided into the Control, TGF-β, and TGF-β+ antiPD-L1 groups. The proportion of differentiated Tregs was detected by flow cytometry. Mouse models
of ovarian cancer were established, and PD-L1 antibody therapy was administered. Tumor growth
and Treg recruitment were observed. PD-L1, PD-1 and FOXP3+ Tregs were found in ovarian cancer
tissue. Patients with tumors with an advanced stage and low differentiation and lymph node metastasis
had significantly higher levels of PD-1, PD-L1 and FOXP3+ Tregs. After transfection with PD-L1
siRNA, HO8910 cells showed a significant reduction in PD-L1 expression, proliferation, migration
and invasion. After T-cells were cocultured with ovarian cancer cells, the TGF-β+ anti-PD-L1 group
showed a substantial decline in the differentiation of T-cells into Tregs compared with the TGF-β
group. Moreover, mice in the anti-PD-L1 group had significantly reduced tumor growth rates, Treg
proportions in the tumor microenvironment, and FOXP3 expression.
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Introduction
Ovarian cancer (OC) is one of the most common malignancies occurring in the female reproductive system and
has an incidence that is ranked only behind cervical cancer
and endometrial cancer (Fekonja et al. 2015). The incidence
rates of OC have been rising gradually during the last two
decades, posing a great threat to the life and health of women
(Tang et al. 2010; Hou et al. 2017). Due to the nonspecificity of early OC symptoms, approximately 60–70% of OC
patients have usually reached the late/advanced stage at the
time of diagnosis (Cho and Shih 2009). Although the major
therapy for OC is surgery combined with chemotherapy,
unfortunately, over 70% of patients eventually show resistCorrespondence to: Jin-Xia Sun, Department of Reproductive
Medicine, Linyi Central Hospital, No. 17, Jiankang Road, Linyi
City, Shandong 276400, China
E-mail: cjx_cjx2019@outlook.com

ance to chemotherapeutic drugs, which leads to treatment
failure and a less than 30% 5-year survival rate for patients
with advanced OC (Yoshida et al. 2011; Siegel et al. 2018).
Recently, immunotherapy has attracted much attention in
oncology therapy research as a potential radical cure for
cancers (Wefers et al. 2015). Therefore, an understanding
of tumor immune escape is of great clinical significance for
finding new therapeutic targets for cancers.
Programmed death-1 (PD-1) belongs to the CD28
family and tends to be highly expressed on the surfaces of
activated T/B lymphocytes and monocytes (Okazaki and
Honjo 2007; Keir et al. 2008), while programmed death
ligand-1 (PD-L1), which is one of the PD-1 ligands, is
a member of the B7 family and can be expressed on the surfaces of various cells, including activated T/B lymphocytes,
monocytes, mesenchymal cells, and even some epithelial
cells (Blank and Mackensen 2007; Topalian et al. 2012).
Under physiological conditions, PD-L1 interacts with its
receptor PD-1 to participate in negative immune regula-
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tion, thereby maintaining the immune homeostasis of the
body (Hafalla et al. 2012; Nowicki et al. 2017). Some recent
studies found that the PD-1/PD-L1 pathway can inhibit the
antitumor immune response of the body and play a large
role in tumor immune escape (Pai et al. 2016; Kumar et al.
2017). Studies that have used anti-PD-L1 antibodies have
subsequently identified significant antitumor effects against
several human cancers (Hamid et al. 2013; Mehnert et al.
2019). In addition, previous studies have also proved that
anti-PD-L1 and anti-PD-1 antibodies can play a critical role
in the adjuvant therapy of OC (Jacobs et al. 2009; Hsu et al.
2017). Hamanishi et al. (2015) indicated that anti-PD-L1
antibody was also expected to have therapeutic effects in
OC. Most PD-L1 antibodies are of the IgG4 isotype or the
Fc-modified IgG1 isotype, both of which inhibit the interaction of PD-1 on immune cells with PD-L1 on tumor cells
(Fujii et al. 2016). Avelumab, a fully humanized IgG1 antiPD-L1 monoclonal antibody (mAb), is the only anti-PD-L1
mAb that both induces antibody-dependent cell-mediated
cytotoxicity (ADCC) and blocks the PD-1/PD-L1 pathway
(Boyerinas et al. 2015). A previous study reported that
avelumab enhanced ADCC in several cancer cell lines expressing PD-L1 (Boyerinas et al. 2015). Avelumab has been
approved for the treatment of therapy-refractory multiple
solid tumors (Gatalica et al. 2014) and early clinical trials
in OC are currently being evaluated (Pujade-Lauraine et al.
2018). Although the clinical effects of avelumab therapies
have received attention, the precise mechanism underlying
the effects of these treatments remains elusive.
Regulatory T cells (Tregs) are a unique subset of CD4+
helper T-lymphocytes (T-cells) that are characterized by
a CD4+CD25+ phenotype (Hafeez et al. 2014; Webb et al. 2016)
and play key roles in the immune response by suppressing
the differentiation and proliferation of various immune cells
(Han et al. 2012, 2015). When there is a tumor in the body,
Tregs, which serve as a class of important negative immune
regulatory cells, can reduce the functioning of antitumorspecific T-cells in various ways, thereby inducing the occurrence of tumor immune escape (Sakaguchi 2008; Wolf et al.
2015). PD-1 molecules are highly expressed on the surfaces of
Tregs and greatly affect the growth and development of Tregs
(Polanczyk et al. 2007; Ding et al. 2011). Jacobs et al. (2009)
found a correlation between the infiltration of a large number
of CD4+ FOXP3+CD25highCD127low Tregs and the expression
of PD-1/PD-L1 molecules. Nevertheless, the relationship of
PD-1/PD-L1 and Tregs with the occurrence, progression and
immune responses of OC has not been clarified.
Therefore, we demonstrate the potential of anti-PD-L1
mAb avelumab therapy by using in vitro assays to investigate the regulatory mechanism underlying the effects of
the PD-1/PD-L1 pathway and Tregs on the tumor immune
response to provide a new theoretical basis for the immunotherapy of tumors.
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Materials and Methods
Study subjects
From January 2017 to December 2018, 95 OC patients who
received surgery in Linyi Central Hospital were recruited as
study subjects. The ages of these patients ranged from 28–
71 years with a mean age of 49.43 ± 11.88 years. All patients
did not receive any chemotherapy or radiotherapy before
the surgery. OC patients were staged using the International
Federation of Gynecology and Obstetrics (FIGO) staging
system (Keyver-Paik et al. 2013). Among all cases, 59 cases
were stage I–II, and 36 cases were stage III–IV. According to
the World Health Organization (WHO) classification system
(Kaku et al. 2003), there were 65 cases of G1 + G2 (high differentiation and medium differentiation) and 30 cases of G3
(low differentiation). In addition, 33 patients showed lymph
node metastasis, and 62 showed no lymph node metastasis.
Meanwhile, normal ovarian tissues (56 cases in total) used
as the control group were obtained from randomly selected
perimenopausal women who underwent surgery for doubleappendage resection due to myopia of the uterus in Linyi
Central Hospital during the same time period. The ages of
the control subjects were 30–65 years, with a mean age of
50.12 ± 10.79 years. Tissues were cryopreserved in liquid
nitrogen at –80°C within 5 min of isolation from the body.
All tissues were fixed in 10% formaldehyde and embedded
in conventional paraffin.
Immunohistochemical staining
The tissue sections were deparaffinized in xylene and dehydrated with gradient alcohol. The sections were then
treated with 3% hydrogen peroxide to block endogenous
peroxidase activity for 10 min and washed with phosphate
buffered saline (PBS) buffer 3 times (e.g., 2 min each time).
Then, the sections were incubated with primary antibodies
against mouse anti-human PD-L1 mAb (Novus Biologicals
LLC), mouse anti-human PD-1 mAb (Beijing ZSGB BIO
LLC) and mouse anti-human FOXP3 mAb (Bio Legend,
USA) overnight at 4°C. This was followed by incubation with
the Envision secondary antibody (Beijing ZSGB BIO LLC)
for 30 min at room temperature. Next, the tissue sections
were removed and washed with PBS 3 times for 2 min each
time. Finally, 3,3’-diaminobenzidine (DAB) reagent (Beijing
ZSGB BIO LLC) was used as a chromogen for visualization.
Next, the sections were counterstained with hematoxylin and
mounted with neutral resin.
Flow cytometry
OC cell lines (HO8910, OVCAR5, SKOV3, and A2780C70) were purchased from ATCC in the USA. OC cells
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(1×106/ml) were collected and centrifuged twice in sterile
PBS before being resuspended in 100 μl of sterile PBS. Next,
the cells were immediately labeled with 5 μl PE-PD-L1 Ab
(Biolengend, USA) at 4°C for 30 min in the dark, followed
by the addition of 5 ml sterile PBS and 2 centrifugations.
The labeled cells were resuspended in 500 μl sterile PBS and
then analyzed using a ﬂow cytometer (CytomicsTM FC500,
Beckman Coulter, USA). Cells not labeled with antibodies
were used as the negative controls.

a single-cell suspension. The cells were inoculated into
6-well plates at a density of 2.0×105/ml by adding 2 ml
to each well. When the cells grew to approximately 80%
confluency, the pipette tip was used to draw a straight line
across the surface of the culture plate. Then, the cells were
cultured for 48 h before observing the wound healing in
each group.

Cell grouping and transfection

Fresh heparin obtained from healthy people (30 ml) was
used for anti-coagulation, and the Ficoll-Hypaque gradient centrifugation technique was used for the isolation
of human peripheral blood mononuclear cells (PBMCs).
Sterile PBS was used to suspend the PBMCs, and the
density was adjusted to 5×107/ml before transferring the
cells into tubes. An EasySep™ human T-cell enrichment kit
(50 μl/ml) was used after 10 min of incubation to perform
negative selection. The EasySep magnetic beads were aspirated at least 5 times to avoid an uneven distribution.
Magnetic beads were added to 50 μl/ml cell suspension,
which was aspirated 2–3 times in the tube to achieve the
even distribution of cells and magnetic beads. Next, the
cells were incubated for 5 min at room temperature and
transferred into a new tube by inclining the tube and beads
at the same time. The cells in the new tube were human
peripheral T-cells.

Human OC HO8910 cells were divided into three groups:
Control group (cells without transfection), siRNA NC
group (cells transfected with negative control siRNA) and
siRNA PD-L1 group (cells transfected with PD-L1 siRNA).
Transfection was performed by using the LipofectamineTM
2000 reagent (Invitrogen, USA) in accordance with the
manufacturer’s instructions. Approximately 48 h after
transfection, the cells were collected for subsequent experiments.
Cell counting kit-8 (CCK-8) assay
In brief, the cells were seeded into 96-well plates at
5×103/100 μl/well, and three replicates were used along with
one blank control group (only culture medium was added).
After culturing at 37°C in 5% CO2, each well in the plates
was incubated with 10 μl cholecystokinin-8 (CCK-8) reagent
(Dojindo Molecular Technologies, Inc., Japan) for 4 h. Then,
the optical density (OD) value of each well was measured in
a microplate reader.
Transwell assay
Matrigel and serum-free cell culture fluid were mixed together at a ratio of 1:3, and 30 μl of the mixture was applied
to the inner surface of the polycarbonate membrane of the
Transwell chamber (Corning, USA) for 2 h at 37°C. Then,
the OC cells were starved for 6 h and were then inoculated
into the upper chamber of each Transwell plate, and the lower
chamber was covered by 500 μl cell culture medium that
contained 10% fetal bovine serum. The Transwell plates were
incubated at 37°C in 5% CO2 for 12 h. Finally, the Transwell
chamber was removed, and the membrane was stained with
1% crystal violet. The invading cells penetrating the membrane were counted in six randomly selected high-power
fields and quantified using ImageJ software.
Wound healing assay
The cells of each group were collected at the logarithmic
growth phase and digested with 0.25% trypsin to generate

Preparation of human peripheral T-cells

Coculture of human OC cells and T-cells
Activated T-cells were added to 96-well plates at 1×104 cells/
well. Cells were divided into three groups: Control group
(OC HO8910 cells + T-cells + 10 μg/ml Phytohemagglutinin (PHA)), TGF-β group (OC HO8910 cells + T-cells +
10 μg/ml PHA+ 1 ng/ml TGF-β), and TGF-β+anti-PD-L1
group (OC HO8910 cells + T-cells + 10 μg/ml PHA + 1 ng/
ml TGF-β+ 10 μg/ml anti-PD-L1 mAb (avelumab)). After
72 h of coculture, flow cytometry was used to detect the
percentage of differentiated Tregs. The anti-PD-L1 mAb
avelumab was obtained from EMD Serono, Inc., Billerica,
MA, USA.
Mouse model of OC and PD-L1 antibody therapy
Female C57BL/6 mice aged 6–8 weeks (provided by Shanghai
SLAC Laboratory Animal Co., Ltd) were transplanted with
OC cells (HO8910, 2×104 cells per mouse) by subcutaneous
injection into the right lower abdomen. Four days later, subcutaneous nodules could be palpated. Mice were randomly
divided into anti-PD-L1 group and Control group (10 mice
in each group) and injected subcutaneously with PD-L1
antibody (100 μg per mouse) and homotypic IgG (control),
respectively. One week later, another round of inoculation
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was performed. The length and diameter of the nodules were
measured once every three days, and the average diameter
was calculated as (longest diameter + shortest diameter)/2.
After 21 days, the mice were killed, and tumor tissues were
removed to generate single-cell suspensions. For flow cytometry detection, anti-CD4-FITC and anti-CD25-PC5 were
used, and cells were fixed and labeled with anti- FOXP3-PE
to detect the amount of Tregs.

upstream 5’-ATTGGCAATGAGCGGTTC-3’ and downstream 5’-GGATGCCACAGGACTCCAT-3’. qRT-PCR
was performed with the SYBR Green PCR kit (TAKARA,
Japan). By using β-actin as the internal control, the relative
expression of the target genes was calculated by using the
2-ΔΔCt formula.

Quantitative real-time reverse transcription polymerase
chain reaction (qRT-PCR)

All of the data were analyzed with the statistical software
SPSS 21.0 (SPSS, Inc., Chicago, IL, USA). The enumerated
data are presented as ratios or percentages, and intergroup
comparisons were performed by using the Chi-square test.
The data are presented as mean ± standard deviation (SD).
Student’s-t test was used for comparisons between two independent groups, and one-way ANOVA followed by Tukey’s
post hoc test was used to compare differences among more
than two groups. A value of p < 0.05 was considered statistically significant.

Statistical methods

TRIzol (Invitrogen, USA) was used to extract total RNA
from cells, and the concentration and purity of the RNA
were determined. Then, cDNA synthesis was performed
using the PrimeScript RT reagent kit (Takara). The primers were designed and synthesized by Shanghai GenePharma Co., Ltd. The PD-L1 primers included upstream
5’-TGCAGGGCATTCCAGAAAGA-3’ and downstream
5’-ATGCGTTCAGCAAATGCCAG-3’; the FOXP3 primers
included upstream 5’-CGAAGCTTATGCCCAACCCCAGGCCTG-3’ and downstream 5’-CGGGATCCTCAGGGGCCAGGTGTAGGGTTG-3’; and the β-actin primers included

Ethical statement
This study was approved by the Ethics Committee of Linyi
Central Hospital, and an informed consent form was
signed by all patients prior to the study. All animals used
in this study were cared for in accordance with the Guide
for the Care and Use of Laboratory Animals published
by the United States National Institute of Health (NIH
publication no. 85-23, revised 1996) (Bayne 1996). The
animal use protocol was reviewed and approved by the
Institutional Animal Care and Use Committee (IACUC)
of Linyi Central Hospital.

Table 1. The correlation of PD-1 and PD-L1 expressions with
FOXP3+Tregs in patients with ovarian cancer
Foxp3+
Tregs
+
–

p

PD-1
+
34
8

–
5
48

p

PD-L1

<0.001

+
36
15

–
3
41

<0.001

Table 2. The relationship between expressions of PD-1, PD-L1 and FOXP3+Treg and clinicopathological characteristics of patients with
ovarian cancer
Clinicopathological
characteristics
Age
≤55
>55
Pathological type
serous
non-serous
Histological grading
high/medium
low
Clinical staging
I–II
III–IV
Lymph node metastasis
without
with

n

PD-1
–

+

59
36

30
23

29
13

66
29

39
14

27
15

65
30

41
12

24
18

59
36

41
12

18
24

62
33

41
12

21
21

p
0.287
0.374
0.046
< 0.001
0.009

PD-L1
–

+

24
20

35
16

34
10

32
19

37
7

28
23

34
10

25
26

37
7

25
26

p
0.204
0.18
0.004
0.006
< 0.001

FOXP3+ Tregs
–

+

30
26

29
10

41
15

25
14

45
11

20
19

42
14

17
22

42
14

20
19

p
0.054
0.372
–
0.004
0.028
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Results
Expression of PD-1, PD-L1 and FOXP3+ Tregs in patients in
each group
As shown in Figure 1, PD-L1, PD-1 and FOXP3+ Tregs were
not present in cells in normal tissues, but their positive rates
in OC tissues were significantly increased (all p < 0.05). In
addition, as shown in Table 1, in OC patients who expressed
PD-L1 and PD-1 on cells, the number of patients who had
FOXP3+ Tregs in cells was significantly higher than those
who had no FOXP3+ Tregs in cells. In OC patients who
expressed no PD-1 and PD-L1 on cells, the number of patients who had FOXP3+ Tregs in cells was apparently lower
A

than that of patients who had no FOXP3+ Tregs in cells (all
p < 0.05), suggesting the positive correlation of PD-1 and
PD-L1 expression with FOXP3+ Tregs.
Relationship of PD-1 and PD-L1 expression and FOXP3+ Tregs
with the clinicopathological characteristics of patients with OC
The expression of PD-1 and PD-L1 and the presence of
FOXP3+ Tregs showed no relationship with the age or types
of pathology of OC patients (both p > 0.05) but were significantly correlated with the clinical staging, histological grading and lymph node metastasis status of patients (all p < 0.05)
(Table 2). Specifically, patients with tumors with advanced
stage and low differentiation and lymph node metastasis had
B

Figure 1. Immunohistochemical staining detected the expression of PD-1, PD-L1, and FOXP3+Tregs in ovarian cancer tissues. A. Ovarian
cancer and normal tissues were stained with anti-human PD-L1 mAb, anti-human PD-1 mAb, and mouse anti-human FOXP3 mAb for immunohistochemical staining. B. Quantitative results of the expression of PD-1, PD-L1, and FOXP3+Tregs in ovarian cancer and normal tissues.
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Figure 2. Expression of PD-L1 molecules on the surface of ovarian cancer cell lines (HO8910, OVCAR5, SKOV3, A2780-C70) was
analyzed using a ﬂow cytometer. Cells not labeled with antibodies were used as the negative controls (red line; the peaks on the right).
PE, Phycoerythrin. (See online version for color figure.)

A

C

B

E

D
F

Figure 3. Effect of siRNA PD-L1 on the biological behaviors of ovarian cancer HO8910 cells. A. Relative PD-L1 expression in ovarian
cancer cells of each group detected by qRT-PCR. B. Effect of siRNA PD-L1 on the proliferation of ovarian cancer cells determined by
CCK-8 method. Invasion of ovarian cancer cells was analyzed by Transwell assay (C); migration by wound-healing assay (D). Statistical
analysis of invasion (E) and migration (F) of ovarian cancer cells. * p < 0.05 vs. Control group. p value was calculated using the one way
ANOVA followed by Turkey post-hoc test.
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higher positive rates of the expression of PD-1 and PD-L1
and FOXP3+ Tregs in cells.
PD-L1 expression in OC cell lines
PD-L1 was not expressed on the surface of OC A2780-C70
cells but was the most highly expressed molecule on the surface of HO8910 cells, followed by SKOV3 cells and OVCAR5
cells, as illustrated in Figure 2. Therefore, the HO8910 cell
line was chosen for subsequent experiments.
Effect of PD-L1 siRNA on the biological behaviors of OC cells
Compared with those in the Control group, PD-L1 expression and cell proliferation were not observably different
in the siRNA NC group but were significantly decreased
and inhibited in the PD-L1 siRNA group (p < 0.05; Fig. 3).
According to the Transwell assay, the ability of OC cells to
penetrate the basal membrane was clearly decreased, and
the number of invasive cells was remarkably decreased after
transfection with PD-L1 siRNA (all p < 0.05). The wound
healing assay also demonstrated that the cell migration ability
A

declined dramatically in PD-L1 siRNA group (p < 0.05) but
did not show an obvious change in siRNA NC group when
compared to that in Control group.
Regulatory role of PD-L1 in Treg generation
PBMCs and human T-cells were isolated, and the results
showed that the purity of the isolated T-cells was above 90%
(Fig. 4A). The Control group showed no TGF-β expression,
and the percentage of Tregs differentiated from T-cells was
very low after the coculture of human peripheral T-cells
and OC cells. However, the percentage of Tregs in TGF-β
group was significantly higher than that in Control group
(p < 0.05). In comparison with TGF-β group, TGF-β+antiPD-L1 group showed an obvious decline in the number of
Tregs that differentiated from T-cells (p < 0.05; Fig. 4B, C).
Establishment of the OC mouse model and the antitumor
effect of anti-PD-L1 molecules
Mice in anti-PD-L1 group showed delayed tumor formation, and the growth speed was significantly slower than

B

C

Figure 4. The differentiation of T-cells to Tregs measured by flow cytometry after three-day co-culture of ovarian cancer cells and T-cells.
A. The purity of T-cells reached over 90% after magnetic-activated cell sorting (MACS). B. Comparison of the differentiation percentage
of Tregs in each group. C. The differentiation percentage of Tregs detected by flow cytometry. * p < 0.05 vs. Control group; #, p < 0.05 vs.
TGF-β group. p value was calculated using the one way ANOVA followed by Turkey post-hoc test.
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that of mice in Control group. The tumor growth curve
is shown in Figure 5A. The expression levels of Tregs and
FOXP3 in tumor tissues were detected by flow cytometry
and qRT-PCR, which could reflect the recruitment of Tregs
to the tumor microenvironment. According to the results,
the expression levels of Tregs and FOXP3 in the tumor
microenvironment were significantly reduced in mice in
anti-PD-L1 group compared with those in Control group
(all p < 0.05; Fig. 5B).

A

B

C

Figure 5. The therapeutic effect of anti-PD-L1 mAb on ovarian cancer
mouse models. A. anti-PD-L1 mAb inhibited the growth of ovarian
cancer in the body. B. Treg cell levels in tumor tissues detected by
Flow cytometry. C. FOXP3 expression level in tumor tissues detected
by qRT-PCR. * p < 0.05 vs. Control group. p value was calculated using
the one way ANOVA followed by Turkey post-hoc test.

Discussion
First, PD-L1, PD-1 and FOXP3+ Tregs detected in the current study were not found in normal tissues but were found
in OC cells, and OC patients with tumors with advanced
stage and low differentiation and lymph node metastasis had
much higher positive expression rates, which was similar to
what we found in certain other types of cancers. For instance,
Shi et al. (2011) observed a drastic increase in PD-1 expression in hepatocellular carcinoma tissues and T-cells, which
gradually increased during disease progression. Maine et
al. (2014) reported that OC patients had clearly increased
PD-L1 expression on monocytes in ascites and blood as well
as upregulated PD-1 expression on T-cells in the ascites and
blood. On the other hand, Tregs have been demonstrated
to exist in multiple tumors and to be highly expressed in
colorectal cancer (Svensson et al. 2012), breast cancer (Wang
et al. 2012), and gastric cancer (Yoshii et al. 2012) due to
their immunosuppressive properties. Wolf and colleagues
found that high FOXP3 expression in OC patients was associated with poor prognosis in terms of overall survival
and progression-free survival (Wolf et al. 2005). Studies by
Curiel et al. (2004) observed the significant accumulation of
CD4+CD25+ FOXP3+ Tregs in malignant ascites and tumor
tissues of OC patients, and Tregs were associated with a high
death risk and reduced survival. Interestingly, we also found
that the percentage of Tregs was related to tumor staging
and patient survival, indicating that Tregs served as an immunological indicator for OC prognosis.
To date, the influence of PD-L1 in tumor tissues has been
gradually revealed. For example, in lung cancer and colorectal cancer, the deletion of tumor suppressor gene phosphatase
and tensin homolog deleted on chromosome 10 (PTEN)
can induce the activation of the PTEN-PI3K-Akt signaling
pathway, leading to high PD-L1 expression; because of this,
PTEN deletion, to some degree, is regarded as the cause of
high PD-L1 expression in tumors (Kondo et al. 2010; Xu et
al. 2014). Under pathological conditions, the high expression of PD-1 is induced by the tumor microenvironment,
and the binding of the PD-L1 ligand to PD-1 causes the
continuous activation of the PD-1 pathway, playing a large
role in the process of tumor immune escape (Kim and Chen
2016). Moreover, our study also revealed that the expression
of PD-1 and PD-L1 was positively related to FOXP3+ Tregs.
Ghebeh et al. (2006) also found that the number of Tregs
was increased by the upregulation of PD-L1 in breast cancer,
indicating a positive relationship between PD-L1 and Tregs.
Therefore, in our study, we naturally hypothesized that PD-1,
PD-L1 and Tregs may be related to the occurrence, progression and metastasis of OC.
Additionally, through coculturing the isolated human
peripheral T-cells and the OC HO8910 cells in this work,
we found that a higher percentage of Tregs differentiated
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from activated peripheral T-cells due to the coexistence of
TGF-β and OC cells. According to previous studies, TGF-β
could promote the differentiation and proliferation of Tregs,
whereas an anti-TGF-β specific antibody may significantly
reduce the differentiation and immunosuppressive function
of Tregs, suggesting that TGF-β may act as an indispensable
cytokine for the generation and inhibitory functioning of
Tregs (Bommireddy and Doetschman 2007; Ni et al. 2012).
However, when the anti-PD-L1 mAb was used to inhibit the
PD-1/PD-L1 pathway, the percentage of T-cell-differentiated
Tregs decreased significantly, indicating the important
role of the PD-1/PD-L1 pathway in the differentiation and
proliferation of Tregs. In agreement with our study, the differentiation of peripheral blood T-cells into CD4+ FOXP3+
Tregs was elevated under the combined effects of anti-CD3,
TGF-β and PD-L1 in the work of Francisco et al. (2009).
Additionally, the differentiation of Tregs was dependent on
a PD-L1-mediated signaling pathway, as reported by Liu et
al. (2013), and specifically inhibiting PD-L1 resulted in a reduction in Tregs and an increase in Treg apoptosis. Notably,
the alteration of Akt/mTOR-related factors inhibited the
transduction of T-lymphocyte activation signals and induced
the differentiation of T-lymphocytes into Tregs (Zhao et al.
2007). FOXP3 is a transcription factor that is only expressed
on Tregs and that functions as a biomarker of Tregs (Ebert
et al. 2008). PD-L1-promoted Treg cell immunosuppression
may result from its enhancement and maintenance of FOXP3
expression in Tregs to sustain the survival and inhibitory
function of Tregs (Francisco et al. 2009; Jiang et al. 2018).
The binding of the PD-1 receptor can also promote the
conversion of Th1+CD4+ T cells into FOXP3+ Tregs (Zhou
et al. 2010; Amarnath et al. 2011), showing that inhibiting
the PD-1/PD-L1 pathway can block the generation of Tregs
(Hu and Zhao 2013).
To the best of our knowledge, the infiltration of a large
number of Tregs into the tumor microenvironment could
inhibit the antitumor immune response to promote tumor
growth (Mailloux and Young 2010). Our study also showed
that OC HO8910 cells transfected with PD-L1 siRNA showed
significantly decreased PD-L1 expression, proliferation, migration and invasion. After establishing a mouse model of
OC, we observed a decreased tumor growth rate, a reduced
percentage of Tregs, and the downregulation of FOXP3 in
mice treated with anti-PD-L1. Consistent with the study by
Zhao et al. (2017), inhibiting PD-L1 can suppress the growth
of pancreatic cancer cells in mice. Pawłowska et al. (2019)
reported that PD-1/PD-L1 pathway blockade may be effective
in suppressing cancer, especially the endometrioid type of
OC. In addition, Preston et al. (2013) found that immunotherapeutic strategies that modify the ratios of CD4+CD25+
FOXP3+ Tregs or CD4+CD25+ FOXP3– T cells to CD8+ effector cells may be useful in the improving outcomes of OC.
Ou et al. (2018) indicated that a cancer vaccine combined

with Treg modulation would be a promising approach to attain an effective antitumor response. The data from the above
studies implied that successful OC therapy might require
an attempt to reduce immunosuppressive mediators such
as Tregs (Mougiakakos et al. 2010). Moreover, a previous
study confirmed that blocking the PD-1/PD-L1 pathway can
increase the function of effector CD8 T cells and inhibit the
function of Tregs and bone marrow-derived inhibitory cells,
thus enhancing the antitumor response (Lu et al. 2014; He et
al. 2015). Taken together, the results indicate that inhibiting
the PD-1/PD-L1 pathway may also exert antitumor effects
on the growth of OC at least in part by inhibiting Treg proliferation and reducing tumor immune escape in the tumor
microenvironment.
To conclude, the PD/PD-L1 pathway and FOXP3+ Tregs
were activated in cells in OC tissues, and the inhibition
of the PD/PD-L1 pathway could suppress the growth of
ovarian tumors in part by repressing the differentiation of
TGF-β-induced human peripheral T-cells into Tregs. Hence,
this study provides a new perspective on the targeted immunotherapy of OC.
Conclusion
Inhibiting the PD-1/PD-L1 pathway by using the anti-PD-L1
mAb avelumab may exert inhibitory eﬀects on the occurrence
and progression of OC at least in part by hindering TGF-βinduced differentiation of human peripheral T-cells into Tregs.
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