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Aim: Ovarian cancer (OC) is one of the most lethal gynecological malignancies. Recent 
studies suggest a crucial role of the PD-1/PD-L1 pathway in OC pathogenesis. Therefore, our 
study aimed at evaluation of the clinical importance of PD-1 expression in ovarian cancer 
patients.
Patients and Methods: In this study, we investigated the role of PD-1 in OC patients 
(n=50) by analyzing its expression on CD4+ and CD8+ T cells in three OC environments: 
peripheral blood (PB), peritoneal fluid (PF), and tumor (TT) as well as soluble PD-1 (sPD-1) 
in plasma and PF in terms of their clinical and prognostic significance. T cells with PD-1 
expression were analyzed using flow cytometry. The concentration of sPD-1 was determined 
with the use of ELISA. Our research demonstrated differences in PD-1 expression on CD4+ 

and CD8+ T cells in the OC environments.
Results: We found an elevated level of CD4+PD-1+ T cells in tumor and PF, compared to 
PB. Additionally, we found the highest percentage of CD8+ PD-1+ in tumor, compared to PB 
and PF. The levels of sPD-1 were higher (p<0.0001) in plasma than in PF. For the first time, 
we discovered that the higher level of CD4+PD-1+ T cells in the circulation and the higher 
sPD-1 level in plasma predict poor survival of OC patients.
Conclusion: We suggest that PD-1 could be a predictive biomarker for OC patients and 
successful immunotherapy.
Keywords: ovarian cancer, programmed cell death receptor 1, PD-1/PD-L1, grading, 
survival, immunotherapy

Introduction
Ovarian cancer (OC) is one of the most lethal gynecological cancers.1,2 In terms of 
occurrence, OC ranks the third, after cervical and uterine cancer, among all female 
reproductive tract malignancies. In the United States in 2017, there were 22,400 
new cases of OC and 14,080 deaths caused by OC. Significantly, the number of 
deaths caused by OC is higher than in the case of corpus uteri malignancies and 
lower than in cervical cancer.3 As reported by Kurman and Shih, the survival of OC 
patients depends on the cancer type.4,5 The classification is based on the dualistic 
model of carcinogenesis: histopathological and molecular background. Moreover, 
the classification includes malignancy and genetic mutations.4,5

Type I is a large cystic neoplasm that is frequently unilateral, including low- 
grade serous, mucinous, seromucinous, endometrioid, clear cell carcinoma, and 
malignant Brenner tumor. Type I carcinomas are usually genetically stable. The 
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most frequent somatic mutations are found in ARID1A, 
ERK, MAP, KRAS, BRAF, PIK3CA, and PTEN. Most 
frequently, this type is diagnosed at International 
Federation of Gynecology and Obstetrics (FIGO) stage 
I or II and the progression is indolent and slow. The 
prognosis is favorable for OC patients with I type carci-
noma, resulting in a 10% patient mortality rate.4,5

Far poorer prognosis is associated with type II tumors. 
Unfortunately, approximately 75% of them are diagnosed 
at the advanced III or IV FIGO stages. Type II carcinoma 
is highly aggressive, develops rapidly, and is frequently 
accompanied by ascites. This type includes high-grade 
serous carcinomas, undifferentiated carcinomas, and carci-
nosarcomas. Type II tumors exhibit chromosomal instabil-
ity and anomalies in homologous recombination repair, 
FOXM1, Notch3 and cyclin E, retinoblastoma protein, 
and very often the presence of the TP53 mutation.4,5

One of the causes of the high lethality of OC patients is 
the lack of biomarkers and screening methods.1,2 

Consequently, most cases are diagnosed in the advanced 
FIGO III or IV stage, when the prognosis is poor. 
Diagnosis of OC at advanced stages is also related to the 
extreme heterogeneity of the cancer, including molecular, 
genetic, and immunologic aspects. Recent literature data 
suggest a crucial role of the immune system in OC devel-
opment. Thus, researchers are looking for OC prognostic 
markers within the host immune system.6

Considering the heterogeneity of OC, its genetic com-
plexity, and DNA repair dysfunctions should be empha-
sized. There are two main pathways involved in repairing 
double-strand break of DNA (DSB), ie homologous 
recombination (HR) and non-homologous and joining 
(NHEJ) recombination. It is well established that an 
increase in the genomic instability in cancer cells may 
lead to their death. Poly (ADP-ribose) polymerase 
(PARP) is a well-known factor involved in single-strand 
DNA damage detection and repair. Inhibitors of PARP 
(PARPi) bind to PARP, which prevents from DNA damage 
repair and finally leads to the death of cancer cells. 
Moreover, cells that show mutations in BRCA1 and 
BRCA2 are defective in terms of DSB repair that is 
dependent on a single-strand break (SSB) repair axis con-
trolled via PARP. Both BRAC1 and BRCA2 are involved 
in DSB damage repair based on HR repair. Nevertheless, 
BRCA1 takes part in the regulation of transcription and 
controlling the cell cycle checkpoints. On the other hand, 
BRCA2 more directly control HR repair via RAD51 reg-
ulation. Noteworthy, the cumulative risk of OC for 

BRCA1 and BRCA2 mutation carriers is 44% and 17%, 
respectively, in comparison to the general population, in 
which the total risk is 1.3%. There are also other somatic 
mutations that take part in HR repair, ie ATR, RAD51B, 
ATM, BAP1, CHEK1, CHEK2, FANCC, FANCD2, 
FANCE, FANCF, MRE11A, PALB2, NBS1, WRN, 
FANCA, BLM, RAD51C, RAD51D, and CDK12. It 
should be highlighted that the FDA approved PARPi 
including olaparib, rucaparib, and niraparib in OC 
treatment.7

The main subpopulation of cells that recognize and 
eliminate cancer cells are effector T cells.2,8 The cytotoxic 
activity of T cells depends on immune-modulatory signals 
they receive. Among them, there are both co-stimulating 
signals and inhibitors. Inhibition of antitumor response is 
possible via the production of appropriate cytokines and 
immunomodulators. Consequently, T cells are not sensitive 
to the relevant antigen, which is a phenomenon referred to 
as anergy.8 This not only has an influence on cancer 
progression but also inhibits treatment efficiency.2

Tumor-infiltrating lymphocytes (TILs) are prognostic 
factors in many solid tumors, including OC.9 Depending 
on the infiltration of TILs, tumors are categorized as cold 
or hot ones, and the treatment option is dependent on the 
classification. High T-cell density (mainly CD8+) is typical 
for hot tumors. In this group of patients, implementation of 
treatment based on immune checkpoint inhibitors may turn 
out effective. Cold tumors are not immunogenic because 
of the absence of TILs. Consequently, cold-tumor patients 
are resistant to conventional treatment. Cancer cells may 
evade the host immune system response in many ways, 
including immune checkpoints.11

Hamanishi et al in their study have demonstrated that 
the programmed cell death receptor 1 (PD-1, B7-H1) and 
its ligand PD-L1 play a crucial role in the suppression of 
immune system response against cancer cells.13 As sug-
gested by the name, it was initially found that PD-1 plays 
an important role in programmed cell death of T cells.12 In 
normal conditions, the PD-1 receptor exists on activated 
B and T cells. Ligands of PD-1 (PD-L1 and PD-L2) are 
mainly expressed on immune cells and cancer cells. 
Binding the PD-1 receptor on the T cell and its ligand 
leads to T cell anergy or elimination thereof through 
apoptosis.12,14 Many studies report that PD-L1 is 
expressed in multiple types of tumors, including kidney 
cancer, lung cancer, melanoma, and ovarian cancer.12,15,16 

Thus, the PD-1/PD-L1 pathway is of the utmost impor-
tance in OC because PD-L1 is detected in a majority, ie 
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approximately 70% of cases.15 In normal conditions, they 
play a crucial role in the inhibition of the overreaction of 
the immune system against host self-tissues, prevent auto-
immunity reactions, and provide peripheral tolerance. 
Thereby, they keep the immune system response in 
check.11,17 Currently, they seem to be the most compelling 
tool in OC treatment.2

The treatment based on PD-1 inhibitors is associated 
with considerable costs and side effects. Thus, it is essen-
tial to search for biomarkers that assist in the selection of 
OC patients groups in which the therapy will be beneficial 
and will help to save time for the implementation of other 
treatment for non-responders. There are rationales that the 
neutrophil-to-lymphocyte ratio (NLR) may be a potential 
predicting factor for OC patients treated with both anti-PD 
-1 and anti-PD-L1 mAbs. Interestingly, in patients that 
undergo combined treatment of targeted therapies using 
immune checkpoint inhibitors and conventional che-
motherapy, NLR seems to be a promising predicting bio-
marker. Moschetta and co-workers have demonstrated that 
a reduced NLR in OC patients that receive at least two 
cycles of PD-1/PD-L1 mAbs is related to favorable PFS. 
Surprisingly, changes in NLR are dependent not on abso-
lute lymphocyte count (ALC) but on absolute neutrophil 
count (ANC). The main target of PD-1/PD-L1 checkpoint 
inhibitors are T cells. However, these findings indicate that 
neutrophils also interact with TME.18

Poor prognosis in patients with advanced stages of OC 
and platinum resistance in recurrent OC necessitate 
searching for new and more effective therapies.12,19 

There is growing evidence that combined therapies may 
turn out efficient in OC treatment. One of them is 
a combination of PARPi and anti-PD-1/PD-L1 mAbs. 
There is ongoing research on a combination of PARPi 
and agents that lead to HR inhibition. The desired effect 
is to sensitize OC with HR proficiency to PARPi and 
implement the therapy not only in HR deficient OC. The 
combination of PARPi and anti-PD-1/PD-L1 agents is 
primarily based on a hypothesis that both wild-type 
BRCA1/2 and BRCA1/2 HR deficiency OC are related 
to an increased level of neoantigen load in comparison to 
HR proficient OC. The result is a more efficient anticancer 
immune response. Thus, in selecting a patient group for 
target therapy, the predominant aim is to investigate mar-
kers other than BRCA1/2 and HR status. Equally impor-
tant is to establish the risk of adverse effects in combined 
therapies. However, the treatment dose optimization is 
based on a dose escalation, which is related to costliness. 

Nevertheless, it is essential to determine the overall risk- 
benefit profile of these therapies.20

Moreover, recognition of other markers that influence 
survival may be helpful in the selection of treatment and 
increasing patients’ lifetime.21 Since the monitoring of 
tumor development and efficiency of the implemented 
therapy via traditional biopsy is difficult, scientists in the 
field of gynecological oncology, and at the community 
large are looking for noninvasive methods that reflect 
tumor dynamics.22,23 Liquid biopsy is a noninvasive 
approach simultaneously offering high specificity and fit-
ting into the paradigm of precision medicine.24,25 It is 
a promising minimally invasive tool for detecting and 
monitoring tumor in real time in diverse body fluids, 
including peripheral blood, in place of a tumor sample. 
In ovarian cancer, the soluble form of PD-1 (sPD-1) may 
offer this opportunity. However, the implementation of 
liquid biopsy in clinical practice requires further investiga-
tions to validate and standardize preanalytical, analytical, 
and postanalytical aspects.26

Therefore, the aim of our study was to evaluate the 
prevalence of PD-1 expression on CD4+ and CD8+ T cells 
in three different ovarian cancer microenvironments, ie 
peripheral blood (PB), peritoneal fluid (PF), and tumor 
(TT), and to analyze its correlation with clinicopathologi-
cal characteristics and prognosis in OC patients. We also 
evaluated the plasma and PF concentration of soluble PD- 
1 in terms of its diagnostic and prognostic significance.

Patients and Methods
Patients, Ethic Statement, Standard 
Protocol Approvals
In this study, we included 50 patients with epithelial ovar-
ian cancer whose diagnosis had been confirmed by patho-
logical reports. All the tumors were staged according to 
the International Federation of Gynecologists and 
Obstetricians (FIGO classification).27 The tumors were 
graded and classified according to the Silverberg grading 
system by two independent gynecological pathologists.28 

The tumor type was determined according to the Kurman 
and Shih classification.2 Patients that had undergone radi-
cal treatment at the I Chair and Department of Oncological 
Gynaecology and Gynaecology (Independent Public 
Clinical Hospital No. 1, Medical University of Lublin, 
Poland) were enrolled in the study. The exclusion criteria 
for the study cohort included a history of previous malig-
nancies, chemotherapy, or radiation therapy prior to 
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surgery as well as allergic, autoimmune, and infectious 
diseases. Data, eg the data on the overall survival (OS) 
of the patients were obtained from the Document 
Personalization Center of the Ministry of Internal Affairs 
and Administration, Department of Protection of 
Confidential Information in Warsaw.

Written informed consent was obtained from all 
patients. The research received the approval of the 
Bioethics Committee at the Medical University of Lublin 
(KE-0254/280/2015).

The control group included 15 healthy donors at the 
age of 21–51 (median 29 years). The PB of the control 
group was obtained from the Regional Centre of Blood 
Donation and Blood Treatment in Lublin. Every patient 
signed a written consent to participate in the study and the 
experiments were conducted in accordance with the 
Declaration of Helsinki.

The clinical characteristics of the OC patients are sum-
marized in Table 1.

Isolation of Mononuclear Cells (MNCs)
All PB samples were collected before the surgical proce-
dure into heparinized tubes (Sarstedt, Germany) and 
immediately processed. Mononuclear cells (MNCs) were 
separated by density gradient centrifugation at 700 x g 

with Gradisol L (AquaMedica, Poland) at room tempera-
ture for 20 minutes. Then, interphase cells were collected, 
washed twice, and resuspended in phosphate-buffered sal-
ine (PBS, PAA Laboratories GmbH, Austria).

Peritoneal fluid and tumor tissue were collected asepti-
cally during the operation. PF mononuclear cells were 
isolated by density gradient centrifugation at 700 x g on 
Gradisol L (AquaMedica, Poland) at room temperature for 
20 minutes. The subsequent procedure was the same as for 
MNCs isolated from PB.

For isolation of tumor-infiltrating MNCs, freshly 
resected tumor tissue was minced, placed into 
a gentleMACS C tube, and processed using a Tumor 
Dissociation Kit (Miltenyi Biotec). The resulting cell sus-
pension was filtered through a 70-mm mesh filter (BD 
Biosciences) and subjected to density centrifugation at 
700 x g on Gradisol L (AquaMedica, Poland) at room 
temperature for 20 minutes. Then, interphase cells were 
collected, washed twice, and resuspended in phosphate- 
buffered saline (PBS, PAA Laboratories GmbH, Austria). 
The viability of the MNCs obtained was determined by 
trypan blue staining and was always >95%. Viable cells 
were quantified in a Neubauer chamber.

Flow Cytometric Analysis
Mononuclear cells (1×106 cells) isolated from PB, PF, and 
tumor tissue were incubated with fluorochrome-labeled 
monoclonal antibodies (mAbs) against cell-surface mar-
kers: anti-CD3 FITC, anti-CD4 PerCP-Cy5.5, anti-CD8 
APC-Cy7, and anti-PD-1 APC (BD Bioscience, USA) 
for 20 min at room temperature. Next, the cells were 
washed twice with PBS and the percentage of CD4+PD- 
1+ and CD8+PD-1+ T cells were analyzed using flow 
cytometry (FACSCanto I Becton Dickinson, USA). For 
each analysis, 100,000 events were acquired and analyzed 
using FacsDiva software. Dot plots illustrating the method 
for the identification of CD4+PD-1+and CD8+PD-1+T cells 
are shown in Figure 1.

ELISA
Soluble PD-1 levels in plasma and PF were determined 
with an immunoassay kit (Biorbyt LLC., San Francisco, 
California, USA) following the manufacturer’s protocol. 
Plate absorbance was read on an ELX-800 plate reader 
(BioTek Instruments, Inc, USA) and analyzed using 
Gen5_ (BioTek Instruments, Inc). Concentrations of sPD- 
1 (pg/mL) were calculated by interpolation from 
a standard curve.

Table 1 The Clinical Characteristics of OC Patients

The Clinical Features Ovarian Cancer Patients 
(n= 50)

Age (median), years (range) 57 (20–71)

FIGO stage, n (%)

Early (I–II) 22 (44%)
I 10 (20%)

II 12 (24%)

Advanced (III–IV) 28 (56%)
III 18 (36%)

IV 10 (20%)

The OC classification according to Kurman and Shih, n (%)

Type I (endometroid, serous G2, 
mucinous)

36 (72%)

Type II (serous G3) 14 (28%)

Grading (histological differentiation), n (%)

Intermediate grade (G2) 27 (54%)
Low grade (G3) 23 (46%)

Ca125 range, median (U/mL) 537.75 (9.60–14283.0)

BMI range, median 25.64 (18.34–40.23)
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Statistical Analysis
The statistical analysis of results was conducted using 
Statistica 12.0 PL.

The Wilcoxon paired test was used to compare the 
results from PB, PF, and tumor tissue. The Mann– 
Whitney U-test was applied to the results of the statis-
tical comparison between the studied groups (Control/ 
OC). Relationships between two parameters were 
investigated using Spearman’s rank correlation test. 
The data are presented as median, minimum, and 
maximum.

The probabilities of overall survival (OS) were esti-
mated using the Kaplan–Meier method and differences in 
the survival curves were calculated with the logrank test; 
a p value less than 0.05 was considered statistically 
significant.

Results
Percentage of CD3+, CD4+, and CD8+ 
T Cells in Peripheral Blood, Peritoneal 
Fluid, and Tumor Tissue from OC 
Patients
The highest percentage of CD3+ T cells was detected in 
the peritoneal fluid of the OC patients, and it was signifi-
cantly higher (p<0.0001) than in the peripheral blood and 
tumor. The percentage of CD3+ T cells in PB was elevated 
(p<0.01) in comparison to the percentage of tumor- 
infiltrating CD3+ T cells (Figure 2A).

The highest percentage of CD4+ T cells was detected 
in the PB of the OC patients, and it was significantly 
higher than the number detected in tumor tissue and PF 
(p<0.0001 and p<0.01, respectively, Figure 2B).

Figure 1 Flow cytometric analysis of tumor CD4+PD-1+ and CD8+PD-1+ T cells in ovarian cancer patients. Figure 1 shows representative data from OC patients, 
illustrating the method for identification of CD4+PD-1+ and CD8+PD-1+ T cells in the tumor. An acquisition gate was established based on FSC and SSC that included 
mononuclear cells. Population P1 was drawn around the lymphocytes (A). Next, the P1 gated events were analyzed for CD3/CD4 staining (B) and CD3/CD8 staining (D). 
The final dot plots of CD4+ and CD8+ with PD-1 expression were established by combined gating of events using population P1 and region Q2 or Q2-1, respectively. 
Isotype-matched mAbs were used to verify the staining specificity and as a guide for setting the markers to delineate positive and negative populations. The number in the 
upper right quadrant on the dot plot (C) represents the percentage of CD4+PD-1+ T cells and that on the dot plot (E) shows the percentage of CD8+PD-1+ T cells.
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The highest percentage of CD8+ T cells was detected 
among the tumor-infiltrating T cells, and it was higher than 
those detected in PF (p=0.07) and PB (p=0.09); however, the 
differences were not statistically significant (Figure 2C).

We also evaluated the relationship between the percen-
tage of CD3+, CD4+, and CD8+ T cells in PB, PF, and 
tumor tissue and the 5-year survival rate, but the results 
were not statistically significant (p>0.05). However, the 
patients with the higher percentage of CD3+ T cells in 
PB had a longer survival than those with the lower level 
of CD3+ (49 vs 38 months).

Expression of PD-1 on CD4+ and CD8+ 
T Cells in Peripheral Blood, Peritoneal 
Fluid, and Tumor from OC Patients
The percentage of tumor-infiltrating and peritoneal fluid 
CD4+PD-1+ lymphocytes were significantly higher than 
in the peripheral blood (p<0.0001). Similarly, we 

observed an elevated (p<0.01) percentage of CD4+PD- 
1+ tumor-infiltrating lymphocytes compared to those 
detected in the PF of the ovarian cancer patients 
(Figure 3A).

Moreover, in the OC patients, we observed 
a significantly elevated (p<0.0001) percentage of tumor- 
infiltrating CD8+PD-1+ lymphocytes compared to that in 
peripheral blood as well as higher (p<0.01) accumulation 
of tumor-infiltrating CD8+PD-1+ lymphocytes compared 
to the PF of the patients (Figure 3B).

Comparison of the Percentage of CD4 
+PD-1+ and CD8+PD-1+ T Cells in the 
PB of OC Patients and Healthy Donors
The percentages of both CD4+PD-1+ (Figure 4A) and 
CD8+PD-1+ (Figure 4B) T cells in PB were significantly 
higher (p<0.0001) in the control group in comparison to 
the results in the OC patient group.

Figure 2 The percentage of CD3+ (A), CD4+ (B), CD8+ (C) T cells in peripheral blood, peritoneal fluid, and among ovarian cancer infiltrating cells.
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Percentage of CD4+PD-1+ and CD8 
+PD-1+ T Cells in Patients with 
a Different FIGO Stage, Grade, and 
Histological Type of Ovarian Cancer
The percentages of CD4+PD-1+ T cells in the PB and 
tumor did not differ significantly (p>0.05) between the 
OC patients with a different FIGO stage, grade, or type 
of tumor according to the Kurman and Shih classifica-
tion. Interestingly, we detected significantly higher 
(p<0.05) accumulation of CD4+PD-1+ T cells in the 
PF samples from patients with grade 3 than those 
with grade 2 of OC (Figure 5A). There were no differ-
ences in the percentage of PF CD4+PD-1+ T cells in 
patients with the different FIGO stage or type of OC 
(p>0.05).

The percentages of CD8+PD-1+ T cells in the PF and 
tumor did not differ significantly (p>0.05) between the 
patients with the different FIGO stage, grade, or type of 
OC. In contrast, the percentage of CD8+PD-1+ lympho-
cytes was significantly higher (p<0.05) in the PB of 
patients with grade 3 than those with grade 2 of OC 
(Figure 5B).

Relationship Between Clinicopathological 
Characteristics of OC Patients and PD-1 
Expression on CD4+ and CD8+ T Cells 
in PB, PF, and Tumor
The percentage of CD4+PD-1+ T cells in PF correlates 
positively (R Spearman: 0.536; t (N-2) 2.914; p=0.008) 
with the grade of OC.

Figure 3 The percentage of CD4+PD-1+ (A), CD8+ PD-1+ (B) T cells in peripheral blood, peritoneal fluid, and among ovarian cancer infiltrating cells.

Figure 4 The percentage of CD4+PD-1+ (A), CD8+ PD-1+ (B) T cells in peripheral blood of OC patients and control group.
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There was also a relationship between the percentage 
of the CD4+PD-1+ T cells in PF and the age of the OC 
patients (R Spearman: 0.42; t (N-2) 2.14; p=0.04).

There was no relationship between the percentage of 
CD4+PD-1+ T cells in PB, PF, and tumor and the FIGO 
stage or the tumor type or between CD4+PD-1+ T cells in 
PB and tumor tissue and the grade of OC (p>0.05).

The percentages of CD8+PD-1+ T cells in PB and 
PF, but not in the tumor, correlate positively with the 
grade of OC (R Spearman: 0.325; t (N-2) 2.259; 
p=0.02 and R Spearman: 0.433; t(N-2) 2.098; p=0.04, 
respectively).

There was a relationship between the percentages of 
CD8+PD-1+ T cells and BMI of OC patients (R Spearman: 
0.29; t(N-2) 2.03; p=0.04).

There was no relationship between the percentages of 
CD8+PD-1+ T cells in PB, PF, and tumor tissue and the 
FIGO stage or type of OC (p>0.05).

The percentages of CD4+PD-1+ and CD8+PD-1+ 

T cells in PB, PF, and tumor tissue did not differ signifi-
cantly (p>0.05) between pre- and postmenopausal patients.

Relationship Between the Percentage of 
CD4+ and CD8+ T Cells with PD-1 
Expression in PB, PF, and Tumor and the 
Level of Ca125
There was a relationship between the percentage of 
CD8+PD-1+ T cells in tumor tissue (R Spearman: 0.36; t 
(N-2) 2.13; p=0.04) and CD4+PD-1+ in PB (R Spearman: 

Figure 5 The percentage of CD4+PD-1+ (A), CD8+ PD-1+ (B) T cells in patients with different grade of OC.

Figure 6 Relationship between the percentage of CD4+PD-1+ (A) and CD8+PD-1+ (B) and the level of Ca125 in OC patients.
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0.28; t(N-2) 1.99; p=0.05) and Ca125 levels (Figure 6A 
and B).

Assessment of Mutual Correlations 
Between the Percentage of CD4+ and 
CD8+ T Cells with PD-1 Expression in 
OC Patients and the Control Group
The percentages of CD4+PD-1+ T cells correlate positively 
with the percentages of CD8+PD-1+ T cells in peripheral 
blood and tumor tissue, but not in the PF of the OC patients 
(Figure 7). There was also a positive correlation between the 
percentage of CD4+PD-1+ T cells and CD8+PD-1+ T cells in 
the peripheral blood of healthy donors (Table 2).

Concentration of Soluble PD-1 in the 
Plasma and Peritoneal Fluid of Patients 
with Ovarian Cancer and the Control 
Group
The concentrations of sPD-1 in the peritoneal fluid 
(median 30.59, range 12.98–47.64 pg/mL) and plasma 
(median 75.06, range 38.58–114.25 pg/mL) of the 
patients with ovarian cancer and the control group 
(median 52.37, range 41.53–60.98 pg/mL) are pre-
sented in Figure 8A and B. The plasma sPD-1 concen-
tration was higher in the group of patients with OC in 
comparison to the control group; however, the differ-
ence was not statistically significant (p>0.05)

Figure 7 The correlation between the percentage of CD4+PD-1+ and CD8+ PD-1+ T cells in peripheral blood (A), tumor (B) of OC patients and peripheral blood of 
control group (C).
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In the ovarian cancer group, the sPD-1 concentrations 
were significantly higher (p<0.0001) in the plasma than in 
the peritoneal fluid (Figure 8A).

Concentration of Soluble PD-1 in Patients 
with Ovarian Cancer Differing in the 
FIGO Stage, Grade, and Histological Type
The sPD-1 levels in the PF of patients with FIGO stage 
III–IV were significantly higher (p<0.05) than in those 
with FIGO stage I–II cancer (Figure 9). There were no 
significant differences in the PD-1 levels in the peritoneal 
fluid related to the tumor grade or type of OC.

The plasma sPD-1 levels did not differ significantly 
between the different FIGO stages, grades, or types of OC 
according to the Kurman and Shih classification.

Assessment of Correlations Between the 
Level of sPD-1 in Plasma and PF and 
Clinical Data of OC Patients
There was a relationship between the sPD-1 level in PF 
and the FIGO stage (R Spearman: 0.402; t (N-2) 2.245; 

p=0.03), but no correlation was found with the grade or 
type of ovarian cancer (p>0.05).

There was no relationship between the plasma sPD-1 
level and the FIGO stage, grade, and type of ovarian 
cancer in the patients (p>0.05).

Relationship Between the Percentage of 
CD4+ and CD8+ T Cells with PD-1 
Expression and the Soluble PD-1 Level in 
the Plasma and PF of OC Patients
The expression of the PD-1 molecule on CD4+ and CD8+ 

T cells did not correlate significantly with the levels of 
soluble PD-1 in the plasma and ascites in the ovarian 
cancer patients (p>0.05).

Table 2 The Correlation Between the Percentage of CD4+PD- 
1+ and CD8+ PD-1+ T Cells in OC Patients and the Control 
Group

R Spearman t(N-2) P

PB 0.335 2.335 0.02
Tumor 0.550 3.667 0.0009
PF 0.149 0.658 0.51

PB Control Group 0.863 5.937 0.00006

Note: Bold text indicates a statistically significant difference p<0.05.

Figure 8 Levels of sPD-1 (pg/mL) in the plasma and PF of patients with ovarian cancer (A) and in the plasma of patients with OC and healthy donors (B).

Figure 9 Levels of sPD-1 (pg/mL) in the PF of patients with different FIGO stages of 
ovarian cancer.
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Clinical Parameters and Association with 
Survival of OC Patients
We evaluated the relationship between the clinical para-
meters and the 5-year survival of the OC patients. We 
found that patients diagnosed with advanced disease 
(FIGO stage III and IV) had shorter OS than those with 
FIGO stage I and II of the disease (median 33 vs 60 
months), and the difference was statistically significant 
(p<0.001). Additionally, patients diagnosed with tumor 
grade 3 had shorter OS than those with grade 2 of OC 
(median 34 vs 51.5 months). The type of OC according to 
the Kurman and Shih classification was not correlated 
statistically significantly with patient survival (p>0.05). 
The premenopausal patients had a median OS of 60 
months versus median OS of 39 months in the postmeno-
pausal ones (p<0.01). Significant parameters for these 
correlations are shown in Kaplan–Meier plots (Figure 10).

Immune Parameters as Predictors of OC 
Patient Prognosis
Similar assessment was performed to determine OS esti-
mates as a function of the PD-1 expression on CD4+ and 
CD8+ T cells in the PB, PF, and tumor tissue from the OC 
patients.

We found that the OC patients with the higher percen-
tage of CD4+PD-1+ in PB had shorter OS than those with 
the lower percentage of these cell populations (median 36 
vs 58 months, p=0.04) (Figure 11A).

Similarly, the patients with a higher percentage of 
tumor-infiltrating CD4+PD-1+ T cells had shorter OS 
than those with the lower percentage of these cells (med-
ian 39 vs 58 months); however, the difference was statis-
tically insignificant (p>0.05).

The patients with the higher percentage of CD8+PD-1+ 

in the peripheral blood had shorter OS than those with the 
lower percentage of CD8+PD-1+ (median 37 vs 51 months, 
p>0.05).

The patients with the higher percentage of CD8+PD-1+ 

in PF had shorter OS than those with the lower percentage 
of these T cells (median 15 vs 39 months); however, the 
statistical difference was not significant (p>0.05).

Soluble PD-1 as a Potential Prognosis 
Biomarker for OC Patients
The OC patients with the higher soluble PD-1 level in the 
plasma had shorter 5-year survival than those with the 

lower sPD-1 concentration (median 37 vs 49 months, 
p<0.05) (Figure 11B).

There was no statistical difference in the OS of the 
ovarian cancer patients in relation to the sPD-1 level in 
peritoneal fluid (p>0.05).

Discussion
Every year cancer morbidity and mortality rates increase, 
despite the development of novel treatment methods. 
Thus, the mission of scientists is to develop an effective 
cancer therapy. However, the task is challenging, consider-
ing the complexity of the disease. Ovarian cancer proves 
difficult due to its genetic, molecular, and immunological 
heterogeneity. The determination of the disease back-
ground and reliable prediction factors is essential for 
developing and implementing targeted therapy for treat-
ment and to improve patient quality of life. 
A groundbreaking revelation and game changer in the 
perception of the disease was the finding that the immune 
system plays a crucial role in the progression and metas-
tasis of OC. Therefore, immunotherapy, especially based 
on immune checkpoint inhibitors including the PD-1/PD- 
L1 axis has become a hot topic among scientists explor-
ing OC.

Immunotherapies based on PD-1/PD-L1 pathway inhi-
bitors use both monoclonal antibodies (mAbs) anti-PD-1 
and anti-PD-L1. Their mode of action is based on stimula-
tion of the anticancer immune system response via signal 
inhibition leading to T-cell anergy.15 Considering the fore-
going clinical trials and the drug efficiency in many can-
cers, including melanoma, leukemia, renal, gastric, lung, 
and bladder cancer, immunotherapy is also a promising 
approach in ovarian cancer treatment.2,17,29–32 Moreover, 
data suggest that the response to PD-1/PD-L1 pathway 
inhibitors may be dependent on the OC histological 
type.31,33 Currently, no PD-1/PD-L1 pathway inhibitors 
have been approved by FDA in OC treatment. 
Nevertheless, mAbs are currently in clinical trials, includ-
ing Phase III, both in single and combined therapy.34–37 

Unfortunately, treatment based on mAbs inhibiting the 
PD-1/PD-L1 pathway is only efficient in a small group 
of OC patients. Moreover, OC treatment results are not as 
satisfying as in the case of other solid tumors. Thus, it is 
necessary to find predictive markers and understand the 
OC microenvironment to implement the treatment for pre-
cise groups of OC patients.8,11,19,33,34

What is interesting, blood-borne metastases are rare in 
OC. The most common mechanism of metastasis is the 
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release of cells into the peritoneal cavity from the primary 
tumor. In peritoneal fluid, cancer cells aggregate into 
spheroid-like structures, attack the peritoneum, and lead 
to metastasis. The increasing seeding of spheroids is com-
mon in advanced stages and in recurrent OC – frequently 
attacking large intestine, omentum, and uterus. It is well 
established that ovarian cancer cells can shift from epithe-
lial to mesenchymal profile during metastasis. There is 

growing evidence that epithelial-to-mesenchymal transi-
tion (EMT) is a pivotal mechanism that leads to invasion, 
migration, and, metastasis in OC. During EMT, changes in 
cells lead to loss of epithelial cells features: including 
a loss of cell-cell junction, apical-basolateral polarity, 
and mesenchymal phenotype conversion. There are 
grounds to suggest that TME-derived factors such as 
growth factors, including TGF-β, and cytokines may 

Figure 10 The relationship between clinical parameters, ie, FIGO (A), grade (B), menopausal status (C), and 5-year survival of OC patients.
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regulate EMT. Moreover, it has been proved that TGF-β 
signaling is crucial for EMT regulation, and TGF-β inhi-
bitor SB-431542 is able to block spheroid-induced EMT. 
The treatment based on SB-431542 requires the phenotype 
of epithelial cells and reduced spread of reattached cells 
from spheroids. What is more, SB-431542 also blocks the 
formation of spheroids. It should be highlighted that sus-
pended cells are more prone to be eliminated by carbopla-
tin agents than cells in aggregates. This proves that TGF-β 
is important for the promotion of advanced OC stage 
progression and it is a potential target for reducing the 
spread of malignant cells in the peritoneal cavity and 
disease burden during the OC recurrence.38

In our research, we established the expression of the 
PD-1 receptor on CD4+ and CD8+ T cells in three different 
OC environments, ie PB, PF, and tumor tissue (TT). We 
also investigated the concentration of the soluble PD-1 
level in the plasma and PF of OC patients. The evaluation 

of these factors allowed us to correlate them with the 
clinicopathological characteristics and prognosis of OC 
patients.

Interestingly, we found differences in the distribution 
of CD3+, CD4+, and CD8+ T cells in three OC environ-
ments. We found an accumulation of CD3+ T cells in the 
peritoneal fluid in comparison to PB and tumor tissue. The 
highest percentage of CD4+ T cells was detected in the 
peripheral blood of the patients. Additionally, we detected 
an increased accumulation of CD8+ T cells in the tumor in 
comparison to PF and PB. It should be emphasized that we 
observed a positive correlation between the percentage of 
CD3+ T cells in PB and the longer survival of OC patients 
(49 vs 38 months).

Many studies have revealed that tumor infiltration by 
T cells is favorable for OC patients. It has been shown that 
the high percentage of CD3+ T cells is related to improved 
progression-free survival (PFS) and overall survival (OS) 

Figure 11 (A) The relationship between CD4+PD-1+ cells and 5-year survival of OC patients. (B) The relationship between plasma sPD-1 levels and 5-year survival of OC 
patients.
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in OC patients.39,40 Rådestad and colleagues found an 
elevated level of CD3+ TILs in PB, PF, and TT. 
However, in contrast to our study, the differences were 
not significant.10 Similarly, an elevated percentage of 
CD3+ and CD8+ T cells in colorectal cancer was found 
to be related to improved OS, whereas a decreased per-
centage of T-cells was associated with poor prognosis.41 

As shown by Darb-Esfahani and colleagues, the presence 
of different subpopulations of TILs, including CD4+ and 
CD8+ T cells, is related to a better prognosis for OC 
patients.32 Similar findings have been reported by Webb 
and co-workers.31 Furthermore, the meta-analysis con-
ducted by Hwang et al has shown that intraepithelial 
CD3+ and CD8+ TILs are related to significantly pro-
longed OS in OC patients.42

It should be emphasized that the main function of 
cytotoxic T lymphocytes (CD8+) is recognition of cancer 
antigens and then the elimination of malignant cells by 
producing and releasing cytotoxic factors. Thus, their 
appearance in a tumor is considered a beneficial indicator 
for cancer patients' prognosis and, similarly to CD3+ 

T cells, is related to improved PFS and OS in OC 
patients.10,12,40,43–46 These results suggest that stimulation 
of the host immune system may lead to the renewal of 
antitumor immune response.35,46–49 Interestingly, an ele-
vated level of CD8+ without any of the co-inhibitory 
receptors seems to be especially favorable for cancer 
patients, as the effector functions of the cells cannot be 
inhibited.10

Although the prognosis based on TILs in OC is 
challenging,10 these cells may be highly important biomar-
kers in ovarian cancer. The proportion of the subpopula-
tions and phenotype TILs seem to be especially crucial for 
the proper choice and implementation of treatment in OC 
patients.10,49 However, Zhang and colleagues have already 
found that the activity of the same type of immune system 
cells, including T cells, leading to cancer progression and 
tumor growth is dependent on the tumor 
microenvironment.44

In the present study, we evaluated the expression of the 
PD-1 receptor on CD4+ and CD8+ T cells in three different 
OC environments, ie PB, PF, and tumor tissue. Our 
research demonstrated significant differences in the PD-1 
expression on CD4+ and CD8+ T cells in the examined OC 
environments. We found a significantly elevated percen-
tage of CD4+ T cells with PD-1 expression in the OC 
microenvironment (tumor and PF), compared to PB. 
Remarkably, the percentage of the CD4+ PD-1+ T cells 

was the highest among the tumor-infiltrating cells. We also 
found the highest percentage of CD8+PD-1+ in the tumor, 
rather than in the PB and PF, of the OC patients.

Similarly, Owens et al showed a higher level of PD-1 
on CD8+ in tumor tissue in comparison to PB of OC 
patients.40 Furthermore, Rådestad and colleagues demon-
strated similar results to these in our study of CD4+PD-1+ 

and CD8+PD-1+ T cells, and the differences shown by 
these authors were significant as well.10 In their study, 
Zhang and co-workers showed that approximately 5% of 
CD8+ T cells in humans expressed PD-1. Moreover, their 
percentage may be elevated in malignancies, eg the per-
centage of CD8+PD-1+ T cells in melanoma may be ele-
vated up to 20%.50

It is well established that some factors such as the 
FIGO stage, histological grade, and menopausal status 
are prognostic factors for OC patients.51,52 However, the 
relation between immunological factors still remains 
unclear. Thus, in our study, we also evaluated the relation-
ship between the clinical and immunological parameters 
and the 5-year survival of the OC patients. We found that 
patients diagnosed with FIGO stage III and IV of OC had 
shorter OS than those with FIGO stage I and II of the 
disease (median 33 vs 60 months). Additionally, patients 
diagnosed with tumor grade 3 had shorter OS than those 
with grade 2 of OC (median 34 vs 51.5 months). The 
premenopausal patients had a median OS of 60 versus 39 
months in the postmenopausal women (p<0.05). 
Interestingly, we found a significant accumulation of 
CD4+PD-1+ T cells in the PF of patients with grade 3 of 
OC. Our results also indicated a significant positive corre-
lation between CD4+PD-1+ T cells in PF and the tumor 
grade and between CD8+PD-1+ T cells in PB and PF and 
the tumor grade. However, we did not observe 
a statistically significant relationship between the percen-
tage of CD4+PD-1+ T cells in PB, PF, or tumor tissue and 
the clinical FIGO stage, the degree of histological differ-
entiation, or the type of cancer according to Kurman and 
Shih. We did not find a significant correlation between the 
percentage of CD8+PD-1+ T cells in TT and the different 
FIGO stages, grade, or type of OC.

The literature data on the relation between clinical 
characteristics of patients and PD-1 expression are diver-
gent. According to a few reports, the advanced stage of 
some malignancies, eg pancreatic, renal, and breast cancer, 
is correlated with higher PD-1 expression.25,39,53 However, 
in agreement with our results, Imai and colleagues did not 
find a statistically significant correlation between 
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clinicopathological factors, such as the FIGO stage, grade, 
age, and PD-1 expression on T cells in PF of ovarian 
cancer patients.54 In contrast, Xu et al demonstrated that 
the level of PD-1 expression was positively correlated with 
the FIGO stage and, unlike in our study, was not correlated 
with Ca125 and the age of patients.55

In the present study, we did not observe statistically 
significant differences between the PD-1 expression and 
the clinical stage of the disease according to FIGO. Based 
on our results and other findings,10 we draw a conclusion 
that target immunotherapies based on PD-1 inhibitors may 
be useful in both early and advanced OC stages.

Immune checkpoints, such as PD-1, are expressed on 
activated T cells, including both effector cells and regula-
tory T cells (Tregs), but also on exhausted and dysfunc-
tional T-cells.41 The data demonstrating the influence of 
PD-1 expression on the survival of cancer patients are 
ambiguous, considering the complexity of immunological 
reactions in the OC microenvironment.32,53,56–61 

According to the literature high PD-1 expression on TILs 
is related to poor prognosis in some cancers such as renal, 
lung, and breast cancer.39,53,57,59,60 In this context, our 
results assessing the relationship between the percentage 
of CD4+ and CD8+ T cells with PD-1 expression and the 
survival of OC patients are interesting. We have shown 
that the survival of patients with a higher percentage of 
both CD4+PD-1+ and CD8+ PD-1+ T cells in PB, PF, and 
tumor tissue was shorter than in those with the lower 
percentage of CD4+PD-1+ and CD8+PD-1+ T cells. 
Especially, the lower frequency of CD4+PD-1+ T cells in 
PB correlated with markedly more favorable clinical out-
comes of ovarian cancer patients (median 36 vs 58 
months). Similarly, Chatterjee et al and Darb-Esfahani1,32 

showed that a lower percentage of T cells expressing PD-1 
was associated with beneficial survival outcomes, making 
them a useful prognostic tool to select the most favorable 
therapy.1,32 Also Xu et al established that higher PD-1 
expression was related to shorter survival and poor prog-
nosis in OC.55 In turn, Imai et al did not find any correla-
tion between survival and PD-1 expression on T cells in 
PF of ovarian cancer patients.54 Other researchers demon-
strated that high PD-1 expression was related to beneficial 
survival rates, and the analysis of PD-1 expression was 
more pertinent than that of single CD3+ T cells.59 This 
finding needs further verification, as it may be crucial in 
the selection of OC patients in whom implementation of 
immunotherapy based on PD-1/PD-L1 inhibitors will be 
beneficial.1

In our study, we demonstrated that the percentage of 
both CD4+PD-1+ and CD8+PD-1+ T cells in PB was sig-
nificantly decreased in the OC patients in comparison to 
the healthy donors. We draw a conclusion that the phe-
nomenon is related to negative regulation of anticancer 
immune response and exhaustion of CD4+PD-1+ and 
CD8+PD-1+ T cells in OC TME. Similar results were 
found in other disorders such as rheumatoid arthritis 
(RA), psoriasis and pancreatic cancer.62–65 In contrast to 
our results, in some disorders, eg chronic lymphocytic 
leukemia and thrombocytopenia, the percentages of 
CD4+PD-1+ and CD8+PD-1+ T cells were higher in the 
PB of the cancer patients than in the control. This may be 
related to the dysfunctional proliferation of T cell subsets, 
increased apoptosis, and decreased release of particular 
cytokines, such as TNF-α, IFN-γ, IL-1, and IL-10, and 
may indicate exhaustion.62,63,66–69

The novel approaches in solid malignancies include the 
detection of soluble forms of immune checkpoint mole-
cules by liquid biopsies. These molecules are important 
regulators of immune response, including anticancer 
response. Their potential prognostic value is also promis-
ing since their expression in blood is differential and helps 
distinguish benign tumors from malignancies. Moreover, 
both soluble and membrane-bounded forms of immune 
checkpoints seem to be a useful diagnostic approach in 
the management of patient treatment, determination of 
prognosis, and response to therapy based on PD-1/PD-L1 
inhibitors via simple blood tests1. Therefore, in our study, 
we evaluated the soluble PD-1 concentration in the plasma 
and PF of OC patients and for the first time correlated 
them with clinicopathological characteristics and patient 
prognosis. We observed a significantly higher level of 
sPD-1 in the plasma than in PF of the ovarian cancer 
patients. Interestingly, our results indicate that the elevated 
sPD-1 concentration in plasma is correlated with shorter 
survival of OC patients (median 49 vs 37 months).

The circulating soluble PD-1 occurring in two different 
forms can be easily detected in blood tests. The first one is 
homologous to membrane-bound PD-1 and is released by 
cleavage or in a changed form by splicing out the mem-
brane-bound form.69 Currently, there are studies of the 
clinical significance of sPD-1 not only in solid tumors 
but also in other diseases. For example, elevated sPD-1 
in rheumatoid arthritis is related to disease progression.70 

Furthermore, a higher sPD-1 level in autoimmune hepatitis 
is correlated with incomplete response to implemented 
therapy.70 Sorensen and colleagues demonstrated that an 
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elevated sPD-1 level in EGFR-mutated non-small cell lung 
cancer (NSCLC) patients was associated with beneficial 
PFS and OS.72

In contrast, Elhang et al reported that an elevated sPD- 
1 concentration was related to prolonged survival in 
a murine model via reduced immunosuppression.73 

Moreover, sPD-1 leads to blockage of PD-L1 by binding 
to the ligand and PD-L1 cannot bind to PD-1 on T-cells. In 
vivo studies have confirmed that sPD-1 competes with PD- 
1 and reduces IL-10 expression.74 The study conducted by 
Elhang et al has shown that sPD-1 can increase cytotoxi-
city and reduce TME suppression on T cells. Thus, sPD-1 
is a promising molecule for the development of target 
therapies in many types of malignancies, including ovarian 
cancer.73

Data available in literature support that soluble forms 
of PD-1 may be an efficient predictor for treatment 
response, survival, and clinicopathological characteristics 
of cancer patients. They can also exert an influence on the 
PD-1/PD-L1 pathway by inhibition thereof.72,75–79 

Although the mode of their action has been elucidated, 
their influence on clinicopathological aspects and survival 
still remains unclear.71 In malignant tumors, a reduced 
sPD-1 level is related to the absence of antitumor immune 
response. As suggested by Dillman et al, elevated levels of 
sPD-1 in plasma, noted also in our study, may be related to 
an active anticancer immune response, which is 
suppressed.78 Furthermore, the higher sPD-1 concentration 
in plasma is also related to shorter OS, which makes sPD- 
1 a potentially valuable diagnostic marker for OC patients, 
considering that sPD-1 can be easily detected during the 
diagnostic process.79

Conclusion
In summary, our study discovered for the first time that the 
higher percentage of CD4+PD-1+ T cells in the peripheral 
blood and the higher sPD-1 level in the plasma predict 
poor survival of ovarian cancer patients. We conclude that 
PD-1 may be a valuable biomarker to select patients with 
OC that will benefit from immunotherapy based on PD-1/ 
PD-L1 inhibitors. Validation of these results is yet 
required – but may be clinically relevant in simple, non-
invasive, real-time monitoring of OC patients. We 
hypothesize that PD-1 could be a predictive biomarker 
for OC patients and allow the implementation of novel 
target therapy for these patients in future.
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