
Abstract. Background: Recently, programmed cell death
protein 1 (PD1) blocking and anti-programmed death-ligand
1 (PD-L1) agents were approved for the treatment of various
human malignancies. Materials and Methods: Our study
examined the expression of PD-L1 in neoplastic tissue (17
patients) and the plasma soluble (s)PD-L1 of 32 patients with
ovarian carcinoma, in parallel with the levels of specific
microRNAs (miRs), using immunohistochemistry, enzyme-
linked immunosorbent assay (ELISA) and real-time
quantitative reverse transcription polymerase chain reaction
(qRT-PCR), respectively. Results: PD-L1 levels were
significantly higher in the plasma of patients with ovarian
cancer compared to healthy women (p=0.01). High miR200
levels were related to high sPD-L1 levels (p=0.03), whilst high
miR34a levels were associated with low sPD-L1 levels
(p=0.02). Immunohistochemical expression of PD-L1 by
cancer cells was not related to plasma miR levels, nor to the
level of sPD-L1. Conclusion: As well as cancer cell expression
of PD-L1, a high sPD-L1 level characterizes a subset of
patients with ovarian cancer. The value of this latter feature as
a biomarker for the administration of anti-PD-L1/PD1 therapy
needs further evaluation. Micro-RNAs, such as miR34a and
miR200, may have a role in the efficacy of immunotherapy.

Cytotoxic immune response mediated by T-cells is regulated
by inhibitory and activation receptors. The immune

checkpoint, programmed cell death protein 1 and anti-
programmed death-ligand 1 (PD1/PD-L1) pathway in T-cells
is involved, among others, in the regulation of the activity
of cytotoxic T-cells (1). The programmed death PD1 protein
is a transmembrane receptor, expressed by T-cells, and 
B-cells, infiltrating the tumoral stroma. Tumor-infiltrating
cytotoxic T-cells may have an important role in eliminating
cancer cells. When PD1 binds to the B7 family of proteins,
such as PD-L1 or PD-L2 ligands that are often present on
the surface of dendritic cells or even tumor cells, the
activation of effector T-cells, such as CD8+ cells, is
repressed (2). Tumors develop an adaptive immune
resistance through the overexpression of PD-L1 and-L2
ligands on cancer cell membranes, allowing cancer cells to
counterattack, by binding T-cells on their PD1 receptors, and
promoting T-cell apoptosis (3). 

After a long period of frustrating clinical research, cancer
immunotherapy trials focusing on the PD1/PD-L1 pathway
have started to show encouraging results. The European
Medicines Agency (EMA) has approved PD1-blocking
agents (nivolumab and pembrolizumab) for the treatment of
metastatic melanoma and other disease such as non-small
cell lung and head-and-neck carcinomas (4, 5). Anti-PD-L1
agents, for example durvalumab, avelumab and
atezolizumab, have been also approved by U.S Food and
Drug Administration (FDA) for the treatment of recurrent or
metastatic urothelial carcinomas, Meckel cell carcinoma,
non-small cell lung carcinomas and squamous cell head-and-
neck carcinomas (6, 7). Anti-PD1/PD-L1 immunotherapy has
revolutionized the treatment of metastatic cancer, and it is
expected that the combination of such agents with
radiotherapy may also open a new era for better local control
for a variety of human carcinomas (8). 

In the current study, we examined the expression of PD-
L1 in neoplastic tissue and of its soluble form in the plasma
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(sPD-L1) of patients with epithelial ovarian carcinoma.
Moreover, the levels of specific microRNAs (miRs),
postulated to be involved in anticancer immune response, in
the plasma of these patients were assessed. 

Materials and Methods
Patients and disease. This pilot study analyzed plasma collected from
32 patients with epithelial serous ovarian cancer (consecutive patients
according to the date of admission), the day before surgery and before
any therapeutic intervention. All patients were treated at the
Alexandra Hospital, Athens, Greece. An additional cohort of plasma
collected from eight healthy control women, undergoing routine blood
tests, was also analyzed. Paraffin–embedded tumor tissue material
was available for immunohistochemical analysis in 17 of these
patients. The study was approved by the local Ethics and Research
Committee (DS 6/16.03.2017). Informed consent was obtained from
all individual participants included in the study. All procedures
performed in the study were in accordance with the ethical standards
of the institutional and the national research committee and with the
1964 Helsinki declaration and its later amendments.

Plasma isolation. Venous blood was collected in tubes using heparin
as an anticoagulant. It was immediately overlaid on top of
Histopaque (Histopaque®-1077; Sigma-Aldrich, St Louis, MO,
USA) and centrifuged at 1×1,000 ×g for 30 min at room
temperature. Plasma was collected and samples were stored in
aliquots at −20˚C until analysis.

PD-L1 enzyme-linked immunosorbent assay. For detection of PD-L1,
an ELISA kit was used (ab214565; Abcam, Cambridge, UK). The
range of detection of PD-L1 protein reported for the kit was 21.87-1400
pg/ml. The lower limit of detection of the assay was 2.91 pg/ml, which
is 10-fold lower than the lowest value obtained in the current study.
Each sample was assessed in duplicate (50 μl) in a 96-well ELISA dish.
Antibody Cocktail (50 μl) was added and plates were incubated for 1
h at room temperature. Three washes were performed with appropriate
buffer, and 100 μl of 3,3’,5,5’-tetramethylbenzidine (ΤΜΒ) substrate
was added to each well. Following 10 min incubation in the dark, 100
μl of stop solution was added. After 1 min, the optical absorption was
assessed at 450 nm. The dish was sealed with a membrane of acetate
cellulose to avoid evaporation throughout the procedure. A standard
linear curve was created by assessing the light absorption in controls
prepared with specific PD-L1 dilutions (17.8, 34.38, 68.75, 137.5, 275,
550, 1100 pg/ml). The concentration of PD-L1 in the test samples was
calculated using the standard curve.

Immunohistochemistry. Immunohistochemistry for PD-L1 was
performed on formalin-fixed paraffin-embedded tissue sections of
3 μm placed on positively charged slides. Tissue blocks were
retrieved from the archives of the Department of Pathology,
Alexandra Hospital. The slides were then deparaffinized by xylene
and rehydrated through graded ethanol solutions to water. The heat-
induced epitope retrieval process was performed in a microwave
oven. Slides were immersed in Dako EnVision FLEX (Santa Clara,
CA, USA) Target Retrieval Solution (pH 9.0) in a pre-heated
container followed by incubation at 97˚C for 5 min three times. The
container was allowed to cool at room temperature for 20 min and
then the slides were placed in Tris-buffered saline (TBS) solution
containing Tween 20 (pH 7.6) for 10 min. 

For PD-L1 antibody tested in the current study, a polymer
detection method with UltraVision Quanto Detection System
(Cheshire, UK) was employed, due to increased sensitivity and
detection simplicity. Non-specific background staining was blocked
by pre-incubation with UltraVision Protein Block for 
5 min, followed by 6 min buffer washing twice. Slides were then
incubated with rabbit monoclonal PD-L1 antibody (1:200; Abcam,
Cambridge, UK) overnight at 4˚C. This antibody recognizes a specific
extracellular domain of human PD-L1 (Phe19-Thr239). After
overnight incubation, tissue sections were washed twice for 6 min in
TBS and then UltraVision Hydrogen Peroxide Block was applied for
10 min in order to neutralize endogenous peroxide activity. The slides
were again washed with buffer twice for 6 min and then incubated
with Primary Antibody Amplifier Quanto (Cheshire, UK) for 10 min.
After washing with buffer twice for 6 min, HRP Polymer Quanto was
applied and slides were incubated for another 10 min. Subsequently,
extensive washing with buffer was performed (3×6 min) and tissue
sections were incubated with DAB Quanto Chromogen (Cheshire,
UK) for 6 min. Finally, slides were washed with buffer,
counterstained with hematoxylin OS (Vector, Peterborough, UK),
dehydrated through graded ethanol solutions as well as xylene, and
mounted in synthetic resin. 

Slides were assessed at ×200 magnification for all available
optical fields and the percentage of cancer cells with membrane or
cytoplasmic PD-L1 expression was recorded. PD-L1 staining was
also assessed in tumor infiltrating inflammatory cells and
macrophages. Cases were grouped into three categories according
to the extent of PD-L1 expression by cancer cells: Negative
expression, limited expression (expression in 20-60% of cells), and
of extensive expression (expression in 70-95% of cells).

miRNA detection. Isolation of miRNA from plasma was carried out
using a commercially available kit (Macherey–NageI, Duren,
Germany) according to the manufacturer’s instructions. Isolated
miRNA was reverse transcribed via MiR-miRNA First Strand
Synthesis kit (Clonetech Laboratories Inc., Mountain View, CA,
USA) using mRQ buffer (2×) and mRQ enzyme (1h incubation at
37˚C, in an RNAase-free 0.2ml tube). The cDNA was diluted 1:10
and analyzed in a Roche Light Cycler 480II (Mannheim. Germany)
using KAPA SYBR FAST qPCR kit Optimized for Light Cycler 480
(KAPA BIOSYSTEMS, Wilmington, MA, USA). For the real-time
quantitative reverse transcription polymerase chain reaction, the
primers used for amplification were as follows: hsa-miR-15a-5p
(forward): 5-GCCGC TAGCAGCACATAATCCTT-3; hsa-miR-34a-
5p (forward): 5-GCCGC TGGCAGTGTCTTAGC-3; hsa-miR-200a-
3p (forward): 5-GCCGC TAACACTGTCGGTAAC-3; hsa-miR-
197-3p (forward): 5-GCCGC TTCACCACCTTCTCC-3; U6
snRNA was used as housekeeping control. The above primers were
used together with the universal reverse primer from the MiR-
miRNA First Strand Synthesis kit (Clonetech Laboratories Inc.
Mountain View, CA, USA). Relative miR-15a, miR34a, miR-200a
and miR-197 levels were calculated using the comparative threshold
cycle (Ct) method. The levels of these miRNAs were compared
between samples before and after surgical tumor removal.

Statistical analysis. Statistical analysis was performed using the
GraphPad Prism 5.0 (GraphPad Software Inc., La Jolla, CA, USA).
The unpaired two-tailed t-test or the one-way ANOVA test was used
to compare groups with continuous data, as appropriate. A p-value
of less than 0.05 was used for significance.
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Results

sPD-L1 levels in plasma. PD-L1 levels were significantly
higher in the plasma of patients with ovarian cancer
compared to healthy women [median (range)=83 (29-205)

vs. 63 (47-98) pg/ml; p=0.01; Figure 1A]. Using the upper
normal value recorded in healthy control individuals 
(98 pg/ml) as a cut-off point, overexpression of sPD-L1
was observed in 14/32 (43.7%) patients with ovarian
cancer. 
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Figure 1. A: Scatter plot analysis of soluble programmed death-ligand 1 (sPD-L1) levels in plasma from healthy individuals and patients with
ovarian cancer. Significantly higher levels were recorded in patients with cancer. B: Scatter plot analysis of the fold increase of miRNA levels in
plasma from patients with ovarian cancer compared to healthy controls. C-F: Box and whiskers graphs of the sPD-L1 expression in the plasma of
patients with cancer according to miRNA expression status (low vs. high). Boxes show the 25-75 percentiles, lines represent the median value, while
bars show the range of values.



miR levels in plasma. Four miRs were assessed in the plasma
of patients, namely miR15a, miR200, miR197, miR34a, all of
them being previously postulated to be involved in regulation
of immune response (see Discussion). Increase of miR levels
by several fold in patients with ovarian carcinoma compared
to healthy individuals was noted (Figure 1B). Median (range)
fold increases for miR15a, miR200, miR197 and miR34a
were 1.9 (1-66), 12 (1-119), 4.2 (1-493) and 2.1 (1.2-225),
respectively. 

Using the median values, cases were grouped into two
categories, with low vs. high plasma miR level. Analysis of
sPD-L1 levels according to these groups is shown in Figure 1C-
F. Patients with a high miR200 level had a significantly higher
sPD-L1 level (p=0.03) than those with a low miR200 level. On
the contrary, patients with a high miR34a level had a lower
sPD-L1 level (p=0.02) than those with a low miR34a level. 

PD-L1 expression in cancer cells. Using immunohisto-
chemistry, we assessed the expression of PD-L1 in cancer cells
in 17 available tissue specimens from patients that underwent
surgery before chemotherapy. In 6/17, there was no PD-L1
expression in cancer cells. In the remaining 11 patients, there
was membranous and cytoplasmic reactivity in 20-95% of the
cancer cell population (median=60%). Typical expression is
shown in Figure 2A. Cases were grouped into three categories:
Negative expression: 6/17; limited expression (expression in
20-60% of cells): 7/17 cases; and of extensive expression
(expression in 70-95% of cells): 4/17 cases. There was no
association of the plasma PD-L1 level with the
immunohistochemical pattern (data not shown). No association

of the plasma miR level with the immunohistochemical
expression of PD-L1 was found (data not shown).

PD-L1 expression in the tumor stroma. PD-L1 was also
expressed in the stroma of tumors, by tumor-infiltrating
lymphocytes or foamy macrophages, even in the context of
lack of expression in cancer cells (Figure 2B). Out of 17
cases, 10 (58.8%) showed this pattern of expression, the
remaining being negative in the stroma. StromaI PD-L1
expression was not related to cancer cell expression. In fact,
4/6 cases with lack of PD-L1 expression in cancer cells
expressed PD-L1 in stroma-infiltrating immune cells. There
was no association of stromaI PD-L1 expression with
miRNA expression in the plasma (data not shown). 

Discussion

Epithelial ovarian cancer (EOC) is considered the first cause
of death among patients with gynecological neoplasms,
despite the fact that its incidence is 10-fold lower than that
of breast cancer and 5-fold lower than that of cervical cancer
(9). Although high response rates are obtained after
chemotherapy with various compounds, including platinum,
taxanes, doxorubicin, or camptothecins, most patients
experience recurrence and die from their disease (10). Anti-
angiogenic agents have shown a marginal benefit (11). 

Recently, immunotherapy blocking the PD1/PD-L1
pathway has shown important efficacy in several human
carcinoma types and this has encouraged clinical
experimentation in patients with EOC. Although large
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Figure 2. A: A serous ovarian carcinoma showing programmed death-ligand 1 (PD-L1) expressed in the membrane of cancer cells (black arrows).
B: A case of serous ovarian cancer in which the tumor stroma is infiltrated by PD-L1-expressing lymphocytes (red arrows) and PD-L1-expressing
foamy macrophages (black arrows).



studies are not available, as yet, a 15% response rate has
been documented with nivolumab in patients with cisplatin-
resistant ovarian cancer (12). The objective response rate to
pembrolizumab, avelumab or durvalumab is similarly low
(13-15). A major problem in the establishment of anti-
PD1/PD-L1 therapies, is the identification of reliable
biomarkers allowing the identification of subgroups of
patients with disease that is sensitive to immunotherapy. The
expression of PD-L1 on tumor cells is the main marker used
for the time being, but its role is not consistent, probably due
heterogeneous techniques in the identification and
assessment of PD-L1 expression. Moreover, the fact that
tumor-infiltrating inflammatory cells, such as macrophages
or T-cells, in the tumor microenvironment express PD-L1
shows that PD1 blockage on cytotoxic lymphocytes may be
regulated by pathways independently of PD-L1 expression
by cancer cells (16, 17).

Several studies showed that PD-L1 is expressed by
ovarian cancer. Hamanishi et al. reported that high cancer
cell expression of PD-L1 was associated with reduced tumor
infiltration by T-cells and poor survival (18). Aust et al.
found that PD-L1 expression increased in recurrent ovarian
carcinomas (19). Moreover, Darb-Esfahani et al. found that
76% of ovarian carcinomas expressed PD-L1 in cancer cells,
although PD-L1 was also expressed by tumor-infiltrating
lymphocytes (20). On the contrary, Webb et al. reported that
PD-L1 in EOC is mainly expressed by tumor-infiltrating
macrophages and is associated with a better survival (21).
Similarly, Gottlieb et al. found a low overall expression of
PD-L1 in serous ovarian cancer cells (8%), but a frequent
expression by tumor-associated macrophages (74% of cases)
(22). In our study, using an antibody recognizing the
extracellular domain of the protein, PD-L1 was expressed in
64.8% of cases. The above contradictory data are probably
the result of the different antibodies and assessment methods
applied by the researchers, which stress the importance of
thorough and comparative investigation of the expression
patterns obtained by different PDL1 antibodies recognizing
different extracellular or intracellular epitopes of the protein.
We also confirmed that PD-L1 is extensively expressed by
tumor stroma-infiltrating T-cells and foamy macrophages in
58.8% of tumor samples examined. 

We further assessed the expression of sPD-L1 in the
plasma of patients with EOC. Using a cohort of healthy
women, we identified a cut-off point for normal PD-L1
levels, which was estimated at 98 pg/ml. Overexpression of
sPD-L1 in the plasma of patients with ovarian cancer was
found to be a frequent event, occurring in 43.7% of patients
analyzed. Comparative analysis with cancer cell expression
showed that sPD-L1 levels in the plasma were not dependent
on the expression levels in cancer cells. This shows that
immunosuppressive circulating sPD-L1 protein may have
additional sources, as indeed suggested by several studies,

including the current, showing overexpression of PD-L1 by
tumor-associated macrophages and lymphocytes (20-22). In
a recent study Chatterjee et al. also found overexpression of
sPD-L1 in the plasma of patients with ovarian cancer and
benign ovarian diseases (23). Moreover, high PD-L1
expression by circulating lymphocytes was directly linked
with poor prognosis of patients with cancer. Whether sPD-
L1 is a biomarker of immunosuppression demands thorough
investigation, but the source of sPD-L1 may be the immune
system itself. Zhou et al. identified splice variants of the PD-
L1 protein that lack the transmembrane domain, these are
released in extracellular space, and these variants sustain
their immune suppressive activity (24). Indeed, high sPD-L1
levels have been associated with ominous prognosis in renal
cancer and hematological malignancies (25, 26).

The molecular mechanisms related to PD-L1 expression
in cells is under intense investigation. Cytokines released by
immune cells or cancer cells, oncogene activation or even
exposure to cytotoxic agents have been implicated in the up-
regulation of PD-L1 (27-30). Here, we provide in vivo
evidence that miRNAs are involved in the regulation of 
PD-L1 expression. By examining the levels of four miRNAs,
namely miR15a, miR200, miR197 and miR34a, previously
postulated to be involved in immune response (31-36), a
several-fold increase of their levels were noted in subgroups
of patients with ovarian cancer compared to healthy
individuals. Of interest, patients with high miR34a levels
exhibited low plasma sPD-L1 levels. These findings are in
accordance with previously in vitro published studies.
miR34a has been found to directly bind to the PD-L1 3’
untranslated region and directly down-regulate the
expression of PD-L1 in the cell membrane (33, 34). Previous
in vitro studies also suggest that miR200 down-regulates the
expression of PD-L1 (35, 36). However, our in vivo data
showed a significant association of high plasma miR200
levels with high sPD-L1 protein expression.

In the current study, we provide evidence that apart from
cancer cells, infiltrating immune cells and eventually
circulating immune cells expressing PD-L1 immune
suppressing ligand characterize a subset of patients with
ovarian cancer. This should be taken into account in the
quest to identify appropriate biomarkers for the
administration of therapeutic monoclonal antibodies targeting
PD-L1/PD1. Moreover, miR34a was revealed herein as a
possible putative target for further therapeutic developments.
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