Okta et al. J Transl Med (2020) 18:220
https://doi.org/10.1186/512967-020-02389-7 JOU rnal of

Translational Medicine

RESEARCH Open Access

. . . ®
Accumulation of blood-circulating G

PD-L1-expressing M-MDSCs and monocytes/
macrophages in pretreatment ovarian cancer
patients is associated with soluble PD-L1

Karolina Okta' ®, Alicja Rajtak', Arkadiusz Czerwonka?, Marcin Bobiriski', Anna Wawruszak?, Rafat Tarkowski',
Wiestawa Bednarek', Justyna Szumito* and Jan Kotarski'

Abstract

Background: Previous studies have shown clinical relevance of programmed death-ligand 1 (PD-L1) and soluble
PD-L1 (sPD-L1) in human cancers. However, still contradictory results exist. Our aim was evaluation of PD-L1-express-
ing monocytic myeloid-derived suppressor cells (M-MDSCs), monocytes/macrophages (MO/MA), tumour cells (TC)
and immune/inflammatory cells (IC) as well as investigation of the sPD-L1 in ovarian cancer (OC) patients.

Methods: The group of 74 pretreatment women were enroliment to the study. The expression of PD-L1 on
M-MDSCS and MO/MA was assessed by flow cytometry. The profile of sPD-L1 was examined with ELISA. The expres-
sion of PD-L1 in mononuclear cells (MCs) was analyzed using real time PCR. PD-L1 immunohistochemical analysis was
prepared on TC and IC. An in silico validation of prognostic significance of PD-L1 mRNA expression was performed
based microarray datasets.

Results: OC patients had significantly higher frequency of MO/MA versus M-MDSC in the blood, ascites and tumour
(each p<0.0001). In contrast, PD-L1 expression was higher on M-MDSCs versus MO/MA in the blood and ascites (each
p <0.0001), but not in the tumour (p > 0.05). Significantly higher accumulation of blood-circulating M-MDSC, MO/MA,
PD-L1*M-MDSC, PD-L1T"MO/MA and sPD-L1 was observed in patients versus control (p<0.001, p<0.05, p<0.001,

p <0.001 and p<0.0001, respectively). Accumulation of these factors was clinicopathologic-independent (p > 0.05).
The expression of PD-L1 was significantly higher on IC versus TC (p <0.0001) and was clinicopathologic-independent
(p>0.05) except higher level of PD-L17TC in the endometrioid versus mucinous tumours. Interestingly, blood-circulat-
ing sPD-L1 positively correlated with PD-L1TM-MDSCs (p=0.03) and PD-L1TMO/MA (p=0.02) in the blood but not
with these cells in the ascites and tumours nor with PD-L11TC/IC (each p>0.05). PD-L1 and sPD-L1 were not predic-
tors of overall survival (OS; each p >0.05). Further validation revealed no association between PD-L1T mRNA expression
and OS in large independent OC patient cohort (n =655, p> 0.05).

Conclusions: Although PD-L1 may not be a prognostic factor for OC, our study demonstrated impaired immunity
manifested by up-regulation of PD-L1/sPD-L1. Furthermore, there was a positive association between PD-L1+ myeloid
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cells and sPD-L1 in the blood, suggesting that sPD-L1 may be a noninvasive surrogate marker for PD-L1tmyeloid cells
immunomonitoring in OC. Overall, these data should be under consideration during future clinical studies/trials.
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Background

Among gynecological malignancies, ovarian cancer
(OC) is the prominent cause of death due to its pre-
dominantly advanced stage at diagnosis. It has been
reported that over the past 30 years, all cancers showed
20% increase in the 5-year survival. Despite this, sur-
vival rate for OC has been almost the same for decades,
and remains at only 47% in 5 years after diagnosis; by
comparison, in breast cancer 5-year survival rate is
85% [1]. Although standard care for patients includ-
ing surgical cytoreduction followed by chemotherapy
is often satisfactory, recurrence frequently occurs, and
relapse tumours respond poorly to currently available
treatment. Ovarian cancers are immunogenic tumours
which can induce antitumour immune response found
in different tumour microenvironments (TMEs) i.e.
blood, ascites and tumour tissue. Notwithstanding,
there is growing body of evidence presented by our and
other research groups about the dynamic and complex
immunosuppressive network in the TMEs of human
ovarian cancer [2-5]. The barrier presented by immu-
nosuppression in the ovarian TMEs lead to disappoint-
ing results of immunotherapy and is one of the biggest
challenges for successful immunotherapy to prevent
recurrence of disease and progression after debulking
surgery and chemotherapy.

In ovarian cancer, inflammatory myeloid cells i.e.
monocytes/macrophages (MO/MA) are mainly immu-
nosuppressive, and promote invasion, angiogenesis,
metastasis and recurrence of tumour. Furthermore,
immature myeloid cells e.g. monocytic-myeloid-
derived suppressor cells (M-MDSCs) play an important
role in strengthening the disease, increasing tumour
burden, and resisting to (immuno)therapy in ovarian
cancer [5]. MDSCs can inhibit the antitumour reactiv-
ity using the broad spectrum of immunosuppressive
factors including mainly the production of arginase 1
(ARGL1), indoleamine 2,3-dioxygenase (IDO), interleu-
kin 10 (IL-10), transforming growth factor B (TGEF-f)
as well as increased expression of programmed death-
ligand 1 (PD-L1). This immunosuppressive activ-
ity of MDSCs can significantly promote both tumour
growth and metastasis and finally influence on clinical
manifestation of the disease [6]. M-MDSCs and mono-
cytes/macrophages can be separated based on expres-
sion of major histocompatibility complex (MHC) class

II molecules. M-MDSC has a phenotype HLA-DR™/
lowCD14*, whereas MO/MA are HLA-DRTCD14™" cells
[7].

Although cancer cells use myriad arsenal of immuno-
suppressive mechanisms to escape from the host immune
system, PD-L1 (also known as CD274 or B7-H1), seems
to be one of the hallmarks of a progressive tumour which
can hamper (immuno)therapy efficacy [8]. PD-L1 can be
expressed in both tumour cells and immune/inflamma-
tory cells and its expression can be associated with poor
prognosis in many human malignancies [9]. Although
immune checkpoint inhibitors of PD-L1 has shown
improving survival rates in some patients with malignan-
cies effectiveness of PD-L1 blockade is unsatisfactory
(response rate is only ~20-30%) [10] and still many fac-
tors affecting this effectiveness are unknown. The revers-
ing of immunosuppressive TMEs of ovarian cancer and
sensitize these tumours to immunotherapeutics can be a
“Holy Grail” in the cancer treatment.

Growing body of evidence support clinical utility of
immunological markers in women with ovarian cancer.
Several initiatives are ongoing towards a better charac-
terization and immunomonitoring of human myeloid
cells which may be of clinical benefit in future care [11].
In previous works, our and other research group dem-
onstrated clinical relevance of myeloid cells in human
ovarian cancer [2, 12-15]. However, clinical significance
of tumour PD-L1 expression in OC patients is contro-
versial. Whereas some reports indicate PD-L1 as a prog-
nostic marker in ovarian cancer [16—18], no association
between PD-L1 and prognosis in OC patients was found
in other reports [19, 20]. Interestingly, recent publica-
tions have described elevated expression of PD-L1 on
MDSCs and MO/MA [21] as well as elevated level of sol-
uble PD-L1 (sPD-L1) in patients with some human can-
cers [8]. However, to the best of our knowledge, nobody
hitherto compared in parallel the expression of PD-L1 on
M-MDSCs, MO/MA, tumour cells (TC), tumour-infil-
trating immune/inflammatory cells (IC) and the profile of
sPD-L1 in different TMEs of ovarian cancer in the con-
text of their clinical significance.

Here, we compared in parallel the expression of PD-L1
on M-MDSCs and MO/MA in the three different TMEs
including blood, ascites and tumour tissue of ovarian
cancer patients. In addition, we determined the profile
of sPD-L1 in the both blood plasma and ascites fluid.
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Furthermore, we compared the expression of PD-L1 on
TC and IC in the tumour tissue samples. The data were
integrated with different clinicopathologic features of
patients.

Methods

Study design and participant characteristics

A total number of 74 pretreatment women were enroll-
ment to the study including 59 ovarian cancer patients
and 15 healthy women. Blood (n=43), ascites (n=26)
and tumour tissue (n=29) samples from ovarian cancer
patients were obtained 1 day before or during surgery at
Ist Department of Oncologic Gynecology and Gynecol-
ogy (Independent Public Clinical Hospital No. 1, Medi-
cal University of Lublin, Poland). Exclusion criteria for
OC patients included (a) serious intercurrent acute/
chronic illnesses; (b) presence of infections, allergic,
autoimmune disorders; (c) presence of concurrent malig-
nancy other than OC; (d) previous anticancer therapy
prior to surgery; (e) intake of on immunosuppressants.
While inclusion criteria were the following: (a) above
18 years old; (b) histologically confirmed diagnosis of
OC. In some cases, the above requirements reduced
the number of samples collected. Peripheral blood sam-
ples from Centre of Blood Donation and Blood Therapy
were also collected from sex- and age-matched healthy
donors with no history of malignancies or autoimmune
diseases (n=15) as a control group. In view of current
inability to obtain normal/physiology ascites fluid and
difficulty in collecting normal ovarian tissue, the distri-
butions of ascites- and tumour-infiltrating M-MDSCs

Table 1 Patients characteristics
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versus MO/MA, PD-L1TM-MDSC versus PD-L1TMO/
MA and ascites sPD-L1 were compared in ovarian cancer
patients. Kurman and Shih types of OC were analyzed
as previously described [22]. Pre-existing clinical data,
including age, FIGO stage, histopathologic grading, his-
tological type, treatment history were collected from cen-
tralized database. Detailed characteristics of the patients
are presented in Table 1. The study was approved by the
Bioethical Committee of the Medical University of Lub-
lin (no. KE-0254/299/2014). Prior to the study, each par-
ticipant signed an informed consent and all experiments
were performed out in accordance with ethical standards.

Cells isolation

9 ml of peripheral blood were harvested into heparin-
ized tubes (Sarstedt, Germany). Venous blood speci-
mens were gathered before the operation procedure of
OC patients. Fresh ascites fluid was collected asepti-
cally and small pieces of neoplastically changed primary
tumour tissue (~1 cm®) from nonmargin areas and with-
out necrotic changes were obtained during the surgical
resection. Blood and ascites specimens were centrifuged
(1500 rpm/10 min) to obtain rendered cell-free fluids
and the supernatants were immediately stored at — 80 °C
for later analysis. OC patients’ blood plasma and ascites
fluid were used immediately after defrosting and were
not subjected to further freeze—thaw cycles. For isola-
tion of tumour-infiltrating immune cells, freshly resected
tumour tissue was minced with scissors into 2- to 4-mm,
and placed into a gentleMACS C tube containing 5 ml of
dissociation medium. Next, all tumour specimens were

Parameters Ovarian cancer Control
Material (type) Blood Ascites Tumour tissue Blood
Subjects, n 43 26 29 15
Age (years), med (min-max) 60 (20-86) 69 (20-86) 52 (20-80) 57 (34-64)
Stage, n (%) NA
Early (I/11) 20 (46.5) 6(23.1) 17 (58.6)
Advanced (lll/IV) 23(53.5) 20(76.9) 12 (41.4)
Grade, n (%)
Gll 24 (55.8) 13 (50.0) 11(37.9)
GllI 19 (44.20 13 (50.0) 18 (62.1)
Kurman and Shih’s type, n (%)
I 28 (65.1) 13 (50.0) 21 (72.4)
Il 15 (34.9) 13 (50.0) 8(27.6)
Histology, n (%)
Endometrioid 21 (48.8) 7(26.9) 16 (55.2)
Serous 8(41.9) 13 (50.0) 9(31.0)
Mucinous 9.3) 6(23.1) 4(13.8)

NA not applicable
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processed using Tumor Dissociation Kit (Miltenyi Bio-
tec, Germany) to obtain single-cell suspension, following
manufacturer’s instructions. The resulting cell suspen-
sion was filtered through 70-mm mesh filter (BD Bio-
sciences, USA). Mononuclear cells (MCs) were obtained
from blood, ascites and tumour tissue by gradient sepa-
ration as we previously described in details [2] and were
cryopreserved until use.

Flow cytometric analysis

In this study we focused our attention on the cryor-
esistant myeloid cells (i.e. monocytic/macrophages and
M-MDSCs) that can be easily recovered using density
gradient centrifugation [23-25]. Mononuclear cells iso-
lated from blood, ascites and tumour tissue were stained
for flow cytometry analysis. The following combinations
of monoclonal antibodies (mAbs) were used: PE-Cy7-
conjugated anti-CD14 (Clone: M5E2, Catalog No.
557742), PerCP-Cy5.5-conjugated anti-HLA-DR (Clone:
G46-6, Catalog No. 560652), and PE-conjugated anti-PD-
L1 (CD274/B7-H1 Clone: MIH1, Catalog No. 557924)
(all from BD Biosciences, USA). Briefly, 100 ul of cells
were incubated in the dark with conjugated anti-human
mAbs for 30 min at room temperature. Nonspecific
staining was prevented by blocking Fc receptors using
Fc receptor blocking agent (Miltenyi Biotec, Germany).
After staining, the cells were evaluated using BD FACS-
Canto flow cytometer (BD Biosciences, USA). Flow data
were gathered in FACS DIVA software (BD Biosciences,
USA) and the data were analized using FCS Express 6
Flow Cytometry (De Novo Software, USA). The compen-
sation control was performed with BD CompBeads set
(BD Biosciences, USA) using the manufacturer’s instruc-
tions. Fluorescence minus one (FMOQO) controls were used
as negative controls. The level of PD-L1-expressing cells
was calculated as the percentage of the total respective
subset (i.e. HLA-DR™/°*CD14" M-MDSCs and HLA-
DRTCD14" MO/MA).

Analysis of soluble PD-L1

The concentrations of sPD-L1 were examined in the same
available samples which were analyzed by flow cytome-
try. Blood plasma (n=39) and ascites fluid (n=22) were
analyzed using ELISA (EIAab, China) according to the
manufacturer’s protocol. All measurements were deter-
mined on the same day to avoid inter-assay variations.
Plate absorbance was quantified using a ELX-800 Uni-
versal Microplate Reader (Bio-Tek, USA). Concentration
of sPD-L1 (pg/ml) was calculated by interpolation from
a standard curve. Gen5' software (Bio-Tek, Instruments,
USA) was used for the acquisition and data analysis.
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RNA extraction and quantitative reverse transcription PCR

(qRT-PCR)

For qPCR analysis of mononuclear cells from paired
patients’ blood, ascites and tumour tissue samples
(n=10), the following TaqMan® probes were used:
glyceraldehyde 3-phosphate dehydrogenase (GAPDH;
Hs03929097_g1) and PD-L1 (Hs00204257_m1) (Thermo
Fisher Scientific, USA). Total RNA of the blood, ascites
and tumour tissue MCs was extracted from OC patients
with AllPrep DNA/RNA/Protein Mini Kit (Qiagen, Ger-
many) according to the manufacturer’s protocol. cDNA
was synthetized with High Capacity RNA-to-cDNA Kit
(Life Technologies, USA). qPCR was done using CFX96
Touch™ Real-Time PCR Detection System (Bio-Rad, CA,
USA). Data were analyzed in CFX" Manager Software
(Bio-Rad, USA). Reactions for all samples were run in
triplicate and 1uL. cDNA sample was used for reaction.
After 5 min of initial denaturation at 95 °C, cDNA was
amplified in 50-60 cycles (denaturation for 15 s at 95 °C
and annealing for 60 s at 60 °C). The expression of PD-L1
mRNA was normalized to GAPDH gene and the data
were examined using 2~24CT calculation.

Immunohistochemistry analysis of PD-L1 on tumour cells
and tumour-infiltrating immune/inflammatory cells
Microscopic preparations were performed from the
paraffin-embedded blocks which contain representa-
tive samples of tissue collected from ovarian cancer.
The immunohistochemistry (IHC) was performed on
4 pm tissue sections as we previously described [26].
Briefly, primary antibody against the PD-L1 (PDL1/2746;
ab238697, Abcam, USA) was used. Staining procedures
weres performed according to primary antibody manu-
facturer’s recommendations. For tumour cells the pro-
portion of PD-L1-positive cells was evaluated as the
percentage of total tumour cells. For tumour-infiltrating
immune/inflammatory cells, the percentage of PD-
L1-positive tumour-infiltrating immune cells occupying
the tumour was analyzed [27]. The reactions were evalu-
ated with the use of light microscope Olympus BX45
(Olympus, Japan). Analysis was prepared independently
by two experienced observers, blinded to clinical out-
come, one being a board-certified pathologist. In case
of discrepancies, slides were re-evaluated to reach con-
sensus. To evaluate the PD-L1 expression in both TC
and IC populations, scoring system, combining quantity
(number of PD-L1 positive cells) and quality (intensity of
colour reaction) features, was used. Cells from both pop-
ulations were categorized by staining intensity (negative
expression/staining intensity = 0; low expression/staining
intensity=1, medium expression/staining intensity=2
and high expression/staining intensity =3). Cells in each
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cathegory were counted and expressed as percent of all
visible cells from particular population (TC or IC). The
value of expression score was calculated by following
formula:
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the expression profiles of PD-L1 on these myeloid cell
subsets. The expression levels of PD-L1 were presented
as the percentage of the total respective cell subsets (i.e.
M-MDSC and MO/MA) (Additional file 1: Fig. S1). It has

(% of low intensity cells x 1) + (% of medium intensity cells x 2) + (% of high intensity cells x 3)

100%

The results of described calculation are real numbers
and were used for statistical analysis.

In silico database analysis

For in silico analysis Kaplan—Meier plotter database
was used to further analyze the prognostic relevance of
PD-L1 (CD274) mRNA expression using gene chip data
in OC [28]. Only optimal probe set (JetSet best probe set)
for PD-L1 was used. In this Kaplan—Meier plotter data-
base, information about PD-L1 mRNA expression and
OS in OC patients were obtained from large independ-
ent cohort (n=655) available from all datasets together
and from seven datasets separately including GSE18520
(n=53), GSE19829 (n=28), GSE26193 (n=107),
GSE27651 (n=39), GSE30161 (n=50), GSE63885
(n=25) and GSE9891 (n=285).

Statistical analysis

The differences between healthy women and OC patients
were assessed by Student’s t test using 2-tailed Mann—
Whitney U test. Correlations were investigated using
Spearman’s rank correlation analysis. Data are expressed
as medians (range). p values less than 0.05 were consid-
ered statistically significant. OS was evaluated and per-
formed using log-rank test. Kaplan—Meier curves were
demonstrated. All analyses were carried out by using the
GraphPad Prism 5 (GraphPad Software, USA). For futher
validation of prognostic relevance of PD-L1 mRNA, the
Kaplan—Meier plotter tool was used (http://kmplot.com/
analysis/) [28].

Results

Monocytes/macrophages are increased relative to MDSCs
in the blood, ascites and tumour tissue of ovarian cancer
patients

Firstly, we examined the frequency of two populations
of myeloid cells. i.e. HLA-DR~/°*CD14* M-MDSCs and
HLA-DRTCD14T MO/MA among mononuclear cells
(MCs) isolated from the three TMEs including blood,
ascites and tumour tissue. For M-MDSCs and MO/MA
characterization, we used gating strategy which defines
human M-MDSC as HLA-DR™**CD14" and MO/MA
as HLA-DRTCD14". The frequency of myeloid cells are
presented as the percentage of MCs. Next, we identified

been demonstrated that the level of different myeloid cell
populations was alerted in ovarian cancer patients [2, 5].
However, parallel evaluation of M-MDSCs and MO/MA
in the three TMEs of ovarian cancer patients is unknown.
We selected pretreatment OC patients who had not
received any therapy at the first diagnosis to exclude the
effect of any treatment on blood, ascites and tumour tis-
sue immune cells frequencies. Blood samples were also
obtained from healthy women (n=15). Due to the cur-
rent inability to obtain ascites fluid and ovarian tissue
from healthy individuals, the distribution of examined
immunosuppressive factors were compared in ovar-
ian cancer patients. The percentage of M-MDSCs and
MO/MA was higher in the blood of patients compared
to healthy women (p<0.001 and p<0.05, respectively,
Fig. 1la). Furthermore, we observed higher accumula-
tion of blood-circulating MO/MA versus M-MDSC in
the ovarian cancer patients (p<0.0001, Fig. 1b). Simi-
larly, we showed higher level of MO-MA compared to
M-MDSCs in the ascites (p <0.0001, Fig. 1c) and tumour
tissue (p<0.0001, Fig. 1d) of ovarian cancer patients.
Next, we asked the question if differences exist between
distribution of examined myeloid cell populations in the
three different TMEs (blood, ascites and tumour tissue).
We observed no significant disparity in the distribution
of both M-MDSC and MO/MA in the all three examined
TMEs (p>0.05) (Additional file 2: Fig. S2a). Summariz-
ing, we demonstrated higher abundance of monocytes/
macrophages compared with M-MDSCs in all three
TMEs of ovarian cancer patients.

Accumulation of M-MDSCs and monocytes/macrophages
in the three TMEs is clinicopathologic-independent

Next, in order to assess clinical relevance of M-MDSCs
and MO/MA, we determined their association with the
patients’ clinical characteristics. The abundance of blood-
circulating M-MDSCs and MO/MA was higher in low I/I
(p<0.001 and p<0.05, respectively) and advanced III/IV
(p<0.01 and p<0.05, respectively) stages (Fig. 2a), grade
II (p<0.01 and p<0.05, respectively) and III (p<0.01 and
p<0.05, respectively) tumours compared with healthy
women (Fig. 2b). Similarly, a higher level of blood-cir-
culating M-MDSCs but not MO/MA was observed in
both Kurman-Shih types of OC (p<0.001 and p<0.05,
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Fig. 1 Evaluation of HLA-DR™°“CD14™ monocytic myeloid-derived suppressor cells (M-MDSCs) and HLA-DRtCD14™ monocytes/macrophages
(MO/MA). Simultaneous analysis of myeloid cell populations in the a, b blood, ¢ ascites and d tumour tissue of patients with ovarian cancer.
Mononuclear cells (MCs) obtained from the blood (n =43), ascites (n = 26), and tumour tissue (n=29) of ovarian cancer patients and from the
blood of healthy women (n=15) were analyzed using flow cytometry. The levels of M-MDSCs and MO/MA are presented as the percentage of MCs.
The horizontal lines are the median values and the whiskers indicate the minimum and maximum values. Each point corresponds to an individual
patient. *p <0.05; **p < 0.001; ****p <0.0001

(See figure on next page.)

Fig. 2 Parallel evaluation of HLA-DR™°"CD14* monocytic myeloid-derived suppressor cells (M-MDSCs) and HLA-DR*CD14* monocytes/
macrophages (MO/MA) in ovarian cancer patients with different clinicopathologic characteristics. a—d Samples from the blood (n =43), ascites
(n=26) and tumour tissue (n = 29) of patients with different stage, grade, Kurman-Shih types and histology types of OC. Blood samples from
healthy women were also examined (n=15). The frequency of M-MDSCs and MO/MA is shown as the percentage of mononuclear cells (MCs). The
horizontal lines represent the median values and the whiskers indicate the minimum and maximum values. Each point represents an individual

patient. *p<0.05; **p <0.01; ***p < 0.001; ****p <0.0001

respectively) versus healthy women (Fig. 2c). When com-
paring ovarian cancer patients with different histologi-
cal types, we found a significantly elevated frequency of
blood-circulating M-MDSCs in all three types of tumours
including endometrioid (p <0.05), serous (p <0.0001) and
mucinous OC (p<0.01) compared to control. In contrast,
a higher level of blood-circulating MO/MA was observed
only in serous OC (p<0.001) (Fig. 2d). We demon-
strated a higher level of blood-circulating MO/MA ver-
sus M-MDSCs in all stages, grades, Kurman—-Shih types
and histology types of OC (each p<0.0001, Fig. 2a—d).
Similarly, we showed significantly higher frequency of

ascites-infiltrating MO/MA compared with M-MDSCs
in two stages (p <0.01 and p <0.0001, respectively, Fig. 2a)
grades (p<0.001 and p<0.0001, respectively, Fig. 2b),
Kurman Shih types (p<0.01 and p<0.0001, respec-
tively, Fig. 2c) and in the all three histology types of OC
(p<0.05, p<0.0001 and p<0.01, respectively, Fig. 2d).
As we expected, higher abundance of MO/MA ver-
sus M-MDSCs was also observed in tumour tissue in
two stages (both p<0.001, Fig. 2a) grades (p <0.001 and
p<0.01, respectively, Fig. 2b) and Kurman Shih types
of OC (both p<0.001 Fig. 2c). In contrast, significantly
higher level of tumour-infiltrating MO/MA compared
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with M-MDSCs was observed only in endometrioid type  the patients versus healthy women (both p <0.01, Fig. 3a).
of OC (p<0.0001, Fig. 2d). Interestingly, clinical analysis  Intriguingly, although we found the higher percentage
revealed no other significant disparity in the distribu- of MO/MA versus M-MDSCs in the ovarian cancer, the
tion of M-MDSCs and MO/MA in the blood, ascites and  expression level of PD-L1 on M-MDSCs was higher com-
tumour tissue in different stages, grades, Kurman—Shih  pared to MO/MA in the blood of OC patients (p <0.0001,
types and histology types of OC (p>0.05, Fig. 2a—d).  Fig. 3b). Similarly, we revealed higher accumulation of
Summarizing, our results demonstrated clinicopatho- PD-L1"M-MDSCs compared to PD-L1"MO/MA in the
logic-independent accumulation of both M-MDSCs and  ascites (p<0.0001, Fig. 3c) but not in the tumour tissue
MO/MA in the all three examined TMEs of ovarian can-  samples (p>0.05, Fig. 3d). When we compared distribu-
cer patients. tion of two PD-L1%" myeloid cell populations in the paired

blood, ascites and tumour tissue samples from ovar-
PD-L1 expression on M-MDSCs compared with monocytes/  ian cancer patients, we observed no significant disparity
macrophages is increased in the blood and ascites (p>0.05, Additional file 2: Fig. S2b). In order to charac-
of ovarian cancer patients terize more deeply PD-L1 expression, we expanded our
Guided by the reported immunosuppressive activity —analysis by gene expression analysis of PD-L1 on the
of MDSCs and monocytes/macrophages in OC [5], we  mononuclear cells isolated from the same paired patients’
prepared a comparative analysis of its expression in the blood, ascites and tumour tissue Samples. Similarly to
three TMEs. We observed higher accumulation of blood- ~ cytometric results, we found similar levels of PD-L1
circulating PD-L1T™M-MDSCs and PD-L1*TMO/MA in mRNA in the all three examined TMEs (Additional file 2:

a PD-L1+M-MDSC PD-L1+ MO/MA
501 64
*%
5 404 — +
P &
a 3 4
o 301 e
Q <
2 s
s 204 & o 5
= 0 =
X 104 R oolo0 E
." !....
0 L "0--.&-"'_ 0
RS
b BLOOD c ASCITES d TUMOUR
& 504 & 40 . & 404
_'I *kkk _'I _'I
E 404 . E 30 E -1
< < ol < 304
= = 20 oo =
g 309 g 4ol ol g
° T 10- 5 201
& 204 & & o s K3 -
(th, 8 6 ° 8 10 €
g 104 g 44 'u:i oo g i ®olo® o o
O —tAle RO T o 0 —sele
=, Py YO S B Sope witadkerte = | oW TIERER
= 0 R R
O \ed (¢) \et (¢) \et
& N & N & N
x@‘ N xé N x@ N
\> o'\’ N o.\/ \:\ o,\«
QO 3 QO Q QO <
Fig. 3 Expression profile of programmed death-ligand 1 (PD-L1). Simultaneusly analysis of PD-L1 on HLA-DR™°"CD14™ monocytic
myeloid-derived suppressor cells (M-MDSCs) and HLA-DRTCD14" monocytes/macrophages (MO/MA) in the a, b blood, ¢ ascites and d tumour
tissue of patients with ovarian cancer. Mononuclear cells (MCs) obtained from the blood (n=43), ascites fluid (n =26), and tumour tissue (n=29)
of ovarian cancer patients and blood of healthy women (n=15) were analyzed by flow cytometry. The frequencies of PD-L1% cells are presented
as the percentage of the total respective subsets (HLA-DR™°"CD14* M-MDSCs and HLA-DRTCD14+ MO/MA). The horizontal lines are the median
values and the whiskers indicate the minimum and maximum values. Each point corresponds to an individual patient. **p <0.01; ****p <0.0001
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Fig. S2c¢). Summarizing, we revealed higher abundance
of PD-L1-expressing M-MDSCs versus PD-L1-express-
ing MO/MA in the blood and ascites of ovarian cancer
patients.

Accumulation of PD-L1-expressing M-MDSCs

and monocytes/macrophages in the three TMEs is similar
in ovarian cancer patients with different clinicopathologic
characteristics

In the next step, we examined the clinical relevance of
PD-L1TM-MDSC and PD-L1"MO/MA. The abundance
of blood-circulating PD-L1*M-MDSCs was higher
in early I/II and advanced III/IV stages (both p<0.01,
Fig. 4a), grades II and III (p<0.01 and p<0.05, respec-
tively, Fig. 4b), Kurman-Shih type I (p<0.0001, Fig. 4c),
endometrioid and mucinous (p<0.01 and p<0.05,
respectively, Fig. 4d) OC compared with healthy women.
In contrast, the level of blood-circulating PD-L1*M-
MDSCs was higher only in early stage (p <0.05, Fig. 4a),
grade II (p<0.05, Fig. 4b), type I (p<0.05, Fig. 4c), and
endometrioid (p<0.05, Fig. 4d) OC versus control.
Higher abundance of blood-circulating PD-L17M-
MDSCs versus PD-L1TMO/MA was observed in both
stages (p<0.05 and p<0.01, respectively, Fig. 4a), grades
(p<0.001 and p <0.01, respectively, Fig. 4b), Kurman Shih
types (p<0.0001 and p <0.05, respectively, Fig. 4c), endo-
metrioid and serous (p<0.001 and p<0.05, respectively,
Fig. 4d) OC compared with healthy women. Interestingly,
the clinicopathologic analysis of cancer patients revealed
a higher level of ascites- but not tumour-infiltrarting
PD-L1TM-MDSCs versus PD-L1TMO/MA in advanced
stage (p<0.001, Fig. 4a), grades II and III (both p<0.01,
Fig. 4b), type I and II (both p<0.01, Fig. 4c) as well as
both serous (p<0.001) and mucinous (p<0.05) OC
(Fig. 4d). We showed no other significant disparity in the
distribution of PD-L1*myeloid cells in different clinico-
pathologic features of ovarian cancer patients (Fig. 4a—
d). Similarly to the distribution of M-MDSCs and MO/
MA, our results revealed independent to various clinical
characteristics of OC patients (i.e. stage, grade, Kurman—
Shih type, histology) expression profile of the PD-L1 on
M-MDSCs and MO/MA.
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Ovarian cancer patients have increased levels of sPD-L1
which correlate with PD-L1* M-MDSCs and PD-L1* MO/MA
in the blood

Guided by the reported few studies on clinical relevance
of sPD-L1 in human malignancies [8] we assessed in par-
allel its level in the patients’ blood plasma and ascites
fluid as well as blood plasma in healthy women and
integrated these data with clinical features. We used the
same available blood and ascites specimens which were
analyzed by flow cytometry. ELISA was used to estab-
lish sPD-L1 concentration, as this test is much faster
than flow cytometry and sPD-L1 can be used as a surro-
gate marker of immune cells (i.e. M-MDSCs and mono-
cytes/macrophages) surface expression of PD-L1. We
found a higher level of blood plasma sPD-L1 in patients
compared with healthy women (med. 260 vs. 109 pg/
ml, respectively, p<0.0001, Fig. 5a). When we com-
paring paired samples of blood and ascites from ovar-
ian cancer patients, we showed higher concentration of
ascites fluid versus blood plasma sPD-L1 (med. 680 vs.
238.5 pg/ml, respectively, p<0.05, Fig. 5b). Interestingly,
we observed higher concentrations of blood plasma sPD-
L1 in both stages, grades and Kurman-Shih types of OC
patients compared with healthy women (each p <0.0001,
Fig. 5c—e, respectively). Furthermore, we found higher
concentrations of blood plasma sPD-L1 in endometrioid,
serous and mucinous type of OC versus control group
(p<0.0001, p<0.0001 and p<0.01, respectively, Fig. 5f).
We observed no significant disparity between the distri-
bution of blood and ascites sPD-L1 and the different clin-
ical features of OC patients (p >0.05, Fig. 5¢c—f). Similarly
to the distribution of myeloid cells and PD-L1-positive
myeloid cells our results revealed clinicopathologic-inde-
pendent concentrations of sSPD-L1 in the disease.

Next, we asked if the relationship between PD-L1-ex-
pressing MDSCs/MO/MA and sPD-L1 in the blood and
ascites of OC patients exists. We could distinguish sig-
nificantly positive correlations with the concentrations
of sPD-L1 and the levels of expression of PD-L1 on both
M-MDSCs (p=0.03, Fig. 5g) and MO/MA (p=0.02,
Fig. 5h) in the blood but not in the ascites (p >0.05, data
not shown) of ovarian cancer patients.

(See figure on next page.)

Fig. 4 Parallel evaluation of the expression profile of programmed death-ligand 1 (PD-L1) on HLA-DR™°*CD14* monocytic myeloid-derived
suppressor cells (M-MDSCs) and HLA-DRTCD14% monocytes/macrophages (MO/MA) in ovarian cancer patients with different clinicopathologic
characteristics. a-d The blood (n=43), ascites (n=26) and tumour tissue (n =29) specimens of patients with different stage, grade, Kurman-Shih
type and histology were analyzed. The blood samples from healthy women were also examined (n= 15). The frequencies of PD-L1"cells are
presented as the percentage of the total respective subsets (HLA-DR™°CD14* M-MDSCs and HLA-DRTCD14+ MO/MA). The horizontal lines are
the median values and the whiskers indicate the minimum and maximum values. Each point represents an individual patient. *p <0.05; **p <0.01;

=20 < 0.001; ***p < 0,0001
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Expression of PD-L1 on inflammatory/immune cells assessed in 29 (100%) cases. Different percentage of cells
is higher relative to expression of PD-L1 on tumour cells (0-100%) showed different expression/staining intensity
Tissue staining was prepared in the same patients cohort  (0-3) of PD-L1. To calculate the score of PD-L1 expres-
which was used for cytometric analysis. Tumour cell-spe-  sion for TC/IC both the % of cells and expression level/
cific and immune cell-specific PD-L1 expression could be  staining intensity were used. Sample IHC images are
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shown in Fig. 6a The score of PD-L1-positive tumour-
infiltrating immune cells was almost two fold higher than
PD-L1-positive tumour cells (med. 2.4 versus 1.3, respec-
tively p<0.0001, Fig. 6b). PD-L1 expression analysis on
both TC and IC based on patients’ clinical characteris-
tics demonstrated no significant differences in the stages,
grades, Kurman—Shih types of OC (p>0.05, Fig. 6¢c—e,
g—i). In contrast, we observed higher level of PD-L17TC
but not PD-L11IC in the endometrioid tumours versus
mucinous type of OC (p<0.05 and p >0.05, respectively,
Fig. 6f, j). We observed no correlation between PD-L1-ex-
pressing TC/IC and analyzed factors (i.e. M-MDSCs,
MO/MA, PD-L1"M-MDSC, PD-L1"™MO/MA and sPD-
L1, each p>0.05, data not shown).

Finally, we asked about prognostic effect of PD-L1 and
sPD-L1. We observed no significant association between
level of PD-L1"M-MDSC, PD-L1*MO/MA, sPD-L1,
PD-L1*TC, PD-L1"IC and OS of patients (each p>0.05,
Additional file 3: Fig. S3a—j). The Kaplan—Meier plot-
ter database further demonstrated that CD274 (PD-L1)
mRNA expression was not associated with OS in 655
patients with ovarian cancer (all datasets analysis) and in
seven datasets which were analyzed separately, includ-
ing GSE18520 (n=53), GSE19829 (n=28), GSE26193
(n=107), GSE27651 (n=39), GSE30161 (n=50),
GSE63885 (n=25) and GSE9891 (n=285) (each p>0.05,
Additional file 4: Fig. S4a—h).

Discussion

To the best of our knowledge, this is the first report
demonstrated positive association between sPD-L1 and
PD-L1-postive myeloid cells including M-MDSCs and
monocytes/macrophages in the blood of human cancers.
Although the importance of myeloid cells in ovarian can-
cer have been reported by our and other research group
[2-5] no comparative evaluation of PD-L1 expression on
M-MDSCs, monocytes/macrophages, tumour cells and
inflammatory/immune cells is available to date. The data
of sPD-L1 in blood of ovarian cancer have been reported
[29, 30], however no study has been published yet regard-
ing conjointly evaluation of this soluble factor in the
blood plasma and ascites fluid. Herein, we comparatively
evaluate of PD-L1-expressing M-MDSCs and MO/MA
in the three different TMEs including blood, ascites and
tumour tissue as well as investigate sSPD-L1 profile in the
blood plasma and ascites fluid of ovarian cancer patients.
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Furthermore, we compared the expression of PD-L1
on tumour cells and inflammatory/immune cells in the
tumour tissue samples. We integrated data with clinico-
pathologic features of patients.

In this study, we showed that both blood-circulating
M-MDSCs and MO/MA were increased in OC patients
compared with controls. It has been reported that
CD14"HLA-DR/®" MDSCs in the blood are increased
in patients with ovarian cancer [14], and we obtained sim-
ilar results in this study. Furthermore, our study showed
higher accumulation of blood-circulating, ascites- and
tumour-infiltrating MO/MA compared to M-MDSCs
in OC patients. The results from our and other research
groups demonstrated that M-MDSC represents a very
small fraction of mononuclear cells [2, 7]. However, in
non-small cell lung cancer (NSCLC), the data revealed a
higher level of blood-circulating M-MDSCs than mono-
cytes/macrophages [31]. In the present study, we found
no significant disparity in the distribution of MDSC and
MO/MA in the three examined TMEs including blood,
ascites and tumour tissue. To the contrary, in another
study, monocytes/macrophages were significantly more
abundant in the lymph nodes and tumour tissues than
in blood from NSCLC patients. Besides, the percentage
of M-MDSCs was significantly higher in the blood than
the lymph nodes and tumour tissue of these patients
[31]. Our data indicate that high accumulation of both
M-MDSCs and monocytes/macrophages in OC can be
TMEs-independent.

Given the results of our and previous research groups
regarding immunosuppressive activity of myeloid cells
and their clinical relevance [2, 5, 32], we next com-
pared expression of PD-L1 on M-MDSC and mono-
cytes/macrophages in the three TMEs of ovarian
cancer patients with different clinicopathologic fea-
tures. PD-L1 is a key mediator of immunosuppressive
activity of myeloid cells by interaction with the recep-
tor of PD-1 on T cells [6]. We showed that both blood-
circulating PD-L1*M-MDSC and PD-L1TMO/MA were
increased in the patients versus controls, which dem-
onstrate upregulated immunosuppressive activity of
these cells in OC blood. In accordance with our study,
other group reported that the frequency of circulat-
ing CD33"HLA-DR°"~CD11b*CD14"PD-L1*MDSCs
increased in hepatocellular carcinoma (HCC) patients
versus controls. In contrast to our study, the frequency

(See figure on next page.)

Fig. 6 PD-L1 prevalence in tumour tissue of ovarian cancer patients. Immunohistochemistry (IHC) tissue staining of PD-L1 on tumour cells (TC) and
tumour-infiltrating inflammatory/immune cells (IC) (n = 29). a Representative images (x 10 magnification) showing PD-L1 IHC on tumour cells (TC)
and tumour-infiltrating immune/inflammatory cells (IC); TC/IC1 (low expression); TC/IC2 (medium expression); TC/IC3 (high expression). b PD-L17TC
and PD-L17IC expression in tissue samples. PD-L17TC in OC tissue based on ¢ stage, d grade, e Kurman-Shih type and f histologic type of tumours.
PD-L1* IC in tissue samples based on g stage, h grade, i Kurman-Shih type and j histologic type of tumours
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of PD-L1TMDSCs increased with the progression of
HCC [33]. Interestingly, although the percentage of MO/
MA was higher compared to M-MDSC in patients, the
expression level of PD-L1 was higher on M-MDSC versus
MO/MA in the blood and ascites of cancer patients. Our
data indicate that M-MDSCs can be more immunosup-
pressive cells than monocytes/macrophages. Similarly,
HLA-DR"~CD14" cells from esophageal squamous
cell carcinoma patients expressed elevated PD-L1 com-
paring to controls [34]. Besides, PD-L1-highly expressing
M-MDSCs were also detected in squamous cell carci-
noma of the head and neck [35]. Intriguingly, although
we observed higher level of PD-L1"M-MDSC versus PD-
L1TMO/MA in the blood and ascites of cancer patients,
we do not see such disparity in the tumour tissue. One
explanation can be that the expression of PD-L1 myeloid
cells in tumour sample is heterogeneous and small tissue
specimens might not be representative for whole tumour.
It is widely known that ovarian cancer tumours charac-
terize both inter- and intra-tumoural heterogeneity [36],
thus the routine clinical tumour biopsy possess limita-
tions due to the need to gather representative biopsies
from the entire tumour. However, assessing the immune
factors in the circulation (i.e. liquid biopsy) of OC
patients can better capture this heterogeneity and may
represent a feasible approach in personalized oncology.
We observed no significant disparity in the expression of
PD-L1 on both MDSC and MO/MA in the three exam-
ined TMEs in OC. This indicates that high expression of
PD-L1 on MDSCs/monocytes/macrophages is character-
istic of all three examined TMEs of ovarian cancer. Fur-
thermore, the accumulation of both PD-L1*M-MDSCs
and PD-L1TMO/MA is clinicopathologic-independent
in ovarian malignancy. In accordance with our study,
Yamauchi et al. showed that frequencies of circulating
PD-L1TM-MDSCs were higher in the NSCLC patients
than in the controls. However, they failed to observe
any significant changes in the frequencies of PD-L1TM-
MDSCs during tumour progression [21], which fits to
our finding of no significant changes in the accumulation
of PD-L1"M-MDSCs in OC patients with different clini-
cal features.

In the light of previous findings about the profile of
sPD-L1 and its clinical relevance in cancer patients [8, 29,
30], we hypothesized that the levels of sPD-L1 might be
of clinical value in patients with OC. Thus, we performed
an analysis of both blood plasma and ascites fluid levels of
sPD-L1 and integrated these data with clinical character-
istics of patients. Interestingly, we showed highly elevated
levels of blood plasma sPD-L1 in patients compared with
controls as well as higher accumulation of sPD-L1 in the
ascites fluid versus blood plasma. It is in accordance with
reports which presented a higher level of serum sPD-L1
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in multiple myeloma, lung cancer and ovarian cancer
patients [29, 30, 37, 38]. Similarly, Zhang et al. reported
that the average levels of sPD-L1 in patients with
advanced NSCLC and controls were significantly differ-
ent [39]. The reason for greater abundance of sPD-L1 in
ascites fluid compared with blood plasma samples of OC
patients is not well understood. Recent study demon-
strated that the secretion of exosomal sPD-L1 correlated
with tumour size, suppressed CD8 T cells and facilitated
tumour growth [40]. Our data led us to speculate that
highly elevated sPD-L1 production in the ascites, as a
typical habitat for OC lesions, plays an important role in
the peritoneal dissemination and development of malig-
nancy as well as creates strongly immunosuppressive
milieu [41]. Therefore, high concentrations of sPD-L1 in
the peritoneal cavity might be one of the relevant factors
for the poor efficacy of immunotherapy in ovarian can-
cer. Although immunotherapy has not been yet approved
for the standard treatment of OC [42], during the fol-
lowing years, several thousand women with malignancy
will be included in the clinical trials to assess immuno-
therapy efficacy. We observed no significant differences
in the distribution of blood and ascites sPD-L1 in the
relation to the disease status. However, we showed that
the levels of sPD-L1 in the blood plasma were higher in
the OC patients regardless of the clinicopathologic char-
acteristics compared with control group. These data led
us to surmise that high sPD-L1 production in the blood
and peritoneal cavity may be a characteristic feature of
OC, independently of the status of the disease. Similarly,
another study reported that sPD-L1 levels in NSCLC
patients were not correlated with any clinicopathologic
features except for tumour size [43]. However, another
study showed significantly higher levels of sPD-L1 in the
plasma of patients with OC compared with patients with
benign tumours [44]. These results indicated sPD-L1 as a
discriminatory marker of benign and malignant ovarian
lesions rather than particular types of ovarian cancer.

To assess the distribution of PD-L1 on tumour tissue of
ovarian cancer patients, we compared PD-L1 expression
on both tumour cells and tumour-infiltrating immune/
inflammatory cells. To date, no comprehensive analysis
of both IC and TC have focused on OC. Indeed, in the
majority of related analysis, PD-L1 expression in tumor
sections was evaluated without discrimination between
TC and IC. Interestingly, we observed almost two fold
higher level of PD-L1 on immune cells versus tumour
cells. This is in line with previous report which demon-
strated that PD-L1-positive tumour infiltrating IC are
more common than PD-L1-positive TC in other human
cancers [27]. Similar to PD-L1-expressing myeloid cells
and sPD-L1, we found clinicopathologic-independent
accumulation of both PD-L17TC and PD-L1"IC, except
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higher expression of PD-L17TC but not PD-L17IC in the
endometrioid versus mucinous type of tumours, which
is in accordance with meta-analysis of Wang et al. where
showed that PD-L1 protein expression was not asso-
ciated with clinical features of OC (i.e. grade, stage or
lymph node status) [45].

Recently, it has been shown that sPD-L1 can be
detected in the sera of patients, which correlates with
amount of PD-L1 expressing cells [46]. An important
finding in our study is that blood plasma sPD-L1 cor-
relates with blood-circulating PD-L1*MDSCs and PD-
L1TMO/MA but not with PD-L1*TC nor PD-L1*IC in
tumour tissue. It is worth noting that sPD-L1 is detect-
able in supernatants from PD-L1" cell lines rather than
in those from PD-L1~ cell lines [33], thereby indicat-
ing that PD-L1 expressed on the cell surface might be a
source of sPD-L1. Although researchers have found that
both immune and tumour cells can be sources of sPD-L1
[47, 48], no significant correlation of sPD-L1 with tumour
PD-L1 expression was determined in patients with HCC,
pancreatic cancer, diffuse large B-cell lymphomas and
renal cell carcinomas [49-52], which is in line with our
IHC results. Among the immune cells, sSPD-L1 has been
detected in cultures of monocytes, dendritic cells (DCs)
and activated T cells [53], while immature macrophages,
monocytes, DCs or T cells are refractory to releasing
sPD-L1 [47]. We speculate that release of sSPD-L1 in ovar-
ian cancer patients might be PD-L1*M-MDSCs/mono-
cytes/macrophages-dependent. Moreover, sPD-L1 in the
blood can be a surrogate marker for expression of blood-
circulating PD-L1 on M-MDSCs and monocytes/mac-
rophages. This is clinically valuable because blood tests
are relatively simple and non-invasive.

Prognostic relevance of PD-L1 in ovarian cancer is still
debatable in the literature and reports are conflicting,
whereas some reports highlight no prognostic relevance,
other show negative prognostic impact as well as some
reports indicate positive prognostic impact of PD-L1
[16-20, 44, 54-58]. In our study cohort we showed that
PD-L1 and sPD-L1 were not predictors of OS in patients.
Similar, further validation in the independent large
cohort of 655 ovarian cancer patients demonstrated no
association between PD-L1 mRNA expression and OS.
No correlation between PD-L1 protein expression and
OS of ovarian cancer patients was also presented in meta-
analysis of 1630 ovarian cancers [45]. Due to high hetero-
geneity of ovarian cancer and different expression profile
of PD-L1, these data should be interpreted with caution
as PD-L1 expression in some OC subtypes (but not in all
OC subtypes) i.e. high grade serous OC [55, 57, 58] and
clear cell carcinoma [18] can have prognostic relevance.
These discrepancies may also explain disappointing effi-
cacy of checkpoint inhibitors in ovarian cancer (response
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rate ~6-15%) [59]. Unfortunately, due to that our study
group did not include OC patients treated with immu-
notherapy, we are not able to identify whether analyzed
PD-L1*cells and sPD-L1 can be predictors of immune
checkpoint blockade. Indeed, further studies need to be
address to stratify OC patients in which PD-L1 on both
tumour cells and immune/inflammatory cells may have
clinical relevance. Furthermore, to identify of patients in
whom immunotherapeutic treatment will be benefit, is
crucial.

Conclusions

To conclude, although data show that PD-L1TTT/IC may
not be a prognostic marker in ovarian cancer, our study
highlight impaired immunity in patients manifested by
up-regulation of PD-L1 and sPD-L1. Furthermore, for
the first time we revealed positive association between
PD-L1"myeloid cells and sPD-L1 in the blood, indicate
that sPD-L1 may be a noninvasive surrogate marker for
surface expression of PD-L1 on myeloid cells in immu-
nomonitoring of ovarian cancer patients. Thus, our find-
ings highlight the relevance of comprehensive analysis of
not only TC and IC, but also different population of IC in
the different TMEs. Indeed, further validation studies are
warranted.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/512967-020-02389-7.

Additional file 1: Fig. S1. Analysis of monocytic myeloid-derived sup-
pressor cells (M-MDSCs) and monocytes/macrophages (MO/MA) as well
as programmed death-ligand 1 (PD-L1)-expressing M-MDSCs and MO/MA
in ovarian cancer (OC). Mononuclear cells (MCs) from the blood (n=43),
ascites (n=26) and tumour tissue (n=29) of OC patients were analyzed.
MCs from the blood of healthy women (n=15) were also examined.
Analysis was performed using flow cytometry. MCs were stained for
PD-L1™M-MDSCs and MO/MA using fluorochrome-labeled monoclonal
antibodies (mAb) against HLA-DR, CD14 and PD-L1(CD274). Representa-
tive dot plots from the blood sample of OC patient of HLA-DR™/®“CD14*
M-MDSCs, HLA-DRTCD14™ MO/MA, PD-L1-expressing M-MDSC and PD-
L1-expressing MO/MA are shown.

Additional file 2: Fig. S2. Comparative analysis of myeloid cell popula-
tions, programmed death-ligand 1 (PD-L1)-expressing myeloid cells

and PD-L1 gene expression in the three tumour microenvironments
(TMEs) of ovarian cancer (OC) patients. a. Analysis of the percentage of
monocytic myeloid-derived suppressor cells (M-MDSCs) and monocytes/
macrophages (MO/MA). b. Analysis of the expression profile of PD-L1 on
M-MDSCs and MO/MA. c. Expression of PD-L1 in the mononuclear cells
(MCs). For all analysis paired samples of blood, ascites and tumour tissue
from OC patients were used (n=10). For PD-L1 gene expression analysis
RNA was extracted from the MCs isolated from the blood, ascites and
tumour tissue. MRNA expression gene level of PD-L1 was determined
using quantitative polymerase chain reaction (qPCR). Data were normal-
ized to the glyceraldehyde 3-phosphate dehydrogenase (GAPDH; fold
change). Horizontal lines within the boxes indicate the median and the
whiskers indicate the minimum and maximum values.

Additional file 3: Fig. S3. Kaplan-Meier graphs with overall survival of
ovarian cancer patients a-j. PD-L1 protein expression on immune cells and
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tumour cells and sPD-L1 concentrations including a. PD-L1TM-MDSC in
the peripheral blood (n=43), b. PD-L1TMO/MA in the peripheral blood
(n=43), c. PD-L1T™M-MDSC in the peritoneal fluid (n=26), d. PD-L1TMO/
MA in the peritoneal fluid (n=26), e. PD-L1T™M-MDSC in the tumour tissue
(n=29), f. PD-LT*MO/MA in the tumour tissue (n=29), g. sPD-L1 in the
plasma (n=39), h. sPD-L1 in the peritoneal fluid (n=22), i. PD-L17TC
(n=29) and j. PD-L17IC (n=29); IC-inflammatory/immune cells, M-MDSC
- myeloid-derived suppressor cells, MO/MA- monocytes/macrophages,
PB-peripheral blood, PD-L1-programmed death-ligand 1, PF-peritoneal
fluid, TC-tumour cells, TT-tumour tissue.

Additional file 4: Fig. S4. Kaplan—-Meier graphs with overall survival of
ovarian cancer patients a-h. Microarray datasets (online KM plotter data-
base, JetSet best probe set) were used to validate the results of CD274
(PD-L1) mRNA expression including a. large independent cohort (n =655)
available from all datasets together and from each datasets separately
including b. GSE18520 (n=53), c. GSE19829 (n =28), d. GSE26193
(n=107), e. GSE27651 (n=39), f. GSE30161 (n=50), g. GSE63885 (n=25)
and h. GSE9891 (n=285).
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