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Abstract: Background: The aim of this study is to determine the prognostic values of PDL1 expression in ovarian
epithelial tumors and to detect the presence of FOXP3-positive T reg cells in the tumor microenvironment. Methods:
This study included patients with benign, borderline or malignant ovarian serous tumors (n=82), mucinous cancer
(n=17) and endometrioid cancer (n=36). FOXP3 and PDL1 were immunohistochemically evaluated and compared
with histopathological and clinical prognostic parameters. Results: There was no expression of PDL1 in any tumor
cell. However, PDL1-positive inflammatory cells were seen in 10 cases (7.3%) with mucinous carcinoma (n=6), endometrioid carcinoma (n=2), borderline (n=1), and benign (n=1) serous tumors. It was also determined that there
was a significant positive correlation between PD-L1 expression in tumor infiltrating cells and survival (P<0.01).
In 47 (34.3%) cases, there were FOXP3-positive cells. The number of FOXP3-positive cells was significantly higher
in ovarian cancer, especially in serous and endometrioid carcinomas, rather than benign and borderline tumors
(P=0.007). But there was no statistically significant association between the survival times and the presence of T
regs (P=0.241). Conclusions: This study demonstrated that the presence of FOXP3 and PDL1-positive regulatory
T cells in TILs was associated with mainly malignant tumors. We also found that the presence of PD-L1-positive
inflammatory cells has a positive effect on survival.
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Introduction
It is well known that the balanced immune
response between activator and inhibitor
pathways may be disturbed in several malignancies, where the inhibition of the immune
system favors tumor progression [1]. Actually,
cancer not only inhibits an immune response,
but it also triggers the immune system. Within
the immune system, cytotoxic CD8(+) and
CD4(+) Th1 T cells, along with their characteristically produced cytokine IFN-γ, function as the
major antitumor immune effector cells, whereas other tumor-associated cells (TAC) are generally recognized as dominant tumor-promoting
forces thanks to their production of IL-6, TNF,
IL-1β, and IL-23 [2]. It was determined that in
the advanced stages of malignancies CD4+
helper and CD8+ cytotoxic T cells are found to

be increased in the tumor microenvironment so
as to assume an antitumoral role [1].
But not all T-lymphocytes are antitumor effector
immune cells. A subpopulation of CD4+ T cells
expressing CD25 and Foxp3, termed regulatory
T cells (T regs), play a role in promoting tumor
growth and progress by inhibiting the immune
response against cancer [2]. FOXP3 is a transcription factor and probably the best marker
currently available for identifying natural T regs
in humans [3]. The presence of FoxP3-positive
cells within tumors has been shown to predict a
worse prognosis in some tumors, such as cervical cancer, T-cell lymphoma, bladder cancer,
lung cancer, and breast cancer. The first studies
about immune regulatory T-cell function were
done on patients with multiple myeloma [1-3]. T
regs, which are generally found to be increased

PD-L1 and FOXP3 in ovarian tumors
their expressions and impacts on the prognosis
of patients with ovarian carcinoma have not
been well studied and remain controversial. In
this study, we aimed to explore the correlation
between PD-L1 and FOXP3+ T regs in ovarian
epithelial tumors and further investigate their
associations with clinic pathological features.
Materials and methods

Figure 1. Note the presence of PD-L1-positive macrophages in a serous tumor (DAB ×200).

in cancers, play an important role in the maintenance of immune tolerance, but they also
suppress immune responses to tumors, transplants, and infectious agents [2]. Therefore, effectiveness of immunotherapeutic approaches
in cancer might be restricted by an increased
number of T regs [1-4]. Programmed deathligand 1 (PD-L1) is a member of the B7 superfamily, the most critical costimulatory molecules that regulate T-cell responses [5]. Programmed cell death 1 (PD1) is expressed at
the surface of various immune cells, including
T-lymphocytes. PD1 is activated by its ligands,
PDL1 or PDL2, and expressed by antigenpresenting cells such as macrophages and
B-lymphocytes [5-7]. The PDL1-PD1 interaction
attenuates lymphocyte activation, promotes
the development and function of T regs, and
impairs the antitumor T-cell immune response.
In summary, the PD1 pathway plays a major
role in the negative regulation of cell-mediated
immune responses. Recently, it has been determined that PDL1, PDL2, and PD1 are expressed
on several tumor cells [8-11].
Ovarian cancer is the most lethal disease
among the gynecological malignancies. Most
cases present with massive peritoneal dissemination, and, although many of the cases
respond to initial chemotherapy following tumor
reductive surgery, most cases recur and eventually become resistant to chemotherapy [12].
Therefore, a new therapy for peritoneal dissemination other than conventional chemotherapy
is required. Recently, FOXP3 and PDL1 expressions have been studied to predict their clinical
responses in several cancers [13-18]. However,

3885

The resection specimens of 137 patients who
were diagnosed and treated in Izmir Tepecik
Education and Research Hospital between
2002 and 2013 were included in this study.
The study was approved by the Local Ethics
Committee of the Hospital. The staging system
developed by FIGO [Fédération Internationale
de Gynécologie Obstétrique (International Federation of Gynecology and Obstetrics)] was
used to describe the extent of the spread of
these tumors. According to this system, stage I
diseases are confined to one or both ovaries. In
stage II, there is pelvic extension or implants,
but the tumor is still limited to the pelvis. Stage
III diseases demonstrate an extension to the
peritoneum or the regional lymph nodes. There
are distant metastases to the liver or outside
the peritoneal cavity in stage IV disease.
Whole-tissue sections from 137 patients with
ovarian epithelial tumors were examined for
PD-L1 and FOXP3 expression by using immunohistochemical methods. Correlations between
their expressions and their association with
clinic pathological features, tumor subtypes
and prognosis were studied.
Immunohistochemical staining of tumor tissues
For our immunohistochemical (IHC) studies, we
used hematoxylin and eosin (HE) staining to
select appropriate diagnostic paraffin blocks
and to identify viable tumor areas. IHC tests
were performed using the streptavidin-biotin
peroxidase method (Invitrogen, Camarillo, 859043, USA). Serial 5-µm sections were obtained
and placed on slides which were baked overnight at 60°C, dewaxed in xylene, and hydrated
with distilled water through decreasing concentrations of alcohol. All slides were treated with
the heat-induced epitope retrieval procedure in
a microwave. In this procedure slides were left
for 20 minutes in a 10 mM/L EDTA buffer at pH
8.0, cooled at room temperature for 20 min-
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Statistical analysis

Figure 2. There were 1-9 FOXP3 positive cells in HPF
of a serous carcinoma (DAB ×400).

Statistical analyses were performed with SPSS
18.0 software (SPSS, Chicago, IL). Spearman’s
correlation test was used to assess the association of PD-L1 expression with FOXP3+ Treg
infiltration and clinicopathological characteristics. Chi-square tests were used to compare
PD-L1 expression and Treg infiltration among
intrinsic subtypes. The cumulative survival
(overall survival, OS; recurrence-free survival,
RFS) times were calculated using the KaplanMeier method and analyzed with the log-rank
test. P value of less than 0.05 considered statistically significant.
Results
In this series, there were 89 (64.9%) ovarian
epithelial carcinomas, 12 (8.7%) borderline
serous tumors, and 36 benign serous tumors
(26.7%). Among the malignant tumors, 34
(38.2%) serous, 17 (19.1%) mucinous, and
38 (42.6%) endometrioid carcinomas were
detected.

Figure 3. There were 10-49 FOXP3 positive cells in
HPF of an endometrioid carcinoma (DAB ×400).

utes, and then blocked to retrieve endogenous
peroxidase and biotin. Purified monoclonal
mouse antibodies against PDL1 (abcam, ab205921-pd-l1, RabMabAB, clone 28-8, 1:100
dilution) and FOXP3 (Anti-FOXP3 antibody
[236A/E7] (ab20034, 1:300 dilution) were
used. Two pathologists blinded to the clinical
characteristics of the patients performed histopathological assessments. Immune reactivity for PD-L1, both the percentage and intensity of the complete membranous staining of
tumor cells and the cytoplasmic staining of
inflammatory cells were evaluated (Figure 1).
The immune reactivity for FOXP3 was assessed
using a scoring system. FOXP3 positive lymphocytes in the tumor microenvironment were
counted, and the rates of positivity were categorized as negative (0), 1-9 cells/1 HPF (+/
mild), 10-50 cells/HPF (++/moderate), and >50
cells/HPF (+++/high) (Figures 2 and 3).
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All twelve patients with borderline serous
tumors had stage I disease (stages IA, n=8¸
66.6%; IB, n=3; 25%; and IC, n=1, 8.3%). Most
cases with serous carcinomas (n: 24/70.5%)
have stage IIIC, while most cases with mucinous (n: 10/58.8%) and endometrioid carcinomas (n: 17/44.7%) have stage IC diseases.
Patients with carcinomas have stage I (n=41;
46%), II (n=2; 2.2%), III (n=42; 47.1%), and IV
(n=4; 4.4%) diseases.
The mean age of the patients was 46.2±
13.8 years (range, 17-78 years). The cases
with serous carcinoma (52.4±9 years/30-70
years) were significantly older than the cases
with both borderline (35.9±13.4 years/23-72
years) and benign serous tumors (38.5±14.8
years/17-62 years). Contrarily, there were no
significant differences between the mean ages
of the patients with carcinomas. The mean age
of the patients with mucinous and endometrioid carcinomas were 46.1±15 years (18-78
years) and 51.1±10.5 years (34 to 77 years)
respectively. All 48 cases with benign and borderline serous tumors were alive, while 17
cases with carcinoma died. The highest mortality rate was detected in the cases with serous
carcinoma (32.4%, n=11). Five cases (13.2%)
with endometrioid carcinoma and one case
Int J Clin Exp Pathol 2018;11(8):3884-3890
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Figure 4. T regs decreased in benign and borderline serous tumors, while
their levels increased in serous and endometrioid carcinomas (P=0.007).

There were FOXP3-expressing
lymphocytes in peritumoral
areas in 47 (34.3%) cases.
FOXP3-positive T regs were
detected in borderline serous
tumors (33.3%), serous carcinomas (44.1%), endometrioid
carcinomas (44.7%) mucinous
carcinomas (35.3%), but only
in 13.9% of benign serous
tumors. The number of FOXP3
positive cells was significantly
higher in ovarian cancer, especially in serous and endometrioid carcinomas rather than
benign and borderline tumors
(P=0.007) (Figure 4). But there was no statistically significant association between the
survival times and the presence of T regs (P=0.241)
(Figure 5).

None of the benign and malignant ovarian tumors in the
series had PD-L1 expressions.
However, PD-L1-positive inflammatory cells were seen in
10 cases (7.3%). These tumors
consisted of mucinous carcinomas (n=6), endometrioid
carcinomas (n=2), borderline
(n=1) and benign (n=1) serous
tumors. A statistically significant positive correlation was
also determined between PDL1 expression in tumor infiltrating cells and survival (P<
0.01) (Figure 6). Four of 6
mucinous tumors which were
also positive for T regs, also
included PDL1 positive cells
Figure 5. There was no significant association between overall survival of
in the tumor microenvironthe patients with ovarian carcinomas and expressions of FOXP3 (P=0.241).
ment. But there was no statistical significant association
(5.9%) with mucinous carcinoma also died. In
between PD-L1 and FOXP3 expressions (P=
addition, three endometrioid and one muci0.085).
nous carcinoma cases were lost to follow-up.
Discussion
The mean overall survival times for cases with
serous, endometrioid, and mucinous carcinoNowadays, huge developments have been
mas were 15.2±11.8 (0-45), 63.1±60.6 (3achieved in our understanding of cancer immu185), and 96.1±66.5 (12-203) months, respenology. The complex relationships between
ctively.
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sary to study PD-L1 in larger
patient groups.
T regs are a subset of CD4+
helper T cells that possess a
capacity to suppress the proliferation and cytokine secretion of effector T lymphocytes.
FOXP3, forkhead/winged-helix
transcription factor, appears
to function as a master regulator in the development and
control of T regs, and it has
been regarded as the most
specific and reliable surface
marker of T regs [19]. Furthermore, T regs have been found
in a number of human tumors
Figure 6. There was a significant association between overall survival of the
and are considered as biopatients with ovarian carcinomas and expressions of PDL1 (P=0.013).
markers and prognostic factors for human malignant
tumor cells, the tumor microenvironment and
tumors [20, 21]. An improved understanding of
immune system cells, especially the cytotoxic
the molecular mechanisms that govern the
and helper T cells and the regulatory T cells,
host response to tumors has led to the identifiare beginning to be elucidated. Programmed
cation of checkpoint signaling pathways that
cell death protein 1 (PD1), also known as
limit the anticancer immune response [22].
CD279, functions as an immune checkpoint,
Understanding the mechanisms of T regs in
and plays an important role in downregulating
cancer immunity in various cancers will provide
the immune system by preventing the activavaluable information on new tumor immunolotion of T-cells, which in turn weakens autoimgy-based tailored therapeutic approaches [1].
munity and promotes self-tolerance. Its inhibiStill, new information about the role of T regs in
tory effect is accomplished through a dual
cancer is needed to target them as poor progmechanism which involves promoting apoptonostic markers in clinical oncology and
sis in antigen specific T-cells in lymph nodes
to use them for the development of new theraand reducing apoptosis in regulatory T cells.
peutic approaches such as the elimination or
Currently it has been determined that the
blocking of T regs within tumors or in the circuimmune checkpoint inhibitors targeting PD1 or
latory system [11, 23]. In this study, the number
PDL1 can reduce the tumoral growth and can
of FOXP3-positive cells was significantly higher
be used in the treatment of several cancers.
in ovarian cancer when compared with benign
Recently, some tumors have been defined as
and borderline tumors. Similarly, Que et al. [21]
immunogenic tumor types, and several breakdemonstrated that the number of T regs was
throughs in immunotherapies have led to a
higher in malignancies. They also reported that
rapid expansion of the use of PD-L1 inhibitors
the presence of intratumoral FoxP3-positive
such as nivolumab and pembrolizumab [8].
cells are an independent poor prognostic factor
Only a few studies have recently been conductand are associated with PDL1 positivity in soft
ed on the prognosis of PDL1 expression in
tissue tumors [21]. But we didn’t find any statisovarian cancers. Although some notable findtically significant correlations between FOXP3
ings were uncovered, there is no evidence to
expression and survival.
support the use of PD-L1 inhibitors in ovarian
PD-L1 has been confirmed to play a critical role
tumors yet [8, 18, 19]. In the present study, we
in the development and functional maintenanalso determined a statistically significant posice of T regs. The PDL1 can inhibit T cell responstive correlation between PD-L1 expression in
es by converting naïve CD4 T cells to iTreg cells,
tumor infiltrating cells and survival. However, in
indicating that PDL1 has a pivotal role in reguorder to determine the prognostic and prediclating induced T reg (iTreg) cell development
tive role of PD-L1 in ovarian tumors, it is neces3888
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and sustaining iTreg cell function [21, 22]. The
infiltration of FOXP3+ T regs and PDL1 expression have been reported in patients with gastric
cancer, colorectal carcinoma and breast cancer [13, 14]. In addition, varying proportions of
PD-L1 expressions and their prognostic values
in ovarian carcinomas have also been reported
[23, 24]. PDL1 inhibitors have shown very
promising results in clinical trials. notably in
melanoma and renal, lung, prostate, and bladder carcinomas with durable tumor responses
or stabilizations. In some cases, a relationship
has been reported between therapeutic response and PDL1 expression on tumor and/or
immune cells [13, 14]. PD1/PDL1 functions
as a negative mediator of immune response
through different pathways in antitumor immunity. Recent studies have reported that PDL1
plays a crucial role in the function and development of FOXP3-positive T regs. Although PDL1
is a potent negative regulator of antitumor
immunity, little is known about the mechanism
of cytoplasmic and membranous PDL1 regulation by the tumor microenvironment in ovarian
cancer. We investigated the primary source of
FOXP3 and PDL1 expression in epithelial ovarian cancer, its relationship to tumor-infiltrating
lymphocytes (TIL) and associated gene products and their impact on survival in patients
with such types of cancer. But there was no statistically significant association between PDL1
and FPXP3 expressions.
Currently, a blockade of the PD1/PDL1 signaling pathway has been proved to be one of the
most promising immune therapeutic strategies
in boosting the immune system to fight against
cancer [18]. Blocking PD1 on tumor-infiltrating
lymphocytes (TILs) or blocking PDL1 on tumor
cells results in the restoration of the functions
of tumor-specific T cells. The reactivated T cells
can initiate the direct killing of tumor cells and
the secretion of immune stimulatory cytokines
such as interferon gamma (IFN-γ), interleukin-2
(IL-2), and tumor necrosis factor-alpha (TNF-α).
Although the inhibition of these points is shown
to produce beneficial results in different studies, this effect is not seen as homogeneous
in the whole population. Phase 3 trials have
shown that monoclonal antibodies targeting
PDL1 or PD1 are useful in treating solid cancers such as malignant melanoma, lung carcinoma, non-Hodgkin lymphoma, renal cell carcinoma and triple negative breast cancer [1, 8,
11, 13, 14]. In clinical studies, PDL1 expres3889

sion in cancer was mostly studied at the protein
level using immunohistochemical tests (IHC).
However, there are some limitations in PDL1
IHC standardization that may end up with discordant results. The previous studies revealed
that patients with IHC-positive tumors may not
respond to treatment [25]. As a result, discordant results have been reported throughout
the studies, particularly in prognostic ones. The
main reason for these differences is some limitations about the standardization of the IHC of
PDL1. There are many PDL1 antibodies that
lack specificity and reproducibility [25]. The
optimal positivity cut-off value has not been
defined yet, and the interpretation of the staining intensity is subjective. In previous studies, it
was demonstrated that PDL1 is primarily
expressed by macrophages in ovarian cancer
and is strongly associated with subsets of both
cytolysis and regulatory tumor-infiltrating lymphocytes (TILs), resulting in a positive association with survival. The PD1 expression rate was
different in epithelial ovarian cancer. The difficulty in comparing results from methodologically different studies is illustrated by the fact
that we observed PDL1 expression in cancer
cells by the use of a particular, carefully validated antibody, while using another antibody
which produced quite similar staining results
for TILs, PDL1 cancer cell expression could not
be elicited [25]. In this study we used a commercial anti-PDL1 antibody that was not indicated among the antibodies that the manufacturers of PDL1 inhibitors proposed to use.
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Gulden Diniz,
Department of Pathology, Izmir Tepecik Education
and Research Hospital, Kibris Sehitleri Cad. 51/11
Alsancak 35220, Izmir, Turkey. Tel: +90 542 2431309; Fax: +90 232 3625522; E-mail: agdiniz@gmail.
com; gulden.diniz@gmail.com

References
[1]

[2]
[3]

Ozgur HH, Ercetin AP, Eliyatkin N, Seren A,
Kupelioglu A, Ortac R, Diniz G, Aktas S.
Regulatory T cells and their prognostic value
in hepatopancreatobiliary tumours. Hepatogastroenterology 2014; 61: 1847-51.
Zamarron BF, Chen W. Dual roles of immune
cells and their factors in cancer development
and progression. Int J Biol Sci 2011; 7: 651-8.
Pillai V, Karandikar NJ. Human regulatory T
cells: a unique, stable thymic subset or a re-

Int J Clin Exp Pathol 2018;11(8):3884-3890

PD-L1 and FOXP3 in ovarian tumors

[4]

[5]

[6]

[7]

[8]
[9]

[10]

[11]

[12]

[13]

[14]

versible peripheral state of differentiation?
Immunol Lett 2007; 114: 9-15.
Farashi-bonab S, Khansari N. Regulatory T
cells in cancer patients and their roles in cancer development/progression. MOJ Immunol
2014; 1: 00024.
Topalian SL, Drake CG, Pardoll DM. Targeting
the PD-1/B7-H1 (PD-L1) pathway to activate
anti-tumor immunity. Curr Opin Immunol 2012;
24: 207-212.
Ahmadzadeh M, Johnson LA, Heemskerk B,
Wunderlich JR, Dudley ME, White DE and
Rosenberg SA. Tumorantigen-specific CD8 T
cells infiltrating the tumor express high levels
of PD-1 and are functionally impaired. Blood
2009; 114: 1537-1544.
Taube JM, Young GD, McMiller TL, Chen S,
Salas JT, Pritchard TS, Xu H, Meeker AK, Fan J,
Cheadle C, Berger AE, Pardoll DM, Topalian SL.
Differential expression of immune-regulatory
genes associated with PD-L1 display in melanoma: implications for PD-1 pathway blockade. Clin Cancer Res 2015; 21: 3969-76.
Diniz G, Unlu I, Komurcuoglu B. Histopathologic
and molecular features of lung cancers. TERH
2017; 27: 77-87.
Ansell SM, Lesokhin AM, Borrello I, Halwani A,
Scott EC, Gutierrez M, Schuster SJ, Millenson
MM, Cattry D, Freeman GJ, Rodig SJ, Chapuy
B, Ligon AH, Zhu L, Grosso JF, Kim SY, Timmerman JM, Shipp MA, Armand P. PD-1 blockade
with nivolumab in relapsed or refractory
Hodgkin’s lymphoma. N Engl J Med 2015;
372: 311-9.
Lipson EJ, Sharfman WH, Drake CG, Wollner I,
Taube JM, Anders RA, Xu H, Yao S, Pons A,
Chen L, Pardoll DM, Brahmer JR, Topalian SL.
Durable cancer regression off-treatment and
effective reinduction therapy with an anti-PD-1
antibody. Clin Cancer Res 2013; 19: 462-8.
Birnbaum DJ, Finetti P, Lopresti A, Gilabert M,
Poizat F, Turrini O, Raoul JL, Delpero JR, Moutardier V, Birnbaum D, Mamessier E, Bertucci
F. Prognostic value of PDL1 expression in pancreatic cancer. Oncotarget 2016; 7: 7119871210.
Coleman RL, Monk BJ, Sood AK, Herzog TJ.
Latest research and treatment of advancedstage epithelial ovarian cancer. Nat Rev Clin
Oncol 2013; 10: 211-224.
Li Z, Dong P, Ren M, Song Y, Qian X, Yang Y, Li
S, Zhang X, Liu F. PD-L1 expression is associated with tumor FOXP3+ regulatory t-cell infiltration of breast cancer and poor prognosis of
patient. J Cancer 2016; 7: 784-793.
Hatam LJ, Devoti JA, Rosenthal DW, Lam F,
Abramson AL, Steinberg BM, Bonagura VR.
Immune suppression in premalignant respiratory papillomas: enriched functional CD4+
Foxp3+ regulatory T cells and PD-1/PD-L1/L2
expression. Clin Cancer Res 2012; 18: 192535.

3890

[15] Zhao LW, Li C, Zhang RL, Xue HG, Zhang FX,
Zhang F, Gai XD. B7-H1 and B7-H4 expression
in colorectal carcinoma: correlation with tumor
FOXP3(+) regulatory T-cell infiltration. Acta
Histochem 2014; 116: 1163-8.
[16] Campbell DJ, Ziegler SF. FOXP3 modifies the
phenotypic and functional properties of regulatory T cells. Nat Rev Immunol 2007; 7: 305-10.
[17] Jang TJ. Progressive increase of regulatory T
cells and decrease of CD8+ T cells and CD8+ T
cells/regulatory T cells ratio during colorectal
cancer development. Korean J Pathol 2013;
47: 443-51.
[18] Korman AJ, Peggs KS, Allison JP. Checkpoint
blockade in cancer immunotherapy. Adv
Immunol 2006; 90: 297-339.
[19] Herzog T, Arguello D, Reddy S, Gatalica Z. PD-1
and PD-L1 expression in 1599 gynecological
malignancies-implications for immunotherapy.
Gynecol Oncol 2015; 137: Suppl 1.
[20] Dong H, Strome SE, Salomao DR, Tamura H,
Hirano F, Flies DB, Roche PC, Lu J, Zhu G,
Tamada K, Lennon VA, Celis E, Chen L. Tumorassociated B7-H1 promotes T-cell apoptosis: a
potential mechanism of immune evasion. Nat
Med 2002; 8: 793-800.
[21] Que Y, Xiao W, Guan YX, Liang Y, Yan SM, Chen
HY, Li QQ, Xu BS, Zhou ZW, Zhang X. PD-L1 expression is associated with FOXP3+ regulatory
T-Cell infiltration of soft tissue sarcoma and
poor patient prognosis. J Cancer 2017; 8:
2018-2025.
[22] Hou J, Yu Z, Xiang R, Li C, Wang L, Chen S, Li Q,
Chen M, Wang L. Correlation between infiltration of FOXP3+ regulatory T cells and expression of B7-H1 in the tumor tissues of gastric
cancer. Exp Mol Pathol 2014; 96: 284-91.
[23] Abiko K, Matsumura N, Hamanishi J, Horikawa
N, Murakami R, Yamaguchi K, Yoshioka Y, Baba
T, Konishi I, Mandai M. IFN-γ from lymphocytes
induces PD-L1 expression and promotes progression of ovarian cancer. Br J Cancer 2015;
112: 1501-1509.
[24] Webb JR, Milne K, Kroeger DR, Nelson BH. PDL1 expression is associated with tumor-infiltrating T cells and favorable prognosis in highgrade serous ovarian cancer. Gynecol Oncol
2016; 141: 293-302.
[25] Rimm D, Schalper K, Pusztai L. Unvalidated
antibodies and misleading results. Breast
Cancer Res Treat 2014; 147: 457-8.

Int J Clin Exp Pathol 2018;11(8):3884-3890

