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Background: The microenvironment of epithelial ovarian cancer
(EOC) continued to be an important point of research to discover new
therapeutic targets for such malignancy. It was discovered that any cells
that were in the microenvironment of the EOC may be associated with
cancer prognosis like tumor-infiltrating lymphocytes (TILs) and T-
regulatory cells (Tregs).

The PD-1/PD-L1 pathway was a T-cell checkpoint pathway that sent
inhibitory signals to T cells that can inhibit immunity. PDL1, a PD-1
ligand, is detected in lymphocytes, dendritic cells, macrophages and
tumor cells. Tregs (mature T lymphocytes) that start in the thymus after
stimulation of naive T cells and responsible for the reduction of
autoimmune diseases, but its over production will inhibit endogenous
protection against infection and tumors. Forkhead/winged-helix
transcription factor box P3 (Foxp3) is an intracellular molecule for
Tregs growth and maturation and was found to be the most specific
Tregs marker. It was found that Foxp3 is not only found in Treg cells
that originated in the thymus but also in malignant cells and its
difference in expression can affect the outcome of cancer patients.

Aim of our study: was to assess PD-L1 and FOXP3 expression in
epithelial ovarian carcinoma a trial to detect their prognostic value and
their impact on survival in patients with such type of cancer.

Methods: The expressions of PD-L1 and FOXP3 in both tumor cells
and stromawere evaluated in sections of 50 paraffin blocks that were
retrieved from 50 patients with EOC using immunohistochemistry.We
assessed the relation between their expressions, clinicopathological
parameters, survival and prognosis of those patients

Results: Expression of PDL-1 in tumor cellswas positively correlated
with; grade, stage of the tumor, LN metastasis (p=0.001) and
histopathological type (0.011), type of surgery and residual disease
after surgery (P=0.010).Expression of PDL-1 in TlLswas positively
correlated with grade (p = 0.033) and stage of the tumor (p = 0.029).
Expression of FOXP3in tumor cellswas positively correlated with; age
of the patients (p=0.017), grade (p = 0.010), stage of the tumor
(p<0.001) and distant metastases (p=0.002).Whereas the expression of
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FOXP3in TILs was correlated with histological type (P=0.038).
Combined low PDL1& FOXP3 expressions in tumor cells were
significantly associated withhigher progression free survival (PFS)
(p<0.045).

There were highly significant statistical relations were found between
expression of each marker in tumor cells and PdI1 in TILs and both
PdI1 &FOXP3 in TILs (p<0.001).

There were highly significant statistical relations between expression of
both markers in TILs and each one of the following ( PdI1 in tumor
cells (P<0.001), FOXP3 expression in tumor cells (p=0.007) and both
markers in tumor cells (P<0.001))

Conclusion: PD-L1 and FOXP3 are considered poor prognostic
markers in EOC patients with bad impact on progression free survival.

Copy Right, 1JAR, 2016,. All rights reserved.

Introduction:-

Epithelial ovarian cancer (EOC) is the 4™ most common cancer in women. The serous and mucinous carcinoma are
the commonest EOCsubtypes (1). It was found that EOC microenvironment has an important role in its initiation,
progression ad prognosis (2) . So it continued to be an important point of research to discover new therapeutic
targets for such malignancy. The cells that were in the microenvironment of the EOC may be associated with a good
or poor prognosis like tumor-infiltrating lymphocytes (TILs) andT-regulatory cells (Tregs) (3, 4)

The PD-1/PD-L1 pathway was a T-cell checkpoint pathway that sent inhibitory signals to T cells that can inhibit
immunity (5). PD-L1, a PD-1 ligand named also B7 homolog 1 (B7-H1) or CD274, is detected in T lymphocytes, B
Lmphocytes , dendritic cells, macrophages and various tumor cells (6). PD-L1lexpression and relation to both
pathological, clinical parameters and prognosis were studied in many cancers, but the exact mechanism of how PD-
L1 and its effect on tumor microenvironments can have a role in cancer immunity is not adequately understood(7).
PD-L1 expression in EOC was not done in details and has many conflicting results (8).

Tregs are mature T lymphocytes that start in the thymus after stimulation of naive T cells and responsible for the
reduction of autoimmune diseases but their over production will inhibit endogenous protection against infection
and tumors (9).Forkhead/winged-helix transcription factor box P3 (Foxp3) is an intracellular molecule specified for
Tregs growth and maturation and was found to be the most specific Tregs marker (10).1t was found that Foxp3 is
not only found in Treg cells of thymus origin but also in cancer cells with different expression pattern which can
affect the outcome of cancer patients (11).However, the role of Foxp3 in the prognosis of cancers is still a point of
research, so FoxP3+ Tregs are investigated as a prognostic factor and they can be used as a novel therapeutic target.

Aim of our study: was to assess immunohistochemical expression of PD-L1 and FOXP3 in both tumor cells and
stroma of epithelial ovarian carcinoma in a trial to detect their prognostic value and relation to survival of patients
with such type of cancer.

Patients and Methods

In our retrospective study fifty archived formalin fixed paraffin embedded blocks of EOC collected from Pathology
Department, Faculty of Medicine, Zagazig University in the period from August 2011 to July 2015. We used the
tumor-node-metastasis (TNM) and International Federation of Gynecology and Obstetrics (FIGO) classifications for
staging of EOC and the WHO grading system for their pathologic grading (12,13). We identified age, grade, stage,
lymph node, distant metastasis of the cases, type of surgery which was done for those patients, response to
chemotherapy according to RECIST criteria of the patients and the patients outcome from the patients’ s records at
Clinical Oncology and Nuclear Medicine and Medical Oncology Departments, Faculty of Medicine, Zagazig
University by retrospective examination of the patient’s files at the involved departments and the slide files of the
pathology department. Our patients had follow-up records for 4 years. Progression was defined by radiological
diagnosis according to the RECIST criteria or as doubling of the nadir serum CA-125 (14). The chemotherapy
regimen was 6 cycles of paclitaxel (175 mg/ m2) with carboplatin (AUC 6), administered every 3 weeks.
Histopathological examination and evaluation of PD-L1 and FOXP3 expression in both tumor cells and stroma by
using immunohistochemistry were done in the pathology department, Faculty of Medicine, Zagazig University. We
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assessed the relation between their expressions, clinicopathological parameters, response to chemotherapy, survival
and prognosis of those patients. Patients with nonepithelial ovarian cancer, patients treated before operation, and
patients who were not treated surgically were excluded from this study .Local Research Ethics Committee approval
of the study was obtained.

Immunohistochemical staining:

Immunohistochemical staining was carried out using streptavidin—biotin immunoperoxidase technique (15). The
slides were incubated with rabbit monoclonal anti- PD-L1 antibody [28-8] ab205921was used at a dilution of 1:200
and Mouse monoclonal anti-FOXP3 antibody (ab22510) diluted 1/50 at 4°C overnight (Abcam, Cambridge, MA,
USA). Normal human tonsil is used as a positive control for both PD-L land FOXP3 but the negative controls by
replacing the primary antibodies by the non-immune serum.

Evaluation of immunohistochemical expressions of PD-L 1:
1. PD-L1 expression in tumor cells;

The expression of PD-L1 was evaluated according to the intensity of the staining and scored as follows: 0, negative;
1, weak expression; 2, moderate expression and 3, strong expression. Cases with scores 0 and 1 were defined as the
low-expression group, and cases with scores 2 and 3 were the high-expression group (16).

2. PD-L lexpression in tumor infiltrating lymphocytes (TILS)

Five tumor areas in a 400x magnification (high power fields (HPF) were assessed in areas with higher intratumoral
TILs density. The non-tumor areas (e.g. stroma, necrosis) will be separated from areas of pure tumor. PD-L1
positive TILs that were in direct contact with tumor cells were called intratumoral TILs) or PD-L1 positive TILs
within the stroma were called stromal TILs. The total number of TILs was added to obtain TILs/5 HPF(17). The cut
off (no vs any expression) was used for statistical analysis; no expression in TILs was considered low expression
and any expression in TILs considered high expression.

Evaluation of immunohistochemical expressions of FOXP3:
1. FOXP3 expression in tumor cells;

The expression intensity was classified into four grades as follows: no staining was scored as zero; weak staining
was scored as one; moderate staining was scored as two; strong staining was scored as three. Scores for the
posi-tive cells were as follows: (score 0) means less than or equal 5% positive cells; (score one) means 6-24%
positive cells; (score two) means 25-49% positive cells; and (score three) means 50-74% pos—itive cells; and (score
four) means more than or equal 75% positive cells. The scores of percent-age and intensity reflect the sums of
scores, with total scores of 0 indicated as (-); 1-2 as (+); 3-5 as (++); and 6-7 as (+++) (18). We use total score 5 as a
cut off value above which is considered high expression and below which is low expression.

2. FOXP3 expression in tumor infiltrating lymphocytes (TILs).

TILs in tumor stroma were counted in ten high-power field (HPF, at _400 magnification). TILs count of more than
five per HPF was defined as high TILs , and TILs counts of less than 5 per HPF was defined as low TILs (19).

Statistical analysis:-

The statistics were done by usage of SPSS 22.0 for windows (SPSS Inc., Chicago, IL, USA) and MedCalc (MedCalc
Software bvba 13, Belgium Ostend,). All the Continuous variables were made as the mean (95%CI). Percent of
categorical variables were compared using Chi-square test or by Fisher's exact test. Trends of changes in distribution
of the relative frequencies between ordinal data were compared by using Chi-square test. Overall Survival rate (OS)
was assessed from the time of cancer diagnosis to death or to the most recent follow-up data. Progression Free
Survival rate (PFS) was assessed from time of starting cancer treatment to time of progression or till the most recent
follow-up data when patients were known to be progression free. Assessments of OS and PFS rates were made
according to our markers. These time-to-event rates were assessed using Kaplan-Meier plots and compared by using
two-sided log-rank test.We included patients with suboptimal surgery with residual cancer in response evaluation
but the others were excluded. All tests were two sided. A p-value less than 0.05 were considered significant.
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Results:-

Patient Characteristics

The clinical characteristics of the 50 ovarian carcinoma (OC) patients that were included in our study are
summarized in (Tablel) with age ranged from (25-75) years (Mean: 55.08+10.80 years), 30(60%) cases were serous
carcinoma, 15(30%) were mucinous carcinoma and 5 (10%) were carcinoma of other types. The most prevalent
stage is stage 111 which is present in 27 patients (54%) whereas stage Il and IV are present in 7(14%) patients and 14
(28%) patients respectively. Only two patients had stage Ic. Forty three patients (86%) had high grade OC. Lymph
node and distant metastasis are present in 33(66%) patients and 14 (28%) patients respectively .The suboptimal
surgery with residual disease more than 1cm ,was present in 22 (44%) patients but optimal surgery was done for 28
(56%) patients . The median of follow up duration was 25.50.While its range was 10-48 months .

Table 1:-clinopathological parameters,PDL-1& FOXP3 immunohistochemical expressions and outcome of our

patients

Characteristics Number Percent |Characteristics Number Percent

Age (years) PD-L1inTILs

Mean + SD 55.08 +10.80 Low 30 60%

Median (Range) 56.50 25-75) High 20 40%

< 60 years B9 8% FOXP3in TILs

> 60 years 1 R2% Low 30 60%
High 20 40%

FIGO stage PD-L1 & FOXP3in TILs

Stage IC P n% Low/Low 17 34%

Stage |1 7 4% Low/High 13 26%

Stage Il R7 64% High/Low 13 26%

Grade IV 4 P8% High/High 7 14%

Histological type Surgery

Serous 80 60% Suboptimal P2 44%

Mucinous 15 B0% Optimal P8 56%

Other 3] 10%

Grade Residual

Low grade 7 14% Absent P8 56%

High grade A3 B6% Present P2 44%

Lymph node Response (in patient underwent suboptimal
surgery, N=22)

Negative 7 B4% CR 11 50%

Positive 33 66% PR a 18.2%

Distant metastasis SD a 18.2%

Negative 36 72% NR 3 13.6%

Positive i P8% OAR 15 68.2%
NR 7 31.8%

PD-L1 in tumor cells Follow-up duration (months)

Low 19 B38% Mean + SD 24.70 +10.61

High 31 62% Median (Range) P4 (9-48)

FOXP3 in tumor cells Progression

Low 25 50% Absent 15 30%

High 25 50% Present 35 70%

PD-L1 & FOXP3 in tumor Mortality

cells

Low/Low 12 P4% Alive R7 54%

Low/High 7 14% Died 23 46%

High/Low 13 P6%

High/High 18 36%
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PDL-1 immunoexpression and their correlation with clinicopathological features of OC patients: (Fig 5)
1.PDL-1 expression in tumor cells

High cytoplasmic expression of PD-L1 in tumor cells was detected in 31 out of 50(62 %) cases of our patients, and
it was significantly positively correlated with; histopathological type (p = 0.011), grade, stage of the tumor and
lymph node metastases (p=0.001), type of surgery and absence of residual disease after surgery (P=0.010) .No
significant correlation was found between PD-L1 in tumer cells expression and distant metastases or age of the
patients (Tables 2, 4).

2.PDL-1 expression in tumor infiltrating lymphocytes (TILS)

High cytoplasmic expression of PDL-1 in TILs was detected in 20 out of 50(40 %) cases of our patients and it was
significantly positively correlated with grade (p = 0.033) and stage of the tumor (p = 0.029). No significant
correlation was found between PD-L1 expression, histopathological type of the tumor, lymph node metastases,
distant metastases or age of the patients, type of surgery and residual disease after surgery (Tables 2,4).

Table 2:- correlations between clinopathological parameters PDL-1& FOXP3 immunochistochemical expressions in
tumor cells and TILs in our patients

Char | All PD-L1 in tumor |p- FOXP3 in |p-value | PD-L1 in |p- FOXP3 injp-
acteri | (N=5 | cells \value| tumor cells TILs value [TILs val
stics 0) ue
Low | High Low High Low High Low High
(N=1 | (N=3 (N=25) | (N=2 (N=30) | (N=2 (N=30) | (N=2
9) 1) 5) 0) 0)
No (%) No (%) No (%) No. (%) No (%) No (%) [No (%) No (%) No (%)
Age
ear
s)
Mean B5. #1051, 7. B7. 12 0.007 p2.9 g7. 57. #12 |0.066 55. £7.84 b4. 14 0.93b4. £12.0 B5. 8. 0.9
+SD 8 |80 68 P5 [16 |13 | 6 P6 PO |86 | 20 90 |38 3* P3 P 30 P4 |08*
Medi B6. |(25-55. (35- B8. [(25- 55.0 (35- b8. (25- B5. (35- p7.(25- b7.(25- p5. (38-
an 50 [75) DO B5) PO [75) 0 B68) DO [75) 50 68) [0 [75) 50 [75) B0 [75)
(Rang
e)
< 60 B9 (78 [L7 (43. P2 (56./0.170R3 (59 [16 (41 [0.017 P4 (61.5 {15 (38. [0.73R3 (59% {16 (41 [1.0
years %) 6%) A%) [+ %)) 00) |t Db) 5%) 61 06) |00%
> 60 {11 (222 (18.9 (81 2 18.9 |81. 6 (545 p (45 7 |(63.6 4 (36.
years %) 2%) 8%) R%) 8%) 0b) 5%) 00) 1%)
FIGO
stage
Stage P (4%2 (10 D (0% (0.001 P 10 0 (0% [<0.00R (100 0 (0% [0.02R 100 P (0% 0.4
IC 0%) § 0%) 18 )] 98 %) 088
Stage |7 (147 (10 D (0% 7 10 D (0% 7 (100 P (0% b (714 p (28.
1 %) 0%) 0%) )] %) 6%)
Stage PR7 (547 (25. 20 (74. 14 (51. 13 (48. 14 (51.9 [L3 (48. 14 |(51.9 (L3 (48.
1l %) 9%) 19%6) 0%) 1%) )] 1%) %) 1%)
Grade [14 (28 3 (21. 11 (78. P 14. 12 |(85. 7 (50% [7 (50 O (643 p (35.
v %) A%) 6%) B%) 7%) %) %) 7%)
Histol
ogical
type
Serous 30 (609 (30 P1 (70 0.01117 |56. L3 (43.0.513 19 (63.3 {11 (36. [0.1515 (50% {15 |50 0.0
%) %)) 00) |t 7%6) 3%) |% )] 7%) 131 06) [38%
Mucin {15 (30 10 (66. 5 (33. 6 40 B (60 10 (66.7 b (33. 13 [(86.7 R (13.
ous %) 7%6) 3%) %)) 00) Db) 3%) 06) 3%)
Other b (100 (0% b (10 2 40 B (60 1 (20% 4 (80 P2 |40% B (60
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06) 0%) 06) 0%6) 06) 0%6)
Grad
e
Low [7 (147 (10 0 (0% [0.001 10 D (0% 0.0107 (100 D (0% [0.03b (71.4 2 (28.[0.6
grade 00) 0%) 1 0%) i 0h) 31 06) 6%) (871
High @43 (86 [12 (27. B1 (72. 18 (41.p5 |58. P23 (53.5 20 (46. P5 (58.1 [18 ((41.
grade 06) 09%) 196) 0%) 19%) 0b) 5%) 0%6) 9%)
Lymp
h
node
Negati 17 (3412 (70. 5 |29.0.001111 (64.6 (35.[0.136{12 (70.6 b (29.[0.27{11 (64.7 b (35. 0.6
ve %) 6%) 19%) [t 7%) 3%) |1 06) A%) 131 06) 3%) |26
Positiv 33 (66 [7 [(21. 26 (78. 4 (42.19 (57. 18 (54.5 [15 (45. 9 [(57.6 14 (42.
e %) P%) 8%) h%) 6%) 06) 59%) 06) 1%)
Distan
t
metast
asis
Negati 36 (72 [16 (44. R0 (55. [0.132 3 (63. (L3 ((36. [0.002 3 (63.9 [L3 |(36. [0.36R1 (58.3 [L5 (41. 0.7
ve %) 19%) 6%) |1 0%) 19%) |1 06) 1%) 8% 06) 7%) |00
Positiv 14 (28 3 (21. 11 (78. P 14. 12 (85. 7 (50% [7 |50 O (643 p (35.
e %) 1%) 6%) 3%) 7%) 06) 06) 7%)
PD-L1 in
tumor
cells
Low 1 (38 12 (63.[7 |36.0.145019 (100 D (0% [<0.012 (63.2 [/ (36.[0.7
9 Pb) R%) 8%) |t 06) 017 06) 8%) 211
High | 3 (62 13 |(41. 18 (58. 11 (35.5 20 (64. 18 |(58.1 [L3 (41.
1 ) 0%) 1%) 06) 5%) 06) 9%)
FOXP3 in
tumor
cells
Low 2 |(50 [12 (48 {13 (52 (0.145 ?1 (84% ¥4 (16 [0.005 (60% 10 (40 |1.0
5 Pb) 0o) 06) |t 06) (LI 00) [00%
High |2 (507 (28 (18 (72 O (36% [1L6 (64 15 (60% [LO (40
5 Pb) 0o) 0o) 0%6) 06)
PD-L1 in
TILs
Low 3 (6019 (63. 11 (36.<0.00R1 (70 B (30 [0.001 17 |(56.7 L3 (43.10.5
0 Po) 3%) 7%) (11 0o) 06) |t 06) 3%) (561
High |2 (400 (0% R0 (10 ! 20 [16 (80 13 (65% [/ (35
0 Po) 0%) Do) 06) 06)
FOXP3 in
TILs
Low 3 (6012 (40 18 (60 [0.721A5 (50 {5 (50 [1.000 17 (56.7 [13 (43.(0.55
0p) | PO | D) It %) | ) [t %) 3%) 61
High |2 (407 (35 [13 (65 10 (50 [0 (50 13 (65% [/ (35
0 Do) 06) 06) Do) 0%6) 06)

FOXP3 immunoexpression and its correlation with clinicopathological features of EOC patients: (Fig 5)
1.FOXP3 expression in tumor cells

High nuclear expression of FOXP3 in tumor cells was detected in 250ut of 50(50%) cases of our patients, and it was
significantly positively correlated with; age of the patients (p = 0.017), grade (p = 0.010), distant metastases
(p=0.002). and stage of the tumor (p<0.001). No significant correlation was found between FOXP3 expression,
histopathological type or lymph node metastases, type of surgery and residual disease after surgery (Tables 2 ,4).
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2.FOXP3 expression in tumor infiltrating lymphocytes (TILs)
High nuclear expression of FOXP3 in TILs was detected in 20 out of 50(40 %) cases of our patients and it was
significantly positively correlated with histopathological type of the tumor (p = 0.038). No significant correlation
was found between FOXP3 expression, grade and stage of the tumor, lymph node metastases, distant metastases or
age of the patients , type of surgery and residual disease after surgery . There were highly significant statistical
relations were found between PD-L1 expression in both tumor cells and TILs (p<0.001) There were highly
significant statistical relations between expression of PD-L1 expression in TILs and FOXP3 expression in tumor
cells (p=0.001)(Tables 2 ,4).

Table 3:- correlations between clinopathological parameters, PDL-1& FOXP3 immunohistochemical expressions in
tumor cells and TILs in our patients

Charact | All PD-L1& FOXP3 in tumor cells p- PD-L1& FOXP3in TILs p-
eristics (N=50 value val
) ue
Low/L | Low/H | High/L | High/H Low/Low | Low/H | High/L | High/H
ow igh ow igh (N=17) igh ow igh
(N=12) | (N=7) | (N=13) | (N=18) (N=13) | (N=13) | (N=7)
No. (%) No. (%) No. (%) [No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Age
(years)
Mean + B5. ¢10.48. #6.2 p7. 3.9 H7. 6.7 p6. #15. 0.00654.8 #9.24 B5. 5.8 B5. 15. p4. 13. 0.891
SD P8 BO B f B5 B #6 D 94 D9 | 2 69 b 07 B4 B7 B5 |
Median 56. (25- 45. (35- PB5. |55- B8. (47- B8 (25- 55.0 [(35- B6. (45- B8. [(25- #9. (38-
(Range) b0 [75) B0 B6) DO B5) [0 g8) 75) O B8 PO B5) PO [75) DO [75)
< 60 B9 (78 12 (30.8p (12.811 28.2[11 (28.20.076[Ll3 |33.3 {11 (28.210 (25.6p (12.80.910
years %) %)) %) %) 0o) It )] 0) 0) 2
> 60 11 (22 P (0%) R (182p (182 (63.6 A 36.4 R (1828 (27.3p (182
years %) 06) 06) D6) D6) 0%6) 0%6) )]
EIGO
stage
StageIC P [(4%)R (100 0 (0%) D [0%) 0 [(0%) <0.0 R 100% 0 (0%) 0 |(0%) P (0%) 0.020
Pb) 018 8
Stagell |7 (14 [7 (100 0 (0%) D [0%) P (0%) 5 714 R (286D (0%) 0 [(0%)
)] Pb) Db) 00)
Stage lll p7 (54 B (1114 (148011 [(40.7Pp (333 5 185 9 (3339 (3334 (148
)] Pb) &) %) 0b) Db) 00) 00) )]
CradelV (14 (28 D (0%) B (2142 [143P (643 5 357 R (1434 (286B (214
)] &) %) 0b) Db) 00) %) Z)]
Histolog
ical type
Serous PO (60 B (26.7[L (3.3 9 [30%[l2 (40% [0.0198 26.7 [I1 (36.7]7 (2334 (13.3(0.059
o) o) ) 6) ) ) ) I
Mucinousl5 (30 4 (26.76 |40% (13.3B [(20% 9 60%) L (6.7 # (2671 (6.7
)] )] %) 0) 20) %))
Other b (10 0 [(0%) D (0%) R (40%B (60% 0 0%) [L (20%R (40%Pp [(40%
Y6)
Grade
Low 7 (14 7 (100 D (0%) P (0%) D (0%) 0.0 b 714 R (286D (0%) 0 (0%) [0.085
grade 06) Do) 01% 06) 06)
High 43 (86 b (116 (16.3[13 (30.218 (41.9 12 (279 A1 |25.6[13 (30.2f7 [16.3
grade 06) Do) %) %) 06) 06) 06) 06) Do)
Lymph
node
Negative {17 (34 B (4714 (23583 (1762 (11.80.0078 471 A4 (2353 (17.6p (11.8(0.545
o) o) %) %) ) It 6) ) ) P0) I
Positive B3 (66 4 (1213 (9.1 [0 (30.316 (485 0 273 P (27310 |30.3p (152
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) Po) 0o) 0o) 7)) ) 06) 06) Do)
Distant
metastasi
s
Negative B6 (72 12 (33.3 111111 (3069 (25%0.01312 [33.3 [11 (3069 [25% 11.1 0.602
%) | b L) L) t %) %) )
Positive {14 (28 0 (0%) 21.4P |(143Pp (64.3 5 357 2 (1434 (28.6 21.4
) 06) 96) D) D) 06) 06) )
PD-L1 in
tumor
cells
Low 19 (38 12 (632 |/ (36.80 (0%) 0%) [<0.0
%) %) 0%6) 01
High 31(62 5 16.1 6 (19.4013 (419 22.6
%) %) 0%6) 0%6) )
FOXP3
in_tumor
cells
Low 25 (50 12 (48%) B |(36%B (12% 4%) 10.007
Po) i
High 25|50 5 20%) 4 (16% 10 |40% 24%
Po)
PD-L1 & FOXP3
in tumor cells
Low/Low | 12 (24 7 583 b (4170 |0%) 0%) [<0.0
%) D6) 0%6) 018
Low/High| 7 (14 5 714 P (286D |0%) 0%)
) 7)) 0%6)
High/Low| 13|26 5 385 4 (3083 (231 7.7
) ) 0%6) 0%6) Do)
High/Hig | 18|36 0 0%) P (11.110 |55.6 33.3
h ) 0%6) 0%6) Do)
PD-L1 in
TlLs
Low 30|60 12 |(40% 2339 |[30%pR (6.7 0.0
%) 0%6) Do) 01%f
High 20(40 0 (0%) 0%) # [(20%[16 (80%
Po)
FOXP3
inTILs
Low 3060 [7 |23.3 16.78 (26.7110 (33.30.906
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Correlation between the clinopathological parameters on immunohistochemical staining for PD-L1 and
FOXP3 in tumor cells and TILs in epithelial ovarian carcinoma women

The combination between the two markers in tumor cells were significant with age (P0.006), grade and stage
(P<0.001), histological type (P=0.019), LN metastasis (P=0.007), distant metastasis (P=0.013), type of surgery and
residual disease after operation (P=0.020) .

The combination between the markers in TILs were significant with stage (P=0.020) only.

No significant correlation was found between combinations of the markers in TILs with the age, grade and stage,
histological type, LN metastasis, distant metastasis, type of surgery or residual disease after operation .

There were highly significant statistical relations were found between expression of both markers in tumor cells and
PD-L1 in TILs and both PD-L1 &FOXP3 in TILs (p<0.001).

There were highly significant statistical relations between expression of both markers in TILs and PD-L1 in tumor
cells (P<0.001), FOXP3 expression in tumor cells (p=0.007) and both markers in tumor cells (P<0.001) (Tables 3,
5).

The response and the outcome and their correlation with the markers (Tables 1, 4& 5, Figs 1, 2, 3& 4)
Patients with residual disease (22patients) were included in evaluation of response otherwise other patients were
excluded. Fifteen (68.2%) patients had response to treatment; 11 (50%) patients had CR whereas 4 (18.2%) patients
had PR .Only 7 (31.8%) patients had no response (SD&NR) .Overall 35 patients (70%) had progression and 23
(46%) patients died. Table 1There were high response rate and less progression and less mortality in patients with
low PD-L1 expression in tumor cells or TILs but with no significant correlation between them with each marker or
their combination with FOXP3 . There were high 4 y- DFS and 4y-OS in patients with low PD-L1 expression in
tumor cells or TILs but with no significant correlation with each marker . Combined low PDL1& FOXP3
expressions in tumor cells were significantly associated with higher progression free survival (PFS) (p<0.045).
There were high response rate and less progression in patients with low FOXP3 expression in tumor cells or TILs
but the mortality was less in patients with low FOXP3 in tumor cells only ,with no significant correlation between
them with each marker or their combination with PD-L1 . The mortality was higher in patients with low FOXP3 in
TILs only but without any significance .There were high 4 y- DFS in patients with low FOXP3 expression in tumor
cells or TILs but with no significant correlation with each marker . However there were low 4y-OS in patients
with  low FOXP3 expression in tumor cells or TILs but with no significant correlation with each marker .
Combined low PD-L1& FOXP3 expressions in tumor cells were significantly associated with higher progression
free survival (PFS) (p<0.045). so:-

. There are no significant correlations between PD-L1 or FOXP3 expression or their combination in tumor
cells or in TILs with response to treatment , progression, or mortality(P>0.05)

. There are no significant correlations between PD-L1 expression in tumor cells or TILs with progression
free survival (PFS)& overall survival (OS) rates (p >0.05).

. There are no significant correlations between FOXP3 expression in tumor cells or in TILs with overall
survival (OS) or progression free survival (PFS) (P>0.05)

. Combined low PD-L1& FOXP3 expressions in tumor cells were significantly associated with higher

progression free survival (PFS) (p<0.045).

Table 4:- correlations between PDL-1& FOXP3 immunohistochemical expressions in tumor cells and TILs and
outcome of our patients

Charac | All PD-L1 in tumor p- FOXP3 in |p- PD-L1inTILs [p- FOXP3 in TILs|p-
teristic | (N=5 | cells valu | tumor cells value value val
S 0) e ue
Low | High Low High Low | High Low High
(N=1 | (N=3 (N=25 | (N=2 (N=3 | (N=2 (N=30) | (N=2
9 1) ) 5) 0) 0) 0)
N (%) N (%) N (%) No. (%) N (%) N (%) N (%) N (%) N (%)
0. 0. 0. 0. D. D. D. 0.
Surger
y
Subopti P2 (44 4 |21. [18 (58. [0.01010 (40 {12 (48 0.569(13 (43. B (45 |0.9005 (50%) 7 (35 [0.29
mal %) 19%) 19%) [t %) 060) [t 3%) 06) |71 060) 51
Optima P8 |56 [15|(78. [13 (41. N5 |60 (L3 (52 17 |(56. L1 (55 15 (50%) (L3 (65
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(month (18.6- |(18-34) mon il 18.9- mon il mon mon 51 (18.1- mon 71
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(%)
2 years g0.7% WK2.1% R4.6% B39.6% P1.2% 30.5% B0% 36.2% [22.9%
PFS
(%)
3 years 23.3% [31.6% [19.7% P4.8% P1.2% P4.4% P2.5% 30.2% [15.2%
PFS
(%)
4 years 23.3% (31.6% [19.7% P4.8% P1.2% P4.4% P2.5% 30.2% [15.2%
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Mean [32.6 {36 mon 31 mon [0.42833 mon PB1.6 0.70633.9 31 mon |0.56B31.4 mon B34.7 0.44
(month mon  |(28.5- |26- T 27.4-  mon i mon 24.3- Bf (25.2- mon 81
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OS (%)
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Table (5): correlations between PDL-1& FOXP3 immunohistochemical expressions in tumor cells and TILs and
outcome of our patients
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L
Fig 5:-D

Figure 5:- Immunohistochemical expression of PD-L1 in epithelial ovarian carcinoma cells and tumor infiltrating
lymphocytes (TILs) :( A) High expression of PD-L1 in papillary serous cystadenocarcinoma of the ovary high
grade, stage 111x400. (B) Low expression of PD-L1 in papillary serous cystadenocarcinoma of the ovary low grade,
stage 11x400. (c) High expression in TILs of papillary serous cystadenocarcinoma of the ovary high grade, stage 111
x400 (D) Low expression in the TILs of papillary serous cystadenocarcinoma of the ovary low grade, stage 11x400.
Note: High PD-L1 immunohistochemical expression in high grade & stage ovarian carcinoma and low expression in
low grade &stage ovarian carcinoma: A, B, C&D the original magnification was x400
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Fig 6:- B

Figure 6:- Immunohistochemical expression of FOXP3 in epithelial ovarian carcinoma cells and tumor infiltrating
lymphocytes (TILs) :(A) High expression in tumor cells and TILs in papillary serous cystadenocarcinoma of the
ovary high grade, stage 111x400 . (B) Low expression in the cells and TILs in papillary serous cystadenocarcinoma
of the ovary low grade, stage 11Bx400.

Note:- High FOXP3 expression in high grade & stage ovarian carcinoma and low expression in low grade &stage
ovarian carcinoma: A& B the original magnification was x400

Discussion:-

The microenvironment of epithelial ovarian cancer (EOC) is heterogeneous and various immune cell populations
have been associated positively or negatively with clinical prognosis, including tumor-infiltrating lymphocytes
(TILS) (3). In ovarian cancer; TILs express the immune receptor programmed cell death 1 (PD-1) , but cancer cells
express its ligand PD-L1 (20,16).
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We found that high expression of PD-L1 in tumor cells was significantly positively correlated with
histopathologicaltype , high grade, advanced stage of the tumor and high lymph node metastases , type of surgery
with presence of residual disease after surgery. High expression of PD-L1 in TILs was significantly positively
correlated with grade, stage of the tumor . In addition, there were , in our result ,Fifteen of 22 with residual disease
(68.2%) patients had response to treatment; 11 (50%) patients had CR whereas 4 (18.2%) patients had PR Only 7
(31.8%) patients had no response (SD&PD) .Overall 35 patients (70%) had progression and 23 (46%) patients died.
We found high response rate , less progression and less mortality in patients with low PD-L1 expression in tumor
cells or TILs but with no significant correlation between them with each marker or their combination with FOXP3 .
There were high 4 y- DFS and 4y-OS in patients with low PD-L1 expression in tumor cells or TILs but with no
significant correlation with each marker . Combined low PD-L1& FOXP3 expressions in tumor cells were
significantly associated with higher progression free survival (PFS) (p<0.045).

Hamanishi et al., 2007(16) found similar results to ours that over expression of PD-L1 has been associated with
poor clinicopathological parameters and poor overall survival in EOC, which meant that there will be a benefit from
PD-1/ PD-L1 inhibition in EOC patients. Hamanishi et al., 2015 (21) gave another proof of the therapeutic benefits
of the PD-1/ PD-L1 pathway in EOC. Wu et al., 2015 (22) mentioned that tumor expression of PD-L1 was
positively correlated with cancer progression and poor prognosis of malignancies of many organs, but full accurate
data are not available and are conflicting . This problem might be due to usage of different antibodies clones which
had different specificity with variable scoring methods (8).

Similar results proved by Taube, et al., 2014 (23) that PD-L1 was expressed in the cancer microenvironment,
mainly in TILs and had the strongest association with response to nivolumab. These results clarified measuring, not
only PD-L1 positivity in tumor cell, but also PD-L1 positivity in TILs for immune checkpoint therapy response
prediction. Sabatier et al., 2015 (24) proved in his mMRNA study results that were different from our results in that
high/unregulated PD-L1 expression was associated with better survival, However, Baptista et al , 2016 (25), found
that high PD-L1 protein expression was associated with shorter survival which was like our reults.PD-L1 expression
in malignant cells is a recent prognostic marker that could prove the antitumor immunity interruption .Previous
studies proved that PD-L1 overexpression was an important prognostic factor in malignancies of many organs (26) .
PD-L1 overexpression and relations to patient prognosis differ according to cancer type (27).

So, our data revealed that PD-L1 overexpression by EOC cells is a significant prognostic factor and such expression
allow better evaluation of host-tumor immunity that allow better treatment of ovarian cancer. Recently, many
researches proved that cancers with PD-L1-positive TILs had a high response rates to cancer immunotherapies,
proving the role of PD-L1 as a predictive marker of response to anti-PD-1 antibody therapy (28).

Usage of immunotherapy in treatment of cancer is rapidly evolving from therapies that non-specifically stimulate
the immune system to more specific and targeted activation of specific components of the immune system with
decreased toxicity and increased efficacy of immunotherapy. Therapies that inhibit the interaction between
programmed death ligand 1 (PD-L1) and programmed death 1 (PD-1), are generating much excitement , even in
malignancies that are not traditionally considered to be immunogenic (29). Anti-PD therapy has become the
backbone of cancer immunotherapy and a major modality of cancer treatment. It is important to learn from this
successful therapy for better understanding of the immune system and its role in cancer and to improve future
therapies (30).

We found that high expression of FOXP3 in tumor cells was significantly positively correlated with poor
clinicopathological parameters like younger age of the patients , high grade , distant metastases and advanced
stage of the tumor . High expression of FOXP3 in TILs was significantly positively correlated with
histopathological type of the tumor only. There were high response rate and less progression in patients with low
FOXP3 expression in tumor cells or TILs but the mortality was less in patients with low FOXP3 in tumor cells only
, with no significant correlation between them with each marker or their combination with PD-L-1 . The mortality
was higher in patients with low FOXP3 in TILs only but without any significance There were high 4 y- DFS in
patients with low FOXP3 expression in tumor cells or TILs but with no significant correlation with each marker .
However there were low 4y-OS in patients with low FOXP3 expression in tumor cells or TILs but with no
significant correlation with each marker . Combined low PD-L1& FOXP3 expressions in tumor cells were
significantly associated with higher progression free survival (PFS) (p<0.045).
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Our results were in agreed with previous studies in ovarian carcinoma (31).Curiel et al., 2004, (5) who proved that
FOXP3 over expression in cancer cells is associated with poor prognosis and decreased survival which could be due
to their suppressive effects on anticancer immune responses. Recently ,Foxp3 was found to be not only specifically
expressed in Treg cells which were normally arose in the thymus, but also in the malignant cells and its expression is
positively correlated to cancer progression and prognosis (32). This relation has been reported in a many metastatic
or non-metastatic cancers (11).

There are several studies proved an inverse correlation between FOXP3 expression in Tregs and survival in certain
kinds of tumors (33), in contrast to us as we found no significant correlations between FOXP3 expression in tumor
cells or TILs and worsened survival rates of the patients like many other studies which indicated that there were no
significant correlation between FOXP3+ Tregs and survival (34,35 ,36)

So, conflicting data had been reported about the prognostic role of FOXP3+ Tregs infiltration in cancers which may
play a negative , positive or non-significant role in cancer patient prognosis and survival(11). The association of
FOXP3 positivity and poor prognosis could be explained by that FOXP3+ Tregs cells in ovarian carcinomas express
intracellular FOXP3, inhibit host immunity and stimulate cancer growth (18).Also ,Hinz et al 2007(37) added
another explanation for that as inhibition of an effector T-cell response allow cancer immune escape. Merlo et al ,
2009 (38) found that FOXP3 over expression was associated with decreased overall and metastasis free survival
rates but not with local recurrence; so, FOXP3 expression was related to the cancer metastatic ability rather than to a
specific immune response suppression .

These data therefore provide direct evidence that human FOXP3 positive Treg cells have an important
immunopathological role in human cancer by suppressing endogenous T cell immunity (39). FOXP3 was found to
be a novel therapeutic target so vaccines that eradicate FOXP3-expressing cells increase host immunity against
cancer (40).the specific mechanism underlying the role of Foxp3 in cancer pathogenesis is uncertain. Foxp3
expressing Tregs can increase the occurrence of metastasis in cancers. Ma et al 2013(41), found that Foxp3 was
markedly expressed in the gastric cacinoma cells and activate the apoptosis pathways so induce gastric cancer cells
apoptosis and inhibit the cancer progression so predicted a better prognosis (41,19). Above findings suggest that
Foxp3 role in the cancer cells are still conflicting as it may had a tumor suppressor effect to inhibit cancer
progression or stimulate cancer growth by inhibiting immunity but the specific mechanism is still uncertain.

In our study, absence of significance between each one of PDL1 in tumor cells and TILs and FOXP3 in tumor cells
and TILs with the response , progression and survival may be due to small number of our patients which is a
limitation of our study which may limit our statistical power.

Conclusions:-

EOC is one of the most life-threatening malignancies and immunotherapy may be a promising supplementary
treatment for it in the near future. The role of microenvironment cells in EOC remains controversial and may not be
informative for survival prediction after resection of the primary tumor. We found that combination of PDL-1 and
FOXP-3 expressions in EOC were correlated with poor prognosis but further studies on large number of cases were
recommended to prove our results and clarify the possible use of them as therapeutic targets in cancer.
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