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Evaluation of the Relationship of PD-L1 and FOXP3 Expressions
With Clinicopathological Parameters in Gastric Carcinomas

Gastrik Karsinomlarda PD-L1 ve FOXP3 Ekspresyonlarının
Klinikopatolojik Parametrelerle İlişkisinin Değerlendirilmesi
Sevil Sayhan , Gulden Diniz , Duygu Ayaz , Dudu Solakoglu Kahraman ,
Pınar Ayvat , Bulent Calik
ID

ID

ID

ID

ID

ID

Cite as: Sayhan S, Diniz G, Ayaz D, Solakoglu Kahraman D, Ayvat P, Calik B. Evaluation of the relationship of PD-L1 and FOXP3 expressions with clinicopathological parameters
in gastric carcinomas. Forbes J Med. 2021;2(2):92-8.

ABSTRACT
Objective: At the time of diagnosis, gastric cancers are generally at an advanced stage and the
survival rates are very low. The aim of this study is to determine the prognostic values of PD-L1
expression in gastric carcinomas and to detect the presence of FOXP3- positive Treg cells in
tumor microenviroment.
Method: In this study, PD-L1 and FOXP3 expressions were evaluated in 125 patients with
gastric carcinoma who had undergone gastrectomy between 2011, and 2015.
Results: The mean age of the patients was 64.18±12.3 years and the patients were followed
up for a mean period of 29.6±26.4 months. In only 2 (1.6%) cases there were weak membranous
expressions of PD-L1 in tumor cells. PD-L1- positive inflammatory cells were also seen in
tumors of 2 (1.6%) cases. There was no significant relationship between PD-L1 expression and
survival times (p= 0.690). In 57(45.6%) cases, FOXP3- positive lymphocytes were detected. The
number of FOXP3-positive cells ranged between 1 and 55/HPF. There was no statistically
significant correlation between the survival times and presence of Tregs (p=0.793). Twenty-two
cases (17.6%) were evaluated as HER2-positive. There was a statistical relationship between
HER2-positivity and perineural invasion (p=0.006). Statistical significance between survival and
some prognostic factors such as nodal metastasis (p=0.004), pT stage (p<0.01) and presence of
perineural invasion (p=0.010) was determined.
Conclusion: This study has demonstrated that the PD-L1 positivity was not effective on gastric
tumorigenesis. We have found a positive correlation between the presence of Treg inflammatory
cells and PD-L1 expression. But this relationship could not be proved by statistical analyses.
However since PD-L1 expression was detected in only 4 cases, these findings should be
confirmed in larger series.
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ÖZ
Amaç: Mide kanserleri tanı anında genellikle ileri aşamadadır ve sağ kalım oranları çok düşüktür.
Bu çalışmanın amacı mide karsinomlarında PD-L1 ekspresyonunun prognostik değerini
belirlemek ve tümör mikro çevresindeki FOXP3 pozitif Treg hücrelerinin varlığını saptamaktır.
Yöntem: Bu çalışmada, 2011-2015 yılları arasında gastrektomi uygulanan 125 mide kanserinde
PD-L1 ve FOXP3 ekspresyonları immünohistokimyasal yöntemler kullanılarak değerlendirildi.
Bulgular: Hastaların ortalama yaşı 64,18±12,3 yıl olup, hastalar ortalama 29,6±26,4 ay takip
edildi. Sadece 2 (%1,6) vakada tümör hücrelerinde PD-L1’in zayıf membranöz ekspresyonları
vardı. PD-L1 pozitif inflamatuvar hücreler de 2 (%1,6) olguda görüldü. PD-L1 ekspresyonu ile
hayatta kalma süreleri arasında anlamlı bir ilişki yoktu (p = 0,690). Elli yedi (%45,6) vakada
FOXP3 pozitif lenfosit tespit edildi. FOXP3 pozitif hücrelerin sayısı 1 ile 55 / BBA arasında
değişiyordu. Hayatta kalma süreleri ile Treg varlığı arasında istatistiksel olarak anlamlı bir ilişki
yoktu (p=0,793). Yirmi iki olgu (%17,6) Her2 pozitif olarak değerlendirildi. Her2 pozitifliği ile
perinöral invazyon arasında istatistiksel ilişki vardı (p=0,006). Sağkalım ile nodal metastaz
(p=0,004), pT evresi (p<0,01) ve perinöral invazyon varlığı (p=0,010) gibi bazı prognostik
faktörler arasındaki istatistiksel anlamlılık belirlendi.
Sonuç: Bu çalışma, PD-L1 pozitifliğinin mide tümörigenezi üzerine etkili olmadığını göstermiştir.
Treg enflamatuar hücrelerin varlığı ile PD-L1 ekspresyonu arasında pozitif bir korelasyon bulduk.
Ancak bu ilişki istatistiksel analizlerle kanıtlanamadı. Ancak PD-L1 ekspresyonu sadece 4 vakada
tespit edildiğinden, bu bulguların daha geniş serilerde doğrulanması gerekir.
Anahtar kelimeler: Gastrik karsinom, PDL-1, FOXP3, HER2, prognoz
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INTRODUCTION

bladder cancer, lung cancer, and breast cancer.

Gastric carcinomas rank second among the most
frequently seen life-threatening cancers in the
world. Since at the time of diagnosis 90 % of the
cases are in their advanced stages, their survival
rates are very low. Interactions among individual
factors such as diet, Helicobacter pylori (HP)
infection, environmental factors, and genetic
predisposition lead to the development of gastric
carcinoma.1- 4 Correa’s gastric carcinogenesis
cascade accepted by many investigators starts
with HP infection, and follows a course passing
through the stages of superficial gastritis, chronic
atrophic gastritis, intestinal metaplasia, dysplasia,
and finally gastric carcinoma.5, 6 Amplification of
human epidermal growth factor receptor 2 (HER2)
results in one of the intrinsic subtypes of gastric
carcinomas with specific phenotypes. In gastric
carcinoma, HER2 amplification is a negative
prognostic factor.1- 6

Programmed death-ligand 1 (PD-L1) is a member
of the B7 superfamily that contains the most
critical costimulatory molecules that regulate Tcell responses.9 Programmed cell death protein 1
(PD-1) is expressed on the surface of various
immune cells including T-lymphocytes. PD-1 is
activated by its ligands, PD-L1 or PD-L2, and
expressed by antigen-presenting cells such as
macrophages and B-lymphocytes.10- 12 The
interaction between PD-L1, and PD-1 attenuates
lymphocyte activation, promotes development
and function of Tregs, and impairs antitumor T-cell
immune response. In summary, the PD-1 pathway
plays a major role in the negative regulation of
cell-mediated immune responses. Recently, it has
been determined that PD-L1, PD-L2, and PD-1 are
expressed on several tumor cells.9- 12

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.7
Within the immune system, cytotoxic CD8 (+)
and CD4 (+) Th1 T cells, along with their typically
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 cells
thanks to their expressions of IL-6, TNF, IL-1β and
IL-23.8 It has been determined that in advanced
stages of malignancies CD4+ helper and CD8+
cytotoxic T cells increase in tumor
microenvironment so as to assume an antitumoral
role.7 But not all T- lymphocytes are antitumor
effector cells of the immune system. A
subpopulation of CD4+ T cells expressing CD25
and Foxp3, termed as regulatory T cells (Tregs),
play a role in promoting growth and progression
of tumor cells by inhibiting the immune response
against cancer.7 FOXP3 is a transcription factor
and probably the best marker currently available
for identifying natural Tregs in humans.9 Presence
of FoxP3-positive cells within tumors has been
shown to predict worse prognosis in some
tumors such as cervical cancer, T-cell lymphoma,

In this study, we aimed to explore the correlation
between PD-L1 and FOXP3+ Tregs in gastric
adenocarcinomas and further investigate their
associations with clinicopathological features.
MATERIAL AND METHOD
In this retrospective descriptive study,
demographic data, and medical information
related to 125 cases with gastric carcinoma
treated at our institution from 2011 to 2015,
including age, and gender of the patients,
location, diameter and TNM stage of the tumor
were retrospectively evaluated. All cases were
also investigated regarding type, and grade of
the tumor, lymphovascular, and perineural
invasion, and lymph node involvement. This
study has been conducted in accordance with
the principles of the Helsinki Declaration and
approved by the local Ethics Committee of the
local Institutional Review Board (2019/1-9).
The paraffin block most suitable for
immunohistochemical (IHC) evaluation was
selected. Firstly the slide, and then the block were
labeled, and cylindrical tissue samples with a
diameter of 2 mm were harvested from donor
blocks. Then microarray blocks were prepared
using mapping and addressing techniques.
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IHC tests were performed using the streptavidinbiotin peroxidase method (Invitrogen, Camarillo,
85-9043, USA). Serial 5-µm sections were
obtained from prepared microarray blocks and
placed on slides which were baked overnight at
600C, dewaxed in xylene, and hydrated with
distilled water through decreasing concentrations
of alcohol. All slides were treated with heatinduced epitope retrieval procedure in a
microwave. In this procedure slides were left for
20 minutes in 10mM/L EDTA buffer at pH 8.0,
cooled at room temperature for 20 minutes, and
then blocked to retrieve endogenous peroxidase
and biotin. Purified monoclonal mouse antibodies
against PD-L1 (abcam, ab-205921- 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 clinical characteristics of
the patient performed histopathological
assessments. Immune reactivity for PD-L1 was
evaluated in consideration of both percentage,
and intensity of complete membranous staining of
tumor cells and cytoplasmic staining of
inflammatory cells was also assessed (Figure 1).
Immune reactivity for FOXP3 was assessed using a
scoring system. FOXP3-positive lymphocytes in
tumor microinviroment were counted and
categorized as negative (0), weakly (+: 1- 9 cells/
HPF) , positive (++:10- 50 cells/ HPF and strongly
(+++: >50 cells/ HPF) positive (Figure 2)

the comparison of parametric data independent
groups T test, and for nonparametric data MannWhitney U test were used. For the comparison of
the measurements in more than 2 groups
nonparametric Kruskal-Wallis test was utilized. P
≤0.05 was accepted as the level of significance.

In the statistical analysis, for the comparison of
the quantitative data chi-square test was used. In

Using IHC and FISH methods in combination, 22
cases (17.6) were evaluated as HER2 - positive

Figure 1: Weakly positive membranous PD-L1 expression
in mucinous gastric carcinoma (DABx 400).

Figure 2: FOXP3- positive leucocytes interspersed among
tumor cells in poorly cohesive gastric carcinoma (DAB x 200).
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RESULTS
In this study 125 patients gastrectomized with
the indication of gastric carcinoma were evaluated.
The mean age of the patients was 64.18±12.3
years and the patients were followed up for a
mean period of 29.6±26.4 months. Gastric
carcinomas were localized on cardia in 24 (19.2
%), corpus in 58 (46.4 %), and antrum/ pylorus in
43 (34.4 %) cases. Mean diameter of the tumors
was 6.24 ±3.1cm (range: 1- 15 cm). Their
histopathological subtypes consisted of poorly
cohesive (n=42), tubular (n=70), and mixed type
(n=13) carcinomas. Local lymph node metastasis
was detected in 99 (79.2 %) cases. Number of
metastatic lymph nodes ranged between 1, and
44 (mean: 7.4 ±8.5) nodes. Based on TNM
classification, the cases were evaluated in
categories of T4 (n=36), T3 (n=75), T2 (n=7), T1b
(n=7), N0 (n=26), N1 (n=17), N2 (n=31), N3a
(n=29), and N3b (n=22). Distant organ metastases
were observed in 37 (29.6 %) cases. Metastases
were localized in liver (n=17), lungs (n=11),
peritoneum (n=7), and ovaries (n=2).
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and all of them had received targeted therapy.
HER2- positive tumors were localized in gastric
cardia (n = 3), corpus (n = 16) or pylorus (n = 3).
There was no statistically significant relationship
between HER2 status and tumor localization (p:
0.346). The percentage of metastatic cases in
HER2- positive group (45.5%) was higher than
HER2- negative group (26.2%). Similarly, the
mortality rate in the HER2 positive group (77.3%)
was slightly higher than the negative group
(68%). However, there was no statistically
significant difference between HER2 positivity ,
metastasis (p = 0.073) and survival (p = 0.389).
The average ages of the patients with HER2
positive, and negative tumors were 61.4, and
64.7 years, respectively. The average tumor
diameters of HER2 positive and negative tumors
were 6.5 cm, and 6.1 cm, respectively. Poorly
cohesive carcinomas accounted for 36 (35%) of
HER2 negative, and 6 (27.3%) of HER2 positive
cases. While lymph node metastases were seen
in 72.7% of HER2 positive, and 80.6% of HER2
negative tumors. When we compared the T stage
according to HER2 status, 77.3% of the HER2positive tumors, whereas almost all of the HER2negative tumors (91.3%) were advanced-stage
tumors such as pT3 and T4. However, there was
no statistically significant relationship between
Her2 status and age (p: 0.289), tumor size (p:
0.682), histologic tumor type (p: 0.346), lymph
node metastasis (p: 0.410), and tumor stage (p:
0.059). Perineural invasion (PNI) was detected in
65% of HER2- negative, and 31.8%. of HER2positive patients. A statistically significant
relationship was found between perineural
invasion and HER2 status (p: 0.006).
In only 2 cases (1.6 %), there were weak
membranous expressions of PD-L1 in tumor cells
(Figure 1). PD-L1- positive inflammatory cells were
also seen in 2 tumors (1.6 %). There was no
significant relationship between PD-L1 expression
and survival rates (p= 0,690). In 57 (45.6%) cases,
there were FOXP3- positive lymphocytes (Figure
2). Number of FOXP3- positive cells ranged
between 1 and 55/ HPF. There was no statistically
significant correlation between the survival times
and the presence of Tregs (p=0.793). However

statistically significant correlations were
determined between survival times , presence of
nodal metastases (p= 0.004), pT stage (p< 0.01)
and perineural invasion (p= 0,010).
DISCUSSION
PD-1- PD-L1 pathway and Treg cells are important
in maintaining peripheral tolerance in gastric
cancers as in other tumors.13-16 PD-1 and PD-L1
play leading roles in the escape of tumor cells
from the host immune system.17-19 PD-L1 is
effective in the formation, proliferation and
maintenance of FOXP3 expression in Treg cells.
Treg cells act as mediators by suppressing effector
T cells and inhibiting immune-mediated damage.7,
20- 23
Some researchers have suggested that
FOXP3-positive T cells in humans have
heterogeneous function, and contain suppressor
Treg cells and nonsuppressor simple T cells. Nonsuppressor simple T cells are natural CD4 + T cells
that show transient FOXP3 expression by
stimulation of T cell receptors (TCRs).24- 26
Ying et al.1 revealed that PD-L1 expression in
gastric cancer tissue and Treg cells infiltrating the
tumor increased and CD 8 cells decreased
compared to neighboring normal tissue. However,
they suggested that demonstration of these
immune markers individually in gastric cancer
patients was not associated with prognosis. In
contrast, they showed that combinations of CD8/
FOXP3 and CD8/ PD-L1 ratios determine
subgroups of patients with different survival
times.1 Similar findings have been suggested in
previous publications.3, 5, 27
Wang et al.28 also showed that high PD-L1
expression positively correlated with CD8 + T cells
in the tumors of patients with advanced gastric
cancer. They demonstrated that PD-L1 expression
and high density CD8 + T cells were associated
with good prognosis and PD-L1 expression and
high density of FOXP3 + Treg cells with poor
prognosis..28
According to these researchers,
multivariate Cox regression analysis revealed that
CD8 + T cell density acts as the only independent
predictor of overall survival times. However,
Thompson et al.11 demonstrated increases in
95
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PD-L1 expression and intratumoral / stromal CD8
+ T cell density had been associated with poor
prognosis in both tumor cells and immune cells
surrounding the tumor. This may be explained by
the adaptive immune resistance mechanism.11
Only 2 (1.6%) of our cases had PD-L1 (+) tumor
cells, and 57 had FOXP3 + Treg cells in infiltrating
cells. Any correlation between survival times and
FOXP3 + Treg cells was not detected.
In our series, HER2-positive tumors were not
PD-L1-expressing tumors. On the other hand, 10
HER2-positive tumors had FOXP3-positive
lymphocytes, whereas 47 HER2-negative tumors
contained lymphocytes expressing FOXP3. There
was no statistically significant relationship between
HER2 -negative and positive groups as for FOXP3
expressions. In our study, no statistically significant
relationship was found between PD-L1 expression
and the survival times of the patients with gastric
cancer. When histological types of tumors were
examined according to PD-L1 positivity, any
difference in histological types of tumors was not
detected in PD-L1- positive and negative groups.
When tumor location and PD-L1 positivity were
compared, two PD-L1 positive tumors were
located in the corpus and two in the pylori.
Interestingly, none of PD-L1 positive tumors were
located in cardia. However, chi-square test could
not be performed because of the small number of
PD-L1 positive tumors in one group, and lack of
any PD-L1 -positive tumors in the other group.
Any statistically significant correlation was not
found between PD-L1 expression, and other
relevant parameters as tumor size, pathological
tumor stage (pT), lymphovascular and perineural
invasion, lymph node metastasis. Survival analysis
of patients performed based on PD-L1 expression
rates and in consideration of mortality rates, and
survival times did not reveal a statistically
significant relationship between PD-L1 expression
and survival times. These results are partially
consistent with the study results of Zhang et al.14
However, we did not find a positive correlation
between PD-L1 expression and shorter overall
survival times.
Interestingly, survival analysis of the patients
96

revealed longer overall follow-up and survival
times in PD-L1 negative group. However, this
difference was not found to be statistically significant
in Kaplan- Meier survival analysis. Response to
anti-PD-L1 immunotherapy correlates with intense
staining of tumor cells with CD8 and PD-L1 immune
markers in renal cell carcinoma, malignant
melanoma, and non-small cell lung carcinoma.29- 33
Therefore, FDA has approved the treatment of
similar tumors with immune checkpoint inhibitors.34
However, FDA has not approved this treatment for
stomach cancers. In addition, some patients are
resistant to this treatment. There are different
opinions related to the mechanism of this
resistance.35 Proliferation of CD8 + T cells infiltrating
the tumor has been suggested to have an impact
on the treatment.8,36,37 Large series of studies
should be performed on
immune blockade
therapies targeting PD-1 and PD-L1 in gastric
carcinomas.14, 38 In various studies, pembrolizumab
and nivolumab treatment has been reported to be
effective in PD-L1 positive cases with relapsing or
metastatic gastric carcinoma.39, 40
In conclusion, we did not find a statistically
significant relationship between PD-L1 expression
and patient survival and other pathological and
molecular features of tumors in tumor cells and the
surrounding immune cells in 125 cases with
gastric carcinoma. The same was true for FOXP3positive Treg cells in the tumor microenvironment.
Indeed, a statistically significant correlation was
not found between these cells, survival times, and
other characteristic features of the tumors. Gastric
cancer is one of the most important malignancies
with high mortality and morbidity rates. Tumor
size, lymph node involvement, presence of distant
metastasis, and histological grade of the tumor are
not sufficient to determine the prognosis of gastric
cancer patients.1 Molecular innovations have not
contributed much in this regard.2 Recent studies
demonstrating that the microenvironment
characteristics of the tumor may have an impact on
the prognosis of patients have yielded promising
clues. 3, 7 FOXP3 and PD-L1 expressions have been
widely studied so as to predict clinical response in
several cancers. 13-18 However, their expressions
and impacts on the prognosis of patients with
gastric carcinoma have not been well studied and
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remained as controversial issues. In this study, we
aimed to explore the correlation between PD-L1
and FOXP3 + Tregs in gastric cancers and couldn’t
find any association between them. But further
researches should be conducted to reveal their
associations with clinicopathological features.
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