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Introduction: Gastric cancer is a fatal malignancy with a rising incidence rate. Effective
methods for early diagnosis, monitoring metastasis, and prognosis are currently unavailable
for gastric cancer. In this study, we examined the association of programmed death ligand-1
(PD-L1) and apurinic/apyrimidinic endonuclease 1 (APE1) expression with the prognosis of
gastric cancer.

Methods: The expressions of PD-L1 and APE1 were detected by immunohistochemistry in
107 cases of human gastric carcinoma. The correlation of PD-L1 and APE1 expression with the
clinicopathologic features of gastric carcinoma was analyzed by SPSS version 19.0.

Results: The positive expression rates of PD-L1 and APE1 in gastric cancer tissues were 50.5%
(54/107) and 86.9% (93/107), respectively. PD-L1 and APEI positive expressions were sig-
nificantly associated with depth of invasion, lymph node metastasis, pathological type, overall
survival, and higher T stage. Furthermore, the expression of PD-L1 in highly differentiated
gastric cancers was higher than that in poorly differentiated cancers (P=0.008). Moreover, the
expression of APE1 and PD-L1 in gastric cancers was positively correlated (=0.336, P<<0.01).
Multivariate analysis showed that the depth of invasion was a significant prognostic factor (risk
ratio 19.91; P=0.000), but there was no significant relationship with PD-L1, APE1, prognosis,
and other characteristics.

Conclusion: The deregulation of PD-L1 and APE1 might contribute to the development and
the poor prognosis of gastric cancer. Our findings suggest that high expression of PD-L1 and
APE1 is arisk factor of gastric cancer and a new biomarker to predict the prognosis of gastric
cancer. Furthermore, our findings suggest that targeting the PD-L1 and APE1 signaling path-
ways may be a new strategy for cancer immune therapy and targeted therapy for gastric cancer,
especially in patients with deep invasion and lymph node metastasis.
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Introduction

Gastric cancer is one of the most common fatal cancers, and patients are particularly
prone to lymph node metastasis.' The incidence for gastric carcinoma has had a recent
increase, likely due to both environmental and social factors.! Effective methods for
early diagnosis, monitoring metastasis, and prognosis are currently unavailable for
gastric cancer. Currently, molecular targeted therapy has shown to be effective in HER-
2-positive patients with gastric cancer,>* but its clinical application is limited due to the
rare occurrence of HER-2 mutation. Immunotherapy has shown bright promise in the
treatment of gastric cancer.** Unfortunately, it was reported that gastric cancer cells
can escape immune surveillance by a variety of mechanisms which prevent the immune
system from producing effective antitumor immune responses.® Moreover, the body’s
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antitumor immunity is mainly mediated by T lymphocytes,
but the majority of tumor antigen-specific T-cells are often
in a state of immune tolerance. Therefore, elucidating the
relationship between the tumor immune escape mechanism
and prognosis of gastric cancer will be of high importance
for both cancer biology and translational cancer research.
Programmed death ligand-1 (PD-L1) is a member of
the B7 superfamily of costimulating molecules expressed
by antigen-presenting cells that functions as a T lympho-
cyte inhibitory molecule. PD-L1 has been shown to induce
T lymphocyte anergy and/or apoptosis through binding to
its receptor, PD-1.7"!! PD-L1 increases apoptosis of antigen-
specific human T-cell clones and inhibits the activation of
CD4 and CD8 T-cells in vitro.”'? PD-L1 expression has been
described in several malignancies, including colon cancer,
ovary cancer, melanoma, lung carcinoma, breast cancer,
non-small-cell lung carcinoma, gliomas, squamous cell carci-
noma of head and neck, renal cell carcinoma, and esophageal
carcinoma.*'>'" High expression of PD-L1 has been demon-
strated to be closely associated with the clinicopathological
status of patients with non-small-cell lung cancer, renal cell
carcinoma, or human esophageal cancer.'*'®!7 Several studies
have shown that PD-1 or PD-L1 antibodies could relieve the
inhibitory effects of PD-L1 on cytotoxic T-cells and hence
accelerate the removal of tumor cells by cytotoxic T-cells.!®!°
PD-L1 inhibitors have also been shown to be effective in the
immunotherapy of melanoma.?® Most recently, Ansen et al
have reported that PD-L1 expression was associated with
distinct genotypes of EGFR, KRAS, and STK11 in the two
most common histological non-small-cell lung cancer sub-
types (adenocarcinoma and squamous cell carcinoma) in the
2014 ASCO Annual Meeting.?! This novel finding will facili-
tate the identification of patients most suitable for anti-PD-1
and anti-PD-L1 therapies. In addition, PD-L1 was found to
promote cell proliferation in breast cancer.'? Taken together,
these data demonstrate that the PD-1/PD-L1 pathway plays an
important role in tumor immunity and tumor cell proliferation
and suggest that interrupting the PD1/PD-L1 signal pathway
is a promising therapeutic strategy for cancer.
Apurinic/apyrimidinic endonuclease 1 (APE1) plays
an important role in multiple biological processes. It can
repair DNA damage and suppress tumorigenesis through
maintaining genome stability. APEI1, as a redox-active
protein, also activates many transcription factors including
NF-xB and AP-1 to stimulate their DNA binding activities
through keeping the cysteine residues of the highly con-
served DNA binding domains of these transcription factors
in the reduction state.?? Overexpression and distribution in

subcellular localization of APE1 have been found in a number
of cancers and are correlated with invasion, metastasis, and
chemo- or radio-resistance.”>** However, deregulation of
APE] is not a consistent feature in all tumors, therefore the
role of APE1 in tumorigenesis is currently under debate. One
previous study suggested that inhibiting the redox function
of APEI could hinder prostate cancer cell proliferation by
reducing the NF-kB and DNA binding activity.® In con-
trast, another study found that inhibiting the expression of
APE1 and VEGF proteins decreased cell proliferation and
angiogenesis in osteosarcoma.?® Similarly, it was proposed
that APE1 overexpression enhanced the tumorigenesis of
gastric cancer.”’ But the relationship between APE1 and the
tumorigenesis in gastric cancer is still unclear.

A number of studies have shown that the expressions
of PD-L1 and APEI are related to tumor cell proliferation,
indicating that both PD-L1 and APE1 can potentially play
an important role in the pathogenesis of gastric cancer.?$%
However, the relationship of APE1 and PD-L1 coexpression
in tissue type, metastasis, and prognosis of gastric cancers
has not yet been reported. In this study, we examined the
association between PD-L1 and APEI, especially PD-L1,
and tumor immunity in gastric cancer. We analyzed PD-L1
and APE1 gene expression in 107 gastric cancer samples and
their relationship with clinical pathological characteristics.

Materials and methods
Study subjects

The study group consisted of 107 gastric cancer patients
(71 male and 36 female, aged between 30 and 82 years old, mean
age 60.5 years). All subjects were from the Chinese Han popula-
tion. Patients were consecutively enrolled from January 2009
to December 2013 in Daping Hospital, Third Military Medical
University (Chongging, People’s Republic of China) without
restriction of age, gender, histology, or stage. All patients were
newly diagnosed with gastric carcinoma based on pathological
examination and underwent surgical treatment in Daping Hos-
pital. No patient received chemotherapy or radiotherapy before
surgery. At recruitment, informed consent was obtained from
each subject, and each participant was then interviewed to solicit
detailed information on demographic characteristics. The study
was approved by the ethics committee of Daping Hospital. All
patients were followed up for 42 months.

Immunohistochemistry

Polyclonal anti-human PD-L1/CD274 antibody was pur-
chased from GeneTex (San Diego, CA, USA); mouse
monoclonal antibody against APE1 (1:3,000) was purchased
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from Santa Cruz Biotechnology Inc. (Dallas, TX, USA).
Immunohistochemistry was performed using the Dako
Elivision™ Plus two-step system (Dako Denmark A/S,
Glostrup, Denmark) according to the manufacturer’s instruc-
tions. In brief, tissues were fixed with formalin, processed and
embedded in paraffin wax, and cut into 3 mm-thick sections
by microtome. The sections were dewaxed and incubated
with 3% H,O, for 10 minutes to block endogenous peroxi-
dase activity, followed by washing twice with phosphate-
buffered saline (pH 7.4). Then, the sections were incubated
with anti-human PD-L1 (1:100) or anti-human APEI1
(1:3,000) antibody at 4°C overnight. After washing twice
with phosphate-buffered saline, the sections were further
processed using Immuno-Bridge + immunohistochemical
staining system (GBI, Bothell, WA, USA) according to the
instructions provided by the manufacturer. Reactivity was
detected using DAB reagent sets (Sino-American Biotech-
nology, Beijing, People’s Republic of China), and the cells
were counterstained with hematoxylin. Positive staining was
detected as a brown color of the cells. Random count 10 HPF
of 1,000 tumor cells were counted and graded as follows:
negative (—): positive cells rate <10%; positive (+): positive
cells rate =10%; positive (++): positive cells rate =30%;
positive (+++): positive cells rate =60%.

Statistical analysis
Statistical analysis was performed using SPSS version

19.0 software. Differences between groups were evalu-
ated using a y? test, and the prognosis between PD-L1,

HE £

PD-L1

“h.‘_‘g', A

L. e YAk 3,
TR SR DR T,

APEI immunolabeling and various factors was analyzed by
multivariable logistic regression. Overall survival (OS) was
calculated using the Kaplan—Meier method. OS was defined
as the time from start of treatment to death. The differences
between the survival curves were tested by log-rank test.
The Cox proportional hazards regression model was used to
determine the joint effects of several variables on survival.
Two-tailed tests were used and a P-value <0.05 was con-
sidered significant.

Results

PD-LI expression is upregulated in
gastric cancer tissues and associated with
poor prognosis of patients with gastric

cancer

The immunohistochemical staining with the anti-PD-L1
antibody showed pale yellow or brown staining in the cell
membrane and cytoplasm of the gastric cancer tissues,
while the nucleus was not stained (Figure 1). Weak or no
PD-L1 staining was observed in the normal tissue adjacent
to the carcinoma. The percentage of PD-L1-positive cells in
gastric carcinoma was 50.5% (54/107). There was no cor-
relation between PD-L1 expression and age, sex, or tumor
size of patients; however, PD-L1 staining was significantly
correlated to the depth of invasion (odds ratio [OR] =3.37;
P=0.005), lymph node metastasis (OR =2.68; P=0.020),
tumor differentiation (OR =3.19; P=0.008), pathological type
(1*=8.676; P=0.013), and survival time (OR =3.39; P=0.003)

Figure | Immunohistochemical staining of different pathological types of gastric cancer tissues.
Notes: (A) Highly differentiated adenocarcinoma staining (+++). (B) Moderately differentiated adenocarcinoma staining (++). (C) Poorly differentiated adenocarcinoma

staining (++). (D) Mucinous adenocarcinoma staining (++).
Abbreviation: HE, hematoxylin-eosin staining.
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Table | Clinicopathologic characteristics and PD-LI and APEI expression in gastric cancer patients

Total cases, n PD-LI+, n (%) P-value APEI+, n (%) P-value
All cases 54 (50.5) 93 (86.9)
Age (years)
=60 62 30 (484) 0613 53 (85.5) 0.606
<60 45 24 (53.3) 40 (88.9)
Sex
Male 72 37 (51.4) 0.784 63 (87.5) 0.797
Female 35 17 (48.6) 30 (85.7)
Tumor size
>5cm 28 13 (46.4) 0.545 26 (92.9) 0.278
<5cm 36 14 (38.9) 29 (80.6)
Cancer location
Cardia 10 6 (60.0) 0.196 8 (80.0) 0.261
Gastric body 30 I1(36.7) 24 (80.0)
Gastric antrum 67 37 (55.2) 61 (91.1)
Depth of invasion
pTl +pT2 33 10 (30.3) 0.005* 23 (69.7) 0.001*
pT3 +pT4 74 44 (59.5) 70 (95.6)
Lymph node metastasis
Yes 72 42 (58.3) 0.020%* 66 (91.7) 0.037%*
No 35 12 (34.3) 27 (77.1)
Differentiation
High + middle 33 23 (69.7) 0.008* 30 (90.9) 0.543
Low 74 31 (41.9) 63 (85.1)
Pathological type
Tubular adenoma 26 18 (69.2) 0.013* 25 (96.2) 0.000*
Mucinous adenoma 6 3 (50.0) 5(83.3)
Signet ring cell carcinoma 22 5(22.7) 13 (59.1)
Poorly differentiated 53 28 (52.8) 50 (94.3)
Survival time
<2 years 62 39 (62.9) 0.003* 60 (96.8) 0.040*
=2 years 45 15(33.3) 33 (733)

Note: *P<<0.05.

(Table 1). These data indicate that PD-L1 expression is a
risk factor for all the above clinical characteristics. More-
over, the positive rate of PD-L1 expression is much higher
in high differentiation, lymph node metastasis, and higher
T stage than that in others. In addition, Kaplan—-Meier analy-
sis demonstrated that PD-L1-positive gastric cancers were
significantly associated with a poor prognosis (Figure 2)
(P<0.05). Thus, PD-L1 expression is upregulated in gastric
cancer and is associated with poor prognosis.

APE| expression is upregulated in gastric
cancer tissues and is a biomarker of poor
prognosis in patients with gastric cancer
There was weak or no apparent expression of APE1 in normal
tissues adjacent to the carcinoma. However, expression of
APE] could be observed in the nucleus and cytoplasm of gas-
tric cancer cells (Figure 1). About 86.9% (93/107) of gastric
carcinoma tissues showed positive APE]l immunostain-
ing. Moreover, APE1 expression in gastric cancer cells

was significantly correlated to lymph node metastasis
(OR =3.26; P=0.037), depth of invasion (OR =7.61; P=0.001),
and survival time (OR =10.91; P=0.040) (P<<0.05). There
was no significant association of APE1 expression with age,
sex, or tumor size of patients (Table 1) (P>0.05). Kaplan—
Meier analysis demonstrated that APE1 positive expression
was a marker of poor prognosis in gastric cancer patients
(P=0.035) (Figure 3). These results show that APE1 expres-
sion is upregulated in gastric cancer and is a marker of poor
prognosis in patients with gastric cancer.

Gastric cancers have upregulated
expression of both APE| and PD-LI, and
APE| in combination with PD-LI is a
biomarker of patients with gastric cancer
We next analyzed the relationship between coexpression of
APE1 and PD-L1 and the clinical features and prognosis in
gastric cancer patients. We found that 49.5% (53/107) of
gastric cancer tissues demonstrated both APE1 and PD-L1
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Figure 2 Relationship between PD-L| expression and survival time.

Notes: Survival time after surgery in PD-LI-positive and PD-L|-negative gastric
cancer patients. The median survival time was 29.0 months (P=0.004). PD-LI
positive gastric cancers were significantly associated with a poor prognosis.

positive expression. Spearman’s rank correlation analysis
showed that APE1 and PD-L1 expression in gastric cancer
were positively correlated (r=0.336, P<<0.01) (Table 2). Most
importantly, we found that coexpression of APE1 and PD-L1
was significantly correlated to depth of tumor invasion of
gastric cancers (P<<0.05). In addition, Kaplan—Meier analysis
demonstrated that PD-L1 and APE1 co-positivity was sig-
nificantly related to a poor prognosis (P=0.003) (Figure 4).
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Figure 3 Kaplan—Meier analysis of the relationship between APEI immunostaining
and survival time.

Notes: Survival time after surgery in APE|-positive and APE| -negative gastric cancer
patients. The median survival time was 29.0 months (P<<0.05). APEI expression is
upregulated in gastric cancer and is a marker of poor prognosis in patients with
gastric cancer.

Table 2 Relationship between APEI and PD-L| expression in
gastric cancer

APEI PD-LI r-value P-value
Positive Negative  Total

Positive 53 40 93

Negative | 13 14 0.336 0.000%*

Total 54 53

Note: *P<<0.05.

These results demonstrate that upregulated expression of
APEL1 in combination with PD-L1 is a biomarker of gastric
cancer.

Correlation analysis of clinical data

characteristics and OS time

We further analyzed the relationships between clinical char-
acteristics and OS using the Kaplan—Meier method (Table 3).
Tumor location (P=0.008), depth of invasion (P=0.000),
lymph node metastasis (P=0.000), tumor differentiation
(P=0.013), and pathological type (P=0.002) were sig-
nificantly correlated to OS (P<<0.05). However, there was
no correlation between OS and either age or sex of the
patients. With regards to tumor location and OS, the median
survival time of patients with cancers of the cardia was
2242.42 months, which was shorter than that of gastric body
cancers (4513.86 months, P=0.003). The median survival
time of tubular adenocarcinoma was 41.0 months, while the
median survival time of poorly differentiated carcinoma was

1.0- 1 PD-L1/APE1
9 | — Negative

0.8- i — Positive
>
2
2
T 06~ P=0.003
o
S
Q
© J
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Z
7 "
w 0.24 -+ =t
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0.00 20.00 40.00 60.00

Overall survival (months)

Figure 4 Relationship between APE| and PD-LI coexpression and survival time.
Notes: Kaplan—Meier analysis of the survival time after surgery in APEI and PD-LI
coexpression-positive and -negative gastric cancer patients (P=0.003).
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Table 3 Correlation analysis of clinical data characteristics and overall survival time

Total cases, n Overall survival, median P-value
(months)

Age (years)
=60 67 29.0 0914
<60 40 33.0

Sex
Male 71 33.0 0.938
Female 36 28.0

Cancer location
Cardia 10 40.0 0.008*
Gastric body 30 45.0
Gastric antrum 67 22.0

Depth of invasion
pTI +pT2 41 - 0.000*
pT3 +pT4 89 20.0

Lymph node metastasis
Yes 73 20.0 0.000*
No 34 -

Differentiation
High + middle 24 41.0 0.013*
Low 83 25.0

Pathological type
Tubular adenoma 26 41.0 0.002*
Mucinous adenoma 6 20.0
Signet ring cell carcinoma 22 40.0
Poorly differentiated 53 20.0

Note: *P<<0.05.

2042.24 months (P=0.004). Finally, multivariate analysis
using the Cox regression model showed that the depth of
invasion was a significant prognostic factor (risk ratio 19.91;
95% confidence interval: 4.83-82.03; P=0.000), but there
was no significant relationship between prognostic risk and
PD-L1, APEI, or other characteristics.

Discussion

In this study, we demonstrated that both PD-L1 and APE1
were upregulated in gastric cancer. PD-L1 and APE1 posi-
tive expressions were significantly correlated with invasion,
lymph node metastasis, pathological type, OS, and higher T
stage. The expression of APEI and PD-L1 in gastric cancer
was positively correlated.

Gastric carcinoma occurs early in most patients, and local
lymph node metastasis predicts a poor prognosis, but the
underlying molecular mechanisms remain to be determined.
PD-L1 is a type I transmembrane glycoprotein, encoding 290
amino acids, and containing IgV- and IgC-like regions.***!
It is located in the chromosome 9p24.2 and more broadly
expressed than the other superfamily members.*? Binding of
PD-L1 to its receptor PD-1 on activated T-cells negatively
regulates cytokine secretion and T-cell proliferation.’ Over-
expression of PD-L1 in tumor cells allows cancer cells to

escape from host immune systems and lead to resistance of
cancer cells to antitumor immunity.*** PD-L1 was found to
be upregulated in many types of tumors and there is a strong
association between its expression and the patients’ clinico-
pathological parameters.'*!®!735 Oki, in the ASCO Annual
Meeting of 2014, reported that HER2 may affect PD-L1
expression in gastric cancer tissue, and therefore PTEN and
HER2 may be used as potential biomarkers for PD-1- and
PD-L1-targeted drugs in clinical trials.’ Thus, targeting
PD-L1 has a bright future in the treatment of tumors.

In the present study, we analyzed the expression of
PD-L1 in gastric cancer. In Kaplan—Meier analysis, PD-L1-
positive gastric cancers were significantly related to a poor
prognosis (P=0.008), which is consistent with a previous
study.?® PD-L1 expression was significantly correlated to
invasion, differentiation, lymph node metastasis, pathological
type, and OS. PD-L1 immunostaining was significantly
enhanced when the tumor infiltrated into the deep muscular
layers, with lymph node metastasis, high differentiation, or
survival time of less than 2 years (P<<0.05).

PD-L1 may promote immune escape of cancer cells by
activating Treg (regulatory cell) and inactivating antitumor
T-cells, leading to poor prognosis.*” Recently, it was reported
that factors present in the tumor microenvironment (such as
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IFN-y) and antitumor treatment induced PD-L1 expression.
Moreover, both in vitro and in vivo experiments showed that
blocking PD-L1 or PD-1 could enhance the tumor-specific
T-cell responses and hence inhibit tumor cell proliferation.*
However, the intracellular signaling pathways that regulate
the expression of PD-L1 remain unclear. A study found
that PD-L1 expression requires the activity of transcription
factor STAT3 combined with CD274 promoter,* while the
induction of PD-L1 by IFN-y requires mitogen-activated
protein kinases (MAPK). Our results showed that PD-L1
was upregulated in most gastric cancers, suggesting that the
MAPK and JAK/STAT signaling pathways may be promis-
ing targets for therapy of gastric cancer.

Recent studies have found that APE1 redox activity plays
an important role in the immune response.***! In a redox-
dependent or -independent manner, APE1 may activate sev-
eral transcription factors, including AP-1, NF-xB, p53, HIF,
PEBP-2, Pax-5, Pax-8, and TTF-1, which control different
cell biological processes, such as apoptosis, proliferation,
and differentiation. APE1 may regulate proliferation and
apoptosis by maintaining the intracellular reducing activity
status of these transcription factors.” APE1 is an apurine/
apyrimidine endonuclease and key enzyme in DNA base
excision repair, which mainly repairs DNA damage caused
by alkylating agents and oxidants.** APEI levels can be
significantly increased under oxidative stress.?> The APEI
levels are consistent with the activity of DNA base excision
repair.?* Abnormal expression of APE1 was found to be closely
associated with apoptosis, angiogenesis, and tumorigenesis.?’
Our study found that 86.9% (93/107) of gastric carcinomas
showed positive APE1 expression, and its expression was
associated with tumor infiltration depth, lymph node metastasis,
histopathologic type, and the prognosis of gastric cancer
patients (P<<0.05). The APE1 positive expression rate in
OS <2 years gastric cancer patients (96.8%) was significantly
higher than in OS >2 years patients (73.3%). High expression
of APE1 suggested that there might be significant direct DNA
damage. Taken together, we speculate that APE1 is involved in
the invasion and metastasis of gastric cancer and APE1 expres-
sion may have utility in the prognostication of gastric cancer.

Interestingly, we found that PD-L1 and APE1 were
coexpressed in 49.5% of gastric cancer patients and this was
associated with the extent of tumor invasion (£<<0.05). In
Kaplan—Meier analysis, PD-L1 and APE1 coexpression was
significantly related to a poor prognosis (P=0.003). Further
Spearman’s rank correlation analysis showed that the expres-
sion of APEIl and PD-L1 in gastric cancer was positively
correlated (#=0.336, P<<0.336). These results suggest

that PD-L1 and APE1 might have some correlation with
tumor proliferation and infiltration. Recently, it was found that
STATS3 controls APE1 gene expression in the liver.* Con-
versely, it has also been shown that APE1 directly regulates
STAT3 expression through its REDOX (oxidation reduction)
function in pancreatic cancer.* These facts suggest that APE1
might indirectly control PD-L1 expression through the regula-
tion of STAT3 and inhibition of APE1 may decrease STAT3
and eventually lead to downregulation of PD-L1.
Multivariate analysis using the Cox regression model
showed that the depth of invasion could be considered as
a significant prognostic factor (risk ratio 19.91; P=0.000).
However, there was no significant relationship of PD-L1
and APE1 with other characteristics and prognosis, probably
due to the close mutual relationships between APE1, PD-L1,
and proliferation or infiltration of tumors. Therefore, depth
of infiltration may be an independent factor affecting gastric
cancer survival, which has important clinical significance.
The correlation analysis of clinical data characteristics
and OS using the Kaplan—-Meier method demonstrated that
there was no significant correlation between age, sex, and OS
of patients. However, the tumor location (P=0.008), depth of
invasion (P=0.000), lymph node metastasis (P=0.000), tumor
differentiation (P=0.013), and pathological type (P=0.002)
were significantly correlated to OS (P<<0.05). The median
survival time of cardia cancer (22+2.42 months) was lower
than that of gastric body (4523.86 months) in the analysis of
tumor location and OS (P=0.003). The median survival time
of tubular adenocarcinoma was the longest (41.0 months),
while the median survival time of poorly differentiated carci-
noma was the shortest (20+2.24 months, P=0.004). Therefore,
the high expression of PD-L1 and APE1 is a risk factor of
gastric cancer and a new biomarker to predict the prognosis
of gastric cancer, further indicating the potential therapeutic
targeting value of the combination of PD-L1 and APE1 sig-
naling pathways in advanced gastric cancer patients.

Conclusion

To our knowledge, this is the first study to focus on the
association between PD-L1, APE1, and gastric cancer. Our
findings suggest that the high expression of PD-L1 and
APEI is a risk factor of gastric cancer and a new biomarker
to predict the prognosis of gastric cancer.
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