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Abstract: Objective: The PD-1/PD-L1 pathway plays a key role in the immune evasion of tumor cells from the host
immune system. This study aimed to examine PD-L1 expression and prevalence of infiltrating T cellin gastric dis-
eases, and elucidate the relevance of PD-L1 and prevalence of infiltrating T cell in the pathogenesis of gastric car-
cinoma. Methods: Immunohistochemistry and HE staining were used to investigate the in situ expression of PD-L1,
CD4 and CD8 in paraffin-embedded gastric tissues from patients with gastric ulcer (n=21), intestinal metaplasia/
atrophic gastritis (n=26) and gastric carcinoma tissues (n=38). Results: The expression of PD-L1 was found to be
most prevalent in gastric carcinoma and, by comparison, decreased in gastric tissues from patients with gastric
ulcer or intestinal metaplasia/atrophic gastritis. The overexpression of PD-L1 was notably more prevalent in cancer
tissues and tissues from cases of intestinal metaplasia/atrophic gastritis, with the highest prevalence observed in
intestinal metaplasia/atrophic gastritis. Meanwhile, decreasing prevalence was observed for CD4 and CD8 expres-
sion in gastric carcinoma. Therefore, PD-L1 expression in gastric carcinoma appeared to be inversely correlated with
prevalence of infiltrating T cell. Conclusion: PD-L1 expression was more prevalent while CD4 and CD8 expression
were decreased in gastric carcinoma compared with gastric ulcer and intestinal metaplasia/atrophic gastritis. As
the activated immunological status in gastric ulcerappears to switch to one of immunological suppression in intesti-
nal metaplasia/atrophic gastritis and gastric carcinoma, this may suggest that the immune evasion associated with
the PD-L1 pathway may be triggered in the pathogenesis of human gastric carcinoma.
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Introduction toma, and carcinomas of the colon, breast,
lung, ovary, and renal cells, and has been dem-
onstrated to impair anti-tumor T-cell immunity
[2]. Additionally, in mouse models of cancer
such as renal cell carcinoma, multiple myelo-
ma, and pancreatic cancer, blockade of PD-L1

has been shown to produce an anti-tumor

Gastric cancer is a solid malignant tumor with a
rising rate of incidence and a high rate of mor-
tality. As for other solid tumors, the tumor
microenvironment, particularly the local infil-
trating T cell, is crucial in the pathogenesis of

gastric carcinoma.

Programmed death-1 ligand 1 (PD-L1, also
known as CD274 or B7-H1), is a member of the
B7 family of cell-surface immune-regulatory
proteins [1]. Overexpression of PD-L1 by tumor
cells has been observed in various types of
human cancer, including melanoma, glioblas-

response [3-5]. Furthermore, through interac-
tion with its receptor, programmed death-1 (PD-
1), it has been indicated that PD-L1 may act as
a negative regulatory molecule of the anti-
tumor response [6-8]. Therefore, examining the
expression of PD-L1 in human gastric carcino-
ma tissues via immunohistochemistry may pro-
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Table 1. Clinical characteristics of the subjects in the study

Patients with gastric

Characteristics ulcer

Patients with intestinal Patients with gastric
metaplasia/atrophic gastritis carcinoma

N=21

N=26 N=38

Mean age (range), years
Gender
Male 13
Female 8
Histology
Gastric ulcer 21
Intestinal metaplasia and atrophy
Carcinoma, poor differentiated
Carcinoma, moderate differentiated
Depth of tumor invasion
T1
T2
T3
T4
N stage
NO
N1
N2
N3
M stage
MO
M1 /

~N O N

NN N N

NN N N

57.47+11.61 (31-83)

56.67+12.84 (37-79)  58.00+13.43 (37-84)
20 29
6 9
/ /
26 /
/ 5
/ 33
/ 0
/ 1
/ 19
/ 18

/

/ 2

/ 10

/ 13

/ 13
28

/ 10

vide a better understanding of how this co-
inhibitory signaling molecule contributes to the
suppression of anti-tumor immunity in the gas-
tric carcinoma microenvironment. Such data
may aid in identifying potential immunological
therapeutic targets of PD-L1 in gastric carci-
noma.

In the present study, we hypothesized that
PD-L1 expression in the gastric tumor microen-
vironment may play a role in immune regula-
tion, triggered the immune evasion associated
with the PD-L1 pathway, and thus participate in
the pathogenesis of gastric carcinoma. To veri-
fy this hypothesis, samples of paraffin-embed-
ded gastric tissues were collected from 85
patients with gastric ulcer, intestinal metapla-
sia/atrophic gastritis (precursor lesions to gas-
tric carcinoma), or gastric carcinoma, and the
expression levels of PD-L1, CD4 and CDS8 in the
gastric tissues were examined. Additionally, the
relevance of PD-L1 expression and prevalence
of infiltrating T cell in the human gastric tissues
was evaluated. The results indicated that the
PD-L1 expression was more prevalent while
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CD4 and CD8 expression were decreased in
gastric carcinoma compared with gastric ulcer
and intestinal metaplasia/atrophic gastritis,
and that the immune evasion associated with
the PD-L1 pathway may be triggered in the
pathogenesis of human gastric carcinoma.

Materials and methods
Subjects

The research protocol was approved by the
Institutional Review Board of West China
Second University Hospital, Sichuan University
(Chengdu, China). In this study, 85 individual
samples of paraffin-embedded gastric tissue
were collected from 21 patients with gastric
ulcer, 26 patients with intestinal metaplasia
and atrophy, and 38 patients with gastric carci-
noma, all of whom were treated at the No. 4
West China Teaching Hospital. The histological
diagnosis, differentiation and stage of all 3 dis-
eases were evaluated according to the World
Health Organization classification [9]. Tumors
were staged via the TNM classification and clin-
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Table 2. IHC staining intensity scores of CD4, CD8 and PD-L1 in the
different histologically classified gastric tissues

The percentage of IHC staining intensity score, n (%)

Protein Score Gastric ulcer Intestinal metaplasia/  Gastric carci- P value
(N=21) atrophic gastritis (N=26) noma (N=38)

PD-L1 O  4(19.05%) 4 (15.38%) 5(13.16%) 0.805
1 15(71.43%) 9 (34.62%) 25 (65.79%)
2 2(9.52%) 13 (50.00%) 8 (21.05%)
1+2 17 (80.95%) 22 (84.62%) 33 (86.84%)

cD4 0  4(19.05%) 8(30.77%) 16 (42.11%) 0.871
1 13 (61.90%) 12 (46.15%) 15 (39.47%)
2 4(19.05%) 6 (23.08%) 7 (18.42%)
142 17 (80.95%) 18 (69.23%) 22 (57.89%)

cDS8 0 3(14.29%) 7 (26.92%) 7 (18.42%) 0.906
1 14 (66.67%) 10 (38.46%) 24 (63.16%)
2 4(19.05%) 9 (34.62%) 7 (18.42%)
1+2 18 (85.72%) 19 (73.08%) 31 (81.58%)

dase for 10 min at room
temperature. After antigen
retrieval in 0.1 mol/I citrate
buffer (pH 6.0) for 15 min
at 95°C in a pressure
cooker, the sections were
incubated with the diluted
primary antibodies at 4°C
overnight and rewarmed to
room temperature for 30
min, and then incubated
with HRP-conjugated goat
anti-rabbit/mouse second-
ary antibody (1:100; cata-
log no., ab6720; Dako;
Agilent Technologies, Inc.,
Santa Clara, CA, USA).
Subsequently, the sec-

A staining intensity score of O was defined as a negative result; a score of 1 or 2 was
defined as a positive result; and a score of 2 was considered to indicate overexpression.

ical staging systemsof the American Joint
Committee on Cancer (AJCC) 2009 [10]. The
clinical characteristics of all subjects were
shown in Table 1.

Immunohistochemistry

The immunohistochemical (IHC) staining was
performed on serial tissue sections and all
samples were routinely processed as described
previously [11]. Mouse anti-human CD4 mono-
clonal antibody (1:100; IgG1; catalog no.,
MAB379; R&D Systems, Inc., Dallas, TX), rabbit
anti-human CD8 polyclonal antibody (1:100;
IgG; catalog no., ab85792; Abcam, Cambridge,
UK), and mouse anti-human PD-L1 antibody
(1:100; 1gG1; catalog no., GTX104763; GeneTex,
Inc., Irvine, CA) were used as the primary anti-
bodies for IHC staining. Negative controls were
established by using isotype control antibodies
of goat serum (Zhongshan Golden Bridge Biote-
chnology Co., Ltd., Beijing, China), mouse 1gG1
or rabbit 1gG for primary antibody substitution
according to the source of primary antibody. All
antibodies were diluted in phosphate-buffered
saline (PBS) containing 0.1% bovine serum
albumin (Roche Applied Science, Rotkreuz,
Switzerland) and 0.01% sodium azide. For IHC
staining, in brief, 4-um tissue sections were
deparaffinized for 15 min in xylene, hydrated in
an ethyl alcohol gradient of 100, 95, 85, 80
and 75%, and then blocked for endogenous
peroxidase activity with 3% hydrogen peroxi-
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tions were developed with
diaminobenzidine (DAB) at
room temperature for 3
min for color development
and counterstained with Mayer’'s hematoxylin,
and mounted in Permount (ZSGB-BIO, Beijing,
China). Finally, microscopic observation (magni-
fication, x4,000; 5 fields of view) was per-
formed, and the intensities of immunostaining
for PD-L1, CD4 and CDS8 in the tissues were
determined.

The IHC staining was evaluated by two individu-
al pathologists. We determined the IHC staining
intensity scores with a 3-tier system, as follows:
0, no discernible staining; 1, weak or moderate
staining; 2, strong staining. A staining intensity
score of 1 or 2 was defined as a positive result.
Samples exhibiting 2 was considered as “posi-
tive for overexpression” [12].

Statistical analysis

The percentages of IHC staining intensity
scores were calculated and analyzed. The sta-
tistical significance of data was assessed by
Pearson’s Chi squared test using a computer
software SPSS (SPSS for windows, version
19.0.0, Chicago, IL, USA). P value < 0.05 was
considered statistically significant.

Results
Expression of PD-L1 in gastric tissue
To study the expression of PD-L1 in gastric tis-

sue, an anti-PD-L1 antibody was used as a pri-
mary antibody for IHC staining. A negative
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Gastritis

Intestinal
metaplasia
and atrophy

Gastric

carcinoma

Figure 1. Detection of PD-L1, CD4 and CD8 expression by immunohistochemistry in the different histologically
classified gastric tissues. HE staining was also performed. A-C. HE staining of gastric ulcer tissues, intestinal
metaplasia/atrophic gastritis tissues, and gastric carcinoma tissues. D-F. PD-L1 expression in gastric ulcer tis-
sues, intestinal metaplasia/atrophic gastritis tissues, and gastric carcinoma tissues. G-l. CD4 expression in gastric
ulcer tissues, intestinal metaplasia/atrophic gastritis tissues, and gastric carcinoma tissues. J-L. CD8 expression
in gastric ulcer tissues, intestinal metaplasia/atrophic gastritis tissues, and gastric carcinoma tissues (original

maghnification x4,000).

control was established using an isotype con-
trol of mouse 1gG1 as the primary antibody
substitute.

A staining intensity score of 1 or 2 was consid-
ered to indicate positive expression. As shown
in Table 2 and Figure 1, the positive rates of
PD-L1 expression in gastric ulcer tissue, intes-
tinal metaplasia/atrophic gastritis tissue, and
cancer tissue were 80.95, 84.62, and 86.84%,
respectively. A staining intensity score of 2 was
considered to indicate overexpression. The
rates of PD-L1 overexpression in gastric ulcer
tissue, intestinal metaplasia/atrophic gastritis
tissue, and cancer tissue were determined to
be 9.52, 50.00, and 21.05%, respectively.
Thus, it was seemingly higher in cancer tissue
and intestinal metaplasia/atrophic gastritis tis-
sue, with the highest level observed in intesti-
nal metaplasia/atrophic gastritis tissue at a
rate of 50.00%, while significant difference was
not shown.

Expression of CD4 and CD8 in gastric tissue

As shown in Table 2 and Figure 1, the positive
rates of CD4 expression in gastric ulcer tissue,
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intestinal metaplasia/atrophic gastritis tissue,
and cancer tissue were 80.95, 69.23, and
57.89%, respectively. The overexpression of
CD4 was detected to be at the highest level in
intestinal metaplasia/atrophic gastritis tissue
at a rate of 23.08%.

The positive rates of CD8 expression in gastric
ulcer tissue, intestinal metaplasia/atrophic
gastritis tissue, and cancer tissue were 85.72,
73.08, and 81.58%, respectively. The overex-
pression of CD8 was detected to be at the high-
est level in intestinal metaplasia/atrophic gas-
tritis tissue at a rate of 34.62%.

Similar decreasing trends were observed for
CD4 and CD8 expression with the worsening
pathologies. As the activated immunological
status (indicated with increasing of infiltrating
CD4+ and CD8+ T lymphocytes) in gastric ulcer
appears to switch to one of immunological sup-
pression (indicated with decreasing of infiltrat-
ing CD4+ and CD8+ T lymphocytes) in intestinal
metaplasia/atrophic gastritis and gastric carci-
noma, this may suggest that the immune eva-
sion associated with the PD-L1 pathway may
be triggered in the pathogenesis of human gas-
tric carcinoma.
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Discussion

Programmed death 1 (PD-1) is a receptor of the
CD28/CTLA-4 family, and expressed mainly on
the surface of peripheral T cells, B cells and
monocytes [13]. As a ligand of PD-1, PD-L1
belongs to the B7 family, and is widely
expressed by activated T cells, B cells, DCs,
macrophages and non-hematopoietic derived
cells [1, 14]. The PD-1/PD-L1 axis is well estab-
lished as a T-cell co-inhibitory pathway in vivo
[15-17]. Notably, the apoptosis of activated T
cells, particularly memory T cells, has been
found to induce the PD-1/PD-L1 pathway to
maintain T cell balance and homeostasis under
various circumstances, including in autoim-
mune disease and tolerance induction in trans-
plantation [18-22]. In recent years, the immune-
regulatory function of PD-1/PD-L1 in the tumor
microenvironment has become a topic of inter-
est for researchers [19, 23].

Previous studies have reported that the
immune evasion mediated by the PD-L1 path-
way in the local environment plays an impor-
tant role in the carcinogenesis of various tumor
types, including non-small cell lung cancer,
melanoma, and colorectal, renal cell, ovarian,
pancreatic, gastric and breast cancers [24-28].
It has been observed that T-cell apoptosis may
be induced by tumor-associated PD-L1, and
that the blockade of interactions between PD-1
and PD-L1 enhances immune function in vitro
and mediates anti-tumor activity in preclinical
models [29, 30]. Furthermore, antibody-medi-
ated blockade of PD-L1 has been reported to
induce durable tumor regression (objective
response rate 6 to 17%) and prolonged stabili-
zation of disease (12 to 41% at 24 weeks) in
patients with advanced cancers, including non-
small cell lung cancer, melanoma, and renal
cell cancer. Inhibitory anti-PD-L1 antibodies are
therefore being evaluated in clinical trials for
various solid tumors in humans, including mel-
anoma and cancers of the lung, kidney, colon,
pancreas and stomach. These findings suggest
the potential of PD-L1 as a therapeutic target in
human solid tumors.

Many factors have been reported to be involved
in the carcinogenesis of gastric tumors. How-
ever, few studies have investigated the role of
PD-L1 in gastric cancer. In this study, we
assessed the role of PD-L1 in the evasion of
gastric tumor cells from the host immune sys-
tem, and aimed to elucidate the role of PD-L1 in
the pathogenesis of gastric carcinoma.
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Our data indicated that immune evasion involv-
ing the PD-L1 pathway may be triggered in the
pathogenesis of human gastric carcinoma.
With worsening pathologies, from gastric ulcer
to intestinal metaplasia and atrophy, and fur-
ther to gastric carcinogenesis, the activated
immunological status was indicated to switch
to an immunological suppressive status in
intestinal metaplasia/atrophic gastritis tissue
and gastric carcinoma.
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