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Abstract
Introduction: Programmed death-ligand 1 (PD-L1) expres-
sion is a prognostic marker for gastric cancer that correlates 
with tumor diameter and depth of penetration. But the role 
of PD-L1 and mechanism(s) employed in the initial phase of 
invasion in early gastric cancer is yet to be understood. Objec-
tive: This study aims to elucidate the role of PD-L1 during the 
progression of gastric cancer, specifically invading the sub-
mucosa beyond the lamina muscularis mucosa. Methods: Us-
ing 107 patients with pathological submucosal gastric cancer, 
we determined the expression of PD-L1 based on the staining 
of the cell membrane or cytoplasm of tumor cells in the cen-
tral and invasive front of the tumor. Samples were catego-
rized into 3 groups based on the intensity of PD-L1 expres-
sion. CD8+ lymphocytes expressing PD-1 and CD163+ macro-
phages were used to determine the number of cell nuclei at 
the invasive front, similar to PD-L1. CMTM6 levels were deter-

mined and used to stratify samples into 3 groups. Results: 
PD-L1 expression was higher in the invasive front (26.2%) 
than in the central portion of the tumors (7.4%; p < 0.001). 
Moreover, lymphatic and vascular invasion were more fre-
quently observed in samples with high levels of PD-L1 (lym-
phatic invasion: 60.7 vs. 35.4%, p = 0.0026, and vascular inva-
sion: 39.3 vs. 16.5%, p = 0.0018). There was no correlation be-
tween PD-L1 expression and the levels of PD-1, CD8, CD163, 
and CMTM6. Conclusions: PD-L1-expressing cancer cells at 
the invasive front of gastric cancer influence the initial stages 
of tumor invasion and lymphovascular permeation in early-
stage gastric cancers. Immune checkpoint signaling may be 
the driving force in the invasive front during the invasion of 
the submucosa beyond the lamina muscularis mucosa.

© 2020 S. Karger AG, Basel

Introduction

Although there has been a gradual decrease in the rate 
of mortality associated with gastric cancer, it remains the 
third most common cause of cancer-related deaths in Ja-



Ubukata et al.Oncology 2021;99:15–2216
DOI: 10.1159/000509033

pan, claiming 45,000 lives annually [1]. Although gastric 
cancer does not usually involve venous and lymphatic 
permeation among the mucosal cancers, upon progres-
sion into the submucosa, patients develop lymph node 
and other distant metastases [2]. However, the progres-
sion of mucosal cancer into the submucosal region re-
mains to be elucidated. Therefore, it is important to un-
derstand the mechanism(s) involved during the initial 
stages of invasion in gastric cancer.

Venous and lymphatic permeation is attributed to the 
penetration of cancer cells deeper into the mucosa and 
submucosa during the progression of gastric cancer [3]. 
Several reports have shown that clinicopathological find-
ings, such as tumor diameter, vascular invasion, degree of 
differentiation, and depth of penetration, help track the 
progress of lymph node metastasis [4–8]. Depth of pen-
etration includes the extent of cancer invasion; this can be 
determined by analyzing the gene expression of claudin 3 
and claudin 18 owing to their involvement in the initial 
phase of gastric cancer invasion [9, 10]. However, there is 
little mechanistic insight into the role with deep invasion 
during the early stages of gastric cancer.

PD-L1/2 is found on the surface of cancer cells that 
bind to the immune checkpoint receptor PD-1 on the sur-
face of cytotoxic T cells, thereby inactivating active T cells 
and evading immune recognition [11–13]. Immune 
checkpoint inhibitors targeting PD-1/PD-L1 suppress T 
cell inactivation and activate tumor immunity [14, 15]. 
PD-L1 is also involved in tumor invasion; Tsutsumi et al. 
[16] reported the correlation between PD-L1 expression 
and poor prognosis of patients with esophageal cancer 
along with epithelial-mesenchymal transition. Numer-
ous other studies have shown that PD-L1 expression cor-
relates with poor prognoses for various malignant tu-
mors, such as esophageal cancers, hepatocellular cancers, 
renal cell cancers, and malignant melanomas [17–20]. 
The expression of PD-L1, high content of infiltrated lym-
phocytes in tumors, and distant metastasis in breast can-
cer can be attributed to the levels of PD-1 [21].

PD-L1 expression is a prognostic marker for gastric 
cancer that correlates with tumor diameter and depth of 
penetration [22]. Li et al. [23] demonstrated a decrease in 
tumor metastasis and proliferation by the knocking down 
of PD-L1 in gastric cancer cell lines. PD-L1 expression in 
gastric cancer is controlled by IFN-γ via JAK-STAT sig-
naling and epithelial-mesenchymal transition; PD-L1 af-
fects tumor immunity by modulating cytotoxic T lym-
phocyte activity [24]. However, the role of PD-L1 and 
mechanism(s) employed in the initial phase of invasion 
in early gastric cancer is yet to be understood. We hypoth-

esize that PD-L1 may contribute to the acquisition of in-
vasive phenotypes of cancer cells during progression 
from the mucosal layer to the stromal cells-abundant sub-
mucosal layer, as it theoretically acts in immune evasion. 
This study aims to elucidate the role of PD-L1 during gas-
tric cancer progression, specifically in the invasion of the 
submucosa beyond the lamina muscularis mucosa. Thus, 
we determined the expression of PD-L1 in different re-
gions of submucosal gastric cancer. Subsequently, we in-
vestigated the correlation between PD-L1 expression, 
CMTM6 (in the regulation of PD-L1), and infiltration of 
immune cells (e.g., tumor-associated CD163+ macro-
phages and cytotoxic CD8+ T lymphocytes expressing 
PD-1) in gastric cancer tissues.

Materials and Methods

Patients
We performed radical surgeries on 635 gastric cancer patients 

at the Gunma University Hospital between April 2010 and March 
2017. Among them, 107 patients who underwent surgery for pri-
mary gastric cancer with pT1b (pathological results showing tu-
mor cell infiltration in the submucosal layer through the mucosal 
muscle plate) were included. Among pT1b carcinomas, pSM1 
(pT1b1) is defined by a distance from the lower end of the mucosal 
muscle plate to the deepest point of <500 μm, and pSM2 (pT1b2) 
is defined by a distance of >500 μm. This study was approved by 
the Ethics Committee of Gunma University (approval No.: 
HS2019-183).

Immunohistochemistry
Biomarker expression was analyzed by immunohistochemis-

try. Briefly, 4-μm sections were deparaffinized in xylene and dehy-
drated using a gradient of ethanol. The specimens were pretreated 
in an autoclave to retrieve the following antigens: PD-L1 and PD-1 
(121°C, 10 min, Target Retrieval Solution; pH 6.1), CD8 (121°C, 
30 min, boiled citric acid; pH 6.0), CD163, CMTM6, and D2–40 
(98°C, 30 min, boiled citric acid; pH 6.0). Subsequently, the sec-
tions were incubated in 0.3% hydrogen peroxide dissolved in 
methanol to saturate and inhibit the endogenous peroxidases. 
Nonspecific binding by antibodies was prevented by blocking the 
sections followed by overnight incubation at room temperature 
with primary antibodies against PD-L1 (1:400; 28-8, Abcam), 
PD-1 (1:400; NAT105, Abcam), CD8 (1:100; C8/144B, DAKO), 
CD163 (1:500; D6U1J, Cell Signaling Technology), CMTM6 (1:50; 
ab97652, Abcam), and D2–40 (1:200; M3619, DAKO).

The sections were washed with phosphate-buffered saline, and 
staining by the primary antibodies was visualized using the Histo-
fine Simple Stain MAX-PO (Multi) Kit (Nichirei, Tokyo, Japan) 
according to the instructional manual. The chromogen (0.02%), 
3,3-diaminobenzidine tetrahydrochloride (Dojindo Laboratories, 
Kumamoto, Japan), was dissolved in 0.005% H2O2 and 50 mM 
Tris-HCl buffer (pH 7.6). Subsequently, the sections were lightly 
counterstained with Mayer’s hematoxylin and mounted.

PD-L1, PD-1, CD8, CD163, and CMTM6 levels were indepen-
dently determined by 2 investigators, including 1 general patholo-
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gist. PD-L1 expression was analyzed based on the staining of the 
cell membrane or cytoplasm of tumor cells in the central and in-
vasive tumor samples. The immunostaining score was calculated 
based on the number of positive cells and staining intensity, as 
described previously [25]. Samples with PD-L1 expression were 
categorized into 3 groups (no, low, and high expression) based on 
the Allred score [26]. PD-1, CD8, and CD163 expressions were 
analyzed using the number of positive cell nuclei at the invasive 
front of the tumor (similar to PD-L1), as described previously [27, 
28]. CMTM6 expression was analyzed as per a previous study [29].

Clinicopathological Features and PD-L1 Expression in Patients
The patients were stratified in 2 different ways. First, we as-

signed patients to no/low expression and high expression groups 
based on PD-L1 expression at the invasive portion of the tumor. 
Second, we assigned patients to the center-dominant (stronger or 
equal expression of PD-L1 in the central rather than invasive front) 
and invasive front-dominant (stronger PD-L1 expression in the 
invasive front rather than the central portion) groups. Clinico-
pathological features (such as age, gender, differentiation of gastric 
cancer, tumor size, pathological lymph node metastasis, lymphat-
ic permeation, venous permeation, postoperative recurrence, and 
cancer death) were comparatively analyzed in each subgroup.

Statistical Analysis
The differences between the 2 groups were compared using 

Student’s t test and the χ2 test. p values <0.05 were considered sta-
tistically significant. All statistical analyses were performed using 
EZR (2.4-0). Standard deviations, instead of standard errors of the 
mean, were preferred. All significant results necessarily included 
the test value, degree(s) of freedom, and probability level.

Results

PD-L1 Expression in the Central and Invasive Portion 
of Submucosal Gastric Cancer
Table 1 shows the immunohistochemical profile of the 

central and invasive portions of the tumor. PD-L1 was 
expressed in the cell membrane and cytoplasm of tumor 

cells in the submucosal gastric cancer specimens (Fig. 1a, 
b). Among the 107 patient samples, PD-L1 was observed 
to be higher in the invasive front (26.2%) than in the cen-
tral portion (7.4%; p < 0.001). Similarly, in the pathologi-
cal SM1 and pathological SM2 subgroups, we observed a 
higher expression of PD-L1 in the invasive front than in 
the central portion (pSM1: 16.7 vs. 8.3%, p = 0.002; pSM2: 
28.9 vs. 7.2%, p < 0.001).

Clinicopathological Features of the Patient Cohort 
Based on PD-L1 Expression
Table  2 summarizes the clinicopathological features 

based on the expression of PD-L1 in the invasive front of 
the gastric tumors. Samples with high PD-L1 expression 

a b c

Table 1. Comparison of PD-L1 expression between the central and 
invasive front portions in resected specimens of submucosal 
gastric cancer

PD-L1 expression Central 
portion

Invasive 
front portion

p  
value

All cases (n = 107)
No expression 57 (53.3) 10 (9.3) <0.001
Low expression 42 (39.3) 69 (64.5)
High expression 8 (7.4) 28 (26.2)

pSM1 cases (n = 24)
No expression 13 (54.2) 2 (8.3) 0.002
Low expression 9 (37.5) 18 (75)
High expression 2 (8.3) 4 (16.7)

pSM2 cases (n = 83)
No expression 44 (53) 8 (9.6) <0.001
Low expression 33 (39.3) 51 (61.5)
High expression 6 (7.2) 24 (28.9)

The numbers in parentheses indicate percentages. PD-L1, pro-
grammed death-ligand 1.

Fig. 1. Expression of PD-L1 in the central, invasive, and submucosal regions of gastric carcinoma. Representative 
immunohistochemistry images of samples stained with anti-PD-L1 antibodies (×100, a: central portion; b: inva-
sive front; and ×50, c: submucosal region).
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correlated with a higher proportion of lymphatic and vas-
cular invasion (lymphatic invasion: 60.7 vs. 35.4%, p = 
0.0026, and vascular invasion: 39.3 vs. 16.5%, p = 0.0018). 
There were no significant differences in patient age and 
gender, tumor size and differentiation, lymph node me-
tastases, postoperative recurrence, and cancer death be-
tween the 2 groups.

Clinicopathological Features of the Patient Cohort 
Based on the Dominant Pattern of PD-L1 Expression
Table 3 shows the clinicopathological features based 

on the dominant pattern of PD-L1 expression. Patholog-
ical lymph node metastasis and lymphatic and vascular 
invasion were more frequently observed in the invasive 
front-dominant group (pathological lymph node metas-
tasis: 25.4 vs. 6.8%, p = 0.019; lymphatic invasion: 52.4 vs. 
27.3%, p = 0.011; and vascular invasion: 30.2 vs. 11.4%,  
p = 0.033). There were no significant differences in pa-

tient age, gender, tumor size, differentiation, postopera-
tive recurrence, and cancer death between the 2 groups.

Correlation between PD-L1 Expression and Other 
Factors
We determined the expression of PD-1, CD8, CD163, 

and CMTM6 in the invasive front of the submucosal tu-
mors and compared them with PD-L1 expression (Fig. 2). 
We used 2 different ways of subgrouping and found that 
there was no significant correlation between PD-L1 ex-
pression and other patient factors in either subgroup 
(PD-1: p = 0.37; CD8: p = 0.39; CD163: p = 0.6; and 
CMTM6: p = 0.23; Table 4).

PD-L1 and D2–40 Profiles in Samples with Lymphatic 
Permeation
We performed PD-L1 and D2–40 staining using serial 

sections of the representative patient sample with lym-

Table 3. Clinicopathological features of patients with submucosal 
gastric cancer who underwent gastrectomy relative to the dominant 
pattern of PD-L1 expression

Factor PD-L1 expression pattern p  
valuecenter 

dominant 
(n = 44)

invasive front 
dominant 
(n = 63)

Mean age, years 70 68 0.316
Gender 28 (63.6) 48 (76.2) 0.196

Male 16 (36.4) 15 (23.8)
Female

Differentiation of gastric cancer
Well/moderately 30 (68.2) 54 (85.7) 0.035
Poorly 14 (31.8) 9 (14.3)

Mean tumor size, mm 35 33 0.653
Pathological lymph node metastasis

(−) 41 (93.2) 47 (74.6) 0.019
(+) 3 (6.8) 16 (25.4)

Lymphatic permeation
(−) 32 (72.7) 30 (47.6) 0.011
(+) 12 (27.3) 33 (52.4)

Venous permeation
(−) 39 (88.6) 44 (69.8) 0.033
(+) 5 (11.4) 19 (30.2)

Postoperative recurrent
(−) 43 (97.7) 59 (93.7) 0.647
(+) 1 (2.3) 4 (6.3)

Cancer death
(−) 44 (100) 59 (93.7) 0.142
(+) 0 4 (6.3)

The numbers in parentheses indicate percentages. PD-L1, pro-
grammed death-ligand 1.

Table 2. Clinicopathological features of patients with submucosal 
gastric cancer who underwent gastrectomy relative to PD-L1 
expression at the invasive front portion

Factor PD-L1 expression p  
valueno + low 

(n = 79)
high 
(n = 28)

Mean age, years 69.0 69.0 0.949
Gender

Male 57 (72.2) 19 (67.9) 0.809
Female 22 (17.8) 9 (22.1)

Differentiation of gastric cancer
Well/moderately 63 (79.7) 21 (75.0) 0.588
Poorly 16 (20.3) 7 (25.0)

Mean tumor size, mm 33 34.5 0.507
Pathological lymph node metastasis

(−) 66 (83.5) 22 (78.6) 0.570
(+) 13 (16.5) 6 (22.4)

Lymphatic permeation
(−) 51 (64.6) 11 (39.3) 0.026
(+) 28 (35.4) 17 (60.7)

Venous permeation
(−) 66 (83.5) 17 (60.7) 0.018
(+) 13 (16.5) 11 (39.3)

Postoperative recurrence
(−) 74 (93.7) 28 (100) 0.323
(+) 5 (6.3) 0

Cancer death
(−) 75 (94.9) 28 (100) 0.571
(+) 4 (5.1) 0

The numbers in parentheses indicate percentages. PD-L1, pro-
grammed death-ligand 1.
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phatic permeation (Fig. 3). PD-L1 was expressed in the 
cancer cells that permeated into lymphatic vessels.

Discussion/Conclusion

Cancer cells that penetrate the lamina muscularis mu-
cosa and invade into the submucosa (with an abundance 
of stromal cells) are exposed to host immune response. 
Therefore, we hypothesized that PD-L1-expressing can-

cer cells at the invasive front escape immune recognition 
and infiltrate deep into the host tissues to enhance tumor 
progression. In this study, we observed high levels of PD-
L1 within the pSM1 subgroup, indicating the importance 
of PD-L1 in the initial stages of gastric cancer invasive-
ness.

Venous and lymphatic permeation occurs as cancers 
progress, thereby enabling metastasis to the lymph nodes 
and distant organs. Akt, mTOR, VEGF-C, and VEGF-D 
are also involved during this process [30]. In this study, 

a b

c d

a b

Fig. 2. Expression of PD-1, CD8, CD163, 
and CMTM6 at the invasive front of the tu-
mor. Representative immunohistochemis-
try images of samples stained with anti-
PD-1 (×200, a), anti-CD8 (×200, b), anti-
CD163 (×200, c), and anti-CMTM6 (×200, 
d) antibodies.

Fig. 3. Expression of PD-L1 in the tumor cells present in the lymphatic vessel at the invasive front of the submu-
cosal gastric cancer. Representative immunohistochemistry images of samples stained with D2–40 (×400, a) and 
anti-PD-L1 (×400, b) antibodies.
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we found that PD-L1 expression correlated with venous 
and lymphatic permeation in submucosal gastric cancer 
samples. PD-L1 and D2–40 staining of the tissue sections 
of a representative patient with lymphatic permeation re-
vealed the presence of PD-L1 expression in cancer cells 
that permeated into the lymphatic vessels (Fig. 3). These 
findings suggest that cancer cells expressing a high con-
tent of PD-L1 in submucosal invasive cancers have the 
ability of deep invasion and vascular permeation.

CD8+ T cells influence tumor immunity by differenti-
ating into cytotoxic T lymphocytes. CD8 cell infiltration 
has been shown to correlate with PD-L1 expression in tu-
mor cells and stroma [30, 31]. CD8+ T cell infiltration cor-
relates with PD-L1 expression and poor prognosis in gas-
tric cancer [32]. CD163 is expressed on the surface of M2 
macrophages; M2 macrophages stimulate the formation 
of the tumor microenvironment and early vascular inva-
sion in gastric cancer [33]. CD163 expression on M2 mac-
rophages has been reported to correlate with PD-L1 ex-
pression in gastric cancer. PD-1 is expressed on CD4+ and 
CD8+ T cells and interacts with PD-L1/2 in avoiding im-
mune responses. Burr et al. [34] reported that CMTM6 
stabilizes PD-L1 from degradation by ubiquitination. In 
this study, we did not observe a correlation between the 
expression of PD-L1 in cancer cells and that in other pro-
teins. Shen et al. [35] revealed that there was no correla-
tion with CD8 and PD-L1, suggesting that an adaptive im-
mune resistance mechanism may be inactive in early-
stage cancer. Okabe et al. [36] reported that CD8+ T cell 
density was not associated with PD-L1 expression in early 
breast cancer. Concerning the relationship between PD-
L1 and CD163, to our knowledge, no previous study has 
focused on early-stage cancer. The studies that examined 
the relationship between PD-L1 and CD163 in gastric [28] 
and colorectal cancers [37] showed a positive correlation 
between PD-L1 and CD163; probably, this could be attrib-
uted to the use of samples with mixed stages of cancer 
(mainly T2 or deeper cancers). We speculated that tumor 
microenvironment might be immature in pT1b gastric 
cancer regardless of high PD-L1 expression on cancer 
cells, compared to advanced cancer. Therefore, it is im-
portant to understand the interaction between the tumor 
and stroma in the future, especially in early-stage cancer.

This study demonstrated that PD-L1 was highly ex-
pressed at the invasive front of submucosal invasive gas-
tric cancer, indicating heterogeneous expression of PD-L1 
in gastric cancer. However, biopsies from patients in a 
clinical trial that studied the effect of anti-PD-1 as a ther-
apy against advanced gastric cancer revealed that PD-L1 
expression in the mucosal surface could not serve as a bio-
marker for determining therapeutic efficacy [38]. Based 
on the heterogeneous results of this study, it was specu-
lated that biopsy specimens might be inappropriate to 
qualify the status of PD-L1 in patients with gastric cancer. 
Thus, it is important to understand the basis for heteroge-
neous PD-L1 expression in gastric cancer in the future.

There are some limitations associated with this study. 
First, this was a single facility-based study with a small 
cohort. Second, PD-L1 expression was determined using 

Table 4. Relationship of expression between PD-L1 and other 
factors relative to PD-L1 expression at the invasive front portion 
and the dominant pattern of PD-L1 expression in resected 
specimens of submucosal gastric cancers

Factor PD-L1 expression at invasive 
front portion

p 
value

no + low 
(n = 79)

high 
(n = 28)

PD-1
Negative 53 (67.1) 16 (57.1) 0.37
Positive 26 (22.9) 12 (42.9)

CD8
Negative 36 (45.6) 10 (35.7) 0.39
Positive 43 (54.4) 18 (64.3)

CD163
Negative 63 (79.7) 21 (75.0) 0.6
Positive 16 (20.3) 7 (25.0)

CMTM6
Negative 24 (30.4) 5 (17.9) 0.23
Positive 55 (69.6) 23 (82.1)

Factor PD-L1 expression pattern p 
valuecenter 

dominant 
(n = 44)

invasive front 
dominant 
(n = 63)

PD-1
Negative 31 (70.5) 38 (60.3) 0.31
Positive 13 (29.5) 25 (39.7)

CD8
Negative 22 (50) 24 (38.1) 0.24
Positive 22 (50) 39 (61.9)

CD163
Negative 35 (79.5) 49 (77.8) 1
Positive 9 (20.5) 14 (22.2)

CMTM6
Negative 16 (36.4) 13 (20.6) 0.081
Positive 28 (63.6) 50 (79.4)

The numbers in parentheses indicate percentages. PD-L1, pro-
grammed death-ligand 1; PD-1, programmed death 1; CMTM6, 
CKLF-like MARVEL transmembrane domain-containing 6.
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a single antibody and did not consider the differences in 
staining potentials by multiple antibodies. Further, the 
study only focused on submucosal cancer owing to surgi-
cal resections. To preliminarily investigate PD-L1 expres-
sion in pT1a and pT2 cancers, we randomly stained 20 
samples for each group, using our archived samples. We 
found that there was no difference in expression between 
the central portion and invasive front in pT1a cases, while 
the expression of PD-L1 in the invasive front was stronger 
than in the central portion in pT2 cases (data not shown). 
This may motivate further detailed studies on PD-L1 ex-
pression in the initial progressive stages. Thus, it is im-
perative to analyze samples from mucosal cancer ob-
tained by endoscopy in the future to elucidate the 
mechanism(s) employed by early gastric cancer in evad-
ing immune responses.

In conclusion, PD-L1-expressing cancer cells at the in-
vasive front of tumors are important during the initial 
stages of invasion and lymphovascular permeation in ear-
ly gastric cancer. Studying the immune checkpoint mech-
anisms employed during the initial phases of invasion 
may be a promising area of cancer research in the future.
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