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Cancer cells use PD-L1 to evade antitumor immunity through interaction with programmed cell death protein 1
(PD-1) on T cells. Recent whole-genome sequence studies revealed frequent gene amplification of PD-L1 in
Epstein–Barr virus-associated gastric cancer (EBVaGC). To investigate the significance of PD-L1 in cancer cells
and their microenvironment in EBVaGC, we studied PD-L1 expression by analysis of the public database and
immunohistochemistry with fluorescent in situ hybridization (FISH) of the PD-L1 gene. Analysis of the database
from The Cancer Genome Atlas also disclosed high expression of PD-L1 in EBVaGC compared with other
molecular subtypes of GC. Expression of PD-L1 was frequently detected in cancer cells of EBVaGC (33/96; 34%),
with infiltration of PD-L1+ immune cells in its stroma (43/96; 45%). Both expression of PD-L1 in cancer cells and
PD-L1+ immune cell infiltration in EBVaGC were significantly correlated with diffuse histology according to
Lauren’s classification and tumor invasion (pT1b or more). As a prognostic indicator, PD-L1 expression in cancer
cells correlated with poor outcomes in both overall survival and disease-specific survival (P= 0.0498, 0.007). PD-
L1-positive cancers had dense infiltration of PD-L1+ immune cells as well as CD8+ and PD-1+ cells in EBVaGC.
FISH analysis of representative samples of the tumor demonstrated gene amplification of PD-L1 in 11% of cases.
PD-L1-amplified cells corresponded to PD-L1-positive cells showing high-intensity immunohistochemical
staining among cancer cells showing weak or moderate intensities. Taken together, PD-L1 expression in cancer
cells and their microenvironment may contribute to the progression of EBVaGC, and gene amplification occurs
as clonal evolution during progression. This specific subtype of GC infected with EBV is potentially a good
candidate for immunotherapy targeting of the PD-L1/PD-1 axis.
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Gastric cancer (GC) is one of the major causes of
cancer-related death in the world. There are various
histological types of GC, which correlate with
different biological characteristics.1 Several groups
recently reported the results of comprehensive
genome analyses,2,3 and the Cancer Genome Atlas
Research Network (TCGA) proposed four molecular
subtypes of GC in 2014: Epstein–Barr virus (EBV)-
positive, microsatellite instability (MSI), genomically

stable (GS), and chromosomal instability (CIN)
subgroups.2 The MSI subgroup was characterized
by hypermutation with promoter methylation and
suppression of MLH1, one of the mismatch repair
genes. Most GS subgroup cancers correspond to
histologically diffuse phenotype, whereas CIN sub-
group cancers frequently show intestinal-type
histology.

EBV-associated GC (EBVaGC), which corresponds
to the EBV-positive group in the TCGA study, is a
distinct subtype of GC. EBVaGC consists of mono-
clonal tumor cells infected with EBV, and it accounts
for ~ 5–10% of GCs. The histology of EBVaGC is
poorly to moderately differentiated adenocarcinoma,
often accompanied by dense lymphocytic
infiltration.4–7 Comprehensive molecular analyses
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have revealed characteristic epigenetic abnormalities
associated with EBVaGC, that is, genome-wide
methylation of CpG islands in the promoter region
of various tumor suppressor genes.8,9 In addition,
some genomic abnormalities, such as mutation of the
PIK3CA, ARID1A, and BCOR genes, are also frequent
characteristics of EBVaGC. Amplification of 9p24.1,
which contains the PD-L1, PD-L2, and JAK2 genes,
occurs in ~15% of EBVaGC cases.2

PD-L1 is a ligand of programmed cell death protein
1 (PD-1), which is expressed on T cells. PD-L1,
which is expressed on tumor cells or stromal
immune cells, inhibits activation of cytotoxic
T cells through an interaction with PD-1, and helps
cancer cells to evade antitumor immunity.10–12 As
expression of PD-L1 is observed in many malignant
tumors and is associated with poor prognosis, PD-L1
has been studied extensively as a therapeutic target,
especially in melanoma and non-small-cell lung
cancer.13–17 Several studies have demonstrated that
PD-L1, expressed on cancer cells or tumor-
infiltrating immune cells, is a prognostic factor in
GC, but the significance of PD-L1 in EBVaGC has not
yet been clarified.18–22

To determine the clinicopathological significance
of PD-L1 in EBVaGC compared with other subtypes
of GC, the public database of TCGA was analyzed for
PD-L1 mRNA expression. Then, we performed
immunohistochemistry of PD-L1 using a large sam-
ple of EBVaGC cases. In addition, we performed
fluorescence in situ hybridization (FISH) to detect
gene amplification of PD-L1 in EBVaGC.

Materials and methods

Analysis of PD-L1 mRNA Expression in the Public
Database of TCGA

PD-L1 mRNA expression data was extracted from
TCGA with cBioPortal for Cancer Genomics website,
which provides analysis of large-scale cancer geno-
mics data sets.2,23,24 The expression data was plotted
in a box-plot chart and compared between four
molecular subtypes of GC: tumors with chromosomal
instability (CIN), EBV-positive tumors, GS tumors,
and MSI tumors.

Tissue Samples

Formalin-fixed, paraffin-embedded GC tumor tissue
specimens derived from 232 cases of GC from the
archive at the Department of Pathology, The Uni-
versity of Tokyo Hospital (Tokyo, Japan). These
cases included 96 EBVaGC and 136 EBV-negative
GC. The EBVaGC cases, which were positive for
EBV-encoded small RNAs (EBERs)-in situ hybridiza-
tion, were consecutive cases resected between 1990
and 2013. EBV-negative GC cases included three
groups. One group, MLH1-negative by immunohis-
tochemistry, comprised 36 consecutive cases

resected between 2003 and 2007 and corresponded
to tumors with MSI. The other two groups, EBER-
negative and MLH1-positive, comprised 100 con-
secutive cases resected in 2005. These cases were
classified by the histological type (diffuse and
intestinal) according to Lauren’s histological
classification.25 Clinicopathological information
was obtained from medical records. Tissue micro-
arrays (TMAs) were designed from the paraffin tissue
blocks of GC by punching out two 2-mm-diameter
cores from each block.

This study was approved by the Ethics Committee
of the institution (Graduate School of Medicine, The
University of Tokyo, Tokyo, Japan).

Classification of GCs Based on EBER-In Situ
Hybridization and MLH1 Immunohistochemistry

Based on the molecular classification proposed by
the TCGA research group, four subtypes of GC were
defined by EBER-in situ hybridization, MLH1 immu-
nohistochemistry, and histological type (diffuse and
intestinal). The TMAs, described above, were used
for this purpose. To classify the GCs, EBER-in situ
hybridization was performed with a fluorescein
isothiocyanate (FITC)-labeled peptide nucleic acid
probe (Y5200; Dako, Glostrup, Denmark), followed
by immunohistochemistry with an anti-FITC anti-
body (V0403, dilution 1:200; Dako). MLH1 immuno-
histochemistry was applied to TMAs using a mouse
monoclonal anti-MLH1 (clone ES05, dilution 1:50;
Leica, Wetzlar, Germany). In situ hybridization
and immunohistochemistry were performed with a
Ventana Benchmark automated immunostainer
(Ventana Medical Systems, Tuscon, AZ, USA)
according to the manufacturer’s protocols.

Immunohistochemistry of PD-L1, CD8, and PD-1

Immunohistochemistry of PD-L1, CD8, and PD-1 was
performed on whole sections from each tumor. One
representative block was selected from each tumor
and sliced into 3-μm-thick sections, which were then
immunostained with the Ventana Benchmark auto-
mated immunostainer. The primary antibodies used
were rabbit monoclonal anti-PD-L1 antibodies (clone
E1L3N, dilution 1:200; Cell Signaling Technology,
Danvers, MA, USA), mouse monoclonal anti-CD8
antibodies (clone 4B11, dilution 1:40; Leica), and
mouse monoclonal anti-PD-1 antibodies (clone
NAT105, dilution 1:100; Abcam, Cambridge, UK).

Immunohistochemical results were evaluated
independently by two pathologists (RS and HA),
and slides were reinvestigated by both observers
using a multiheaded microscope when there was a
difference between the two evaluations. Immunohis-
tochemistry of PD-L1 was assessed by cell membrane
staining, and cancer cells that stained only in the
cytoplasm were regarded as negative. Cancer cell
staining was classified into four proportion scores
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(P-scores) according to the expression status of PD-
L1 as follows: score 0, no stained cancer cells in the
section; score 1, ≤ 5% of tumor cells stained in the
cell membrane; score 2, 45%; and score 3, 450%.
For the correlation analysis, P-scores of 0 and 1 were
regarded as negative, whereas P-scores of 2 and 3
were regarded as positive. The intensity of immuno-
histochemistry was scored as an intensity score (I-
score) 0 (no staining), 1 (weak to intermediate
intensity), and 2 (high intensity). The expression of
PD-L1 in stromal immune cells in the tumor tissues
was also evaluated and simply classified into
negative or positive groups depending on the
proportion of stained cells (cutoff value: 1%).

Immunohistochemistry of CD8 was performed for
77 cases of EBVaGC that contained invasive areas in
the submucosa or deeper. Evaluation of the infiltra-
tion of CD8-positive cytotoxic T cells, along with
digital image analysis, was recently published by the
authors,26 and these data were used in the present
study to examine the correlation between PD-L1
expression and CD8-positive cells. In brief, tissue
sections were analyzed by immunohistochemistry,
then digitized using a Nanozoomer 2.0-HT virtual
slide scanner (Hamamatsu Photonics, Hamamatsu,
Japan), and the digital images were analyzed using
the Tissue Studio software (Definiens, Munich,
Germany). The area encompassed by the invasive
tumor was circled by an experienced pathologist
(HA). The percentage of positive staining within this
circled area was measured automatically using the
Tissue Studio software.

As for the evaluation of PD-1-positive cells, digital
image analysis was not applied, as it was sometimes
difficult to discriminate tumor cells from inflamma-
tory cells using this software. Instead, 77 cases were
divided into three groups semiquantitatively
depending on the intensity of PD-1-positive cell
infiltration: 0, mild infiltration of PD-1-positive cells;
1+, moderate infiltration; and 2+, severe infiltration.
0 was regarded as negative, whereas 1+ and 2+ were
regarded as positive.

Fluorescence In Situ Hybridization

TMAs containing 44 consecutive cases of EBVaGC
were sliced into 4-μm-thick sections for FISH, which
was performed according to the protocol provided by
the GSP-Lab (Kawasaki, Japan). Briefly, after depar-
affinization the slides were boiled for 30min in
pretreatment solution at 100 °C. The slides were
washed and dipped for 15min in enzyme solution at
37 °C. After washing and drying slides, hybridization
with probes (CD274/CEN9q Dual-Color FISH Probe;
GSP-Lab) was carried out in a light-shielded wet box
at 37 °C overnight. After staining nuclei with 4′,6-
diamidino-2-phenylindole, signals were observed
with a fluorescence microscope (DM6000B; Leica).
Only nuclei with clear CEN9q signals were included,
and overlapping nuclei were excluded from the

count to avoid false-positive results. At least 10 cells
were counted, and the CD274/CEN9q ratio was
calculated in each tumor. If the CD274/CEN9q ratio
was ≥2, the tumor was considered as positive for
gene amplification of PD-L1. Adjacent slides of the
same TMAs were subject to immunohistochemical
staining of PD-L1, and the results of immunohisto-
chemistry and FISH were compared with each other.

FISH was also carried out with the same method
using whole sections of the tumors, which contained
clusters of PD-L1-positive cells with an I-score of 2
for the immunostained slides. In addition, FISH was
performed in EBV-negative GC with positive expres-
sion of PD-L1.

Statistical Analysis

The relationships between expression of PD-L1 and
clinicopathological factors (patients’ age, sex, tumor
location, tumor size, histological type, tumor inva-
sion depth, venous or lymphatic invasion, and
lymph node metastasis) or infiltration of PD-1-
positive cells were examined by a χ2 test. Continuous
variables such as patients’ age, tumor size, and the
extent of CD8-positive cell infiltration were also
analyzed by Student’s t-test. Overall survival (OS)
was measured from the time of resection to the time
of death from any cause or the time of the last follow-
up. Disease-specific survival (DSS) was calculated
from the time of resection to the time of death from
GC or the time of last follow-up. OS and DSS were
plotted by Kaplan–Meier curves, and differences
between PD-L1-positive and -negative cases were
evaluated by the log-rank test. Multivariate analyses
of survival were performed with the Cox propor-
tional hazards model. A backward elimination was
used with a threshold of P=0.10 to select variables
for the final model. The comparison of PD-L1
expression in EBVaGC and EBV-negative GC cases
was performed by a χ2 test. These statistical analyses
were conducted using the JMP Pro 11 software
package (SAS Institute, Cary, NC, USA). P-values
o0.05 were regarded as statistically significant.

Results

Analysis of PD-L1 mRNA Expression Data from the
Public Database of TCGA

We analyzed the public database of TCGA to
determine whether EBVaGC expresses higher level
of PD-L1 mRNA than other GC. The data was
summarized in a box-plot chart and shown in
Figure 1. EBVaGC (n=24) had higher level of PD-
L1 mRNA compared with other three molecular
subtypes (CIN: n=128; GS: n=54; MSI: n=59) (EBV
vs CIN, Po0.001; EBV vs GS, Po0.001; EBV vs MSI,
Po0.001).
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Immunohistochemistry

Immunohistochemistry was first used for the evalua-
tion of PD-L1 expression, as well as CD8+ and PD-1+
immune cell infiltration. PD-L1 immunostaining was
noted in the cell membrane of cancer cells and was
generally weak in stromal immune cells. Represen-
tative images of PD-L1 immunohistochemical stain-
ing are presented in Figure 2. Regarding the
evaluation of staining, the concordance rate between
two pathologists was nearly 95%.

PD-L1 Expression in Cancer Cells of EBVaGC and
EBV-Negative GC

The frequency of PD-L1 expression in cancer cells
was 34.4% (33/96) in EBVaGC, comprising 26 cases
with a P-score of 2 and seven cases with a P-score of
3 (Table 1). The intensity of staining among positive
immunoreactive EBVaGC cells was generally homo-
genous and of weak to moderate strength (I-score 1),
but some positive cells of high intensity (I-score 2)
formed scattered clusters of several cells in seven
cases (P-score 2 and 3; one and six cases) or sheets of
many cells in four cases (P-score 2 and 3; three and
one cases). By contrast, 4.4% of EBV-negative GC
cases (6/136) showed a P-score of 2, and none of the
positive cells showed an I-score of 2. The frequency
of PD-L1 positivity in cancer cells was 5.6% for the
MLH1-negative subtype (2/36), 6.0% for the diffuse
subtype (3/50), and 2.0% for the intestinal subtype
(1/50).

PD-L1 Expression in Immune Cells of EBVaGC and
EBV-Negative GC

The frequency of PD-L1 expression in immune cells
in the cancer stroma was generally weak and

comprised a small number of cells. However,
when the cutoff value was set at 1%, the frequency
was higher in EBVaGC (44.8%, 43/96) compared
with that in EBV-negative GC (27.2%, 37/136)
(P=0.006) (Table 1). PD-L1+ immune cells
were also frequently detected in the MLH1-negative
subtype (44%, 16/36), followed by the intestinal
(24%, 12/50) and diffuse subtypes (18%, 9/50)
(Table 1).

Clinicopathological Significance of PD-L1 Expression
in EBVaGC

The expression of PD-L1 in cancer cells in EBVaGC
was significantly correlated with diffuse histology
according to Lauren’s classification (P=0.002) and
tumor invasion into the submucosa or deeper (pT1b
or more) (P=0.014), whereas expression of PD-L1 in
immune cells in EBVaGC was significantly corre-
lated with diffuse histology (P=0.006), tumor inva-
sion (Po0.001), and the presence of venous and
lymphatic invasion (P=0.005 and P=0.014, respec-
tively) (Table 2).

As for the correlation between immune cell
infiltration and PD-L1 expression in cancer cells of
EBVaGC, infiltration of both CD8+ and PD-1+ cells
were significantly more frequent in PD-L1-positive
cases than in PD-L1-negative cases (Po0.001 and
P=0.020, respectively) (Figure 3,and Table 3). PD-L1
expression in stromal cells was also significantly
associated with PD-L1 expression in cancer cells
(Table 3). Infiltration of PD-1+ cells was relatively
high in GCs located in the middle or lower regions of
the stomach, but otherwise there was no
correlation with other clinicopathological factors
(Supplementary Table 1). As for the infiltration of
CD8+ cells, as reported in the previous study,26
low infiltration occurred in the upper part of the
stomach and correlated with an advanced
tumor stage.

Clinicopathological Significance of PD-L1 Expression
in EBV-Negative GC

The expression of PD-L1 in immune cells was
relatively frequent compared with that in cancer
cells, and therefore its correlation with clinicopatho-
logical factors was evaluated according to the
subtype of EBV-negative GC (Supplementary Table
2). The frequency of PD-L1 expression in the MLH1-
negative subtype was comparable with that in
EBVaGC, but there was no significant correlation
between PD-L1+ immune cell infiltration and clin-
icopathological factors. Lymph node metastases,
however, were more frequent in the cases infiltrated
by PD-L1+ immune cells in both the intestinal and
diffuse subtypes of GC (Supplementary Table 2).

Figure 1 Programmed death-ligand 1 (PD-L1) mRNA expression
data from The Cancer Genome Atlas Network (TCGA). Data of PD-
L1 mRNA expression in gastric cancer was extracted from the
public database of TCGA and compared among the four molecular
subtypes (chromosomal instability (CIN), EBV-positive (EBV),
genomically stable (GS) and microsatellite instability (MSI)).
EBV group showed significantly higher expression level than
other three groups.
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PD-L1 Expression as a Prognostic Indicator for
EBVaGC

Cases that displayed PD-L1-positive cancer cells
were associated with poorer outcomes for both OS

(P=0.0498) and DSS (P=0.007) (Figures 4a and b). In
multivariate analysis with the Cox proportional
hazards model, only lymph node metastasis showed
a significant correlation with OS. The expression of
PD-L1 showed a tendency towards a poorer

Figure 2 Programmed death-ligand 1 (PD-L1) immunohistochemical staining of gastric cancer tissue. Immunohistochemical staining of
PD-L1 (a, c, and e) and hematoxylin–eosin staining (b, d, and f) of the same region of gastric cancer tissue. Expression of PD-L1 was
evaluated in the cell membrane. P-score 3, moderate to strong staining (I-score 1 or 2) was observed diffusely (a). P-score 2, moderate to
strong staining (I-score 1 or 2) was observed in 45% of cells (c). P-score 0, no stained cells detected (e). Some immune cells also express
PD-L1 weakly in (a) and (c), whereas expression of PD-L1 in immune cells is not observed in (e).
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prognosis, although this was not statistically sig-
nificant (Table 4). As the number of events was too
few, we could not perform multivariate analysis of
DSS. Cases displaying PD-L1 expression in immune

cells also showed a tendency towards poorer
outcomes for both OS and DSS, although this was
not statistically significant (P=0.1192, 0.0521)
(Figures 4c and d).

Table 1 Comparison of PD-L1 expression in EBV-associated and EBV-negative gastric cancer

Total (n)

PD-L1 in cancer cells PD-L1 in immune cells

Positive Negative P-value Positive Negative P-value

EBVaGC 96 33 (34.4%)
P-score 2: 26
P-score 3: 7

63 (65.6%)
P-score 0: 38
P-score 1: 25

43 (44.8%) 53 (55.2%)

EBV-negative GC 136 6 (4.41%)
P-score 2: 6
P-score 3: 0

130 (95.6%)
P-score 0: 74
P-score 1: 56

o0.001* 37 (27.2%) 99 (72.8%) 0.006*

MLH1-negative 36 2 (5.6%) 34 (94.4%) 16 (44.4%) 20 (55.6%)
Diffuse 50 3 (6.0%) 47 (94.0%) 9 (18.0%) 41 (82.0%)
Intestinal 50 1 (2.0%) 49 (98.0%) 12 (24.0%) 38 (76.0%)

Abbreviations: EBV, Epstein–Barr virus; EBVaGC, EBV-associated gastric cancer; GC: gastric cancer; PD-L1, programmed death-ligand 1; P-score,
proportion score.
*Po0.05.

Table 2 PD-L1 expression and clinicopathological characteristics of EBV-associated gastric cancer

Characteristic

PD-L1 in cancer cells PD-L1 in immune cells

Positive Negative P-value Positive Negative P-value

All cases 33 (34.4%) 63 (65.6%) 43 (44.8%) 53 (55.2%)

Patients' age
Median (range) 65 (40–90) 64 (40–87) 0.209 69 (40–90) 63 (40–87) 0.135
465/≤ 65 15/18 28/35 0.925 23/20 20/33 0.123

Sex
Male/female 26/7 50/13 0.947 32/11 44/9 0.302

Tumor location
U/M/L 17/13/3 34/22/7 0.892 19/19/5 32/16/5 0.278

Tumor size
Median (range) 45 (8–180) 40 (13–200) 0.183 50 (8–180) 40 (10–200) 0.077
440 mm/≤40 mm 18/15 30/33 0.519 26/17 22/31 0.065

Histological type
Intestinal/diffuse 8/25 36/27 0.002* 13/30 31/22 0.006*

Tumor invasion depth
pT1a/pT1b+pT2+pT3+pT4 1/32 14/49/ 0.014* 0/43 15/38 o0.001*

Venous invasion
Absent/present 13/20 38/25 0.051 16/27 35/18 0.005*

Lymphatic invasion
Absent/present 19/14 45/18 0.171 23/20 41/12 0.014*

Lymph node metastasis
Absent/present 21/12 46/17 0.342 26/17 41/12 0.073

Abbreviations: EBV, Epstein–Barr virus; PD-L1, programmed death-ligand 1; L, lower; M, middle; U, upper.
*Po0.05.
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PD-L1 expression in cancer cells or stromal cells
showed no correlation with survival in EBV-negative
GC (data not shown).

FISH Analysis of the PD-L1 Gene in EBVaGC

FISH analysis of the PD-L1 gene was applied to the
sections of the TMAs that contained each represen-
tative lesion from 44 EBVaGC cases (Table 5). Gene

amplification of PD-L1 was observed in all five
lesions containing PD-L1-positive cells with an
I-score of 2 (11.4%), and several dozen red signals,
representing CD274 (PD-L1), were observed com-
pared with green signals, representing CEN9q, in the
nuclei of cancer cells (the median CD274/CEN9q
ratio was 11.25, range 8.45–14.55). The cells with
multiple PD-L1 signals appeared to be scattered
in three cases, whereas they formed solid nests in
two cases. By contrast, in the unamplified samples,

Figure 3 Expression of programmed death-ligand 1 (PD-L1) in cancer cells and infiltration of PD-1+ or CD8+ inflammatory cells in
Epstein–Barr virus-associated gastric cancer (EBVaGC) tissue. EBVaGC tissue showed positive expression of PD-L1 accompanied by dense
infiltration of PD-1+ or CD8+ inflammatory cells within the tumor. (a–d) A case that showed no expression of PD-L1 in cancer cells (P-score
0, I-score 0). (e–h) A case with a P-score of 2 and an I-score of 1 for expression of PD-L1 in cancer cells. (i–l) A case with a P-score of 3 and
an I-score of 2 for expression of PD-L1 in cancer cells. (a, e, and i) Hematoxylin and eosin staining; (b, f, and j): PD-L1 immunostaining;
(c, g, and k): PD-1 immunostaining; (d, h, and l): CD8 immunostaining.

Table 3 Relationships between PD-L1 expression in cancer cells and various stromal immune cells

PD-L1 in cancer cells

Positive (P-score 2, 3) Negative (P-score 0, 1) P-value

PD-L1 in stromal cells (n=96) o0.001*
Positive 31 12
Negative 2 51

PD-1 (n=77) 0.020*
Positive (1+: 31; 2+: 5) 20 16
Negative (0: 41) 12 29

CD8-positive cells (%)a 27.77±9.88 12.34±8.78 o0.001*

Abbreviations: PD-L1, programmed death-ligand 1; P-score, proportion score.
*Po0.05.
aThe percentage of positive staining area by immunohistochemistry of CD8 within the tumor is shown as median plus/minus s.d.
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two of each of the red and green signals were
observed in each tumor cell (median CD274/CEN9q
ratio was 1.11, range 0.90–1.21). All six PD-L1+ EBV-
negative GCs showed no amplification of PD-L1
(Figure 5).

To further confirm the observations in TMAs, FISH
analysis was applied to the whole sections for three
cases, in which immunohistochemistry revealed
localized sheets of PD-L1-positive cells (I-score 2)
within the tumor. On comparison of FISH and
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Figure 4 Survival analysis based on the expression of programmed death-ligand 1 (PD-L1) in cancer cells and their microenvironment in
Epstein–Barr virus-associated gastric cancer (EBVaGC). Kaplan–Meier survival curves of EBVaGC, analyzing the effect of PD-L1
expression in cancer cells (a and b) and in stromal immune cells (c and d). (a and c) Overall survival and (b and d) disease-specific
survival. Expression of PD-L1 in cancer cells correlates with a poorer prognostic outcome for both overall and disease-specific survival.
The infiltration of PD-L1+ immune cells also shows a tendency towards poor prognosis, but this was not statistically significant.

Table 4 Multivariate analysis of overall survival by the Cox proportional hazards model

Prognostic factors

Univariate analysis Multivariate analysis

Hazard ratio
95% Confidence

interval P-value Hazard ratio
95% Confidence

interval P-value

PD-L1 (positive) 2.99 0.95–10.1 0.060 2.69 0.85–9.12 0.090
Histological type (diffuse) 2.69 0.80–12.1 0.113 — — —

Tumor invasion depth (pT1b+pT2
+pT3+pT4)

4.00 1.19–18.0 0.024* — — —

Venous invasion (present) 4.13 1.23–18.6 0.021* — — —

Lymphatic invasion (present) 3.47 1.11–11.8 0.033* — — —

Lymph node metastasis (present) 4.14 1.32–14.0 0.016* 3.81 1.21–13.0 0.023*

Abbreviation: PD-L1, programmed death-ligand 1.
*Po0.05.
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immunohistochemistry, the cells showing PD-L1 gene
amplification were found to be localized in the same
area as the I-score 2-positive cells present in sheets.
No other cells showed gene amplification (Figure 6).

Discussion

PD-L1 has a critical role in evasion from antitumor
immunity by attenuation of cytotoxic T-cell function
through the interaction of PD-1 and PD-L1, and its
expression in cancer cells has been reported to be a
poor prognostic factor in a variety of cancers,
including GC.16–21 It is also known that expression
of PD-L1 is upregulated in various virus-related
malignancies including EBV-positive diffuse large
B-cell lymphoma, nasopharyngeal carcinoma,
polyomavirus-positive Merkel cell carcinoma, and
adult T-cell lymphoma (ATL).27–30 In the present
study, immunohistochemical analysis revealed that
the frequency of PD-L1 expression in cancer cells
was 30% in EBVaGC, which was higher compared
with that in EBV-negative GC. This predilection of
PD-L1 expression in EBV-infected GC was also
shown by the public database of PD-L1 mRNA
expression from TCGA, and consistent with previous
studies performed on relatively small numbers of
cases, although the positive frequencies were
variable in number.31–34 In the present study, the
PD-L1-positive group of EBVaGC showed deeper
invasion of the tumor and poorer prognosis,
suggesting that overexpression of PD-L1 in cancer
cells have a critical role in tumor progression of
EBVaGC.

The microenvironment of the cancer affects cancer
development and progression. In the present study,
infiltration of PD-L1+ immune cells was detected
more frequently in EBVaGC than in EBV-negative
GC, especially for the diffuse and intestinal subtypes.
The cases harboring PD-L1+ immune cells also
showed deeper invasion of the tumor in EBVaGC,
although the prognostic impact of PD-L1 expression
in cancer cells seemed to be superior to that of
PD-L1+ immune cells. It is interesting that PD-L1+
immune cells were also frequently detected in the
MLH1-negative subtype, suggesting that this type of
cancer can acquire the ability to induce PD-L1
expression despite the burden of lymphocyte
infiltration.34,35 Nevertheless, both PD-1+ and PD-
L1+ immune cells were present in the stroma of PD-
L1-positive cancers, which suggests the possible
efficacy of anti-PD-1/PD-L1 therapy in EBVaGC.

There are at least two mechanisms for the
regulation of PD-L1 in tumor cells: intrinsic and
adaptive immune resistance.36 The TCGA study
demonstrated amplification of chromosome
9p24.1 in 15% of EBVaGC cases.2 FISH analysis of
the PD-L1 gene in the present study confirmed
gene amplification in 11.4% of EBVaGC cases, and
this frequency was comparable to that in the TCGA
study.2 Furthermore, cancer cells with PD-L1
amplification showed an I-score of 2 for PD-L1
protein expression, indicating that gene amplifica-
tion of PD-L1 directly induces overexpression in
these cells. As there were no I-score 2-positive
cells in EBV-negative GC and all six PD-L1+
EBV-negative GCs were negative for amplification

Table 5 Comparison of immunohistochemical staining and FISH
of TMAs

Total

PD-L1 immunohistochemistry in TMA cores

I-score 0 I-score 1 I-score 2

FISH amplification
Absent 39 28 11 0
Present 5 0 0 5

Abbreviations: FISH, fluorescent in situ hybridization; PD-L1,
programmed death-ligand 1; I-score, intensity score; TMA, tissue
microarray.

Figure 5 Fluorescent in situ hybridization (FISH) analysis of the
programmed death-ligand 1 (PD-L1) gene. FISH analysis with a
CD274 (PD-L1)/CEN9q dual-color FISH probe. Gene amplification
showed several dozen PD-L1 signals (red color) and one or two
CEN9q signals (green color) in each tumor cell (a). When no
amplification occurred, two signals each of PD-L1 (red color) and
CEN9q (green color) were observed (b and c). (a and b) EBVaGC
and (c) EBV-negative gastric cancer with positive expression of
PD-L1 by immunohistochemistry. These images were taken by an
oil immersion lens, magnification × 100.
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of PD-L1, gene amplification might occur
specifically in EBV-infected cells through an
unknown mechanism. It is interesting to note that
genomic structural variation on deletion of the
3ʹ-UTR of the PD-L1 gene induces PD-L1 overexpres-
sion in ATL lymphoma cells infected with human
T-lymphotropic virus I,37 and such structural
variation was observed in 2% of GCs, including
EBVaGC. The 3ʹ-UTR of PD-L1 mRNA is also
targeted by miRNAs, some of which have been
reportedly downregulated by EBV infection.36,38

The expression of PD-L1 is also increased by
upregulation of the PIK3CA/Akt pathway and activa-
tion of transcriptional factors such as NF-κB or
STAT3, all of which have been reported in
EBV-infected GC cells and EBVaGC in vivo.8,36,39

Thus, viral infection itself might drive the intrinsic
mechanism for overexpression of PD-L1 in this
specific subtype of GC.

Adaptive immune resistance may also have a role
in EBVaGC. CD8+ or PD-1+ lymphocytes were
significantly more abundant in the stroma of
PD-L1-positive cases of EBVaGC in the present study
and the preceding study.21 PD-L1 is reportedly
upregulated on tumor cells in response to inter-
feron-γ-secreting CD8+ T cells.40 Furthermore, it has
been suggested that checkpoint inhibition is most
effective in patients in which pre-existing immunity
is suppressed by PD-L1.41 Therefore, combination
therapy with an anti-EBV therapeutic vaccine might
further augment the therapeutic effect.42 To evaluate
the interactions between cancer cells and immune
cells more efficiently, a double immunostaining
method should be developed that preserves high
staining sensitivity.

A recent phase 1b clinical trial of the anti-PD-1
antibody pembrolizumab in GC revealed promising
antitumor activity.43 It is therefore important to

Figure 6 Distribution of cancer cells showing positive programmed death-ligand 1 (PD-L1) immunostaining and PD-L1 gene amplification.
A case showing strong positive expression of PD-L1 in a limited area of the tumor (a and b). This region showed an I-score of 2 for PD-L1
expression, compared with most other cancer cells showing an I-score of 1 (b). High-power view of the I-score 2 cells (c and d), and gene
amplification results (e). High-power view of the I-score 1 cells (f and g), no amplification of the PD-L1 gene was achieved by FISH (h).
(a, c, and f) Hematoxylin–eosin staining; (b, d, and g) immunohistochemistry of PD-L1; (e and h) FISH analysis of the PD-L1 gene.
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determine screening methods to select the patients
who will benefit from immunotherapy, which poses
the question of whether PD-L1 protein overexpres-
sion in cancer cells or their microenvironment in
EBVaGC is more suitable for predicting the ther-
apeutic effect. As for EBV-negative GC, the rarity of
PD-L1 expression in cancer cells suggests that
PD-L1 expression in stromal cells may be a more
effective candidate for predicting the efficacy of
anti-PD-1/PD-L1 therapy. In fact, a study of pem-
brolizumab in GC patients revealed that cancer cells
did not express PD-L1 in seven of eight responders,
whereas immune cells at least focally expressed
PD-L1 in all eight responders.43 A recent clinical trial
of atezolizumab in lung cancer showed that PD-L1
expression in tumor cells or tumor-infiltrating
immune cells correlated with improvement of
patient survival.44 These results suggest the impor-
tance of PD-L1 expression in immune cells as well as
tumor cells. A potential problem with this strategy is
selecting suitable antibodies for screening.18–21 We
used a rabbit monoclonal anti-PD-L1 antibody (clone
E1L3N) in the present study, and found that the
staining intensity with stromal immune cells was
relatively weak. Several studies have reported
variable expression patterns of PD-L1 depending on
the antibodies used for immunohistochemistry, and
it has yet to be determined which antibody is
appropriate for the assessment of PD-L1 expression
when selecting patients for PD-L1-targeting
therapy.45,46 We preliminarily compared different
antibody clones (E1L3N, SP263, SP142, and 28-8) in
representative cases. We found that the proportion of
PD-L1+ cancer cells using SP263 antibody was
almost the same as the E1L3N antibody, and larger
than the proportions detected by the SP142 or 28-8
antibody, although the SP263 antibody showed the
strongest intensity (data not shown). Another pro-
blem is the heterogeneity of the tumor and its
microenvironment.47 Cautious standardization will
be necessary to determine the grade of PD-L1+
immune cells in the cancer stroma, especially when
only biopsy specimens are available. For example,
the false-negative detection rate of immunohisto-
chemistry of HER2 in GC was estimated at around
0.21% with four biopsies and approached 0% with
five biopsies.48 To predict the effect of anti-PD-1/PD-
L1 therapy in GC, further studies are mandatory
to determine appropriate number of biopsies,
selection of antibody, and evaluation method of
immunohistochemistry.

In conclusion, PD-L1 expression in tumor cells is a
frequent characteristic of EBVaGC and correlates
with poor prognosis. Gene amplification of PD-L1 is
an important mechanism of PD-L1 expression in
EBVaGC, and can occur during clonal evolution at a
late stage of cancer progression. Although the results
in the present study should be validated with larger
age-stage matched cohort in future studies, our
findings indicate that PD-L1 should be a therapeutic
target of EBVaGC. Further studies are necessary to

reveal the mechanism of PD-L1 overexpression,
which contributes to the immunotherapy of
EBVaGC, a specific subtype of GC infected with a
human oncogenic virus.
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