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ABSTRACT

We sought to determine the clinicopathological significance of PD-1, LAG3, and TIM3 in gastric cancer
(GQ) by examining their expression and immune context. Immunohistochemistry (IHC) for PD-1, TIM3,
LAG3, and tumor-infiltrating immune cell (TIIC) markers was performed in 385 stage II/Ill GCs. Epstein-Barr
virus (EBV) and microsatellite stability (MSI) testing were performed for molecular classification.
Chromogenic multiplex IHC (mIHC) for PD1, TIM3, LAG3, CD3, CD8, FOXP3, CD68, and cytokeratin was
performed in 58 of the total samples. PD-1, LAG3, and TIM3 expression in TIICs was observed in 91 (23.6%),
193 (50.1%), and 257 (66.8%) GCs by single IHC, respectively. The expression was associated with EBV* and
MSI-H molecular subtypes (p < 0.001). A positive expression of LAG3 in the invasive margin of the tumor
was associated with better prognosis in univariate (p = .020) and multivariate (p = .026) survival analyses.
The expression of different immune checkpoint receptors (ICRs) was significantly positively correlated.
Dual or triple ICR expression was more frequent in high PD-1 and TIM3 density groups than in low-density
groups by mIHC (all p < 0.05). ICRs were mainly expressed in CD3"CD8" and CD3*CD8™ T cells. Fifty-eight
GCs were classified into three groups by clustering analysis based on mIHC, and the group with the
highest ICR expression in TlICs showed significantly better outcomes in progression-free survival (p =
.020). In GC, PD-1, LAG3, and TIM3 expression is positively correlated and associated with better prognosis.
Our study provides information for the application of effective immune checkpoint inhibitors against GC.
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INTRODUCTION
microsatellite instability-high (MSI-H) GCs,® which are char-

Gastric cancer (GC) is one of the most common cancers world-
wide and the third leading cause of cancer-related deaths. GC is
more frequent in East Asia than in Western countries, and it is
the second most common cancer in South Korea." Since the
success of the TOGA trial,” trastuzumab has been used in
palliative chemotherapy for advanced GC patients, and few
targeted therapies, such as ramucirumab, have also been
approved for same. Recently, immune checkpoint inhibitors
targeting programmed death receptor 1 (PD-1) were proved to
be highly effective in some GC patients. Based on the results of
the KEYNOTE 059 trial, pembrolizumab was approved by the
FDA in 2017 for pre-treated metastatic and programmed
death-ligand 1 (PD-L1)-expressing GC patients.3’4 The PD-1/
PD-L1 checkpoint plays an important role in host immune
system evasion in various cancers.” PD-L1 expression in GC
has been reported in previous studies, and it has been observed
in the membranes of GC cells and in the cytoplasm with or
without membrane expression of various immune cells. In
particular, PD-L1 expression is significantly positively corre-
lated with Epstein-Barr virus (EBV)-associated GCs and

acterized by immune cell-rich stroma.

In addition to PD-1, several immune checkpoint receptors
(ICRs) control T cell-mediated cytotoxic reactions, including
lymphocyte activation gene-3 (LAG3) and T cell immunoglo-
bulin and mucin domain 3 (TIM3). LAGS3 is a potential cancer
immunotherapeutic target because it regulates T cell activity. It
is structurally similar to CD4,” binds to MHC class I molecules
expressed by antigen-presenting cells or aberrantly by cancer
cells, and mediates an intrinsic negative inhibitory signal,
resulting in immune tolerance and immune evasion of cancer
cells.® LAG3 is expressed on activated human T and NK cells.”
TIM3 is a member of the TIM gene family and plays a role in
suppressing T cell responses and inducing peripheral immune
tolerance.'® It is predominantly expressed in tumor-infiltrating
lymphocytes (TILs) of various cancers including prostate can-
cer, renal cell carcinoma, colorectal cancer, and cervical
cancer.'! However, a comprehensive analysis of the expression
of these ICRs in GC is lacking, especially regarding the expres-
sion status when considering intratumoral heterogeneity and
clinicopathologic implications.
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Recently, several targeted and immunotherapeutic agents
were approved for palliative therapy in patients with recurrent
or metastatic cancer. Based on the successful results of immune
checkpoint inhibitors in trials of metastatic melanoma patients,
a few new studies have evaluated the immunotherapeutic
effects in high-risk resected stage Il melanomas.'” Although
PD-1 inhibitors have shown therapeutic potential in various
advanced cancers, including GC, the therapeutic response rates
are still unsatisfactory, even in patients with PD-L1 expression.
To overcome this, recent studies have tried to employ immune
checkpoint inhibitors for combination therapy, including com-
bination with other immune checkpoint inhibitors, targeted
agents, radiation, and conventional chemotherapeutic agents.13
Importantly, the intracellular signaling pathway after interac-
tion of PD-1 with PD-L1 is different from the intracellular
pathways that are triggered upon binding of LAG3 and TIM3
to their specific ligands."* Dual blockade of PD-1 and LAG3
has been suggested to synergistically restore T cell function in
cancer.'® Previous studies have also suggested that PD-1 and
TIM3 cooperate in the suppression of T cell responses and that
their co-blockade results in greater reinvigoration of effector
T cell responses.'® However, the co-expression status of various
ICRs has not been clarified. Therefore, a comprehensive inves-
tigation of the immune microenvironment is necessary for
managing cancer patients.

Immunotherapeutic agents are not only used for palliative
therapy. For example, clinical trials are underway to combine
cisplatin and 5-FU, the first-line therapy for patients with
advanced GC, for neoadjuvant or adjuvant treatment.'” In
addition, chemotherapy reportedly has an effect on the tumor
microenvironment (TME). Chemotherapy activates the
immune response to tumors by strengthening the response of
cytotoxic T cells, increasing antigenicity to cancer, or inhibit-
ing immunosuppressive pathways.m’19 However, there are
insufficient research results related to the expression pattern
of ICRs, such as PD-1, and the co-expression of ICRs in
patients with GC who are the targets of radical surgery.
Therefore, the need for information on the expression of
ICRs in patients with GC undergoing adjuvant chemotherapy
after radical surgery or radical surgery after neoadjuvant che-
motherapy is increasing.

In this study, we aimed to reveal the clinicopathological impli-
cations of the ICRs, PD-1, TIM3, and LAG3 using single immu-
nohistochemistry (IHC), and to analyze their expression based on
immune cell context and their co-expression using multiplex
immunohistochemistry (mIHC) in stage II and IIT GCs.

MATERIALS AND METHODS
Patients and samples

A total of 385 patients with stage II or III GC who underwent
curative surgical resection at Seoul National University
Bundang Hospital (Seongnam-si, Republic of Korea) between
2006 and 2013 were retrospectively enrolled. After radical
surgery, the patients were treated with fluoropyrimidine (FP)-
based adjuvant chemotherapy. Clinicopathologic features,
including overall survival (OS) and progression-free survival
(PFS), were obtained from medical records and pathology

reports. Tissue microarrays (TMAs) were constructed from
formalin-fixed and paraffin-embedded (FFPE) samples. Two
separate 2 mm cores were selected from both the center and the
invasive margin of the tumor for each case.

Single IHC

All antibodies and staining devices used for single IHC are
listed in Supplementary Table 1.

Interpretation of PD-1, TIM3, and LAG3 expression

PD-1, LAG3, and TIM3 expression was observed in the mem-
branes with or without cytoplasm of tumor-infiltrating
immune cells (TIICs), and interpreted as the extent (%) of
immunostained TIICs. Positive expression was defined as
immunostaining > 5% of the immune cells.*

Interpretation of PD-L1, E-cadherin, p53, and HER2
expression

PD-L1 expression was evaluated using the combined positive
score (CPS) method. The cases were considered PD-L1" if the
CPS was one or more.*

For E-cadherin, strong staining on the membrane of tumor
cells was defined as positive expression, and if membrane
staining was completely lost or abnormal cytoplasmic staining
was observed, it was evaluated as altered expression.

For p53 expression in tumor cells, strong nuclear staining in
10% or more of the cells was interpreted as p53 overexpression/
positive, and cases with less than 10% positive cells, including
those showing scattered positive or patchy positive cells, were
considered negative.”'

HER?2 protein expression was assessed based on the staining
intensity of tumor cell membranes. The scoring was classified
into four categories based on the intensity of membrane stain-
ing (0 or 1+, negative; 2+, equivocal; 3+, positive), if 10% or
more tumor cells were stained.*”

Evaluation of immune cell density for CD3, CD4, CDS8,
Foxp3, CD68, and CD163 expression

All immunostained TMA slides were digitally scanned using an
X400 Aperio ScanScope CS instrument (Aperio Technologies,
Vista, CA, USA). The cell densities (number of positively
stained cells per mm?) in each core of the TMA slides were
determined using an Aperio image analysis system (Leica
Biosystems, New Castle, UK).®

MSI analysis

DNA extraction and polymerase chain reaction (PCR) of 5
National Cancer Institute (NCI) markers (BAT-26, BAT-25,
D5S346, D17S250, and S25123) were performed in both tumor
cells and matched normal samples. PCR products from the
FFPE samples were analyzed with an automatic sequencer
(ABI 3731 Genetic Analyzer; Applied Biosystems, Foster City,
CA, USA) according to a previously described protocol.>> MSI
status was assessed by comparing the allele profiles of two



unstable marker as MSI-high (MSI-H), one unstable marker as
MSI-low (MSI-L), and no unstable marker as microsatellite
stable (MSS).

EBV in situ hybridization (ISH)

To determine the EBV status of tumor cells, EBV ISH was
performed using an INFORM EBV-encoded RNA probe
(Ventana Medical Systems, Tucson, AZ, USA). GC samples
with cancer cells positive for nuclear EBER were considered
EBV-positive.

Molecular classification in GC

We classified the GC samples used in the study into five sub-
groups (EBV™, MSI-H, epithelial-mesenchymal transition
(EMT)-like, p53™, and p537) using E-cadherin and p53 IHC,
EBV ISH, and MSI status.*

mlIHC for ICRs and immune cells

We performed mIHC on TMA slides composed of 58 samples
selected from the center of the tumor among the total GC
samples. All implementations and analysis of mIHC were
performed on the  SuperBioChips  (SuperBioChips
Laboratories, Seoul, Korea). All antibodies and reagents used
for mIHC are listed in Supplementary Table 2. First, Harris
hematoxylin (Merck, Darmstadt, Germany) was used for
nuclear staining. After incubation with the primary antibody
(Supplementary Table 2) and washing twice with wash buffer
(Dako, Carpinteria, CA, USA), the Envision FLEX + mouse
linker/rabbit linker (Dako, Carpinteria, CA, USA) was treated
with a secondary reagent. For chromogenic reaction and visua-
lization, ImmPact NovaRED (Vector Laboratories,
Burlingame, CA, USA) was used. Mayer’s hematoxylin
(Dako, Carpinteria, CA, USA) was used for nuclear counter-
staining, and all stained slides were subjected to full slide
scanning using an Aperio AT2 scanner (Leica Biosystems,
Newcastle upon Tyne, UK). After scanning, the slides were
treated with a stripping buffer (20% sodium dodecyl sulfate,
0.5 M Tris-HCl pH 6.8, B-mercaptoethanol, and distilled
water) and then microwaved for antibody stripping. The stain-
ing-scanning-stripping process was repeated sequentially for
each primary antibody (Supplementary Table 2).

For analysis, each 2 mm core in the TMA was extracted
using an image program. CellProfiler (ver. 3.1.8. Broad
Institute, Cambridge, MA) was used to adjust the image posi-
tion so that the TMA core images extracted from each of the
stained slide images could be matched in exactly the same two-
dimensional positions. Thus, a single cell in the core repre-
sented the minimum unit of analysis. Staining information
such as staining intensity for all primary antibodies in single
cells was provided as a continuous variable. To assess the
positive or negative status of all immunostained markers in
each single cell, an appropriate cutoff value for staining inten-
sity was determined (Supplementary Table 2). Cytokeratin
staining images were used to evaluate each stained cell sepa-
rately from the intratumoral and stromal areas. The density of
positive cells in stained cells was defined as the number of
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positive cells per mm?. More detailed information on mIHC
procedures has been provided in previous studies.**

Statistical analysis

All analyses were performed using R 3.6.1, RStudio 1.2.5033,
and SPSS 25.0 (SPSS, Inc., Chicago, IL, USA). For single IHC,
Pearson’s chi-square test was used to analyze the association
among ICRs, molecular classification markers, and clinico-
pathologic features. In addition, the McNemar test was used
to examine intratumor ICR heterogeneity between tumor cen-
ters and peripherals. The association between ICRs and
immune cell density was determined using the Pearson corre-
lation coefficient. OS was analyzed using the Kaplan-Meier
method and log-rank test, and independent prognostic factors
were identified by univariate and multivariate Cox regression
analyses.

For mIHC, the Wilcoxon rank-sum test was used to identify
statistical significance between two groups, and comparison
between multiple groups was performed using the Kruskal-
Wallis test with Bonferroni correction in the R function wil-
cox_test() from the package “rstatix” (Alboukadel Kassambara,
2020, rstatix: Pipe-friendly framework for basic statistical tests.
R package version 0.4.0; https://cran.r-project.org/web/
packages/rstatix/index.html). Box and whisker plots were
used to show the median and quartiles. To determine the
ideal cutoff values for establishing high and low cell density
groups, we used the ‘surv_cutpoint()’ function from the pack-
age “survminer” (Alboukadel Kassambara (2019), survminer:
Drawing Survival Curves using ‘ggplot2’. R package version
0.4.6; https://cran.r-project.org/web/packages/survminer/
index.html) using the maximally selected rank statistic from
the ‘maxstat’ R package.” Following this analysis, the ‘analy-
se_multivariate()’ function using Cox regression analysis and
‘forest plot()’ function from the package “survivalAnalysis”
(Marcel Wiesweg (2019), survivalAnalysis: High-Level
Interface for Survival Analysis and Associated Plots.
R package version 0.1.1; https://cran.r-project.org/web/
packages/survivalAnalysis/index.html) was used to perform
univariate survival analysis for immune cell and immune
checkpoint expressing cell and to create forest plots for each
parameter. For cluster analysis, first, data standardization and
log-2 transformation were performed, and unsupervised hier-
archical clustering using an Euclidean distance measure and
complete linkage was performed with the ‘hclust()’ function
from the package “stats.” OS for clusters was determined using
the Kaplan-Meier method and log-rank test. A probability
value of less than 0.05 was considered statistically significant.

RESULTS

Clinicopathologic and prognostic significance of ICR
expression

Of the 385 stage II and III GCs, 68 cases (17.7%) showed
positive PD-1 expression in the center, 69 (17.9%) in the
invasive margin, and 91 (23.6%) in the center or invasive
margin. LAG3 expression was found in 175 (45.5%), 114
(29.6%), and 193 (50.1%), and TIM3 in 237 (61.6%), 134
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(34.8%), and 257 (66.8%) cases in the center, invasive margin,
and center or invasive margin, respectively. PD-1 expression
was similar between the center and invasive margin (p = 1.0,
McNemar test; Supplementary Table 3). However, LAG3 and
TIM3 expression levels were significantly higher in the center
than in the invasive margin (p < .001 by McNemar test). The
rate of agreement, Cohen’s k values, and the correlation coeffi-
cient of PD-1 expression between the center and invasive
margin were higher than those of LAG3 and TIM3
(Supplementary Table 3). The clinicopathologic features are
summarized in Supplementary Table 4. PD-1 expression was
associated with old age, expanding growth, and distal location
(p < .05), LAG3 expression with expanding growth and distal
location (p < .05), and TIM3 expression with infiltrative
growth, unlike PD-1 and LAG3 (p < .05). In addition, TIM3-
expressing cases showed more diffuse-type in positive expres-
sion than in negative expression when compared with PD-1-
and LAG3-expressing cases.

Kaplan-Meier survival analysis showed that GC patients
with positive expression of PD-1, TIM3, and LAG3 in the
center, invasive margin, and center or invasive margin tended
to have better OS than those with negative expression
(Supplementary Figure 1), but the difference was only statisti-
cally significant in cases where LAG3 was expressed in the
invasive margin (p = .019) and center or invasive margin (p =
.026). The results of the multivariate survival analysis are
summarized in Table 1, and confirmed that LAG3 expression
is an independent favorable prognostic factor for OS (invasive
margin, p = .026; center or invasive margin, p = .026).

Correlation of ICR expression with immune cell density
and molecular classification

PD-1 expression was positively correlated with LAG3 (y =
0.631) and TIM3 (y = 0.625) expression (Table 2), and these
were classified as strong correlations.”® LAG3 expression was
moderately correlated with TIM3 expression (y = 0.534). In
addition, the expression of these three ICRs showed significant

Table 1. Multivariable survival analysis by using Cox-regression analysis.

Table 2. Correlation coefficient between immune checkpoint receptors and
immune cell density.

Center Periphery

PD-1  LAG3 TIM3 PD-1  LAG3 TIM3
PD-1 1 PD-1 1
LAG3 631** 1 LAG3 .590** 1
TIM3 534**  625** 1 TIM3 A422%%  59Q** 1
PD-L1 (CPS) .345** .345%** 443** PD-L1 (CPS) .412** .643** .630**
PD-L1 (TPS) .290** .307** .385** PD-L1 (TPS) .361** .604** .559**
PD-L1 (ICP)  .264** .187** .262** PD-L1 (ICP) .419** .519** .560**
D3 561**%  423%*  557% D3 503**  356** .568**
CD4 265%*%  203** 207** (D4 311** 177%* 307**
CD8 S551%*% 351%*  582%* b8 AT79%*  346**  580%*
CD68 332%*%  405%*  292%* D68 A400%*  379%*  470%*
CD163 A39%*%  305%*  3371* D163 573**  565%* 706**
Foxp3 342%*% - 219%*  276%* Foxp3 S515%% 340%*  491**

**p value < 0.01; PD-1, Programmed cell death-1; CK, Cytokeratin; TIM-3, T-cell
immunoglobulin and mucin domain-3; LAG-3, Lymphocyte activation gene-3,
CPS, Combined positive score; TPS. Tumor proportion score; ICP, Immune cells
present

positive correlations with the density of various immune cell
types, including CD3", CD4", CD8", CD68", and CD163"
TIICs. Table 3 shows the relationship between ICR expression
and the molecular classification of GC. PD-1*, LAG3", and
TIM3" rates were significantly higher in EBV" and MSI-H
GCs than in EMT-type, p53", and p53~ GCs (p < .001). In
particular, EMT-type GCs showed the lowest positive rate of
ICR expression, and the TIM3" rate was the highest among the
three markers.

Combined expression status of the three ICRs by mIHC

Since the expression of PD-1, TIM3, and LAG3 was posi-
tively correlated, we performed chromogenic mIHC in 58
stage II and III GC cases to investigate their dual and
triple expression. The density of cells with single PD-1
(red), TIM3 (green), and LAG3 (blue) expression was
determined in each case (Supplementary Figure 2). Then,
the density of cells with dual and triple expression was
evaluated.

Univariate analysis

Multivariate analysis
(LAG3 periphery)

Multivariate analysis
(LAG3 center or periphery)

Variables HR 95% CI P HR 95% Cl P HR 95% Cl p value
Age 1.028 1.010- 1.047 0.002 1.024 1.006- 1.042 < 0.010 1.022 1.004- 1.040 0.018
Size 1.131 1.071-1.193 < 0.001 1.096 1.031- 1.165 0.003 1.094 1.028- 1.164 0.005
Lauren classification 1.443 0.914- 2.276 0.115 - -
(others vs. intestinal*)
Ming classification 0.65 0.346- 1.222 0.181 - -
(expanding vs. infiltrative*)
Lymphatic invasion 1.373 0.849- 2.221 0.197 - -
(present vs. absent*)
Vascular invasion 3.263 2.102- 5.065 < 0.001 2.105 1.326- 3.341 0.002 2.168 1.363- 3.448 0.001
(present vs. absent*)
Perineural invasion 2.891 1.634- 5.114 < 0.001 1.746 0.948- 3.215 0.074 1.824 0.992- 3.354 0.053
(present vs. absent*)
pTNM 3.439 2.091- 5.655 < 0.001 2.165 1.260- 3.720 0.005 22 1.280- 3.782 0.004
(11 vs. 11%)
LAG3 periphery 0.536 0.316- 0.908 0.020 0.540 0.315- 0.928 0.026 -
(positive vs. negative¥)
LAG3 center or periphery 0.643 0.421- 0.980 0.040 - 0.614 0.400- 0.944 0.026

(positive vs. negative¥)

*Reference variable;LAG-3, Lymphocyte activation gene-3
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Table 3. Correlation between immune checkpoint receptors and molecular classification.

PD-1 LAG-3 TIM-3
Molecular classification total N P p value N P p value N P p value
EBV-P 25 (6.5%) 6 (2.0%) 19 (20.9%) < 0.001 1 (0.5%) 24 (124%) < 0.001 1 (0.8%) 24 (9.3%) < 0.001
MSI-H 36 (9.4%) 16 (5.4%) 20 (22.0%) 7 (3.6%) 29 (15.0%) 4 (3.1%) 32 (12.5%)
EMT 104 (27.0%) 100 (34.0%) 4 (4.4%) 74 (38.5%) 30 (15.5%) 47 (36.7%) 57 (22.2%)
p53 IHC-P 70 (18.2%) 54 (184%) 16 (17.6%) 29 (15.1%) 41 (21.2%) 26 (20.3%) 44 (17.1%)
p53 IHC-N 150 (39.0%) 118 (40.1%) 32 (35.2%) 81 (42.2%) 69 (35.8%) 50 (39.1%) 100 (38.9%)
total 385 294 91 192 193 128 257

N, negative; P, positive; MSI-H, microsatellite instability-high; EMT, epithelial-mesenchymal transition; IHC, immunohistochemistry

The mean percentage of cells with dual or triple ICR expres-
sion was 23.7% among PD-1" cells, 26.4% among TIM3" cells,
and 32.1% among LAG3" cells (Figure 1a-c). The proportion of
cells with single, dual, and triple expression among PD-1%,
TIM3", and LAG3" cells varied in each case (Figure 1d-f).

When the GC cases were classified into high and low groups
based on the median PD-1" and TIM3" cell densities, the
frequency of dual or triple expressing cells was significantly
higher in the high-density group (PD-1, 30.6 + 23.2%; TIM3,
33.8 + 20.8%) than in the low-density group (PD-1, 16.8 +
11.1%; TIM3, 19.1 £ 16.1%) (PD-1, p = .023; TIM3, p < .001;
Figure 1g and 1h). There was no significant difference in dual
or triple expression frequency among LAG3" cells (p = .130;
Figure 1i).

Comprehensive ICR expression analysis based on immune
cell context

ICRs were mainly expressed in CD3"/CD8" and CD3"/CD8~
T cells, and minorly expressed in CD3"/Foxp3"™ T cells and
CD68" macrophages (Figure 2a). PD-1 expression was signifi-
cantly higher in CD3*/CD8" and CD3"/CD8™ T cells than in
CD3%/Foxp3™ T cells and CD68" macrophages, but TIM3
expression did not significantly differ in CD68" macrophages
when compared with that in CD3*/CD8" and CD3"/CD8~
T cells (Kruskal-Wallis, PD-1, p <.001; TIM3, p = .010;
Figure 2b). LAG3 expression was significantly higher in
CD3%/CD8" T cells than in CD68" macrophages but did not
significantly differ when compared with that in CD3*/CD8~
and CD3%/Foxp3™ T cells (Kruskal-Wallis, LAG3, p = .008;
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Figure 1. Combined expression of immune checkpoint receptors. Mean percentage of cells expressing single or multiple immune checkpoint receptors (ICRs):
programmed death receptor 1 (PD-1) (a), T cell immunoglobulin and mucin domain 3 (TIM3) (b), and lymphocyte activation gene-3 (LAG3) (c). The proportion of cells
with single, dual, and triple ICR expression varied in each case: PD-1 (d), TIM3 (e), and LAGS3 (f). The frequency of double or triple ICR expression when the samples were
divided into high/low density groups based on the median: PD-1 (g), TIM3 (h), and LAGS3 (i).
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Figure 2. Immune checkpoint receptor expression based on immune context. Mean percentage of immune cell types expressing each immune checkpoint receptor
(ICR): programmed death receptor 1 (PD-1), T cell immunoglobulin and mucin domain 3 (TIM3), and lymphocyte activation gene-3 (LAG3) (a). Comparison of the density
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Figure 2b). When comparing ICR expression by each immune
cell type, PD-1 expression was the highest in CD3"/CD8~
T cells, while TIM3 expression was the highest in CD68"
macrophages (Kruskal-Wallis, all p < .001, Figure 2c). There
were no significant differences in expression among the three
ICRs in CD3"/CD8" and CD3"/Foxp3”™ T cells (Kruskal-
Wallis, all p > .05, Figure 2c¢).

In the remaining immune cells, except CD3"/CD8" T cells,
the mean proportion of double- or triple-expressing immune
cells including TIM3 was higher than that without TIM3
expression. (Supplementary Figure 3a). The cell density in the
presence of the expression of two or more ICRs was higher in

CD3"/CD8" T cells than in CD68" macrophages (Kruskal-
Wallis, all p < .001, Supplementary Figure 3b.

Regarding the distribution between the intratumoral and
stromal areas, only CD3"/Foxp3™ T cells were more dis-
tributed in the intratumoral area than in the stromal area
regardless of any ICRs expression (p < .001, Figure 3a).
CD3"/CD8" and CD3"/Foxp3™ T cells expressing any of the
three ICRs were significantly more distributed in the intra-
tumoral area than in the stromal area (CD3*/CD8"/PD-1",
p < .05, CD3"/CD8'/LAG3", p < .001; CD3*/CD8" and
CD3"/FoxP3" T cells expressing any ICRs, all p < .01,
Figure 3b).
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Prognostic analysis of TIIC context and ICR expression by
mIHC

The results of univariate Cox analysis showed that a positive
expression of PD-1 and TIM3 was significantly positively asso-
ciated with better OS (both p < .01, Supplementary Figure 4a)
and PFS (both p < .001, Supplementary Figure 4b), unlike in
the single THC. A positive expression of LAG3 was statistically
significant only for better PFS (p = .006; Supplementary
Figure 4b). High numbers of CD3*/CD8" and CD3*/CD8"
T cells among TIICs were associated with better OS (all p <
.05, Supplementary Fig. S4A) and PES (all p < .01,
Supplementary Figure 4b). When not considering ICR expres-
sion, high CD3"/Foxp3™ T cells showed no statistical signifi-
cance in either better OS (p = .269, Supplementary Figure 4a)
or PFS (p = .085, Supplementary Figure 4b), but high CD3"/
Foxp3" cells with TIM3 expression showed statistically signifi-
cant improvements in OS (p = .012, Supplementary Figure 4c)
and PFS (p < .001, Supplementary Figure 4d).

PD-1%/TIM3" and TIM3*/LAG3" dual expression showed
better OS (p < .05, Supplementary Fig. 5A) and PFS (p < .001,
Supplementary Fig. 5B), but PD-1"/LAG3" showed better
results only for PFS (p = .043, Supplementary Fig. 5B).

Cluster analysis of TIIC context with ICR expression

Using the TIIC context associated with the expression of the
three ICRs, three clusters were identified by unsupervised
hierarchical cluster analysis (Figure 4a). The three clusters
could be divided into high, medium, and low clusters accord-
ing to the degree of immune cell density. Most EBV molecular
types were located in the high cluster, but the MSI, EMT, p53”,
and p53” types did not differ by cluster. The difference in OS
among the three groups was not statistically significant (p = .38,
Figure 4b), but regarding PFS, the clusters with many ICR-
expressing immune cells showed significantly better prognosis
(p = .014, Figure 4c).

DISCUSSION

In this study, we examined the expression level and tumor
heterogeneity of PD-1, TIM3, and LAG3, which are ICRs
currently targeted for combination therapy clinical trials,
using single IHC. Through chromogenic mIHC, we first exam-
ined the interactions between ICRs, then analyzed the correla-
tion between immune cell contexts and ICRs, and finally found
the possibility of combination therapy.



TILs including CD8" T cells can infiltrate tumors and
suppress their growth, but ICR expression establishes an
immunosuppressive TME.?” These ICRs can be simulta-
neously expressed, and it has been reported that when
a high level of PD-1 is observed, TIM3 and LAG3 are
expressed concurrently.”®* It has also been reported that
there may be a compensatory mechanism such as TIM3
and LAG3 upregulation in CD8" T cells after receiving
anti-PD-1/PD-L1 therapy.”® Here, we observed that the
expression of ICRs was positively correlated by single THC
and that dual or triple ICR expression occurred frequently
in cases with high PD-1 and TIM3 expression by mIHC.
These results suggest that a strategy targeting multiple
checkpoints simultaneously, rather than a single inhibitory
receptor, may be preferable.

We found that the distribution of CD3*/CD8" T cells,
CD3*/CD8™ T cells, and CD68" macrophages did not differ
between intratumor and stromal areas when any ICRs
expression was not considered. Interestingly, ICR-
expressing CD3"/CD8" T cells were more distributed in
the intratumor area. In hepatocellular carcinoma, more
CD8" T cells expressing high levels of PD-1 were observed
in the tumor area than in the peri-tumor area, and this was
associated with tissue resident memory T cells (TRMs).>!
TRMs are located close to the tumor and are associated
with enhanced cytotoxicity.”> These TRMs express more
checkpoint inhibitors than peripheral memory T cells in
the lung33 and breast.>* In GC, the relationship between
TRMs and the clustering of immunoreceptor-expressing
T cells around the tumor has not been examined, and
therefore, further studies are required.

In previous studies, PD-1 expression was found to be
associated with EBV™ and MSI-H GC.?® Here, it was found
that not only PD-1, but also LAG3 and TIM3 were asso-
ciated with the EBV* and MSI-H groups. Interestingly,
unlike PD-1 and LAG3, TIM3 was more expressed in
EMT-type GC and diffuse-type GC than PD-1 and
LAG3. Further, overexpression of TIM3 was shown to
enhance the metastatic capacity of hepatocellular carci-
noma cells by promoting EMT.>® In a recent study, it
was found that TIM3 is highly expressed in peritoneal
metastatic samples of GC, and the response to chemother-
apy was poor.””*® The mechanism whereby TIM3 expres-
sion induces EMT in GC has not been clearly elucidated.
Therefore, further research is needed to find an immu-
notheutic target for EMT-type GCs that do not respond
well to chemotherapy.

We performed single and multiplex THC for immune cell
markers and ICRs, followed by survival analysis. As a result,
a better prognosis was observed in cases in which LAG3 was
expressed at the invasive margin of the tumor and in cases
with higher numbers of tumor-infiltrating cells expressing
PD-1 and TIM3. In addition, the expression of ICRs in
CD3%/CD8*, CD3*/CD8  and CD8 /Foxp3™ T cells, and
CD68" macrophages was associated with a better prognosis.
The prognostic implications of ICRs remain controversial.
Recent studies have revealed that there was a difference in
the association between the expression of ICR and prognosis
depending on the type of cancer. In breast cancer, PD-1,
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TIM3, and LAG3 expression has been reported to improve
survival,’”® ** whereas TIM3 expression in ovarian cancer’>*’
and PD-1 and TIM3 expression in lung cancer’”** are asso-
ciated with poor prognosis. In GC, PD-1 expression has been
associated with poor prognosis,"> but also with better
survival®*® A higher LAG3'CD4'/CD4" T cell and
LAG3"CD8¥/CD8" T cell expression ratio is associated with
a better prognosis in advanced GC,* whereas a higher
TIM3"CD4%/ CD4" T cell and TIM3"CD8'/CD8" T cell
expression ratio is associated with a poor prognosis.48 PD-
1, LAG3, and TIM3 are associated with exhausted immune
cells and negative regulation of immune response.”’”
However, in cancer types with good prognosis despite high
expression of ICRs, high expression reflects an increased
activated immune response.”” LAG3 is expressed in activated
CD4"/CD8" T cells and regulatory T cells,"” and it has been
reported that induction of LAG3 expression on the cell sur-
face is the first step required for T cell activity.”® In addition,
the ability of TIM3 to induce immune response activity was
recently confirmed.”’ We investigated the correlation
between the expression of ICRs and the density of various
immune cell types in GC. The results also confirmed
a significant positive correlation between ICRs and TIICs.

Co-expression of ICRs has been associated with poor prog-
nosis in renal cell carcinoma,®* ovarian cancer,® and hepatocel-
lular carcinoma,’! but no studies have been reported so far in
GC. Here, by implementing mIHC technique in a large cohort of
GC, we were able to assess the co-expression status of PD-1,
TIM3, or LAG3, and proved a significant association toward
better prognosis. As mentioned above, the effect of ICR expres-
sion on prognosis differs among cancer types. However, the
research methods employed in the studies also differed, which
may explain the observed differences. In addition, our cohort size
used to examine co-expression by mIHC was small. Therefore,
further research using a larger cohort of GCs is needed.

Our study has some limitations that are worth mentioning.
This was a retrospective study and mIHC was performed in
a small cohort. However, we were able to limit confounding
factors on prognostic analysis using a relatively homogeneous
cohort consisting of patients with stage II and III GC who
received curative surgical resection followed by fluoropyrimi-
dine-based adjuvant chemotherapy.

In summary, through single IHC, we found that the expression
of PD-1, LAG3, and TIM3 was positively correlated, and using
mIHC, we demonstrated that dual or triple expression of ICRs is
more common in cases with high ICRs’ expression by single IHC.
ICRs were mainly expressed in CD3*/CD8" and CD3"/CD8”
T cells, and were found to be more densely distributed in the
intratumoral area than in the stromal area. Moreover, ICRs were
found to be associated with a better prognosis, and clusters with
a large number of ICR-expressing immune cells had a better
prognosis. In conclusion, our study provides key information
for the application of multiple immune checkpoint inhibitors
that can be used in combination therapy to treat GC patients.
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