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ABSTRACT
Tumor infiltrating lymphocytes (TIL) in Epstein-Barr virus (EBV)-associated/microsatellite-unstable (MSI)
gastric carcinomas (GC) constitute immune-active principal cellular components of tumor microenvironment
and contribute to better prognosis. With the remarkable success of cancer immunotherapies, there is an
urgent need for a comprehensive understanding of tumor-immune interactions in patients with GC in the
context of host immune response. To identify GC subtype-specific immune response gene set, we tested
differentially expressed genes for MSI and EBVC GC subtypes in randomly selected test set (n D 278) in
merged ACRG-SMC microarray and TCGA RNA sequencing data set. We identified Host ImmunE Response
index (HIER€I) consisting of 29 immune genes classifying GC patients into robust 3 groups with prognostic
significance. Immune-high cluster 1 was enriched with PD-L1High/EBVC/MSI/TILHigh with the best clinical
outcome while immune-low cluster 3 displayed worst outcome and exemplified with PD-L1Low/EBV-/MSS.
The results were validated in the same cohort (n D 279) and independent cohort (n D 181) with RNA from
formalin-fixed paraffin-embedded (FFPE) tissue. Unexpectedly, nearly half of GC in cluster 1 were EBV-/MSS
and 10% of cluster 3 GC were EBVC/MSI GC patients, suggesting that in addition to EBVC/MSI GC subtypes,
EBV-/MSS subtype also constitutes almost half of high immune cluster and would be a good candidate for
immune checkpoint inhibitor therapy. In contrary, almost 10% of EBVC/MSI GC patients may not respond to
immune checkpoint inhibitor therapy. Thus, our HIER€I gene signature demonstrates the potential to
subclassify tumor immunity levels, predict prognosis and help immunotherapeutic decisions.

Abbreviations: AJCC, American joint committee on cancer; CA, conventional adenocarcinoma; CD, clusters of
differentiation; CI, confidence interval; CLR, carcinoma with Crohn-like reaction; DFS, disease free survival;
EBER, Epstein-Barr virus-encoded small RNA; EBV, Epstein-Barr virus; EBVC GC, Epstein-Barr virus-associated gastric
cancer; FFPE, formalin-fixed paraffin-embedded; GC, gastric cancer; HR, hazard ratio; immunohistochemical
staining; NK cell, natural killer cell; OS, overall survival; PD-1, programmed death receptor-1; PD-L1, programmed
death receptor-ligand 1; TCGA, The Cancer Genome Atlas; TCR, T cell receptor; TIL, tumor infiltrating lymphocytes;
CIMP, CpG island methylator phenotype; ACRG-SMC, Asian Cancer Research Group-Samsung Medical Center
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Introduction

Immune infiltrates are heterogeneous between tumor types;
variable numbers of tumor-infiltrating lymphocytes (TIL)
are found in different tumors of the same type and are very
diverse from patient to patient.1 Immune-active or -suppressive
tumoral microenvironment (TM) plays critical role in patient’s
outcome. TIL constitutes the principal cellular component of
immune active TM and contributes to improved survival

of cancer patients. Therefore, in addition to genomic features
of tumors, TM represents promising candidates for predictive
and prognostic biomarkers.2

Gene expression profiling of cancer has resulted in the
identification of molecular subtypes and the development of
models for prediction prognosis and has enriched our
knowledge of the molecular pathways of tumorigenesis.3 In
gastric cancer (GC), 4 molcular subtypes based on genetic
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alterations by The Cancer Genome Atlas (TCGA)4 and
expression data by Asian Cancer Research Group-Samsung
Medical Center (ACRG-SMC)5 have been proposed. Lin
et al. analyzed >1600 GCs and found that gene signatures
related to inflammation and immunity differ significantly
between Asian and non-Asian GCs, with T-cell pathways
preferentially associated with non-Asian GC.6 These results
suggest that immune signatures also vary geographically
within the same tumor.

Epstein-Barr virus (EBV) infection and mutually exclu-
sive microsatellite instability (MSI) are frequently accom-
panied with TIL and have been known as significant
favorable prognostic markers in patients with GC.5,7

Patients with EBVC GC have more favorable survival
than those with EBV- GC possibly caused by immune
responses directed against EBV-related proteins expressed
by tumor cells. In EBVC GC, genes involving in cytokine
(chemokine) pathways were significantly deregulated8 and
programmed cell death ligand 1 (PD-L1) expression is
remarkable increased via multiple mechanisms.9 In MSI
GC, abundant PD-L1 expression in cases associated with
TIL via increased host immune response correlated with
favorable survival.11

With the remarkable success of cancer immunotherapies,
there is an urgent need for a comprehensive understanding of
tumor-immune interactions. Efforts have been made to eluci-
date the tumor-immune interactions and provide prognostic
predictors.10 Recently, Rooney et al.11 quantified the cytolytic
activity of the local immune infiltrate across 18 tumor types
and identified marked increases in EBVC GC compared with
EBV- GC (possibly due to PDL1 amplifications) and in colorec-
tal tumors with MSI compared with MSS. Given that natural
anti-tumor immunity requires cytolytic immune response,
increased cytolytic activities observed in EBV (due to virus)
and MSI (due to neoantigens) GC may serve as a surrogate
marker of cytolytic host immune attack associated with TIL
and better prognosis. To identify Host ImmunE Response
index (HIER€I) in GC, we analyzed expression data set of
TCGA RNA sequencing and ACRG-SMC microarray results to
obtain differentially expressed genes (DEG) in GCs with MSI
and EBV with better prognosis.

Results

Host ImmunE Response index (HIER€I) in gastric cancer

To obtain differentially expressed immune-related genes in GC
with MSI and EBV, and with better prognosis, we performed
network analysis assigning GC subtype shown in Fig. 1 and ana-
lyzed functional modules (significantly differentially expressed
subnetwork), and defined HIER€I consisting of 29 genes [SPP1,
CCL20, CXCR1, CISH, CD55, ADGREE5 (CD97), PTK2,
TIRAP, CCR6, IL6R, CD40, CD1D, TLR7, HLA-DQA1, CD74,
HLA-DRA, TLR3, B2M, TNFSF10, TAP1, TAP2, FCER1G,
IL2RA, CD80, KLRD1, PDCD1LG2, STAT1, IFNg, CD274
(PD-L1)]. All clustering results of meta-expression were absent
to platform bias, and microarray and RNA-Sequencing (RNA-
Seq) samples were uniformly distributed across clusters.

To test prognosis classification using HIER€I, we clustered
distinct 3 sample groups for each test set (n D 278) and valida-
tion set (n D 279) randomly selected from merged
meta-expression data set (n D 557). Additional clustering for
validation was performed in an independent validation set with
different test platform in which data was obtained from
nCounter� gene expression assay using RNA extracted from
FFPE tissue (n D 181) (Fig. 2). HIER€I significantly enriched in
multiple immune response pathways of immune system
(q-value 0.03), PD-L1 signaling, downstream TCR signaling
pathway, and costimulation by the CD28 family (q-value 0.05)
(Supplementary Table 1).

Our HIER€I classified independent validation cohort with 181
patients into robust 3 groups with prognostic significance and
denoted close association with clinical characteristics. All clusters
and related clinical features were summarized in Table 1.

Cluster 1 (immune-high, red) with mostly PD-L1High/
EBVC/MSI (n D 48) showed the best outcome while cluster 3
(immune-low, black) displayed worst outcome and PD-L1Low/
EBV¡/MSS (n D 31) in all test set, validation set and indepen-
dent validation set (Fig. 2B, E). Hierarchical clustering of signa-
ture showed that CD274, IFNG, PDCD1LG2, KLRD1, CD80,
IL2RA were consistently overexpressed while CXCR1, SPP1,
CISH, CD55, CD97, PTK2, TIRAP showed decreased
expression in immune-high cluster 1 group. Cluster 2 (blue)
was intermediated in overall status. Surprisingly, cluster 1 was

Figure 1. Overall process of gene expression analysis composed of data set preparation, and normalization, gene interaction network-based analysis to identify gene set,
test and validation by clustering using signature gene.
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significantly associated with histological subtype of lymphoepi-
thelioma-like carcinoma (LELC) (22.9%, odds ratio 2.33,
p-value 0.05). Network analyses, p value aggregation analyses
and gene set enrichment analyses (GSEA) revealed total 286

functional interactionsamong 65 prognostic marker genes after
exclusion of genes with low p values. Genes involved in adap-
tive immune system (p D .0004), costimulation by the CD28
family (p D .004), PD-1 signaling (p D 0.0023), and generation

Figure 2. Gene expression clustering and its Kaplan-Meier survival plot. Clustering was performed in 3 data sets: (A) test set of meta-expression data, (B) validation set of
meta-expression, and (C) Independent NanoString validation set, and its survival was investigated.

Table 1. Three clusters of HIER€I immune gene signatures and their characteristics in 181 independent validation cohort.

Immune-high
(n D 48) n (%)

Intermediate
(n D 102) n (%)

Immune-low
(n D 31) n (%) p value total

gender .144
male 39 (81.3) 67 (65.7) 21 (67.7) 127
female 9 (18.8) 35 (34.3) 10 (32.3) 54

location .499
cardia 2 (4.2) 9 (8.8) 3 (9.7) 14
body 26 (54.2) 62 (60.8) 11 (35.5) 99
antrum 19 (39.6) 19 (18.6) 17 (54.8) 55
whole/multiple 1 (2.1) 12 (11.8) 0 (0.0) 13

histologic type by Lauren .002
intestinal 23 (47.9) 25 (24.5) 16 (51.6) 64
diffuse 14 (29.2) 61 (59.8) 12 (38.7) 87
mixed/indeterminate 11 (22.9) 16 (15.7) 3 (9.7) 30

histologic type by immune response .043
CA 23 (47.9) 65 (63.7) 25 (80.6) 113
CLR 11 (22.9) 14 (13.7) 1 (3.2) 26
LELC 14 (29.2) 23 (22.5) 5 (16.1) 42

EBV .033
negative 37 (77.1) 90 (88.2) 30 (96.8) 157
positive 11 (22.9) 12 (11.8) 1 (3.2) 24

MSI <.001
MSS 40 (83.3) 102 (100.0) 29 (93.5) 171
MSI 8 (16.7) 0 (0.0) 2 (6.5) 10

TNM .434*

I 9 (18.8) 27 (26.5) 5 (16.1) 41
II 19 (39.6) 28 (27.5) 9 (29.0) 56
III 19 (39.6) 37 (36.3) 16 (51.6) 72
IV 1 (2.1) 10 (9.8) 1 (3.2) 12

CA, conventional adenocarcinoma; CLR, carcinoma with crohn-like reaction; LELC, lymphoepithelioma-like carcinoma; EBV, Ebstein-Barr virus; MSI, microsatellite instability;
MSS, microsatellite stable

�Chi-square test using linear-by-linear association
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of second messenger molecules (p D 0.0133) pathways were
considered as key determinant (Supplementary Table 1). PD-
L1 signaling and additional pathways share core immune genes
including CD274 (PD-L1) and binding partner PDCD1LG2 in
submodule network shown in Fig. 3.

Table 2 summarizes the HIER€I clustering in all 738 patients.
High immune cluster 1 was closely associated with high PD-L1
mRNA expression and high TIL characterized with LELC his-
tology, suggesting high host cellular immune response. In this
cluster (229 patients; 31.3%), although 59.8% of them were
EBVC or MSI, it is noteworthy that nearly half of the patients
are EBV-/MSS subtype, and they also would be a good candi-
date for immune checkpoint inhibitor therapy. In contrary, our
results also suggest that about 10% of EBVC/MSI GC patients
are not associated with immune response (cluster 3) and would
not be a good candidate for immune checkpoint inhibitor
therapy.

We tested applicability of our newly developed HIER€I gene
signature in gene expression data of 272 TCGA12 colorectal
adenocarcinomas (Supplementary Fig. 1A). All cases were also
classified into 3 immune groups: high (22.8%, n D 62), inter-
mediate (48.9%, n D 133) and low (28.3%, n D 77). We identi-
fied that immune-high group included 78.9% of 38 MSI-high
cases (p < 2.2e-16), and 69.4% of 36 CIMP-high cases
(p < 1.96e-07) (Supplementary Figure 1B). Finally, we revealed
that our HIER€I gene signature classified MSI/CIMP expression
subtype in different cancer subtype.

PD-L1 mRNA expression and clinicopathologic variables
in 181 independent validation cohort

As PD-L1 (CD274) was a main gene contributing immunologi-
cal pathway and a major constituent in high-immune cluster 1
group by HIER€I, we tested discriminating power of PD-L1
mRNA expression as a biomarker to predict clinical outcomes.
PD-L1 was divided into 2 groups as overexpression (PD-
L1High, n D 41 22.6%) and under expression (PD-L1Low, n D
140 77.3%) by optimizing expression cut-off using log-rank test
(Supplementary Fig. 2). Overall survival (OS) difference of PD-
L1High group (p< 0.001) is more significant than immune-high
cluster group using HIER€I (pD 0.082), and disease free survival
(DFS) also shown significant survival difference in PD-L1High

group compared toPD-L1High group (p D 0.001). PD-L1High

was significantly associated with MSI GC (p D 0.034), EBVC
GC (p D 0.004), and LELC (p D 0.025), however, was not asso-
ciation with gender, Lauren histologic type, location of tumor,
and pTNM stages (Table 3).

Out of 41 PD-L1High cases, immunohistochemical staining
(IHC) on tumor cells showed 3C in 8, 2C in 14, and 1C in 3,
and negative in 16 cases, in which 9 cases showed positive in
stromal immune cells. Of the 140 PD-L1Low cases, IHC staining
on tumor cells showed 3C in 1, 2C in 23, and 1C in 10, and
negative in 106 cases, in which 47 cases showed positive in stro-
mal immune cells. The PD-L1 IHC-positive group had a mean
mRNA expression level of 6.80 (standard deviation 1.02), and
the PD-L1 IHC-negative group had a mean mRNA expression
level of 5.58 (standard deviation 0.66). The rate of concordance

Figure 3. HIER€I immune gene signature network including PD-L1 signaling pathway and associated gene functions by gene set enrichment analysis.

Table 2. Three clusters of HIER€I immune gene signatures and their characteristics.

HIER€I Cluster Immune-high Intermediate Immune-low

Total (nD 738) 229 (31.0%) 294 (39.8%) 215 (29.1%)
GC subtype EBVC or MSI EBV- and MSS EBV- and MSS

59.80% 84.50% 89.30%
Prognosis Good Intermediate Poor
(event observed, expected) (ME 47, 64.5) (ME 73, 72.6) (ME 77, 59.9)

(NS 7, 11.8) (NS 25, 24.9) (NS 11, 6.3)
PD-L1 mRNA expression High Intermediate Low
(mean, CI 95%) (ME 6.4, 6.3 – 6.5) (ME 5.6, 5.5 – 5.7) (ME 5.0, 4.9 – 5.1)

(NS 8.3, 8.0 – 8.6) (NS 7.3, 7.2 – 7.5) (NS 7.1, 6.8 – 7.4)
Histological type LELC CA or CLR CA or CLR
(LELC %, odds ratio) (22.9%, 2.33) (13.7%, 0.89) (3.2%, 0.17)

ME, merged meta-expression set; NS, nanostring; GC, gastric cancer, CI, confidence interval; CA, conventional adenocarcinoma, CLR, Carcinoma with crohn-like reaction;
LELC, lymphoepithelioma-like carcinoma
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between mRNA expression and IHC for tumor cells was 81.8%
(148/181) and was significantly correlated (p< 0.001). The pro-
portion of PD-L1 IHC-positive immune cells did not correlate
significantly with mRNA levels (p>.05). The IHC protein
expression of PD-L1 on tumor cells (p< .001) were strongly
associated with mRNA expression of PD-L1. Moreover, PD-L1
IHC on stromal immune cells were also correlated with mRNA
expression (p D .003) (Table 3).

Immune cell-related gene expression by histologic
subtypes and PD-L1 status

The differences in mRNA expression levels of genes (n D 491)
related to representative inflammatory cells between the
immune response-related histologic subtypes and PD-L1 cate-
gories are shown in Supplementary Figures 3 and 4, respec-
tively. Between the different histologic subtypes, mRNA
expression of both T cell (p< 0.001) and B cell (p< 0.001)
genes were highest in LELC followed by carcinoma with crohn-
like reaction (CLR) and conventional adenocarcinoma (CA).
Among the T cells, CD4C, CD8C and Treg cells (CD4C,
FOXP3C, CD25[IL2RA]C) also showed significantly different
expression levels according to immune histologic subtypes (p<
0.001). Additionally, LELC showed higher expression of IFNg

compared with other histologic subtypes (Fig. 4, upper lane).
Based on expression of PD-L1 subgroups, mRNA levels of T
cell (p< 0.001), IFNg (p< 0.001), CD8C T cell (p< 0.001), and
Treg (p D 0.0013) were significantly higher in PD-L1High group
compared with PD-L1Low group (Fig. 4, lower lane).

Discussion

Understanding the interactions between tumor and the host
immune system is critical to finding prognostic biomarkers,
reducing drug resistance, and developing new therapies.10,11

Here, we analyzed expression data set of TCGA RNA sequenc-
ing and ACRG-SMC microarray results and found HIER€I asso-
ciated with host immune response and predicting prognosis.
Additionally, high mRNA of PD-L1 or tumor cell PD-L1
IHCC group predicted improved survival in GC patients.

Recently, Li et al., analyzed tumor-infiltrating immune cells
in over 10,000 RNA-Seq samples across 23 cancer types from
TCGA by computational approach and developed a web-acces-
sible resource, TIMER (Tumor Immune Estimation Resource),
to enable further explorations of the disease-specific clinical
impact of different immune infiltrates in the tumor microenvi-
ronment. Gentles et al.,2 also developed CIBERSORT (http://
precog.stanford.edu) by analyzing »18,000 human tumors

Table 3. The association of PD-L1 mRNA expression and clinicopathologic variables in 181 independent validation cohort.

PD-L1 High
(n D 41) n (%)

PD-L1 Low
(nD 140) n (%)

p value total

gender .928
male 29 (70.7) 98 (70.0) 127
female 12 (29.3) 42 (30.0) 54

location .499
cardia 2 (4.9) 12 (8.6) 14
body 21 (51.2) 78 (55.7) 99
antrum 16 (39.0) 39 (27.9) 55
whole/multiple 2 (4.9) 11 (7.9) 13

histologic type by Lauren .664
intestinal 16 (39.0) 48 (34.3) 64
diffuse 20 (48.8) 67 (47.9) 87
mixed/indeterminate 5 (12.2) 25 (17.9) 30

histologic type by immune response .025
CA 20 (48.8) 93 (66.4) 113
CLR 10 (24.4) 15 (10.7) 26
LELC 11 (26.8) 32 (22.9) 42

EBV .004
negative 30 (73.2) 127 (90.7) 157
positive 11 (26.8) 13 (9.3) 24

MSI .034
MSS 36 (87.8) 135 (96.4) 171
MSI 5 (12.2) 5 (3.6) 10

PD-L1 tumor cells <.001
negative 16 (39.0) 106 (75.7) 122
positive 25 (61.0) 34 (24.3) 59

PD-L1 immune cells (%) .003
negative 29 (70.7) 125 (89.3) 154
positive 12 (29.3) 15 (10.7) 27

HIER€I cluster <.001
high 24 (58.5) 24 (17.1) 48
intermediate 16 (39.0) 86 (61.4) 102
low 1 (2.4) 30 (21.4) 31

TNM .772*

I 7 (17.1) 34 (24.3) 41
II 18 (43.9) 38 (27.1) 56
III 14 (34.1) 58 (41.4) 72
IV 2 (4.9) 10 (7.1) 12

CA, conventional adenocarcinoma; CLR, carcinoma with crohn-like reaction; LELC, lymphoepithelioma-like carcinoma; EBV, Ebstein-Barr virus; MSI, microsatellite instability;
MSS, microsatellite stable

�Chi-square test using linear-by-linear association
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with overall survival outcomes across 39 malignancies and
identified a FOXM1 regulatory network as a major predictor of
adverse outcomes, and favorably prognostic genes related with
tumor-associated leukocytes. However, the clinical impact of
immune cells in many cancers remains poorly understood and
controversial. Moreover, for reasons that remain unclear,
immune prognostic value is known to vary according to tumor
site and histology.13 Therefore, new diagnostic strategies that
comprehensively and simultaneously assess the tumor immu-
nity levels and could enhance patients’ prognosis and inform
immunotherapeutic decisions for cancer patients are urgently
needed.

Here, we identified a HIER€I composed of 29 immune-
related genes associated with cytokine activity and extracellular
matrix binding (SPP1), cytokine activity and chemokine activ-
ity (CCL20, CCR6), a receptor for interleukin 8 (CXCR1), neg-
ative regulation of cytokines (CISH), lipid binding and virus
receptor activity (CD55), leukocyte migration (ADGREE5),
transferase activity (PTK2), cytokine secretion and inflamma-
tory response (TIRAP), interleukin-6 receptor binding (IL6R),
induction of immunoglobulin secretion (CD40), immunoregu-
latory interactions (CD1 d, B2M, KLRD1), transmembrane sig-
naling receptor activity (TLR7, TLR3, FCER1G), MHC class II
receptor activity (HLA-DQA1, CD74, HLA-DRA), IFNg sig-
naling (B2M, TAP1, STAT1, IFNg), receptor binding
(TNFSF10), transporter activity and ATPase activity (TAP2),
interleukin-2 binding (IL2RA), T-lymphocyte activation
(CD80), and immune escape for tumor cells (CD274). Hierar-
chical clustering of signature showed that CD274, IFNG,
PDCD1LG2, KLRD1, CD80, IL2RA were consistently overex-
pressed in both test and validation sets, suggesting activation of
T cell-inflamed phenotype consisting of infiltrating T cells, a
broad chemokine profile and a type I interferon signature
indicative of innate immune activation in EBV/MSI GC

subtypes. In these tumors, tumor cells resist immune attack
through the dominant inhibitory effects of immune system-
suppressive pathways.14

Cluster 1 (immune-high) was significantly associated with
MSI/EBVC GC, LELC histology (high TIL) and best prognosis.
In a recent clinical trial for PD-1 blockade with pembrolizumab
(MK-3475) in patients with advanced solid tumors, immune-
related gene expression signatures composed of genes associ-
ated with T cell cytotoxic function, antigen presentation
machinery, and IFNg signaling showed reproducible and sensi-
tive tools that define common features of the immune microen-
vironment associated with response to pembrolizumab across
multiple tumor types. Based on these observations, our HIER€I
immune gene signatures would be helpful to select patients for
PD-1 blockade therapy. Our results are consistent with recent
data from GC patients suggesting that patients with EBVC and
MSI GC may have greater likelihood of response to PD-1
blockade and that EBV and MSI status should be evaluated as
variables in clinical trials of these emerging inhibitors.9 How-
ever, in the present study, we first identified that in addition to
EBVC/MSI GC subtypes, EBV-/MSS subtype also constitute
almost half of high immune cluster and would be a good candi-
date for immune checkpoint inhibitor therapy. In contrary,
almost 10% of EBVC/MSI GC patients may not respond to
immune checkpoint inhibitor therapy. Our observations war-
rant prospective clinical investigation in the near future.

Links between cancer and inflammation have long been
debated. The PD-1/PD-L1 interaction inhibits T lymphocyte
proliferation, survival, and effector functions (cytotoxicity,
cytokine release), induces apoptosis of tumor-specific T cells,
promotes the differentiation of CD4C T cells into Foxp3C T-
reg cells, and increases the resistance of tumor cells to cytotoxic
T lymphocyte attacks.15 Although the precise mechanisms
explaining better outcome in GC patients with upregulation of

Figure 4. mRNA expression difference of immune cells divided by immune histologic subtypes (upper lane) and PD-L1 expression subgroups (lower lane).
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PD-L1 are not well established, the relationship between PD-L1
expression and TILs is a promising association and needs to be
studied in more depth. In this study, PD-L1 expression was
highest in LELC followed by CLR and CA and closely associ-
ated with MSI, EBV infection, increased expression of IFNg,
total T cells, CD8C T cells, CD4C T cells, and Treg cells. These
results are consistent with previous reports that elevated PD-L1
is significantly associated with high CD8C T-lymphocyte infil-
tration induced by TH1/IFNg signaling.16 This observation
indicates that PD-L1 upregulation and increased TILs seen in
some GC may be in part due to changing antigen expression in
constantly evolving tumors as a consequence of genetic insta-
bility as the carcinogenic process progresses.17 Better prognosis
of GC patients with high TILs has also been reported in other
studies.18-20 In certain subtype of GC, both TILs (host immune
response) and PD-L1 upregulation (tolerance induced by the
tumor itself) may impart its anti-tumorigenic properties by
helping to foster a microenvironment which induces an anti-
tumoral immune reaction around the tumor by recruiting par-
ticular inflammatory cells. Based on these observations, we
hypothesize that this tumor-induced tolerance occurs due to 1)
The immune cells ignoring the tumor (through tumor PD-L1
expression); 2) The tumor inducing anergy among tumor spe-
cific T cells (through upregulated CTLA4); 3) Exhaustion of
TIL (through persistent viral antigen exposure).17 Overall,
tumor PD-L1 associated with dense TIL supports survival ben-
efit of GC patients.

In our study cohorts, no patients have received immuno-
therapy because anti-PD-1/PD-L1 therapy is still in ongoing
clinical trial in GC patients. Recently, it has been reported that
PD-L1 expression levels evaluated using the tumor proportion
score (TPS) can predict patients who may respond to immuno-
therapy in solid tumors.21-23 Based on these observations,
although its predictive role cannot be directly implicated at the
present, our immune-high HIER€I cluster based on differentially
expressed genes in EBVC/MSI GCs, which are characterized by
abundant PD-L1 expression, can be used to identify the
patients who may likely to respond to anti PD-1/PD-L1 block-
ade therapy.

In conclusion, we developed HIER€I immune gene signatures
that comprehensively and simultaneously assess the tumor
immunity levels, predict prognosis and inform immunothera-
peutic decisions. This study also confirmed the association
between PD-L1 with MSI/EBVC GC and specific tumoral
immune responses. Our findings suggest that the definition of
PD-L1-mediated immune suppression could include or expand
to PD-L1-mediated immune balance between an offense (by T
cell) and the defense (by PD-L1-armed shield). Further elucida-
tion of the underlying mechanisms may guide to tailored
immunotherapy of patients of cancer with wide spectra of
tumor heterogeneity and complex immune cells.

Materials and methods

HIER€I inference from gene-gene interaction network

We downloaded whole genome (20639 genes) mRNA microar-
ray data of ACRG-SMC (GSE62254) and RNA sequencing data
from TCGA gastric adenocarcinomas. To adjust gene

expression scale from different platforms, we merged expres-
sion data set of TCGA (n D 262) and ACRG-SMC (n D 295)
from meta-analysis to integrate microarray and RNA-Seq
expression (n D 557). Samples of meta-expression data were
divided by 2 sets for test (n D 278) and validation (n D 279)
(Fig. 1). Platform independent validation (n D 181) was per-
formed in different gene expression data collected from Nano-
String Human Immunology Panel.

To identify GC subtype-specific immune response gene set,
we tested DEG for MSI and EBV subtypes based on ANOVA
in 278 randomly selected test set. Prognosis markers were cal-
culated from survival analysis p-value from 3 sample groups by
gene expression: high, intermediate, and low. All p-values were
adjusted by Benjamini-Hochberg correction. Immune genes as
a backgroup set to investigate activity were referred from Nano-
String Human Immuneology Panal Signature gene set. Gene
interaction network-based analysis method, BioNet assigning
p-values calculated from GC subtype DEG test and survival
analysis were adopted.24 The reference gene interaction net-
work was composed from Reactome.25 Assigned p-values for
each node were aggregated into one p-value and it was con-
verted to score, then we suppose to a significant subnetwork to
maximize score using FastHeinz algorithm. Genes of subnet-
work were filtered by cutoff (node score > 1, EBV DEG p-value
< 0.05 and MSI DEG p-value <0.05). Finally, 29 genes were
listed up as HIER€I. The pathways involving in 29 genes were
investigated by GSEA using Reactome pathway. To remove
background effect, we defined background gene set as 491 all
test immune response genes before GSEA. We confirmed prog-
nosis ability and subtype prediction performance of HIER€I by
K-means clustering method. All samples of test (n D 278) and
validation set from the same cohort (n D 279) were divided by
3 groups. The overall workflow of gene set identification and
validation are depicted in Fig. 1.

To test applicability of our gene signatures in colorectal car-
cinoma where prevalence of MSI is high, we performed sample
clustering method using expression matrix of our 29 signature
genes in TCGA colorectal adenocarcinoma (n D 216).12

Patients in an independent validation set (n D 181)

Out of patients who underwent surgery for primary GC from
September 2004 to September 2011 at Samsung Medical Cen-
ter, we randomly selected cases from EBVaCG study (n D
44),20 the ARTIST trial (n D 98),26 and a recent prospective
immune cell study (n D 39).27 In all cases, enough archival tis-
sue was available for RNA extraction.

The clinicopathological characteristics included age, sex,
tumor location, Lauren classification, histologic subtypes by
host cellular immune responses,20 EBV and MSI status, pTNM
stage (AJCC 7th edition), DFS, and OS.

A total of 181 patients with GC included 44 EBVC GC, 16
MSI GC and 121 EBV- GC/MSS GC cases. The mean age of
the patients was 56.6 y (range, 28 to 88 years). The male-to-
female ratio was 2.4:1. The mean follow-up period was 44.8 §
15.2 months. 55 (29.7%) patients experienced a recurrence dur-
ing follow up and 42 (22.7%) patients died of disease.

Histologic subtypes based on cellular immune response pat-
terns consisted of 27 LELC, 42 CLR, and 112 CA. EBV was
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positive in 44 GCs and included 27 LELC (61.4%), 11 CLR
(25%), and 6 CA (13.6%) by histologic subtypes based on cellu-
lar immune responses. In contrary, 137 EBV- GC consisted of
0 LELC, 11 CLRs (8.3%) and 126 CA (91.7%). Of the 44 EBVC
GCs, 19 cases (43.2%) were diagnosed as stage I, 14 cases
(31.8%) as stage II, 10 cases (22.7%) as stage III, and 1 case
(2.3%) as stage IV. Of note, more than half the cases classified
as LELC were stage I (51.9%) followed by stage II (29.6%), stage
III (14.8%) and stage IV (3.7%). Of the 137 EBV- GCs, 21 cases
(15.3%) were diagnosed as stage I, 42 cases (30.7%) as stage II,
64 cases (46.7%) as stage III, and 10 cases (7.3%) as stage IV.
Kaplan-Meier survival curves of pT stage showed the expected
association between AJCC stages and survival for both DFS
(p< 0.001) and OS (p D 0.0032).

NanoString nCounter assay
Total RNA was extracted from 3 to 4 sections of 4 mm thick
FFPE tissue sections from representative primary tumor blocks
using the High Pure RNA Paraffin kit (Roche Diagnostic, Man-
nheim, Germany). For NanoString nCounter assay, we used
nCounter� Gene Expression Human Immunology Panel 491
human immune signature genes and 15 housekeeping genes
(NanoString Technologies, Seattle, WA, USA). For all cases
selected, archival tissue was available for RNA extraction with
the estimated tumor cell percentage of > 60% after microdis-
section of tumor areas. RNAs (200 ng) were hybridized to tar-
get sequence-specific capture probes and fluorescent-labeled
reporter probes. The mRNA-probe complexes were washed,
immobilized, and quantified by fluorescence imaging as
described previously.28,29

To remove batch effect of nCounter gene expression, we did
2 step normalizations for gene expression matrix. First, within-
normalization using NanoStringNorm R package with options
(CodeCountCSum, Bacground D mean, and SampleContent D
total.sum) was performed, and outliers were adjusted to median
value with outlier R package.30 Next, gene expression matrixes
spanning 2 batch were rescaled by between-normalization
using edgeR R package, and log2 transformed expression was
considered as a final gene expression matrix (Supplementary
Table 2).31 To validate classification performance of HIER€I,
gene expression matrix of these validation data set was also
classified by 3 prognostic groups using K-mean clustering, and
survival analysis of these 3 groups was tested.

Histologic examinations and EBV in situ hybridization
Histologic examinations were performed with H&E slides from
entire tumor tissue. EBV in situ hybridization was performed
as described previously.20 Based on host cellular immune
responses, we classified histologic subtypes into LELC, CLR
and CA as described previously.20

Microsatellite instability
For the screening of MSI, we performed IHC for DNA mis-
match reHIER€I protein expression (MLH1, MSH2, and MSH6)
on 4 mm thick paraffin sections using mouse monoclonal anti-
bodies specific for each MLH1 (clone G168–15, 1:200; BD
Pharmingen, San Diego, CA, USA), MSH2 (clone FE11, 1:400;
Calbiochem, La Jolla, CA, USA), and MSH6 (clone 44, 1:400;
BD Transduction Laboratories, San Diego, CA, USA). MMR

protein expression was described as negative for absent or
<10% nuclear staining, and positive for � 10% nuclear stain-
ing. Normal gastric epithelium or lymphocytes adjacent to the
tumor served as positive controls. In cases with loss of MMR
proteins, we performed MSI test. Samples with no allelic size
variations in any of the 5 quasimonomorphic mononucleotide
repeat markers were classified as microsatellite stable as
described previously.32

PD-L1 Immunohistochemistry
As we observed significant DEG in both EBV (p D 9.31E-05)
and MSI (p D 2.93E-10) GCs and showed significant survival
difference (p D 2.93E-01), we performed IHC for PD-L1 also
known as cluster of differentiation CD274 or B7 homolog 1
(B7-H1). Staining for PD-L1 in FFPE tissue sections was con-
ducted with a rabbit monoclonal antibody (clone SP142; Spring
Bioscience, Pleasanton, CA) on an automated staining platform
(Benchmark; Ventana, Tucson, AZ, USA) with the representa-
tive tumor paraffin blocks. The SP142 was developed for
Roche/Genentech’s anti-PD-L1 (MPDL3280 A) immunother-
apy development program and included in research of various
tumor types, and has been proven excellent performance in
staining both tumor and immune cells with superior quality as
described previously.33 The percentages of tumor cells and peri-
tumoral immune cells that stained positive for PD-L1 were
reviewed independently by 2 pathologists (J.C. and K.M.K.).

As we used representative tumor blocks for PD-L1 staining,
tumor cells stained in greater than 1% was considered positive/
high expression; IHC intensity on tumors cells was arbitrary
scored as 0 (negative), 1C (weak), 2C (intermediate) and 3C
(strong) where among tissues with PD-L1 IHC positive in
more than 1% on tumor cells score 0 was considered IHC nega-
tive or low while score 1C or greater was considered IHC posi-
tive or high. For intratumoral (immune cells within cancer
cells) and peritumoral (immune cells apart from cancer cells)
immune cells, staining of < 1%, 1–5%, 5–10% or � 10% of cells
per area was scored as 0, 1, 2, or 3, respectively33,34; grades � 2
were considered overexpression in immune cells. The cases of
discrepancy between both pathologists were re-reviewed for a
consensus using a double-headed microscope. At all times, the
pathologists were blinded to mRNA status of PD-L1.
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