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Abstract

Human leukocyte antigen class I (HLA I) molecules composed of alpha (heavy) chain, including HLA-A, -B, or -C encoded
by HLA genes, and beta-2-microglobulin (f2M) are membrane proteins on all nucleated cells that display peptide antigens
for recognition by CD8-positive cytotoxic T cells. Here, we examined the clinicopathologic signification of HLA I expres-
sion in patients with gastric cancer (GC). Immunohistochemistry was performed to detect HLA A/B/C, f2M, CD8, p53, and
programmed death-ligand 1 (PD-L1) in the center and invasive margin of the tumor in 395 stage II and III GCs using tissue
array method. Additionally, Epstein—Barr virus (EBV) infection and microsatellite instability (MSI) status were investigated.
Negative expression of HLA A/B/C and p2M was observed in 258 (65.3%) and 235 (59.5%) of 395 stage II and III GCs,
respectively. Negative HLA I expression was significantly associated with aggressive clinicopathologic features. Further-
more, negative expression of HLA A/B/C and 2M was inversely correlated with CD8-positive cytotoxic T cell infiltration,
EBV-positivity, and PD-L1 expression (all p <0.001). Patients with HLA A/B/C-negative GC had worse overall survival
(OS) (p=0.019) and combined analysis with both HLA A/B/C and B2M expression status significantly predicted OS in
univariate (p =0.004) and multivariate survival analysis (p =0.016). Negative expression of HLA A/B/C and f2M was fre-
quently observed in stage II and III GCs, particularly with the aggressive clinicopathologic features, and correlated with an
unfavorable prognosis and host immune response status. These findings contribute to further development of immunotherapy.

Keywords Gastric cancer - Human leukocyte antigen - Beta-2-microglobulin - Programmed death-ligand 1 - Biomarkers
Abbreviations

AJCC  American Joint Committee on Cancer
p2M Beta-2-microglobulin

CPS Combined positive score
Electronic supplementary material The online version of this EBER Epstein—B arr virus-encoded small RNA
article (https://doi.org/10.1007/s00262-019-02410-z) contains EBV Epstein—Barr virus

supplementary material, which is available to authorized users.

FFPE  Formalin-fixed paraffin-embedded

P< Hye Seung Lee GC Gastric cancer
hye2@snu.ac.kr HLAT Human leukocyte antigen class I
IRB Institutional review board

Department of Pathology, Seoul National University . Cye .
Bundang Hospital, Gumi-ro 173, 82 Beon-gil, Bundang-gu, ISH Irl.SItu hybr?dlz_atlon. ) )
Seongnam-Si, Gyeonggi-do 13620, Republic of Korea MSI-H Microsatellite instability-high

Department of Pathology, Seoul National University MSI-L  Microsatellite instability-low

College of Medicine, 103 Daehak-ro, Jongno-gu, Seoul, MSI Microsatellite instability
Republic of Korea MSS Microsatellite stable

3 Department of Pathology, Seoul National University NCI National Cancer Institute
Hospital, 100 Dachak-ro, Jongno-gu, Seoul, TIL Tumor-infiltrating lymphocyte
Republic of Korea TMA  Tissue microarray

Department of Surgery, Seoul National University
Bundang Hospital, Gumi-ro 173, 82 Beon-gil, Bundang-gu,
Seongnam-Si, Gyeonggi-do, Republic of Korea

@ Springer


http://orcid.org/0000-0002-1667-7986
http://crossmark.crossref.org/dialog/?doi=10.1007/s00262-019-02410-z&domain=pdf
https://doi.org/10.1007/s00262-019-02410-z

1780

Cancer Immunology, Immunotherapy (2019) 68:1779-1790

Introduction

Gastric cancer (GC) is one of the most common human
cancers worldwide and is the third leading cause of death
[1]. In South Korea, GC is the leading cause of cancer
deaths in both men and women [2]. The 5-year relative
survival rate of patients with early GC is over 90%, but
that of patients with stage II or III GC is approximately
55% [3]. Adjuvant therapy after D2 gastrectomy improves
overall survival (OS) in patients with stage II and III GC,
but more than 30% of those with stage III GC exhibit
recurrence after surgery [4]. Therefore, with recent devel-
opments in targeted therapies for GC [5], molecular tar-
geted therapies have become increasingly necessary based
on the molecular understanding of GC, including cancer
cell genetics and immune microenvironment.

Human leukocyte antigen class I (HLA I) molecules are
found on all nucleated cell surfaces and are key molecules
involved in the cell-mediated immune system driven by
CD8-positive cytotoxic T cells. In cancer patients, neoan-
tigens are presented via HLA I molecules on the cancer
cell surface, thereby initiating a cell-mediated immune
response to recruit CD8-positive cytotoxic T cells around
the cancer cells. HLA I molecules consist of alpha (heavy)
chain, including HLA-A, -B, or -C encoded by HLA genes
and beta-2-microglobulin (p2M). HLA I expression on
cancer cells has been reported to be heterogenous and
often found to be reduced or lost in many cancers [6].
Additionally, the loss of HLA I heavy chain and p2M has
been suggested as an immune escape mechanism in certain
cancers [7, 8]. However, the clinical significance of HLA I
expression has not been investigated in patients with GC.

Recent studies have investigated the immune escape
mechanism in cancers [9] and clinical trials of checkpoint
inhibitor therapy, especially various programmed cell death
protein 1 (PD-1) inhibitors have shown beneficial outcomes
in patients with solid tumors, including GC [10]. Although
programmed death-ligand 1 (PD-L1) expression on the can-
cer cell surface, assessed by immunohistochemistry (IHC),
was correlated with a therapeutic response [11, 12], pre-
dicting the therapeutic benefit and efficacy was not possible
in all patients [13]. Therefore, identifying new biomarkers
that can predict therapeutic effects in patients is currently
under intense study [14]. Recent studies showed that inac-
tivating mutations in f2M were associated with immuno-
therapy resistance [15] and suggested the importance of
HLA I expression loss in predicting the therapeutic effect
of immunotherapy [16, 17]. Therefore, the relationship
between PD-L1 and HLA I expression must be verified to
understand the immune microenvironment in GCs.

In this study, HLA I expression status was evaluated
by IHC in patients with stage II and III GC to determine
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the clinicopathologic implications and prognostic sig-
nificance of HLA I expression. We also investigated the
immune microenvironment, such as PD-L1 expression and
the density of CD8-positive cytotoxic T cells, and cancer
cell molecular characteristics, such as Epstein—Barr virus
(EBV) infection and microsatellite instability (MSI), to
determine their relationship with HLA I expression status.

Materials and methods
Patients and samples

Three hundred and ninety-five patients with stage I and III
GC who underwent curative radical surgery (RO resection)
with D2 lymph node dissection at Seoul National Univer-
sity Bundang Hospital (Seongnam-si, Republic of Korea)
between 2006 and 2013 were registered in this study.
Patients who received fluoropyrimidine-based adjuvant
chemotherapy after surgical resection were included. Clini-
cal and pathologic data were collected from medical records.
OS was calculated as the period from the date of surgery
until the death of any cause or censored observation.

Formalin-fixed paraffin-embedded (FFPE) tissue was col-
lected from surgically resected GC specimens. In all 395
cases, two separate 2 mm cores were selected from both the
center and invasive margin of the tumor. Tissue microar-
ray (TMA) blocks were designed as described previously
(SuperBioChips Laboratories, Seoul, Republic of Korea)
[18].

In addition, we prepared frozen sections from fresh tumor
tissue and matched non-neoplastic gastric mucosa tissue
samples that were obtained immediately from surgical speci-
mens isolated from six gastric cancer patients and FFPE
sections were also produced. Both frozen sections and FFPE
sections were produced on whole section slides.

IHC for HLA | molecule and p53

We performed immunostaining of HLA T antigens, such as
HLA A/B/C and p2M, and p53, using an automated immu-
nostainer (BenchMark XT, Ventana Medical Systems, Tuc-
son, AZ, USA) by following the manufacturer’s instructions.
The primary antibodies were as follows: Anti-HLA class I
ABC antibody (EMRS8-5, 1:8000, Abcam, Cambridge, UK);
Anti-p2M antibody (B2M/961, 1:2000, Abcam, Cambridge,
UK); and p53 antibody (DO-7, mouse monoclonal; Dako,
Carpinteria, CA, USA).

HLA A/B/C and f2M expression was examined to deter-
mine the extent (%) and intensity of tumor cell membrane
staining. The intensity was classified into the following three
categories: 0, negative; 1+, weak positive; 2+, strong posi-
tive [19, 20]. For statistical analysis, we defined as positive
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expression when 5% or more tumor cells showed strong
intensity of staining.

Overexpression of p5S3 was observed in certain tumor
cells and strong intensity of staining in more than 10% of
tumor cell nuclei was defined as p53 overexpression/posi-
tive, while cases with less than 10% of tumor cell nuclei
staining with strong intensity, including those expressing
dispersed nuclear staining or partial tumor cell nuclei stain-
ing, were defined as negative [21].

Immunostaining and interpretation of PD-L1

PD-L1 IHC was performed with a mouse monoclonal anti-
body (22C3 PharmDx kit, Dako, Carpinteria, CA, USA)
using an automated immunostainer (Autostainer Link 48,
Agilent Technologies, Santa Clara, CA, USA) by following
the manufacturer’s instructions.

PD-L1 was expressed in the membrane of tumor cells and
membrane or cytoplasm of tumor-infiltrating lymphocytes
and macrophages. PD-L1 expression was evaluated to deter-
mine both the number and intensity of PD-L1 staining cells,
including tumor cells, lymphocytes, and macrophages. The
combined positive score (CPS) was defined as the percent-
age of viable PD-L1-stained cells (tumor cells, lymphocytes,
and macrophages) relative to total viable tumor cells. The
cases were interpreted as PD-L1-positive if CPS was one or
more [22, 23].

Evaluation of CD8-positive cytotoxic T cell density

We performed immunostaining of CD8 (C8/114B, mouse
monoclonal; Dako, Carpinteria, CA, USA) using an auto-
mated immunostainer (BenchMark XT, Ventana Medical
Systems, Tucson, AZ, USA) by following the manufac-
turer’s instructions. The CD8-immunostained TMA slides
were digitally scanned with an X400 Aperio ScanScope
CS instrument (Leica Biosystems, Wetzlar, Germany). The
CD8-positive cytotoxic T cell densities (positive cell counts
per mm?) in each core of the TMA slides were counted using
an Aperio image analysis system (Leica Biosystems, Wet-
zlar, Germany) according to the manufacturer’s instructions
[20].

MSI analysis

DNA extraction and polymerase chain reaction (PCR) of
five NCI markers (BAT-26, BAT-25, D5S346, D17S5250, and
S2S123) were performed in both tumor tissues and matched
non-neoplastic gastric mucosa. PCR products from the FFPE
samples were evaluated with an automated sequencer (ABI
3731 Genetic Analyzer; Applied Biosystems, Foster City,
CA, USA) according to a previously described protocol [24].
MSI status was interpreted by comparing the allele profiles

of tumor cells with those in matched non-neoplastic tissues.
Cases with two or more markers with unstable peaks were
defined as MSI-high (MSI-H), with one unstable marker as
MSI-low (MSI-L), and no unstable marker as microsatellite
stable (MSS).

EBV in situ hybridization

To determine the EBV status of tumor cells, EBV ISH was
performed using a fluorescein-conjugated EBV-encoded
small RNA (EBER) oligonucleotide probe (INFORM EBV-
encoded RNA probe, Ventana Medical Systems, Tucson,
AZ, USA) [24]. Cases with tumor cells positive for nuclear
EBER were defined as EBV-positive GC.

Statistical analysis

SPSS 25.0 (SPSS, Inc., Chicago, IL, USA) was used for
statistical analysis. The association between HLA A/B/C and
B2m expression and clinicopathologic characteristics was
analyzed using Chi-squared distribution. The analysis of OS
was performed by Kaplan—Meier method and compared with
the log-rank test. We used Cox regression model for univari-
ate and multivariate analyses of survival to determine the
significance of independent prognostic factors. P values less
than 0.05 were considered to suggest statistically significant
difference.

Results
Patient characteristics

The characteristics of 395 patients enrolled in this study
are shown in Table 1. The median age of the patients was
58 years (range 20-87 years); 251 (63.5%) were male
and 144 (36.5%) were female (Table 1). There were 189
(47.8%) American Joint Committee on Cancer (AJCC)
7th TNM stage II GC cases and 206 (52.2%) stage 111 GC
cases. According to Lauren classification, intestinal, dif-
fuse, mixed, and intermediate type tumors accounted for
144 (36.5%), 219 (55.4%), 30 (7.6%), and 2 (0.5%) of total
cases, respectively. According to Ming’s classification, 320
(81.0%) cases were infiltrative type and 75 (19.0%) cases
were expanding type.

Clinicopathologic significance of HLA land 2 M
expression

To reveal the clinicopathologic significance of HLA I mol-
ecules, we performed IHC for HLA A/B/C and 2M. Rep-
resentative pictures are shown in Fig. 1. Among the 395
cases, HLA A/B/C expression was negative in 210 cases
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(53.2%) in the tumor center and 210 cases (53.2%) in the
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Fig. 1 Representative figures showing intact expression of human leukocyte antigen (HLA) A/B/C (a), beta-2-microglobulin (f2M) (c) and

expression loss of HLA A/B/C (b), p2M (d) (20x magnification)

correlated with the PD-L1 expression status, HLA A/B/C
and P2M expression was significantly correlated with
PD-L1 expression (p <0.001, Table 2). However, among
226 PD-L1-positive GC cases, HLA A/B/C or 2M expres-
sion was negative in 138 cases (61.1%).

The number of tumor-infiltrating CD8-positive cyto-
toxic T cells ranged from 2.79 to 1222.93 cells/mm? with
a median value of 219.92 cells/mm? at the center of the
tumor and ranged from 6.90 to 1374.94 cells/mm? with a
median value of 195.75 cells/mm? at the invasive margin.
CD8-positive cytotoxic T cell density was significantly
higher in cases with positive expression of HLA A/B/C
and B2M. In contrast, the density was significantly lower,
when HLA A/B/C or 2M expression was negative (all
p<0.001, Fig. 2).

Negative expression of HLA A/B/C and p2M was
inversely correlated with EBV positivity in GCs (all
p<0.001, Table 2). HLA A/B/C and 2M expression tended
to be positive in EBV-positive GCs. Negative expression of
HLA A/B/C and 2M showed no significant correlation with
p53 overexpression (HLA A/B/C, p=0.971; f2M, p=0.559)
or MSI status (HLA A/B/C, p=0.432; p2M, p=0.748).
Among the 37 MSI-H cases, HLA A/B/C expression was
negative in 22 (59.5%) cases and f2M was negative in 21
(56.8%) cases. Although negative HLA I expression was
infrequently found in EBV-positive GCs (5 of 26 cases,
19.2%), MSI-H GCs frequently showed negative expression
of HLA I molecules (25 or 37 cases, 67.6%).
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Univariate and multivariate survival analyses

According to Kaplan—Meier survival analysis, patients with
negative expression of HLA A/B/C and p2M had signifi-
cantly worse outcomes (HLA A/B/C, p=0.019; Fig. 3a; 2M,
p=0.009; Fig. 3b). Negative expression of either HLA A/B/C
or f2M was also significantly associated with worse OS com-
pared to the HLA A/B/C and 2M positive group (p=0.003,
Fig. 3c).

Univariate analysis indicated that negative expression of
either HLA A/B/C or f2M and established prognostic factors,
including age, tumor size, pathologic stage, vascular invasion,
and perineural invasion, were significantly associated with OS
(Table 3). By multivariate logistic regression analysis, nega-
tive expression of either HLA A/B/C or f2M was identified as
an independent unfavorable prognostic factor for OS (hazard
ratio 1.946; 95% confidence interval 1.131-3.350; p=0.016).
Age, tumor size, pTNM stage, vascular invasion, and peri-
neural invasion were also independent prognostic factors for
OS (age, p=0.046; size, p=0.019; pTNM, p=0.009; vascular
invasion, p=0.002; perineural invasion, p=0.028).

Discussion
HLA I molecules are critical mediators of cytotoxic T cell

responses. HLA I expression is downregulated or lost in
various carcinomas and is considered as an immune escape
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Table 2 Correlation between human leukocyte antigen (HLA) A/B/C and beta-2-microglobulin ($2M) status and PD-L1 expression and molecu-

lar characteristics in stage II, III gastric cancer

Characteristics HLA A/B/C p2M HLA A/B/C or f2M
Total Loss Intact P Loss Intact P Loss Intact P
PD-L1 CT or IM
Negative 169 (42.8%) 127 (49.2%) 42 (30.7%) <0.001 122 (51.9%) 47(29.4%) <0.001 138 (50.0%) 31(26.1%) <0.001
Positive 226 (57.2%) 131 (50.8%) 95 (69.3%) 113 (48.1%) 113 (70.6%) 138 (50.0%) 88 (73.9%)
PD-L1 CT
Negative 198 (50.1%) 148 (57.4%) 50 (36.5%) <0.001 139 (59.1%) 59 (36.9%) <0.001 160 (58.0%) 38 (31.9%) <0.001
Positive 197 (49.9%) 110 (42.6%) 87 (63.5%) 96 (40.9%) 101 (63.1%) 116 (42.0%) 81 (68.1%)
PD-L1
™M
Negative 237 (60.0%) 178 (69.0%) 59 (43.1%) <0.001 166 (70.6%) 71 (44.4%) <0.001 190 (68.8%) 47 (39.5%) <0.001
Positive 158 (40.0%) 80 (31.0%) 78 (56.9%) 69 (29.4%) 89 (56.3%) 86 31.2%) 72 (60.5%)
EBV
Negative 369 (93.4%) 253 (98.1%) 116 (84.7%) <0.001 231 (98.3%) 138 (86.3%) <0.001 271 (98.2%) 98 (82.4%) <0.001
Positive 26 (6.6%) 5(1.9%) 21 (15.3%) 4 (1.7%) 22 (13.8%) 5(1.8%) 21 (17.6%)
p53
Negative 285 (72.2%) 186 (72.1%) 99 (72.3%) 0.971 167 (71.1%) 118 (73.8%) 0.559 198 (71.7%) 87 (73.1%) 0.780
Positive 110 27.8%) 72 (27.9%) 38 (27.7%) 68 (28.9%) 42 (26.2%) 78 (28.3%) 32 (26.9%)
MSI
MSS/MSI-L 358 (90.6%) 236 (91.5%) 122 (89.1%) 0.432 214 (91.1%) 144 (90.0%) 0.722 251 (90.9%) 107 (89.9%) 0.748
MSI-H 37 (9.4%) 22 (8.5%) 15 (10.9%) 21 (8.9%) 16 (10.0%) 25 (9.1%) 12 (10.1%)
Total 395 (100%) 258 (65.3%) 137 (34.7%) 235 (59.5%) 160 (40.5%) 276 (69.9%) 119 (30.1%)

CT center of the tumor, /M invasive margin, MSS microsatellite stable, MSI-L microsatellite instability-low, MSI-H microsatellite instability-

high

mechanism of tumor cells [25, 26]. The mechanisms of HLLA
I downregulation or loss include mutation, deletion, or loss
of heterozygosity of f2M and HLA I heavy chain genes,
inhibition of transcription or translation of HLA antigen
heavy chain, defects in HLA antigen processing regulatory
mechanisms, and defects in antigen processing machinery
components [27]. HLA I abnormalities are classified into
total HLA T antigen loss, HLA I downregulation, and selec-
tive loss or downregulation of HLA I allospecificities [27].
In recent studies, HLA I downregulation or loss in GC was
reported to vary from approximately 19 to 75%. This may be
due to differences in the preparation of tissue sections, pri-
mary antibodies, and scoring systems used [19, 28-30]. In
previous studies, HLA T expression by IHC was interpreted
as positive when the membrane of tumor cells was stained
[19, 28-30]. The same method was used in this study.
Although downregulation or loss of HLA I expression
has been reported in various type of cancers, including GC,
HLA T expression patterns were complex in gastric can-
cer and autologous gastric mucosa. Previous studies have
shown that autologous gastric mucosa lacked the expression
of HLA T and HLA II antigens before becoming malignant.
In addition, GC showed increased HLA I expression when
compared with autologous gastric mucosa [31]. Similar

to the previous studies, we observed higher HLA A/B/C
expression in GC tissues than autologous mucosa tissues,
which showed predominantly negative expression in frozen
sections and lower expression in FFPE sections. However,
HLA I expression was heterogenous in a large cohort of GC
patients; HLA I-positive GCs tended to have higher T cell
response and HLA I-negative GCs had lower T cell response
with poor prognosis. Therefore, negative HLA I expression
in GC was also suggested to be associated with immune
escape and poor outcome similar to expression loss of HLA
I molecules in other cancers.

Since HLA I molecules play an important role in restrict-
ing carcinoma-specific antigen recognition by CD8-positive
cytotoxic T cells, loss of HLA I is the most important escape
pathway from CD8-positive cytotoxic T cell surveillance
[26]. Additionally, loss or downregulation of HLA I expres-
sion was reported to be associated with poor prognosis in
various carcinomas, including non-small cell lung cancer
[32], endometrial cancer [33], colorectal cancer [34], pri-
mary laryngeal squamous cell carcinoma [35], biliary tract
cancer [36], and bladder cancer [37]. In contrast, the patients
with downregulated HLA I expression were reported to have
good prognosis in some studies, including colorectal cancer
[38] and breast cancer [39]. In a study of GC, two conflicting
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Fig.2 Association between CDS8-positive cytotoxic T cell infiltra-
tion and expression of human leukocyte antigen (HLA) A/B/C (a,
b) and beta-2-microglobulin (p2M) (c, d) and either HLA A/B/C
or f2M (e, f) in the center of the tumor (CT) (a, ¢, e) and invasive
margin (IM) (b, d, f). CD8-positive cytotoxic T cell density was sig-

prognostic outcomes for negative HLA I expression have
been reported [19, 28-30]. In our study, negative expression
of HLA I was found to be an independent poor prognostic
factor by univariate and multivariate survival analyses. Pre-
vious studies were performed in a heterogeneous GC popu-
lation [19, 28-30], whereas our study was performed in a
relatively homogeneous cohort of patients with stage II and
IIT GC who were treated with fluoropyrimidine-based adju-
vant chemotherapy after curative surgical resection. In addi-
tion, our study revealed the clinicopathologic importance of
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nificantly higher in cases with intact expression of HLA A/B/C and
B2M. In contrast, it was significantly lower when HLA A/B/C or f2M
expression was lost in either center of the tumor or invasive margin
(p<0.001 in all cases)

the negative expression of HLA I molecules in the largest
GC cohort to date. Therefore, we cautiously suggest that the
results of survival analysis in this study are relatively more
reliable compared to those of the previous studies.

HLA I not only mediates the CD8-positive cytotoxic T
cell response, but also inhibits NK cells by binding to inhibi-
tory receptors. Therefore, HLA I loss could lead to escape
from CD8-positive cytotoxic T cell response, but may acti-
vate cytotoxic NK cell response. Cancer cells are believed to
regulate the level of HLA I expression to establish a balance
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and p=0.009, respectively). Loss of either HLA A/B/C or 2M (c)
expression was also significantly associated with poor overall sur-
vival when compared with intact HLA A/B/C and B2M expression
(p=0.003)

Table 3 Univariate and

-7 Variable Univariate Multivariate
multivariate analyses for the
predictors of overall survival in HR 95% CI P HR 95% CI P
patients with stage II, III gastric
cancer by proportional hazards Age (years)
model >65 vs. <65 1.878 1.243-2.839 0.003 1.540 1.131-3.350 0.046
Sex
Female vs. male 0.767 0.506-1.163 0.212 - - -
Tumor size
>5cmvs.<5cm 2.617 1.702-4.026 <0.001 1.718 1.094-2.699 0.019
pTNM stage
I vs. 1T 3.706 2.255-6.089 <0.001 2.076 1.202-3.584 0.009
Lauren classification
Non-intestinal vs. intestinal 1.429 0.906-2.252 0.124 - - -
Ming classification
Infiltrative vs. expanding 1.844 0.982-3.464 0.057 - - -
Lymphatic invasion
Present vs. absent 1.528 0.938-2.489 0.088 - - -
Vascular invasion
Present vs. absent 3.519 2.278-5.437 <0.001 2.097 1.326-3.317 0.002
Perineural invasion
Present vs. absent 3.187 1.803-5.634 <0.001 1.969 1.077-3.600 0.028
Loss of HLA A/B/C or 2M
Loss vs. intact 2.191 1.277-3.761 0.004 1.946 1.131-3.350 0.016

HLA human leukocyte antigen, f2M beta-2-microglobulin

between escaping from CD8-positive T cell cytotoxicity and
activating NK cell cytotoxicity. The situation of cancer cells
under the pressure to maintain this balance could be reflected
in the heterogeneous loss of HLA I [26]. Heterogenous loss
of HLA I has been shown to correlate with clinicopathologic
features including stages or grades and either good or poor
prognosis in previous studies [28-30, 33, 34, 36, 38, 40,
41]. In our study, heterogenous expression of HLA I was
associated with histologic grades and considered to affect

poor prognosis. These results suggest that heterogeneous
expression of HLA I may more potently inhibit CD8-positive
cytotoxic T cell response than activating NK cells. Further
studies on HLA I expression and the relationship between
CD8-positive cytotoxic T cells, NK cells, and tumor cells
are needed.

Recent studies on the relationship between PD-L1 expres-
sion and HLA-I expression in lung cancer have been unable
to establish a significant correlation, but loss of HLA-I
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expression was associated with high-grade primary tumor
size in PD-L1-positive lung cancer [42]. In our study, HLA
I expression was significantly correlated with PD-L1 expres-
sion. It might be because our study enrolled a larger cohort
of patients with stage II and III GC and HLA I and PD-L1
interpretation was also different from those of the previ-
ous studies. Therefore, further studies are needed to con-
firm the relationship between HLA I expression and PD-L1
expression.

The previous studies have demonstrated that EBV-pos-
itive and MSI-H GCs are two distinct and important sub-
types according to molecular and clinicopathologic charac-
teristics, especially tumor immune microenvironment [43].
In our study, an association was observed between HLA I
expression and EBV infection, but no association with MSI
was observed. There is no previous report on the association
between HLA I and EBV infection or MSI. However, recent
studies have shown that the immune signature of MSI-H
GCs was not consistently high in most cases, whereas the
immune signature of EBV-positive GCs was consistently
high in all cases [44]. Unlike EBV-positive GCs, the immune
signature of MSI-H GCs was heterogeneous. Since HLA
I expression was highly correlated with T cell response,
MSI-H GCs showing heterogeneity in immune signature
had no significant association with HLA I expression, as
observed in EBV-positive GCs. According to a previous
study, overexpression of wild-type p53 was associated with
increased HLA I expression [45], but we did not find a sig-
nificant correlation with HLA I expression due to the limita-
tions of IHC in detecting p53 overexpression. Further stud-
ies are needed to investigate the relationship between these
parameters and HLA I expression.

Transition from positive to decreased or negative
expression of HLA I in tumors has been reported to be
directly correlated with the degree of T cell infiltration;
thus, it is considered as one of the escape mechanisms
from T cell response [46]. In addition, the association
between the loss or downregulation of HLA T expres-
sion and a low density of tumor-infiltrating lymphocytes
(TILs) has been demonstrated in colorectal cancer [47]
and pancreatic cancer [48] and low TIL densities have
been reported to have an unfavorable prognostic impact.
Our study also revealed higher CD8-positive cytotoxic T
cell density in GCs with positive HLA A/B/C and p2M
expression, positive PD-L1 expression, and EBV positiv-
ity. Recent studies showed that CD8-positive cytotoxic T
cells, among the types of TILs, were important for the
function of immune checkpoint inhibitors [49] and heavy
infiltration of TILs in EBV-positive GCs was related to a
favorable response to immune checkpoint blockade [50,
51]. HLA I expression can be considered as a new predic-
tive biomarker for immune checkpoint inhibitor therapy.
Recently, a phase III KEYNOTE-061 trial reported that

@ Springer

Pembrolizumab did not reach the pre-specified level of
significance for improving OS compared to Paclitaxel as
a second-line therapy for advanced/metastatic GC or gas-
troesophageal junction cancer [22]. In this study, HLA I
expression was negative in 61.6% of PD-L1-positive GCs,
19.2% of EBV-positive GCs, and 67.6% of MSI-H GCs.
EBV-positive GCs had a tendency of positive expression
of HLA I when compared to PD-L1-positive GCs and
MSI-H GCs. Therefore, in addition to PD-L1 expression
status, assessment of other biomarkers such as TIL density
and expression of HLA I molecules would be helpful for
predicting the effects of PD-1 inhibitors.

This study had some limitations. This was a retrospec-
tive study conducted at a single institution and sampling
bias might have included owing to the TMA slides used.
The absence of interpretation and scoring guidelines for
HLA A/B/C and p2M expressions was another limitation
of this study. However, compared to the previous studies,
the population used in our study was large and homog-
enous with restricted confounding factors. Therefore, fur-
ther comprehensive studies and clinical trials are needed to
confirm the implications of HLA A/B/C and p2M expres-
sions as prognostic and predictive biomarkers in managing
GC patients. Additionally, a consensus of interpretation
and scoring guidelines is also necessary.

In summary, we evaluated the clinicopathologic signifi-
cance of HLA I expression status through HLA A/B/C and
f2M IHCs in a large homogeneous cohort of patients with
stage II and III GC. Negative expression of HLA A/B/C
and p2M was frequently observed in stage II and III GCs,
and particularly correlated with the aggressive behavior
of GC in addition to unfavorable prognosis. Moreover, we
found that HLA A/B/C and f2M expressions were signifi-
cantly correlated with host immune response status such as
PD-L1 expression and CD8-positive T cell density as well
as EBV infection. Therefore, our study suggests that nega-
tive expression of HLA I molecules can serve as a poor
prognostic factor for GC patients and should be further
analyzed as a predictive biomarker for immunotherapy.

Author contributions YP and HSL conceived and designed the study.
SHA, DJP, and HHK provided clinical data and interpretation. YP,
JK, YK, WHK, and HSL collected, analyzed, and interpreted patho-
logic data. YP and HSL wrote the manuscript. All the authors read and
approved the final manuscript.

Funding This work was supported by the Basic Science Research
Program through the National Research Foundation of Korea (NRF)
funded by the Ministry of Education (NRF-2016R1D1A1B03931744).

Compliance with ethical standards

Conflict of interest The authors report no conflict of interest.



Cancer Immunology, Immunotherapy (2019) 68:1779-1790

1789

Ethical approval and ethical standards All human tissue samples
were obtained from the archive of the Department of Pathology, Seoul
National University Bundang Hospital and clinicopathologic data
including patients’ survival were obtained from medical records. This
study was approved by the institutional review board (IRB) of Seoul
National University Bundang Hospital (IRB number: B-1606/349-308
and B-1402/240-004).

Informed consent Written patient consent and the consent process
were waived by the IRB under the condition of anonymization and no
additional intervention to the participants.

References

10.

11.

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, Parkin DM, Forman D, Bray F (2015) Cancer incidence and
mortality worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer 136(5):E359-E386. https://doi.
org/10.1002/ijc.29210

Jung KW, Won YJ, Kong HJ, Lee ES, Community of Population-
Based Regional Cancer R (2018) Cancer statistics in Korea: inci-
dence, mortality, survival, and prevalence in 2015. Cancer Res
Treat 50(2):303-316. https://doi.org/10.4143/crt.2018.143

Jung KW, Won YJ, Kong HJ, Oh CM, Shin A, Lee JS (2013)
Survival of korean adult cancer patients by stage at diagnosis,
2006-2010: national cancer registry study. Cancer Res Treat
45(3):162—-171. https://doi.org/10.4143/crt.2013.45.3.162
Sasako M, Sakuramoto S, Katai H, Kinoshita T, Furukawa H,
Yamaguchi T, Nashimoto A, Fujii M, Nakajima T, Ohashi Y
(2011) Five-year outcomes of a randomized phase III trial com-
paring adjuvant chemotherapy with S-1 versus surgery alone in
stage II or III gastric cancer. J Clin Oncol 29(33):4387—4393. https
://doi.org/10.1200/JC0O.2011.36.5908

Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T et al (2010)
Trastuzumab in combination with chemotherapy versus chemo-
therapy alone for treatment of HER2-positive advanced gastric or
gastro-oesophageal junction cancer (ToGA): a phase 3, open-label,
randomised controlled trial. Lancet (Lond, Engl) 376(9742):687—
697. https://doi.org/10.1016/S0140-6736(10)61121-X

van der Burg SH, Arens R, Ossendorp F, van Hall T, Melief CJ
(2016) Vaccines for established cancer: overcoming the challenges
posed by immune evasion. Nat Rev Cancer 16(4):219-233. https
://doi.org/10.1038/nrc.2016.16

Cabrera T, Lara E, Romero JM, Maleno I, Real LM, Ruiz-Cabello
F, Valero P, Camacho FM, Garrido F (2007) HLA class I expres-
sion in metastatic melanoma correlates with tumor development
during autologous vaccination. Cancer Immunol Immunother
56(5):709-717. https://doi.org/10.1007/s00262-006-0226-7
Carretero R, Romero JM, Ruiz-Cabello F, Maleno I, Rodriguez
F, Camacho FM, Real LM, Garrido F, Cabrera T (2008) Analysis
of HLA class I expression in progressing and regressing meta-
static melanoma lesions after immunotherapy. Immunogenetics
60(8):439-447. https://doi.org/10.1007/s00251-008-0303-5
Chen L, Han X (2015) Anti-PD-1/PD-L1 therapy of human can-
cer: past, present, and future. J Clin Invest 125(9):3384-3391.
https://doi.org/10.1172/JCI80011

Sharma P, Allison JP (2015) Immune checkpoint targeting in can-
cer therapy: toward combination strategies with curative potential.
Cell 161(2):205-214. https://doi.org/10.1016/j.cell.2015.03.030
Brahmer JR, Drake CG, Wollner I, Powderly JD, Picus J, Sharf-
man WH, Stankevich E, Pons A, Salay TM, McMiller TL et al
(2010) Phase I study of single-agent anti-programmed death-1

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

(MDX-1106) in refractory solid tumors: safety, clinical activity,
pharmacodynamics, and immunologic correlates. J Clin Oncol
28(19):3167-3175. https://doi.org/10.1200/JC0O.2009.26.7609
Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC,
McDermott DF, Powderly JD, Carvajal RD, Sosman JA, Atkins
MB et al (2012) Safety, activity, and immune correlates of anti-
PD-1 antibody in cancer. N Engl ] Med 366(26):2443-2454. https
://doi.org/10.1056/NEJMoal200690

Muro K, Chung HC, Shankaran V, Geva R, Catenacci D, Gupta
S, Eder JP, Golan T, Le DT, Burtness B et al (2016) Pembroli-
zumab for patients with PD-L1-positive advanced gastric can-
cer (KEYNOTE-012): a multicentre, open-label, phase 1b trial.
Lancet Oncol 17(6):717-726. https://doi.org/10.1016/S1470
-2045(16)00175-3

Taube JM, Klein A, Brahmer JR, Xu H, Pan X, Kim JH, Chen
L, Pardoll DM, Topalian SL, Anders RA (2014) Association of
PD-1, PD-1 ligands, and other features of the tumor immune
microenvironment with response to anti-PD-1 therapy. Clin Can-
cer Res 20(19):5064-5074. https://doi.org/10.1158/1078-0432.
CCR-13-3271

. Marabelle A, Aspeslagh S, Postel-Vinay S, Soria JC (2017) JAK

mutations as escape mechanisms to anti-PD-1 therapy. Can-
cer Discov 7(2):128-130. https://doi.org/10.1158/2159-8290.
CD-16-1439

Garrido F, Cabrera T, Aptsiauri N (2010) “Hard” and “soft”
lesions underlying the HLA class I alterations in cancer cells:
implications for immunotherapy. Int J Cancer 127(2):249-256.
https://doi.org/10.1002/ijc.25270

del Campo AB, Kyte JA, Carretero J, Zinchencko S, Mendez R,
Gonzalez-Aseguinolaza G, Ruiz-Cabello F, Aamdal S, Gauder-
nack G, Garrido F et al (2014) Immune escape of cancer cells with
beta2-microglobulin loss over the course of metastatic melanoma.
Int J Cancer 134(1):102—-113. https://doi.org/10.1002/ijc.28338
Yun S, Koh J, Nam SK, Park JO, Lee SM, Lee K, Lee KS, Ahn
SH, Park DJ, Kim HH et al (2018) Clinical significance of over-
expression of NRG1 and its receptors, HER3 and HER4, in gas-
tric cancer patients. Gastric Cancer 21(2):225-236. https://doi.
org/10.1007/s10120-017-0732-7

Lee HW, Min SK, Ju YS, Sung J, Lim MS, Yang DH, Lee BH
(2011) Prognostic significance of HLA class I expressing in gas-
tric carcinoma defined by monoclonal anti-pan HLA class I anti-
body, EMRS-5. J Gastrointest Surg 15(8):1336—1343. https://doi.
org/10.1007/s11605-011-1545-3

Koh J, Ock CY, Kim JW, Nam SK, Kwak Y, Yun S, Ahn SH, Park
DJ, Kim HH, Kim WH et al (2017) Clinicopathologic implications
of immune classification by PD-L1 expression and CD8-positive
tumor-infiltrating lymphocytes in stage II and III gastric cancer
patients. Oncotarget 8(16):26356-26367. https://doi.org/10.18632
/oncotarget.15465

Chang MS, Lee JH, Kim JP, Kim HS, Lee HS, Kim CW, Kim Y1,
Kim WH (2000) Microsatellite instability and Epstein—Barr virus
infection in gastric remnant cancers. Pathol Int 50(6):486-492.
https://doi.org/10.1046/j.1440-1827.2000.01072.x

Shitara K, Ozguroglu M, Bang YJ, Di Bartolomeo M, Man-
dala M, Ryu MH, Fornaro L, Olesinski T, Caglevic C, Chung
HC et al (2018) Pembrolizumab versus paclitaxel for previously
treated, advanced gastric or gastro-oesophageal junction cancer
(KEYNOTE-061): a randomised, open-label, controlled, phase
3 trial. Lancet (Lond, Engl) 392(10142):123-133. https://doi.
org/10.1016/S0140-6736(18)31257-1

Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, Sun W,
Jalal SI, Shah MA, Metges JP et al (2018) Safety and efficacy of
pembrolizumab monotherapy in patients with previously treated
advanced gastric and gastroesophageal junction cancer: phase 2
clinical KEYNOTE-059 trial. JAMA Oncol 4(5):e180013. https
://doi.org/10.1001/jamaoncol.2018.0013

@ Springer


https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.29210
https://doi.org/10.4143/crt.2018.143
https://doi.org/10.4143/crt.2013.45.3.162
https://doi.org/10.1200/JCO.2011.36.5908
https://doi.org/10.1200/JCO.2011.36.5908
https://doi.org/10.1016/S0140-6736(10)61121-X
https://doi.org/10.1038/nrc.2016.16
https://doi.org/10.1038/nrc.2016.16
https://doi.org/10.1007/s00262-006-0226-7
https://doi.org/10.1007/s00251-008-0303-5
https://doi.org/10.1172/JCI80011
https://doi.org/10.1016/j.cell.2015.03.030
https://doi.org/10.1200/JCO.2009.26.7609
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1016/S1470-2045(16)00175-3
https://doi.org/10.1016/S1470-2045(16)00175-3
https://doi.org/10.1158/1078-0432.CCR-13-3271
https://doi.org/10.1158/1078-0432.CCR-13-3271
https://doi.org/10.1158/2159-8290.CD-16-1439
https://doi.org/10.1158/2159-8290.CD-16-1439
https://doi.org/10.1002/ijc.25270
https://doi.org/10.1002/ijc.28338
https://doi.org/10.1007/s10120-017-0732-7
https://doi.org/10.1007/s10120-017-0732-7
https://doi.org/10.1007/s11605-011-1545-3
https://doi.org/10.1007/s11605-011-1545-3
https://doi.org/10.18632/oncotarget.15465
https://doi.org/10.18632/oncotarget.15465
https://doi.org/10.1046/j.1440-1827.2000.01072.x
https://doi.org/10.1016/S0140-6736(18)31257-1
https://doi.org/10.1016/S0140-6736(18)31257-1
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1001/jamaoncol.2018.0013

1790

Cancer Immunology, Immunotherapy (2019) 68:1779-1790

24.

25.

26.
217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Qs

Lee HS, Kim WH, Kwak Y, Koh J, Bae JM, Kim KM, Chang
MS, Han HS, Kim JM, Kim HW et al (2017) Molecular testing
for gastrointestinal cancer. J Pathol Transl Med 51(2):103-121.
https://doi.org/10.4132/jptm.2017.01.24

Seliger B, Cabrera T, Garrido F, Ferrone S (2002) HLA class
I antigen abnormalities and immune escape by malignant
cells. Semin Cancer Biol 12(1):3-13. https://doi.org/10.1006/
scbi.2001.0404

Du C, Wang Y (2011) The immunoregulatory mechanisms of
carcinoma for its survival and development. J Exp Clin Cancer
Res 30:12. https://doi.org/10.1186/1756-9966-30-12

Seliger B (2012) Novel insights into the molecular mechanisms
of HLA class I abnormalities. Cancer Immunol Immunother
61(2):249-254. https://doi.org/10.1007/s00262-011-1153-9
Ueda Y, Ishikawa K, Shiraishi N, Yokoyama S, Kitano S (2008)
Clinical significance of HLA class I heavy chain expression in
patients with gastric cancer. J Surg Oncol 97(5):451-455. https://
doi.org/10.1002/j50.20985

Ishigami S, Natsugoe S, Nakajo A, Arigami T, Kitazono M, Oku-
mura H, Matsumoto M, Uchikado Y, Setoyama T, Sasaki K et al
(2008) HLA-class I expression in gastric cancer. J Surg Oncol
97(7):605-608. https://doi.org/10.1002/js0.21029

Shen YQ, Zhang JQ, Miao FQ, Zhang JM, Jiang Q, Chen H, Shan
XN, Xie W (2005) Relationship between the downregulation of
HLA class I antigen and clinicopathological significance in gas-
tric cancer. World J Gastroenterol 11(23):3628-3631. https://doi.
org/10.3748/wjg.v11.i23.3628

Ferron A, Perez-Ayala M, Concha A, Cabrera T, Redondo M,
Oliva MR, Ruiz-Cabello F, Garrido F (1989) MHC class I and
II antigens on gastric carcinomas and autologous mucosa. J
Immunogenet 16(4-5):413-423. https://doi.org/10.1111/j.1744-
313X.1989.tb00489.x

Hanagiri T, Shigematsu Y, Shinohara S, Takenaka M, Oka S,
Chikaishi Y, Nagata Y, Baba T, Uramoto H, So T et al (2013)
Clinical significance of expression of cancer/testis antigen and
down-regulation of HLA class-I in patients with stage I non-small
cell lung cancer. Anticancer Res 33(5):2123-2128

Yakabe K, Murakami A, Nishimoto Y, Kajimura T, Sueoka K,
Sugino N (2015) Clinical implications of human leukocyte anti-
gen class I expression in endometrial cancer. Mol Clin Oncol
3(6):1285-1290. https://doi.org/10.3892/mco0.2015.636

Watson NF, Ramage JM, Madjd Z, Spendlove I, Ellis 10, Schole-
field JH, Durrant LG (2006) Immunosurveillance is active in colo-
rectal cancer as downregulation but not complete loss of MHC
class I expression correlates with a poor prognosis. Int J Cancer
118(1):6-10. https://doi.org/10.1002/ijc.21303

Ogino T, Shigyo H, Ishii H, Katayama A, Miyokawa N, Harabu-
chi Y, Ferrone S (2006) HLA class I antigen down-regulation
in primary laryngeal squamous cell carcinoma lesions as a poor
prognostic marker. Cancer Res 66(18):9281-9289. https://doi.
org/10.1158/0008-5472.CAN-06-0488

Goeppert B, Frauenschuh L, Zucknick M, Roessler S, Mehrabi
A, Hafezi M, Stenzinger A, Warth A, Pathil A, Renner M et al
(2015) Major histocompatibility complex class I expression
impacts on patient survival and type and density of immune cells
in biliary tract cancer. Br J Cancer 113(9):1343-1349. https://doi.
org/10.1038/bjc.2015.337

Homma I, Kitamura H, Torigoe T, Tanaka T, Sato E, Hirohashi
Y, Masumori N, Sato N, Tsukamoto T (2009) Human leukocyte
antigen class I down-regulation in muscle-invasive bladder can-
cer: its association with clinical characteristics and survival after
cystectomy. Cancer Sci 100(12):2331-2334. https://doi.org/10.1
111/.1349-7006.2009.01329.x

Menon AG, Morreau H, Tollenaar RA, Alphenaar E, Van Pui-
jenbroek M, Putter H, Janssen-Van Rhijn CM, Van De Velde
CJ, Fleuren GJ, Kuppen PJ (2002) Down-regulation of HLA-A

pringer

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

expression correlates with a better prognosis in colorectal cancer
patients. Lab Invest 82(12):1725-1733

Madjd Z, Spendlove I, Pinder SE, Ellis 10, Durrant LG (2005)
Total loss of MHC class I is an independent indicator of good
prognosis in breast cancer. Int J Cancer 117(2):248-255. https://
doi.org/10.1002/ijc.21163

Redondo M, Concha A, Oldiviela R, Cueto A, Gonzalez A, Gar-
rido F, Ruiz-Cabello F (1991) Expression of HLA class I and 11
antigens in bronchogenic carcinomas: its relationship to cellular
DNA content and clinical-pathological parameters. Cancer Res
51(18):4948-4954

Saio M, Teicher M, Campbell G, Feiner H, Delgado Y, Frey AB
(2004) Immunocytochemical demonstration of down regulation
of HLA class-I molecule expression in human metastatic breast
carcinoma. Clin Exp Metastasis 21(3):243-249

Perea F, Sanchez-Palencia A, Gomez-Morales M, Bernal M, Con-
cha A, Garcia MM, Gonzalez-Ramirez AR, Kerick M, Martin J,
Garrido F et al (2018) HLA class I loss and PD-L1 expression
in lung cancer: impact on T-cell infiltration and immune escape.
Oncotarget 9(3):4120-4133. https://doi.org/10.18632/oncotarget
.23469

Cancer Genome Atlas Research N (2014) Comprehensive
molecular characterization of gastric adenocarcinoma. Nature
513(7517):202-2009. https://doi.org/10.1038/nature 13480

Kim ST, Cristescu R, Bass AJ, Kim KM, Odegaard JI, Kim K, Liu
XQ, Sher X, Jung H, Lee M et al (2018) Comprehensive molecu-
lar characterization of clinical responses to PD-1 inhibition in
metastatic gastric cancer. Nat Med 24(9):1449-1458. https://doi.
org/10.1038/s41591-018-0101-z

Wang B, Niu D, Lai L, Ren EC (2013) p53 increases MHC class
I expression by upregulating the endoplasmic reticulum amin-
opeptidase ERAP1. Nat Commun 4:2359. https://doi.org/10.1038/
ncomms3359

Aptsiauri N, Ruiz-Cabello F, Garrido F (2018) The transition from
HLA-I positive to HLA-I negative primary tumors: the road to
escape from T-cell responses. Curr Opin Immunol 51:123-132.
https://doi.org/10.1016/j.c0i.2018.03.006

Kasajima A, Sers C, Sasano H, Johrens K, Stenzinger A, Noske
A, Buckendahl AC, Darb-Esfahani S, Muller BM, Budczies J et al
(2010) Down-regulation of the antigen processing machinery is
linked to a loss of inflammatory response in colorectal cancer.
Hum Pathol 41(12):1758-17609. https://doi.org/10.1016/j.humpa
th.2010.05.014

Ryschich E, Notzel T, Hinz U, Autschbach F, Ferguson J, Simon
I, Weitz J, Frohlich B, Klar E, Buchler MW et al (2005) Control
of T-cell-mediated immune response by HLA class I in human
pancreatic carcinoma. Clin Cancer Res 11(2 Pt 1):498-504
Tumeh PC, Harview CL, Yearley JH, Shintaku IP, Taylor EJ, Rob-
ert L, Chmielowski B, Spasic M, Henry G, Ciobanu V et al (2014)
PD-1 blockade induces responses by inhibiting adaptive immune
resistance. Nature 515(7528):568-571. https://doi.org/10.1038/
nature13954

Rooney MS, Shukla SA, Wu CJ, Getz G, Hacohen N (2015)
Molecular and genetic properties of tumors associated with local
immune cytolytic activity. Cell 160(1-2):48-61. https://doi.
org/10.1016/j.cell.2014.12.033

Choi YY, Noh SH, Cheong JH (2016) Molecular dimensions of
gastric cancer: translational and clinical perspectives. J Pathol
Transl Med 50(1):1-9. https://doi.org/10.4132/jptm.2015.09.10

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.4132/jptm.2017.01.24
https://doi.org/10.1006/scbi.2001.0404
https://doi.org/10.1006/scbi.2001.0404
https://doi.org/10.1186/1756-9966-30-12
https://doi.org/10.1007/s00262-011-1153-9
https://doi.org/10.1002/jso.20985
https://doi.org/10.1002/jso.20985
https://doi.org/10.1002/jso.21029
https://doi.org/10.3748/wjg.v11.i23.3628
https://doi.org/10.3748/wjg.v11.i23.3628
https://doi.org/10.1111/j.1744-313X.1989.tb00489.x
https://doi.org/10.1111/j.1744-313X.1989.tb00489.x
https://doi.org/10.3892/mco.2015.636
https://doi.org/10.1002/ijc.21303
https://doi.org/10.1158/0008-5472.CAN-06-0488
https://doi.org/10.1158/0008-5472.CAN-06-0488
https://doi.org/10.1038/bjc.2015.337
https://doi.org/10.1038/bjc.2015.337
https://doi.org/10.1111/j.1349-7006.2009.01329.x
https://doi.org/10.1111/j.1349-7006.2009.01329.x
https://doi.org/10.1002/ijc.21163
https://doi.org/10.1002/ijc.21163
https://doi.org/10.18632/oncotarget.23469
https://doi.org/10.18632/oncotarget.23469
https://doi.org/10.1038/nature13480
https://doi.org/10.1038/s41591-018-0101-z
https://doi.org/10.1038/s41591-018-0101-z
https://doi.org/10.1038/ncomms3359
https://doi.org/10.1038/ncomms3359
https://doi.org/10.1016/j.coi.2018.03.006
https://doi.org/10.1016/j.humpath.2010.05.014
https://doi.org/10.1016/j.humpath.2010.05.014
https://doi.org/10.1038/nature13954
https://doi.org/10.1038/nature13954
https://doi.org/10.1016/j.cell.2014.12.033
https://doi.org/10.1016/j.cell.2014.12.033
https://doi.org/10.4132/jptm.2015.09.10

	Clinicopathologic significance of human leukocyte antigen class I expression in patients with stage II and III gastric cancer
	Abstract
	Introduction
	Materials and methods
	Patients and samples
	IHC for HLA I molecule and p53
	Immunostaining and interpretation of PD-L1
	Evaluation of CD8-positive cytotoxic T cell density
	MSI analysis
	EBV in situ hybridization
	Statistical analysis

	Results
	Patient characteristics
	Clinicopathologic significance of HLA I and β2 M expression
	Correlation of HLA I expression with tumor microenvironment and molecular characteristics
	Univariate and multivariate survival analyses

	Discussion
	References




