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Background: In gastric cancer (GC), abnormal adaptive immunity is correlated with chronic inflammatory
disorders and poor prognosis. However, the global study of adaptive immunity involving genes expression is
insufficient.

Methods: In this study, we investigated the transcriptional profile of adaptive immunity involving genes in
GC from TCGA (The Cancer Genome Atlas). The relevance of adaptive immunity and the clinical features
of patients with GC were assessed. Differences in gene expression between each feature and the correlation
between gene expression and prognosis were elucidated.

Results: According to the expressional profile of adaptive immunity-related genes, 412 patients with GC
were grouped into two primary classifications and three secondary classifications. There were no differences
in prognosis detected between each subgroup. In the immune subgroups, the distributions of pathological
type were obviously different. Additionally, histological types, AJCC (American Joint Committee on Cancer)
stage features, grade, tumor stage, aneuploidy score, and fraction genome altered in different subgroups
were significantly discrepant. There were 95 differently expressed genes (DEGs) detected between each
histological type, which were represented by LAIRI, BTK and LAT2. According to identification of DEGs
in the MSTAD (mucinous stomach adenocarcinoma) and SRCC (signet ring cell carcinoma) types, which
were relevant to the best and worst prognosis types, respectively, we constructed a model combining seven
genes to recognize the MSTAD type (AUC =0.91) and a model combining six genes to recognize the SRCC
type (AUC =0.91). Moreover, the expression of FGLI gene was notably contrasting among the different
histological types, and the high-expression of FGLI was correlated with a poor prognosis.

Conclusions: This study showed that the expressional patterns of adaptive immunity-related genes are
closely related to the histological type of GC, and demonstrated that the expression of immune molecules is

correlated to the prognosis. Our results are expected to promote immunological therapy for GC.
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Introduction

Gastric cancer (GC) is one of the most common human
malignancies and the prognosis of advanced disease remains
dismal (1). The substantial morbidity and mortality rates
of GC has made it the fifth most commonly diagnosed
cancer and the third leading cause for cancer-related
death, with 1,000,000 newly diagnosed cases and 783,000
deaths annually (2). The pathogenesis of human GC is
thought to be greatly affected by genetic and epigenetic
mutations, including the overexpression of oncogenes
and the downregulation of tumor suppressor genes (3).
Recently, immune checkpoint inhibitors, for example anti-
programmed cell death-1 (PD-1) or programmed cell death
ligand-1 (PD-L1) monoclonal antibodies, have objectively
improved the overall survival (OS) of patients with various
types of carcinomas including advanced GC. Recently, there
were two anti-PD-1 inhibitors approved for treatment of
advanced GC in Japan: nivolumab (as third- or later-line
treatment for AGC) and pembrolizumab. However, only a
subset of patients showed a clinical benefit, indicating the
heterogeneity of GC etiology, and revealing the importance
of accurate patient selection and specific treatment to
enhance sensitivity for PD-1/PD-L1 blockade (4).

In tumor immunity, adaptive immunity is defined by
the presence of lymphocytes such as T cells or B cells.
During the process of tumorigenesis, CD8+ cytotoxic T
cells act as effector cells that directly destroy tumor cells,
CD4+ helper T cells regulate CD8+ T- and B-cell function,
and B cells present antigens and produce antibodies (5).
Although several studies have provided evidence supporting
the evolution of tumor immune escape, the role of the
adaptive immune response in influencing the progression
and recurrence of tumors has long been controversial (6).
Some studies have suggested that the adaptive immune
response participates in the damage of H. pylori infection
and partly facilitates tumor development, and that tumor-
associated monocytes/macrophages suppress the human
NK-cell (natural killer cell) function in GC (7,8). In
contrast, studies focused on the specific molecules have
indicated that a stress-induced glucocorticoid surge and
Tsc22d3 upregulation affect therapy-induced anti-cancer
immunosurveillance (9), and that HSP-gp96 is capable
of stimulating T cells and DC cells (dendritic cell) and
inducing cytokine secretion in GC (10). Previous study
has indicated that the polymorphisms in inflammatory
response-related genes were involved in the pathogenesis
of gastric cancer (11). The gene expression regulation
of adaptive immunity also showed a prognostic role in
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GC (12). Multiple studies have demonstrated adaptive
immune cell and molecule variations in GC (8,13,14);
however, a systematic evaluation of adaptive immunity-
related gene expression in the inner tumor tissues is absent.
In this study, we assessed a comprehensive expression profile
of molecules involved in adaptive immunity in 412 primary
GC surgical excision tissues from The Cancer Genome
Atlas (T'CGA) project and investigated their correlations to
clinical manifestations. Moreover, we studied the different
expressing genes between the multiple histological types
and uncovered their prognostic roles.

We present the following article in accordance with the
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/igo-21-79).

Methods
Patients

Information regarding patients with GC and their
corresponding clinical data were collected from TCGA
database (cbioportal.org) (15). All transcriptome data
were from specimens taken from the primary tumor
site. Informed consent was verified according to TCGA
standards. Among the studied cohort, 412 subjects were
enrolled. There were seven pathological types, including
diffuse type stomach adenocarcinoma (DSTAD, n=69),
intestinal type stomach adenocarcinoma (ISTAD, n=72),
mucinous stomach adenocarcinoma (MSTAD, n=20),
papillary stomach adenocarcinoma (PSTAD, n=7),
signet ring cell carcinoma (SSRCC, n=12) of stomach
adenocarcinoma (STAD, n=156), and tubular stomach
adenocarcinoma (TSTAD, n=76). All the data involving
human are from the public database (cbioportal.org) and the
ethical statements is obtained before. The study conformed
to the provisions of the Declaration of Helsinki (as revised
in 2013) (16).

RNA sequencing data and clinical features

We filtered the data according to whether the clinical
features (including survival data) and mRNA z-score
data were completed. Patients underwent postoperative
pathological diagnosis and had detailed clinical records,
including age, sex, grade, aneuploidy score, and fraction
genome altered, were enrolled in the current study.
According to the histological records, all of the samples were
diagnosed as GC with different histological subtypes. The
patients received surgical treatment and RNA sequencing
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was performed on the excised tissues. Collectively, there
were 412 samples enrolled in the final assessment. All
utilized public omics data sets were previously generated by
reported studies and the prior ethical approvals have been
obtained.

Bioinformatics

Adaptive immunity-associated genes analyzed in the current
study were collected from the Uniport-keyword database
(KW-1064, uniport.org/keywords) (17). Excluding those
with missing information, 158 genes reported to participate
in adaptive immunity were evaluated, and their expressional
data (RNA-Seq V2 RSEM) were collected from TCGA
database. A cluster analysis of gene expression in GC
patients was performed to divide samples into different
groups based on gene expression profiles. Cases with
similar expressional patterns were identified from the entire
samples. The transcriptional levels of genes were shown
as mRNA z-scores and clustered using the hierarchical
clustering algorithm via a program developed by Stanford
(Michael Eisen, http://bonsai.hgc.jp/~mdehoon/software/
cluster/software.htm#ctv) (18). The cluster heat map
and the genes expressional patterns according to tumor
stage were generated using the Java Treeview program
(http://jtreeview.sourceforge.net/) (19). The VENNY
diagram was generated by an online tool: BioVen
(BioinfoGP, https://bioinfogp.cnb.csic.es/tools/venny/) (20).

Prognostic relevance analyses

The prognostic roles of the adaptive immunity-associated
genes were evaluated via comparing the survivals of
different cohorts. The OS, progression-free survival (PFS),
disease-free survival (DFS), and disease-specific survival
(DSS) were calculated using GraphPad Prism software
(GraphPad Software, Inc., California, US; Version 8).
Comparison of survivals between different clusters revealed
the relevance of prognosis and gene expressional profiles.
Additionally, the OS corresponding to each subgroup with
low or high expression levels of single gene were analyzed
using GraphPad Prism 8.

Statistical analysis

Survival curves corresponding to different subgroups were
plotted and compared using the log-rank (Mantel-Cox)
test in GraphPad Prism 8. Clinical characteristics and
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variables related to each cluster were compared and assessed
by Fisher’s exact test and Pearson correlation analysis.
Differentially Expressed Genes between subgroups were
identified using ANOVA (analysis of variance). Correlations
between variables or genes expressions were determined
according to regression analyses. All tests were performed
with SPSS 24.0 (IBM, Inc., New York, US). P values less
than 0.05 were considered statistically significant.

Results

Adaptive immunity-associated genes were significantly
varied between each GC bistological type

According to hierarchical clustering of the matrix, which
consisted of expressional information for the adaptive
immunity-associated genes of each patient with GC,
two primary groups and four subdivided groups were
identified from the entire cohort (Figure 1A4). OS and PFS
comparison between each primary or subdivided cluster
showed no differences (Figure 1B, Table 1). Our analysis
of the proportion of histological types showed that the
group 1 was dominated by STAD (41.34%) and DSTAD
(21.26%), while group 2 was dominated by STAD (32.28%)
and TSTAD (30.38%) (Figure 1C). We compared the
outcomes of each histological type and detected a significant
difference in the OS (Figure 1D, P=0.014), of which SRCC
showed the worst OS and MSTAD showed the longest OS
(Table 2). Additional assessments confirmed that patients
with SRCC type had a worse OS compared to those with
non-SRCC types (12.43 vs. 40.00 months, P=0.004),
and patients with MSTAD type showed a favorable
OS compared to those with other types (undefined vs.
28.57 months, P=0.010) (Figure 1E, Table 2).

We additionally divided the patients into different
cohorts according to histological types, and identified
subgroups in the TSTAD, ISTAD, DSTAD, and
STAD types. Patients with common histological types
were grouped into two clusters, however there were
no differences detected in the OS or PFS among each
histological type (Figure 2 and Table S1).

Subgroups with characteristic adaptive immunity-
associated gene expression were correlated to the tumor
stage and grade

To investigate the correlation between adaptive immunity
and clinical performance, we compared the clinical features
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Figure 1 The immune subgroups and the distribution of histological types in gastric cancer (GC). (A) The expressional profile of adaptive

immunity-related genes and the dichotomous and trichotomous groups in GC; (B) the overall survival (OS) and progression-free survival

(PES) of each group and subgroup; (C) the proportions of histological types in dichotomous group 1 and group 2; (D) the OS of each
histological type; (E) comparison of OS in the SRCC type and non-SRCC type, and OS in MSTAD and non-MSTAD. SRCC, signet ring

cell carcinoma; MSTAD, mucinous stomach adenocarcinoma.
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Table 1 OS and PFS of patients in different groups

Niu et al. Adaptive immunity profiling in gastric cancer

Classification Groups OS (median survival) P value PFS (median survival) P value
Primary classification Group 1 (n=158) 28.7339 0.8488 55.1008 0.6388
Group 2 (n=254) 35.9996 43.068
Secondary Subgroup 1 34.29 0.6802 Undefined 0.2771
classification Subgroup 2 26.334 24.2299
Subgroup 3 18.4108 64.076
Subgroup 4 46.257 42.3119
OS, overall survival; PFS, progression-free survival.
Table 2 OS of patients with different histological types and mutation count were significantly different (P<0.05,
Histological types OS (median survival) P value Table 3). Compare to cluster_2, the cluster_1 showed more
3 O, O,
Histological types 0.0144 cases with advan'ced AJCC stage (54.33% vs. 48.10% of
. stage I11&IV), higher grade (70.47% vs. 42.41%), STAD
Diffuse typ.e stomach 59.5391 type (41.34% wvs. 32.28%), and advanced tumor stage
adenocarcinoma i .
(74.02% vs. 67.09% of T3&T4), on the other side, patients
Intestinal type stomach 28.9641 in cluster_1 showed more C16.3 type (9.07% vs. 31.65%),
adenocarcinoma .
low aneuploidy score (9.39+7.73 vs. 14.19+7.89) and less
Mucinous Stomach Undefined fraction genome altered (0.16+0.17 vs. 0.35+0.20). Of these
adenocarcinoma discrepant features, AJCC stage, tumor stage, and grade
Papillary stomach 34.29 were the commonly changed elements among both primary
adenocarcinoma and secondary classifications.
Signet ring cell carcinoma 12.4273
of the stomach L. . . L.
Adaptive immunity-associated genes were significantly
Stomach adenocarcinoma 25.6107 varied between histological types of GC
Tubular stomach 55.4295
adenocarcinoma We detected that patients with different histological
types showed discrepant prognoses and those types in
MSTAD or not 0.0101 P . L P PTog . . yp
each identified subgroup were differently distributed
MSTAD Undefined (Figure 1). To assess the histological type-correlated factors,
Non-MSTAD 28.5695 we compared the gene expression of adaptive immunity
SRCC or not 0.0036 bf:tween each of the seven types. In total, there bt 95
differently expressed genes (DEGs) detected, which were
SRCC 12.4273 represented by LAIRI, BTK, and LAT?2 (lable 4). According
Non-SRCC 35.9996 to the expressional profiling, patients with DSTAD,

OS, overall survival; MSTAD, mucinous stomach adenocarcinoma;
SRCC, signet ring cell carcinoma.

between each identified group or subgroup. For groups
1 and 2, the AJCC stage, grade, histological type, tumor
stage, aneuploidy score, and fraction genome altered were
significantly different (P<0.05, Table 3). Among subdivided
groups 1 to 4, age, AJCC stage, grade, histological type,

tumor stage, aneuploidy score, fraction genome altered,

© Journal of Gastrointestinal Oncology. All rights reserved.

STAD, MSTAD, and SSRCC types showed a similar
adaptive immunity form, otherwise, patients with TSTAD,
ISTAD and PSTAD showed a different adaptive immunity
form (Figure 3A4). The functional network indicated that
the DEGs were involved in multiple biological events
(Figure 3B). GO (Gene Ontology) analysis of cellular
components showed that these DEGs were dominantly
distributed in the plasma membrane and MHC class
II protein complex, such as CD74 and HLA-DOA
(Figure 3C). GO analysis of molecular function indicated
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Figure 2 The expressional profile and identified clusters in each histological type. (A) the sub-clusters in TSTAD (left) and the relevant OS
(middle) or PES (right); (B) the sub-clusters in ISTAD (left) and the relevant OS (middle) or PES (right); (C) the sub-clusters in DSTAD (left)
and the relevant OS (middle) or PFS (right); (D) the sub-clusters in STAD (left) and the relevant OS (middle) or PES (right). OS, overall

survival; PFS, progression-free survival; TSTAD, tubular stomach adenocarcinoma; DSTAD, diffuse type stomach adenocarcinoma.
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Table 3 Comparison of the clinical characteristics between each sub-population

Clinical Groups Cluster Sub-cluster
features 1 (n=254) 2 (n=158) P value 1 (n=142) 2 (n=112) 3 (n=17) 4 (n=141)  Pvalue
Diagnosis age 65.56:11.01 65.64:10.11 0.940  67.96:10.94  62.48+10.36 68.12:10.79 65.34x10.02  0.007
Sex Female 97 48 0.113 55 42 6 42 0.416
Male 157 110 87 70 11 99
AJCC Stage  NA 16 2 0.010 14 2 1 1 0.003
| 25 31 16 9 1 30
I 75 49 38 37 4 45
il 112 61 59 53 8 53
v 26 15 15 11 3 12
Neoplasm G1 6 6 0.000 6 0 2 4 0.000
;i:g'eogic G2 63 82 31 32 9 73
G3 179 67 103 76 6 61
GX 6 3 2 4 0 3
ICD-10 C16.0 49 50 0.009 27 22 7 43 0.136
classification 6 4 36 14 19 17 1 13
c16.2 61 36 36 25 5 31
c16.3 93 55 49 44 4 51
C16.5 0 1 0 0 0 1
C16.9 15 2 11 4 0 2
Histological ~ DSTAD 54 15 0.000 25 29 1 14 0.000
type ISTAD 43 29 26 17 5 24
MSTAD 16 4 7 9 1 3
PSTAD 1 6 1 0 2 4
SSRCC 7 5 4 3 1 4
STAD 105 51 63 42 4 47
TSTAD 28 48 16 12 3 45
Metastasis MO 227 140 0.803 128 99 14 126 0.897
stage M1 16 9 8 8 1 8
MX 11 9 6 5 2 7
Lymphnode  NO 69 53 0.153 42 27 4 49 0.204
stage N1 66 45 35 31 7 38
N2 48 31 24 24 4 27
N3 56 26 29 27 2 24
NX 15 3 12 3 0 3

Table 3 (continued)
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Table 3 (continued)
Clinical Cluster Sub-cluster
Groups

features 1 (n=254) 2 (n=158) P value 1 (n=142) 2 (n=112) 3 (n=17) 4 (n=141) P value
Tumor stage T1 5 17 0.000 2 3 0 17 0.000

T2 52 35 31 21 5 30

T3 106 75 55 51 9 66

T4 82 31 45 37 3 28

X 9 0 9 0 0 0
Aneuploidy 9.39+7.73 14.19+7.89  0.000 8.44+7.06 10.65+8.40 13.75+7.67  14.24+7.94  0.000
score
Fraction 0.16+0.17 0.35£0.20  0.000 0.15+0.15 0.16+0.19 0.25+0.15 0.36+0.20 0.000
genome altered
Mutation count 359.63+584.38 308.63+734.07 0.438 525.32+599.91 148.75+490.97 112.06+63.16 332.33+773.67 0.000
Italic P values indicate less than 0.05.
Table 4 The expression of DEGs (differently expressed genes) in each histological type

DSTAD (n=69) MSTAD (n=20) STAD (n=156) SSRCC (n=12) ISTAD (n=72) TSTAD (n=76) PSTAD (n=7)
Genes P value
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

LAIR1 052 0.86 042 0.74 0.14 093 -0.07 084 -0.12 0.89 -0.66 1.08 -0.88 0.41 0.00
BTK 059 097 027 077 0.08 0.91 0.05 069 -0.17 0.83 -055 1.13 -0.82 0.82 0.00
LAT2 060 099 034 0.77 0.06 0.94 0.04 074 -023 0.87 -049 1.04 -062 0.78 0.00
GPR183 047 1.03 032 0.88 0.12  0.90 0.38 1.12 -0.21 090 -054 099 -0.88 049 0.00
SIGLEC10 048 1.03 020 0.74 0.13 092 -0.09 0.82 -0.08 091 -058 1.04 -0.89 0.27 0.00
PRKCB 062 1.12  0.21 0.86 -0.01 0.93 0.41 096 -0.18 0.81 -0.40 0.98 -0.87 0.40 0.00
CcD1C 0.59 1.11 0.40 1.06 -0.02 0.98 0.25 0.52 -0.37 095 -040 0.88 -0.53 0.95 0.00
HAVCR2 037 079 027 074 0.19 098 -0.08 086 -0.11 095 -0.60 1.07 -0.80 0.59 0.00
CD86 0.38 0.84 0.31 0.82 0.16 1.00 -0.09 089 -0.08 095 -0.59 1.02 -0.79 0.39 0.00
PIK3CD 0.57 1.03 028 0.67 0.04 0.89 0.14 0.91 -0.26 089 -037 1.11 -1.00 0.68 0.00
CD4 042 0.94 0.31 0.74 013 097 -0.10 079 -0.14 095 -0.52 1.04 -0.70 0.48 0.00
PDCD1LG2 038 079 019 0.75 0.16 1.04 -005 089 -0.13 0.88 -0.50 1.05 -0.94 0.84 0.00
CD79B 061 1.19  0.19 1.01 -0.02 0.93 0.25 055 -0.27 0.87 -0.31 091 -0.36 0.75 0.00
LILRB1 037 0.94 042 087 0.07 1.01 0.16 0.74 -0.02 0.88 -0.53 1.02 -0.81 0.45 0.00
SIT1 0.50 1.02 0.05 1.01 0.13  0.91 -021 077 -026 097 -040 1.03 -0.48 0.66 0.00
MYO1G 052 1.02 039 0.78 0.01  0.93 0.19 0.76 -0.16 0.91 -041 1.09 -0.58 0.53 0.00
FCGRI1B 0.30 0.91 0.36  0.89 0.15  1.02 0.00 069 -0.07 098 -055 0.94 -055 0.28 0.00
CD84 043 0.88 034 0.73 0.08 1.02 -0.07 066 -0.11 0.88 -045 1.08 -0.82 0.46 0.00
KLRK1 042 0.80 -0.01 1.05 0.14 0.96 0.21 084 -024 095 -042 112 -0.68 0.66 0.00
Table 4 (continued)
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Table 4 (continued)

DSTAD (n=69) MSTAD (n=20) STAD (n=156) SSRCC (n=12) ISTAD (n=72) TSTAD (n=76) PSTAD (n=7)
Genes P value
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

LILRB4 0.34 0.81 0.25 0.87 013 1.02 -0.09 0.61 -0.04 1.08 -0.54 099 -0.50 0.55 0.00
LILRA3 -0.72 113 0.50 1.28 -0.17 116 -0.22 0.99 -0.02 116 -0.73 091 -0.60 1.19 0.00
LILRB3 0.35 0.89 0.70 0.81 -0.03 1.02 0.28 0.87 -0.01 1.02 -0.39 092 -0.81 0.63 0.00

CLEC10A 046 1.00 0.24 1.11 0.05 1.01 0.23 0.69 -0.16 093 -041 090 -0.72 0.60 0.00
LILRB2 0.20 0.92 0.60 0.98 0.08 1.02 0.12 0.82 0.06 095 -052 095 -0.69 0.54 0.00
LY9 049 1.00 0.09 1.02 0.06 0.95 0.20 0.84 -0.20 090 -0.38 1.056 -0.67 0.81 0.00
HLA-DOA 0.37 094 0.03 0.75 016 097 -021 044 -0.11 1.06 -0.50 1.00 -0.36 0.92 0.00
HLA-DPB1 036 1.04 -0.03 0.73 016 092 -0.14 048 -0.10 1.02 -050 1.05 -029 0.65 0.00
TNFRSF13B 0.48 1.12 0.18 0.97 -0.13 0.98 0.29 0.82 -0.33 1.01 -035 1.02 -0.30 0.53 0.00
LILRA6 0.14 0.91 0.72 1.1 0.09 0.92 0.05 1.08 0.02 098 -048 1.05 -0.57 0.89 0.00
BTLA 051 1.16  0.06 0.83 -0.01 0.95 0.18 0.86 -0.33 093 -0.27 1.09 -0.63 0.40 0.00
HLA-DQA1 034 098 0.14 0.80 0.13 0.97 0.05 0.63 -0.11 098 -050 1.05 -0.21 0.69 0.00
CD1E 0.48 1.1 0.25 1.04 0.04 096 -0.01 0.61 -023 095 -033 091 -0.32 0.65 0.00
JAK3 0.48 1.05 0.32 0.90 -0.08 0.96 0.45 0.70 -0.18 0.89 -0.19 1.06 -0.73 0.81 0.00
SLAMF6 045 1.00 0.04 0.84 0.05 1.00 0.30 0.82 -0.22 094 -030 1.00 -0.71 0.55 0.00
LILRA1 0.40 1.08 0.53 0.96 -0.06 1.00 0.00 0.91 0.02 0983 -035 0.88 -0.61 0.69 0.00
CAMK4 049 1.00 o0.11 0.90 -0.04 1.02 0.15 0.71 -0.26 092 -029 1.15 -0.74 0.64 0.00
HLA-DPAT1 027 1.02 -0.05 0.72 017 095 -0.23 0.57 -0.04 1.02 -0.49 1.08 -0.24 0.86 0.00

CRTAM 0.39 0.90 0.03 0.72 013 0.99 -0.02 1.09 -0.22 097 -035 1.04 -0.70 0.82 0.00
LILRB5 0.32 0.93 0.45 0.87 0.02 1.01 0.40 0.65 -0.07 1.04 -037 096 -0.86 0.31 0.00
cD81 0.43 1.09 0.13 0.92 0.03 1.01 0.31 1.10 -024 089 -0.34 0.84 0.31 0.88 0.00
SH2D1A 0.40 0.97 -0.04 0.93 0.10  0.99 0.15 0.94 -0.19 094 -036 1.02 -0.56 0.58 0.00
CD79A 0.46 1.07 0.02 1.05 0.04 0.93 0.19 0.90 -025 1.03 -0.33 099 -0.10 0.86 0.00
CD209 0.35 0.92 0.45 0.72 0.01 1.08 0.35 0.67 -0.11 098 -0.35 1.02 -0.75 0.44 0.00
ITK 0.45 1.03 -0.06 0.85 0.04 0.98 0.24 0.83 -0.17 090 -029 1.06 -0.71 051 0.00

HLA-DMB 0.39 093 -0.08 0.75 0.12 1.00 -0.12 0.61 -0.14 1.06 -0.41 098 -0.23 0.76 0.00
TRAT1 0.38 1.01 -0.02 0.89 0.09 1.02 0.02 1.01 -0.14 0.88 -0.38 1.08 -0.77 0.66 0.00
CDS8A 035 086 -0.12 1.09 0.14  0.99 0.13 0.86 -0.22 1.00 -0.33 1.08 -0.60 0.55 0.00
HLA-DRA 0.33 0.93 0.01 0.72 0.14 1.02 -012 057 -0.11 1.06 -044 096 -0.18 0.85 0.00
CD247 0.44 0.83 -0.08 0.92 0.07  1.01 -0.05 0.96 -0.20 1.06 -0.31 0.97 -043 0.66 0.00
CD74 0.34 093 -0.13 0.80 0.12  1.01 -0.05 0.59 -0.06 1.05 -0.44 098 -0.06 0.97 0.00
CLEC4A 0.34 0.89 0.32 0.86 0.05 1.04 0.08 0.77 -0.06 1.03 -0.40 0.94 -0.61 0.61 0.00
BTN3A3 0.32 0.88 -0.30 1.04 013 096 -0.10 0.79 -0.09 1.01 -029 1.09 -092 0.82 0.00
CD244 0.40 0.81 0.07 0.89 0.04 1.05 0.06 0.71 -0.09 094 -029 1.09 -092 0.34 0.00

Table 4 (continued)
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Table 4 (continued)
DSTAD (n=69) MSTAD (n=20) STAD (n=156) SSRCC (n=12)  ISTAD (n=72) TSTAD (n=76) PSTAD (n=7)
Genes P value
Mean SD Mean SD Mean SD Mean SD Mean SD Mean  SD Mean SD

THEMIS 0.37 0.93 -0.10 1.00 0.10  1.00 0.03 094 -0.17 093 -0.26 1.04 -0.90 0.67 0.00
TNFRSF13C 042 1.37 0.37 1.00 -0.05 0.93 0.02 066 -021 0.84 -0.22 090 -0.57 0.66 0.00
FCRL4 044 1.07 0.11 0.99 -0.11  0.79 0.40 126 -0.07 096 -0.15 0.99 -0.49 0.58 0.00
HLA-DQB2 0.27 1.05 -0.01 0.74 0.12 0.94 -0.28 0.78 -0.19 1.21 -0.44 1.08 -0.31 0.89 0.00
CD3D 042 0.93 -0.04 0.87 0.04 1.02 0.09 090 -0.15 0.99 -0.28 0.99 -0.56 0.51 0.00
CD19 040 1.25 0.04 1.10 -0.13 0.95 0.25 068 -029 1.03 -0.25 0.99 -044 0.89 0.00
EOMES 035 098 -0.04 1.12 0.09 0.98 0.03 0.91 -0.21 095 -030 1.10 -0.67 0.58 0.00
CD6 042 1.06 0.01 0.90 0.04 0.98 0.00 0.77 -021 099 -022 097 -0.63 0.66 0.00
@43898 040 0.97 022 097 -0.01 1.01 0.20 0.81 -0.27 1.01 -0.11 096 -0.59 0.74 0.00
FGL1 -0.01 0.80 0.54 1.39 -0.16  0.85 0.84 1.35 0.07 094 -0.02 0.99 0.17 1.04 0.00
FYN 025 1.09 0.13 1.02 0.12 0.94 0.27 087 -020 097 -029 096 -0.71 1.16 0.00
PRR7 -0.39 097 -0.31 0.78 0.02 1.02 -0.19 0.98 029 0.95 0.13  0.97 0.11  1.33 0.00
CD3E 040 0.90 -0.08 0.93 0.03 1.03 0.20 0.88 -0.14 1.00 -0.26 1.00 -0.51 0.54 0.00
CRACR2A 0.07 0.84 0.71 1.06 -0.20 1.05 0.38 1.05 -0.09 0.96 0.15 1.04 -0.21 1.24 0.00
CD3G 035 099 0.02 087 0.08 1.07 -0.04 087 -023 096 -024 098 -065 046 0.00
NR4A3 024 088 026 0.77 0.08 1.02 0.45 145 -0.16 098 -0.34 097 -0.29 0.73 0.00
PDCD1 0.33 099 -0.19 0.84 0.10  0.99 0.01 0.91 -0.14 1.02 -0.28 099 -0.61 0.75 0.00
HLA-DOB 039 1.13 -0.22 1.00 0.03 1.00 0.24 0.68 -0.13 0.98 -0.28 0.87 0.07 0.69 0.00
TFE3 042 1.08 0.00 0.88 -0.03 0.97 0.23 119 -0.09 091 -0.28 098 020 0.95 0.00
CLEC4C -0.27 133 -0.75 0.72 -069 093 -080 073 -095 067 -066 1.10 -1.25 0.37 0.00
SH2D1B 0.30 094 023 0.81 0.01  1.03 0.30 090 -025 1.10 -0.28 1.02 -0.54 0.88 0.00
SLAMF1 041 1.02 0.11 0.88 0.01 098 -005 104 -014 094 -024 1.05 -0.35 053 0.00
MCOLN1 024 1.00 029 084 0.07 1.03 0.16 0.73 -0.08 1.08 -0.36 0.87 -0.38 0.70 0.01
HLA-DRB1 024 0.89 -0.01 0.94 0.11  1.01 0.18 069 -0.07 1.05 -0.38 1.02 -0.23 0.77 0.01
ZAP70 0.35 098 -0.20 1.07 0.05 0.96 0.26 0.72 -0.15 096 -0.20 1.11 -0.60 0.61 0.01
LAT 029 094 -0.17 0.93 0.01 1.03 0.40 0.86 0.04 095 -027 1.04 -0.67 0.60 0.01
OTUB1 -0.26 1.13 -029 1.12 012 0.89 -0.57 0.88 0.19 0.87 -0.06 1.09 041 1.33 0.01
C1QBP -0.29 096 -0.32 0.97 0.04 1.04 -051 0.98 0.13 0.90 017 1.00 055 0.88 0.01
HLA-DQA2 031 091 -0.05 1.16 0.10 1.00 -0.33 097 -0.16 1.02 -025 096 -0.19 095 0.01
LAG3 020 0.92 -0.21 1.01 0.11  0.99 0.25 1.07 -0.03 1.08 -0.30 0.97 -0.64 0.46 0.01
LAX1 0.33 1.03 0.09 0.96 0.04 1.01 0.19 074 -012 0.92 -0.28 1.08 -0.38 0.79 0.01
SKAP1 022 086 005 098 0.01 098 -021 086 -0.17 1.02 0.06 1.05 -1.17 1.55 0.01
RNF125 0.21 1.01 044  0.78 -0.01 0.96 0.31 073 -0.30 1.12 -0.02 0.99 -043 1.04 0.01
Table 4 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.

7 Gastrointest Oncol 2021;12(2):328-343 | http://dx.doi.org/10.21037/jgo-21-79



338 Niu et al. Adaptive immunity profiling in gastric cancer
Table 4 (continued)
DSTAD (n=69) MSTAD (n=20) STAD (n=156) SSRCC (n=12)  ISTAD (n=72) TSTAD (n=76) PSTAD (n=7)
Genes P value
Mean SD Mean SD Mean SD Mean SD Mean SD Mean  SD Mean SD
TNFRSF21 -0.22 1.08 -0.31 1.00 -0.09 0.97 0.12 0.86 0.33 0.97 0.12  0.99 0.07 0.66 0.01
HLA-DMA 0.30 0.84 -0.11 0.81 0.08 1.04 -014 073 -0.07 1.09 -0.31 0.98 -0.01 1.08 0.02
ADGRET1 020 0.96 0.31 1.02 0.07 1.04 -0.38 0.62 -0.07 093 -029 1.06 -0.48 1.02 0.02
HLA-DQB1 025 093 -0.09 0.85 0.11  0.99 0.06 0.78 -0.09 1.06 -0.32 1.06 -0.23 0.76 0.02
BTN3A1 0.14 091 -0.28 0.95 0.12 0.98 0.15 0.86 -0.02 096 -0.22 1.15 -0.90 0.53 0.02
MCOLN2 0.16 1.00 024 0.93 0.00 094 -024 098 -0.08 0.94 0.03 1.14 -124 0.97 0.02
TRPM4 -0.10 098 0.34 0.66 -0.14 1.01 0.60 0.90 -0.03 1.04 0.18  0.99 0.51 0.90 0.02
L2 -045 126 -1.02 0.90 -0.55 1.07 -063 100 -0.74 0.77 -0.82 0.84 -1.36 0.23 0.04
SLAMF7 021 093 005 095 0.08 1.01 0.03 1.03 -0.04 097 -029 1.06 -0.52 0.69 0.04

DSTAD, diffuse type stomach adenocarcinoma; MSTAD, mucinous stomach adenocarcinoma; ISTAD, intestinal type stomach
adenocarcinoma; SSRCC, signet ring cell carcinoma; TSTAD, tubular stomach adenocarcinoma; PSTAD, papillary stomach

adenocarcinoma.

that most DEGs were principally involved in antigen
binding and signaling receptor activity, including LAG3 and
LILRAT (Figure 3D). Reactome pathway analysis revealed
that these genes managed the immunoregulatory interaction
between lymphoid and a non-lymphoid cell (CRTAM and
LILRB3, for instance) and participated in PD-1 signaling
(CD4 and CD3D, for example) (Figure 3E).

Adaptive immunity-associated genes were capable of
distinguishing between different bistological types of GC

We found that patients with SRCC and MSTAD
histological types exhibited the worst and the best
prognosis, respectively. To elucidate the relevance of
adaptive immunity and the two types of GC, we assessed the
DEGs between patients with each type and the other types.
For the MSTAD type, there were 11 genes, represented
by LILRAG6 and LILRA3, which were significantly
overexpressed (Figure 4A4,B). According to the regression
analysis, the model combining seven genes showed an
excellent ability to recognize the MSTAD type (Table S2).
The area under the ROC (receiver operating characteristic
curve) curve was 0.91 (Figure 4C), and the model to
differentiate whether the histological type was MSTAD
was based on the predicted value (Figure 4D). Similarly, we
found that six genes, represented by FGLI and SKY, were
differently expressed between SRCC and the other types
(Figure 4E,F). A regression analysis showed that the model

© Journal of Gastrointestinal Oncology. All rights reserved.

combining six genes demonstrated an ability to distinguish
the SRCC type from the other types (AUC =0.91,
Figure 4G). According to this model, patients with SRCC or
non-SRCC were well defined (Figure 4H).

We detected that the 95 adaptive immunity-associated
genes were significantly varied between each histological
type. 'To study the commonly changed genes of the different
types and the overlapping DEGs among all types, MSTAD
and SRCC were assessed. Only FGLI was identified in
the overlaps (Figure 4I). Moreover, FGLI was highly
expressed in MSTAD and SRCC (Figure 47). Analysis
of the correlation with prognosis showed that the high
expression of FGLI was strongly associated with a worse
OS; the median survival time was 55.43 months in the low-
expression group and 25.71 months in the high expression

group (P=0.015, Figure 4K).

Discussion

Aberrant expression of immunity-associated markers is
significantly associated with solid tumor progression and
postoperative prognosis (21). Adaptive immunity refers
to the protection of a host organism from a pathogen or
toxin mediated by B and T cells, and is characterized by
immunological memory. Unlike other immune responses,
adaptive immunity is highly dependent on a given antigen
or abnormal internal environment. Numerous studies
have demonstrated the aberrant immunity status in human

7 Gastrointest Oncol 2021;12(2):328-343 | http://dx.doi.org/10.21037/jgo-21-79
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cancers and suggested the prognostic role of genes involved
in immune regulation. However, there are few studies on
the expressional profiles of adaptive immunity-related
genes and their implication on clinical features in GC. In
the current study, we identified different sub-populations
according to the gene expressional pattern and investigated
their correlation with multiple clinical manifestations.

Regardless of the specific histological type, the enrolled
GC patients were clustered into different groups according
to the expressional profiles of adaptive immunity-related
genes using dichotomy method or trichotomy method
(Figure 1). OS and PFS comparisons revealed no differences
between each group. Even among patients with a common
histological type, no differences were detected between
subgroups showing similar expression patterns. This data
demonstrated that the synthetic genes’ expression did
not directly influence GC prognosis. Assessment of the
histological proportions of two primary groups showed
that group 1 was constituted mainly of STAD and ISTAD,
while group 2 primarily comprised STAD and TSTAD.
This result suggested that the expression pattern of adaptive
immunity-related genes was closely connected to the
difference in histological type. In addition to histological
type, the AJCC stage, grade, and tumor stage were notably
different between each sub-population (7Tzble 3). These
results demonstrated that changes in adaptive-immune
status were significantly correlated with the clinical
characteristics of GC.

Our comparison of the DEGs pattern of different
histological types revealed that patients with DSTAD,
STAD, MSTAD, and SSRCC types showed a similar
expressional profile, while patients with TSTAD, ISTAD,
and PSTAD exhibited an opposite expressional profile
(Figure 3). The functional network and enrichment analysis
indicated that these DEGs were dominantly distributed in
the plasma membrane and MHC class II protein complex,
and were principally involved in antigen binding and
signaling receptor activity, as well as immunoregulatory
interaction between lymphoid and non-lymphoid cells.
Moreover, these DEGs participated in PD-1 signaling.
Our data demonstrated the discrepant adaptive-immune
molecular expression and signaling among different
histological types.

Although previous studies reported that patients with
different histological types had varying prognoses; in the
current study, we evaluated the postoperative survival in
each histological type. Compared to the other types, patients
with SRCC and MSTAD exhibited the worst and best

© Journal of Gastrointestinal Oncology. All rights reserved.
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prognoses, respectively. Assessment of DEGs showed that
11 genes were significantly overexpressed in the MSTAD
and six genes exhibited opposite expression between the
SRCC type and other types (Figure 4). To distinguish
the specific histological types, we performed regression
analysis based on gene expression. The model combining
seven genes was acceptable to recognize the MSTAD type
(AUC =0.91) and the model combining six genes showed
an ability to distinguish the SRCC type from other types
(AUC =0.91). According to this model, patients with SRCC
or non-SRCC were well defined (Figure 4). Additionally,
we discovered that FGLI was differently expressed between
each histological type, and that the elevated expression
was correlated with a poor OS in all patients. FGLI is
the coding gene of fibrinogen-like protein 1, which is
specifically secreted by the liver and reported to be a
major LAG-3 functional ligand independent from MHC-
II (22). A previous study demonstrated that suppression
of the FGL1-LAG-3 interaction could stimulate tumor
immunity (22). This result might partly support our finding.
FGLI is highly expressed by human cancer cells, yet few
studies have focused on FGLI expression in GC tissues
or the regulatory effect of FGLI in GC (23). A previous
study revealed that FGLI expression was upregulated in
GC tissues, and that high FGLI expression levels strongly
indicated a shorter OS time of GC patients (P=0.005),
and significantly decreased the expression of N-cadherin
and vimentin levels in GC cells (P<0.01) (24). This result
is consistent with our data and indicates the potential
regulatory mechanism of FGLI in GC. Designing the
molecule inhibitors or antibody targeted the specific genes
(or proteins) playing a prognostic role is a feasible strategy
for the precisely therapy.

In conclusion, our study demonstrated the expressional
profile of the 158 adaptive immunity-related genes in 412
patients, and detected the specific gene expression patterns
among multiple histological types. The comparison of clinical
features between each immune subgroup revealed that the
expressional profile was unable to predict prognosis, but was
capable of distinguishing the different histological types. The
expression of an individual gene, like FGLI, was significantly
associated with GC prognosis. These results are expected to
promote the tumor immunological mechanisms in GC and

should be verified by further research.
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Supplementary

Table S1 The overall survival and progression free survival of each cluster in different gastric cancer type

GC types OS median survival P value PFS median survival P value

TASTAD Cluster_1 23.41 0.186 55.43 0.5088
Cluster_2 Undefined 34.45

ISTAD Cluster_1 37.91 0.1473 64.08 0.392
Cluster_2 21.73 45.24

DSTAD Cluster_1 59.54 0.9791 55.1 0.2496
Cluster_2 Undefined 17.85

STAD Cluster_1 25.61 0.721 26.53 0.5534
Cluster_2 21.44 Undefined

OS, overall survival; PFS, progression-free survival.

Table S2 The performance of the model to distinguish the SRCC

and MSTAD type

Indicator SRCC MSTAD
AUC 0.91 0.91
Sensitivity 0.78 0.83
Specificity 0.92 0.85
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