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A previous research study on differentiating gastric cancer (GC) into distinct subtypes or prognostic models was mostly based on
GC tissues, which neglected the role of nontumour tissues in GC subtypes. The purpose of the research was to identify GC
subtypes on the basis of tumour and adjacent nontumour tissues to assess the prognosis of GC patients. We characterized three
GC subtypes on the basis of the immunologic and hallmark gene sets in GC and adjacent nontumour tissues: among them, the GC
patients with subtype I had the longest survival time compared to patients with other subtypes. The classification was closely
associated with T'stage and pathological stage of GC patients. A prognostic model containing two gene sets was constructed by
LASSO analysis. Kaplan-Meier analysis showed that patients in the high-risk group survived longer than those in the low-risk
group and the two prognostic genes sets in the model were strongly correlated with survival status. Then, GO and KEGG analyses
and PPI network show that nontumour and tumour tissues are influencing the prognosis of GC patients in separate manners. In
summary, we emphasized the prognostic value of nontumour tissue in GC patients and proposed a novel insight that both changes

in tumour and nontumour tissues should be taken into account when selecting a treatment strategy for GC.

1. Introduction

Gastric cancer (GC) is the second commonest cause of tu-
mour death globally, with an estimated annual mortality rate
of over 720,000 cases [1]. Although treatment schemes for GC
have been greatly advanced, including systemic chemother-
apy, radiation therapy, surgery, immunotherapy, and targeted
therapy, the five-year survival rate for GC patients still has not
improved significantly [2, 3]. Moreover, even in patients with
similar clinical characteristics, the prognosis is completely
different after almost the same treatment regimen [4-6].
Consequently, because of the highly invasive mortality and
adverse prognosis of GC, recognition of GC subtypes and
prognostic gene sets can improve patient prognosis through

individualized drug therapy and precise assessment of
prognosis.

Previous research on differentiating GC into distinct
subtypes or prognostic models was mostly based on GC
tissues, which neglected the role of nontumour tissues in
GC subtypes. Distinct subtypes have been established on
the basis of the integration of genes and transcriptional
expression profiles, genetic polyomics genes, and meta-
bolic genes in GC [7-10]. Moreover, research on changes
in GC pathway activity tended to focus on single pathways
or class of molecules instead of systematically analyzing
various pathways in tumour and nontumour samples
[11-13]. Nevertheless, these studies were based on the
tumour tissue itself, and the significant effect of


https://orcid.org/0000-0001-8372-3762
https://orcid.org/0000-0002-3290-0746
mailto:chenyirui@hmc.edu.cn
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/7887711

nontumour tissue on the prognosis of the tumour was
completely ignored.

First of all, after surgical removal of GC patients, the
residual GC cells might still exist in the neighboring non-
tumour tissues, which may lead to the recurrence of GC.
Moreover, the tumour cells scattered in blood are likely to
pass through the blood vessels and fix again in the residual
stomach, leading to the recurrence of GC. All these cir-
cumstances indicate that immune and molecular changes in
nontumour tissues have a great influence in the prognosis of
GC patients [14, 15].

This study provides different novel perspectives to
precisely assess the prognosis of GC patients—the immu-
nologic and hallmark gene sets in tumour and adjacent
nontumour tissues, suggesting that variations in tumour and
nontumour tissues should be taken into account when
making a decision about GC treatment approaches.

2. Materials and Methods

2.1. Data Preparation. The RNA-seq data for tumour and
nontumour tissues and accompanying clinicopathological
information (TCGA and GSE84437) were obtained from
The Cancer Genome Atlas (TCGA: https://portal.gdc.cancer.
gov) and Gene Expression Omnibus (GEO: https://www.
ncbi.nlm.nih.gov/geo) databases [16]. A collection of 4922
immunologic and hallmark gene sets were downloaded from
the Gene Set Enrichment Analysis (GSEA: https://www.
gsea-msigdb.org/gsea/index.jsp) [17]. The 318 cases
(TCGA database) and 433 cases (GEO database) were used
for using in model construction and OS analysis.

2.2. Gastric Cancer Subtypes. We applied gene set variance
analysis (GSVA) to evaluate the relative enrichment of gene
sets in the sample population. Then, we selected the features
using Cox regression analysis and divided samples into
different groups by the nonnegative matrix factorization
(NMF) method. Another expression profile dataset with
a distinct platform was employed to verify our classification.
Next, we evaluated the association between GC subtypes and
clinical features using a chi-square test. Finally, we com-
puted the differentiated enrichment scores of gene sets
among the two subtypes, crossed them, and filtered them by
the Cox analysis (p <0.05).

2.3. Prognostic Gene Sets Model. Prognostic gene sets were
identified and a prognostic risk assessment model was de-
veloped employing the least absolute shrinkage and selection
operator (LASSO) analysis. We used the median risk score to
divide samples into higher and lower groups. The
Kaplan-Meier analysis was applied to demonstrate survival
differences between high-risk and low-risk groups, and survival
curves were mapped in the model for each prognostic gene set.

2.4. Functional Enrichment. To elucidate the mechanism of
prognostic gene sets, we retrieved the genes included in each
gene set and conducted gene ontology (GO) and Kyoto
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Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses in tumour and nontumour tissues, separately.

2.5. Protein-Protein Interaction. The genes in the N and T
gene sets were placed in STRING (https://stringdb.org),
respectively, and the interaction score of the protein-protein
interaction (PPI) network was greater than 0.15 to obtain the
data of gene interactions. The PPI network data were loaded
into Cytoscape v3.9.1, and the MCODE inserter was applied
to identify the first two clusters and the hub genes in each
cluster.

3. Results

3.1. Identification of GC Different Subtypes. We counted the
enrichment scores of 4922 gene sets by GSVA on the basis of
TCGA in order to elucidate the integrative landscape of
changes in immunologic and hallmark gene sets in GC and
nontumour tissues (Figure 1). On the basis of the results of
NMEF, we classified the GC patients into 3 distinct subtypes
with a silhouette width value of 0.87, and the GC patients
with subtype 1 had longer overall survival compared to types
2 and 3 (p < 0.01; Figures 2(a)-2(e)). In the validation set, we
also classified GC patients into 3 different subtypes with
a silhouette width value of 0.80, and the GC patients with
subtype I had the longest survival time compared to patients
with other subtypes (p<0.001; Figures 3(a)-3(e)). The
clinical features of each subtype in TCGA are given in
Supplementary Table 1. Overall, the classification was ra-
tional and valid for predicting the prognosis of GC patients
from diverse datasets.

3.2. Assessment of GC Distinct Subtypes. To explore the
relationship between the classifications with clinical
characteristics, a chi-square test indicated that the classi-
fication was closely related to T'stage and pathological stage
of GC patients (Figure 4). To recognize prognosis-related
gene sets shared by different subtypes, we identified dif-
ferentiated gene sets between each of the two subgroups,
crossed them (Figure 5(a)), and further filtered for
prognosis-related gene sets using univariate Cox analysis.
Through the above steps, we finally acquired 152 differ-
entially expressed gene sets (immunologic and hallmark
gene set score from GSVA) and 19 prognosis-related gene
sets existing in different subgroups. Figure 5(b) shows the
expression profile of the 19 prognosis-related gene sets in
each sample and the relationship with clinical
characteristics.

3.3. Construction of the Prognostic Risk Model. A prognostic
model containing two gene sets was constructed by the
LASSO analysis (Figures 6(a) and 6(b)). Among these gene
sets, one was in nontumour tissues (N gene sets:
N_GSE30971_2H_VS_4H_LPS_STIM_MACROPHAGE_
WBP7_HET_DN) and one was in tumour tissues (T gene
sets: T_HALLMARK_ANGIOGENESIS). The Kaplan-Meier
analysis showed that patients in the high-risk group survived
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FIGURE 1: Heat map of enrichment scores from immunologic and hallmark gene sets. N, normal; T, tumour.
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FIGURE 2: Identification of GC subtypes from TCGA. (a) Optimal number of clusters. (b) Visualization of cluster results. (c) NMF clustering
results from GC samples. (d) Silhouette width plots with a value of 0.87. (¢) Kaplan-Meier survival analysis.
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FiGURE 3: Identification of GC subtypes from GSE84437. (a) Optimal number of clusters. (b) Visualization of cluster results. (c) NMF
clustering results from GC samples. (d) Silhouette width plots with a value of 0.80. (e) Kaplan-Meier survival analysis.
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F1GURE 5: Characterization of prognostic gene sets from GC subtypes. (a) 152 differentially expressed gene sets identified. (b) The expression
profile of the 19 prognosis-related gene sets in each sample and the relationship with clinical characteristics.

longer than those in the low-risk group (Figure 6(c)), and the
two prognostic gene sets in the model were strongly corre-
lated with survival status (Figure 6(d)).

3.4. Exploration of Functional Enrichment. To investigate the
potential mechanisms of the 2 prognostic gene sets, we
abstracted the genes contained in each gene set separately
and performed GO and KEGG enrichment analyses in tu-
mour and nontumour tissues. In nontumour tissues, the
genes from N gene sets were primarily related to terms of
cytokine activity, receptor activity, and various receptor
binding by GO enrichment analysis and terms of different
tumour-related pathways, inflammatory pathways, and
immune-related disease by KEGG enrichment analysis,
respectively (Figure 7(a)). In tumour tissues, the genes from
T gene sets were primarily related to terms of cell adhesion,
vascular growth, blood coagulation, and receptor activity

and terms of focal adhesion, different tumour-related
pathways, and metabolic disturbance by KEGG enrich-
ment analysis (Figure 7(b)). The results of the GO and KEGG
enrichment analyses from N and T gene sets are given in
Supplementary Tables 2 and 3.

3.5. Construction of the Protein-Protein Interaction Network.
We structured PPI networks for N and T gene sets from
STRING (Supplementary Figure S1 and Supplementary
Figure S2) and further screened hub genes by the MCODE
plug-in in Cytoscape. For N gene sets, the hub gene from
cluster 1 was GADD45A, mainly related to growth arrest and
DNA damage, and cluster 2 was IL-36G, closely linked to
immune and inflammatory response (Figure 8(a)). For T
gene sets, the hub gene from cluster 1 was POSTN, mainly
related to adhesion and migration, and cluster 2 was APOH,
closely linked to metabolic disturbance (Figure 8(b)).
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4. Discussion

Previous studies on GC subtype classification or prognostic
models have been almost exclusively based on GC tissue
itself, which ignores the role of adjacent nontumour tissues
in GC. Li et al. revealed three GC subtypes on the basis of the
immunogenomic profiles and distinguished different mo-
lecular characteristics at the genetic, transcriptomic, and
epigenetic levels [18]. Zhang et al. identified three distinct
advanced GC subtypes by immune signatures, which can
predict the prognosis of advanced GC [19]. Zhu et al. rec-
ognized four GC metabolic subtypes and patients with
cholesterogenic have better prognosis [20]. In the study, we
offer a complete perspective of the changes of immunologic
and hallmark gene sets in GC and neighboring nontumour
tissues, which contributes to advancing the understanding of
the prognostic role of nontumour tissues and emphasizes
that greater attention should be paid to the changes of both
nontumour and tumour tissues, not just tumour tissue itself.

Local recurrence of GC and distant metastasis to other
organs are the major reasons for death of GC patients [21].
For one thing, after a patient with GC undergoes complete
surgical treatment, GC cells may lurk in the adjacent
nontumour tissues, leading to local recurrence of GC. For
another thing, potential GC cells distributed in blood can
reenter and colonize gastric tissues through blood

circulation. Consequently, molecular changes in the
neighboring nontumour tissues should be taken into ac-
count when choosing the treatment for GC and not only the
tumour tissues. In the study, we characterized three GC
subtypes on the basis of the immunologic and hallmark gene
sets in GC and adjacent nontumour tissues; among them, the
GC patients with subtype I had the longest survival time
compared to patients with other subtypes.

The two prognosis-related gene sets were utilized to
construct the model, one in nontumour tissues (N gene sets:
N_GSE30971_2H_VS_4H_LPS_STIM_MACROPHAGE_
WBP7_HET _DN), and one in tumour tissues (T gene sets:
T_HALLMARK_ANGIOGENESIS). In nontumour tis-
sues, the genes from N gene sets were primarily related to
terms of different tumour-related pathways, inflammatory
pathways, and immune-related disease by the KEGG
enrichment analysis. A study showed that IL-17 promotes
epithelial-mesenchymaltransition-like transformation of
GC cells and demonstrated that STATS3 is its downstream
signaling molecule [22]. A meta-analysis indicated that
single nucleotide polymorphisms in IL-17 were signifi-
cantly related to the risk of GC [23]. In tumour tissues, the
genes from T gene sets were primarily related to terms of
focal adhesion, different tumour-related pathways, and
metabolic disturbance by the KEGG enrichment analysis,
respectively.
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This study shows that tumour and nontumour tissues
influenced the prognosis of GC patients in separate man-
ners. In nontumour tissues, the genes were primarily related
to terms of cytokine activity, receptor activity, and various
receptor bindings by GO enrichment analysis. In tumour
tissues, the genes were primarily related to terms of cell
adhesion, vascular growth, blood coagulation, and receptor
activity. The hub genes in nontumour tissues are GADD45A
and IL-36G, while the hub genes in tumour tissues are
POSTN and APOH. GADDA45A expression levels have been
correlated with response and overall survival after neo-
adjuvant chemotherapy for GC [23]. A study demonstrated
that POSTN is not only a risk factor for the development of
GC but also promotes metastasis [25]. IL-36G and APOH
have also been associated with different types of tumour
development and progression [26-29].

Our study has several limitations. On the one hand, the
number of tumour samples differed too much from non-
tumour samples. On the other hand, the prognostic gene set
derived from the study was not validated by in vitro, in vivo, or
clinical sample experiments. In future work, we will further
expand the sample size to include more nontumour tissues
and use various experiments to follow-up and validate our
results, which is a very meaningful work. Moreover, it would
be interesting to know whether the immune and hallmark-
related genes were from intramural vs. transitional vs. pe-
ripheral tumour areas as they might have different immune
gene signatures. Unfortunately, such information is not
available as the RNA-seq data were produced from the entire
tissue. Future studies with spatial transcriptomics based on
single-cell RNA sequencing will answer such critical questions.

5. Conclusions

In summary, we emphasized the prognostic value of the
nontumour tissue in GC patients and propose the con-
ception that both changes in tumour and nontumour tissues
should be taken into account when selecting a treatment
strategy for GC.

Data Availability

The data used to support this study are available at the
TCGA (https://portal.gdc.cancer.gov/) and GEO (https://
www.ncbi.nlm.nih.gov/geo/) databases.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Xia Zheng designed the research; Yanzhong Wang analyzed
the data; and Yirui Chen wrote, reviewed, and edited the
manuscript.

Acknowledgments

The authors are grateful to everyone who has participated in
this research work. This study was supported by grants from

Journal of Oncology

the National Natural Science Foundation of China
(81500144), Natural Science Foundation of Zhejiang Prov-
ince (LQ18H030001, LY20H080009, LQ20H200004, and
LGF22H080009), Health Bureau Foundation of Zhejiang
Province (2020KY015 and 2020RCO021), and Chinese Tra-
ditional Medicine Administration Bureau Foundation of
Zhejiang Province (2022ZQ012).

Supplementary Materials

Supplementary Table S1. The association between clinical
features and subtypes. Supplementary Table S2. Detailed
information on GO and KEGG enrichment analyses of N
gene sets. Supplementary Table S3. Detailed information on
GO and KEGG enrichment analyses of T gene sets. Figure
S1. The protein-protein interaction network for N gene sets.
Figure S2. The protein-protein interaction network for T
gene sets. (Supplementary Materials)

References

[1] P. Wang, W. Xiao, Y. Li, X. Wu, H. Zhu, and Y. Tan,

“Identification of MATN3 as a novel prognostic biomarker for

gastric cancer through comprehensive TCGA and GEO data

mining,” Disease Markers, vol. 2021, Article ID 1769635,

7 pages, 2021.

A. Dahle-Smith and R. D. Petty, “Biomarkers and novel agents

in esophago-gastric cancer: are we making progress?” Expert

Review of Anticancer Therapy, vol. 15, no. 9, pp. 1103-1119,

2015.

[3] Z. Ali, Y. Deng, and C. Ma, “Progress of research in gastric
cancer,” Journal of Nanoscience and Nanotechnology, vol. 12,
no. 11, pp. 8241-8248, 2012.

[4] S.S.Joshiand B. D. Badgwell, “Current treatment and recent
progress in gastric cancer,” CA: A Cancer Journal for Clini-
cians, vol. 71, no. 3, pp. 264-279, 2021.

[5] M. A. Shah and D. P. Kelsen, “Gastric cancer: a primer on the
epidemiology and biology of the disease and an overview of
the medical management of advanced disease,” Journal of the
National Comprehensive Cancer Network, vol. 8, no. 4,
pp. 437-447, 2010.

[6] J. H. Selim, S. Shaheen, W. C. Sheu, and C. T. Hsueh,
“Targeted and novel therapy in advanced gastric cancer,”
Experimental Hematology & Oncology, vol. 8, no. 1, p. 25,
2019.

[7] N. Mansuri, E. M. Birkman, V. D. Heuser et al., “Association
of tumor-infiltrating T lymphocytes with intestinal-type
gastric cancer molecular subtypes and outcome,” Virchows
Archiv, vol. 478, no. 4, pp. 707-717, 2021.

[8] J. Y. Kim, W. G. Kim, C. H. Kwon, and D. Y. Park, “Dif-
ferences in immune contextures among different molecular
subtypes of gastric cancer and their prognostic impact,”
Gastric Cancer, vol. 22, no. 6, pp. 1164-1175, 2019.

[9] S. K. Kim, H. J. Kim, J. L. Park et al., “Identification of
a molecular signature of prognostic subtypes in diffuse-type
gastric cancer,” Gastric Cancer, vol. 23, no. 3, pp. 473-482,
2020.

[10] Y. Chen, Z. Sun, W. Chen et al., “The immune subtypes and
landscape of gastric cancer and to predict based on the Whole-
Slide images using deep learning,” Frontiers in Immunology,
vol. 12, Article ID 685992, 2021.

[11] I. S. Lee, H. Lee, H. Hur et al., “Transcriptomic profiling
identifies a risk stratification signature for predicting

[2


https://portal.gdc.cancer.gov/
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://downloads.hindawi.com/journals/jo/2022/7887711.f1.zip

Journal of Oncology

peritoneal recurrence and micrometastasis in gastric cancer,”
Clinical Cancer Research, vol. 27, no. 8, pp. 2292-2300, 2021.

[12] Y. Peng, Q. Wu, L. Wang, H. Wang, and F. Yin, “A DNA
methylation signature to improve survival prediction of
gastric cancer,” Clinical Epigenetics, vol. 12, no. 1, p. 15, 2020.

[13] L. Zhou, H. Lu, F. Zeng et al., “Constructing a new prognostic
signature of gastric cancer based on multiple data sets,”
Bioengineered, vol. 12, no. 1, pp. 2820-2835, 2021.

[14] J. Gong, R. Li, Y. Chen et al., “HCC subtypes based on the
activity changes of immunologic and hallmark gene sets in
tumor and nontumor tissues,” Briefings in Bioinformatics,
vol. 22, no. 5, Article ID bbaa427, 2021.

[15] J. Yin, X. He, H. Xia et al., “Head and neck squamous cell
carcinoma subtypes based on immunologic and hallmark
gene sets in tumor and non-tumor tissues,” Frontiers in
surgery, vol. 9, Article ID 821600, 2022.

[16] S.J. Yoon, J. Park, Y. Shin et al., “Deconvolution of diffuse
gastric cancer and the suppression of CD34 on the BALB/c
nude mice model,” BMC Cancer, vol. 20, no. 1, p. 314, 2020.

[17] A. Subramanian, P. Tamayo, V. K. Mootha et al., “Gene set
enrichment analysis: a knowledge-based approach for inter-
preting genome-wide expression profiles,” Proceedings of the
National Academy of Sciences, vol. 102, no. 43, pp. 15545—
15550, 2005.

[18] S. Li, J. Gao, Q. Xu et al., “A signature-based classification of
gastric cancer that stratifies tumor immunity and predicts
responses to PD-1 inhibitors,” Frontiers in Immunology,
vol. 12, Article ID 693314, 2021.

[19] S.Feng, T. Xia, Y. Ge et al., “Computed tomography imaging-
based radiogenomics analysis reveals hypoxia patterns and
immunological characteristics in ovarian cancer,” Frontiers in
Immunology, vol. 13, Article ID 868067, 2022.

[20] S. Feng, H. Yin, K. Zhang et al., “Integrated clinical char-
acteristics and omics analysis identifies a ferroptosis and iron-
metabolism-related IncRNA signature for predicting prog-
nosis and therapeutic responses in ovarian cancer,” Journal of
Ovarian Research, vol. 15, no. 1, p. 10, 2022.

[21] R. E. Sexton, M. N. Al Hallak, M. Diab, and A. S. Azmi,
“Gastric cancer: a comprehensive review of current and future
treatment strategies,” Cancer and Metastasis Reviews, vol. 39,
no. 4, pp. 1179-1203, 2020.

[22] Y. X. Jiang, S. W. Yang, P. A. Li et al., “The promotion of the
transformation of quiescent gastric cancer stem cells by IL-17
and the underlying mechanisms,” Oncogene, vol. 36, no. 9,
pp. 1256-1264, 2017.

[23] Z.W.Long, H. M. Yu, Y. N. Wang et al., “Association of IL-17
polymorphisms with gastric cancer risk in Asian pop-
ulations,” World Journal of Gastroenterology, vol. 21, no. 18,
pp. 57075718, 2015.

[24] R. Napieralski, K. Ott, M. Kremer et al, “Combined
GADD45A and thymidine phosphorylase expression levels
predict response and survival of neoadjuvant-treated gastric
cancer patients,” Clinical Cancer Research, vol. 11, no. 8,
pp. 3025-3031, 2005.

[25] H. Zhong, X. Li, J. Zhang, and X. Wu, “Overexpression of
periostin is positively associated with gastric cancer metastasis
through promoting tumor metastasis and invasion,” Journal
of Cellular Biochemistry, vol. 120, no. 6, pp. 9927-9935, 2019.

[26] G. Mandili, A. Notarpietro, A. Khadjavi et al., “Beta-2-gly-
coprotein-1 and alpha-1-antitrypsin as urinary markers of
renal cancer in von Hippel-Lindau patients,” Biomarkers,
vol. 23, no. 2, pp- 123-130, 2018.

[27] A. M. Weinstein, N. A. Giraldo, F. Petitprez et al., “Associ-
ation of IL-36y with tertiary lymphoid structures and

(28]

(29]

13

inflammatory immune infiltrates in human colorectal can-
cer,” Cancer Immunology, Immunotherapy, vol. 68, no. 1,
pp. 109-120, 2019.

Y. Chen, J. Sun, Y. Huang et al,, “Targeted codelivery of
doxorubicin and IL-36y expression plasmid for an optimal
chemo-gene combination therapy against cancer lung me-
tastasis,” Nanomedicine: Nanotechnology, Biology and Medi-
cine, vol. 15, no. 1, pp. 129-141, 2019.

P. Wang, W. Yang, H. Guo et al.,, “IL-36y and IL-36Ra re-
ciprocally regulate NSCLC progression by modulating GSH
homeostasis and oxidative Stress-Induced cell death,” Ad-
vanced Science, vol. 8, no. 19, Article ID 2101501, 2021.



