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TNFRSF12A expression in
stomach adenocarcinoma and its
preliminary role in predicting
immunotherapy response
Lin-De Sun †, Lin-Lin Zhang †, Zheng Wan, Xiao-Dong Yang,
Jing Yao, Ze-Long Yang, Lin Liu* and Jun-Yan Liu*

Department of General Surgery, The First Medical Center, Chinese People’s Liberation Army (PLA)
General Hospital, Beijing, China
Background: TNFRSF12A is abnormally expressed in various malignancies,

especially in stomach adenocarcinoma (STAD), which is related to tumor

invasiveness and prognosis of patients. This study examined the expression

pattern of TNFRSF12A in STAD and predicted immunotherapy response.

Methods: Data were derived from The Cancer Gene Atlas (TCGA), Gene

Expression Omnibus (GEO), and Gene Expression Profiling Interactive Analysis

(GEPIA) to analyze the expression pattern of TNFRSF12A in pan-cancer and STAD,

as well as its correlation with clinical features. Biological pathways involved in

TNFRSF12A were analyzed by “clusterProfiler” package. Immune cell infiltration

was evaluated by “GSVA” and “CIBERSORT” packages. Immunotherapy response

was assessed by TIDE score and tumor mutation burden (TMB) level. Expression

level of TNFRSF12A in the single cell of STAD was analyzed by scRNA-seq. Finally,

in vitro test detected the mRNA expression of TNFRSF12A in STAD cells, Wound

healing and Transwell assays were performed to measure the capabilities of

STAD cell to migrate and invade.

Results: TNFRSF12A was highly expressed in STAD. However, TNFRSF12A

expression did not shown significant difference in relation to clinical features.

TNFRSF12A exhibited notably positive correlation with many carcinogenic

signaling pathways and immune cells infiltration such as T cells and

macrophages. High TNFRSF12A expression group showed a higher TIDE score,

Exclusion score, and TMB level than the low TNFRSF12A expression group, which

indicated that STAD patients with high TNFRSF12A expression responded more

poorly to immunotherapy. TNFRSF12A showed a positive relation with most of

immune checkpoint genes. By scRNA-seq analysis, TNFRSF12A was chiefly

expressed in Fibroblasts and Mast cells of STAD. Further, in vitro assays verified

the high expression of TNFRSF12A in STAD cells, and the migration and invasion

capabilities of STAD cells were notably suppressed by TNFRSF12A

silencing (p<0.05).
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Conclusion: The present study not only reveals the potential of TNFRSF12A as a

therapeutic target for STAD, but also explores its great potential in STAD

immunotherapy. This finding opens up a new way of thinking for the

personalized treatment of STAD.
KEYWORDS

TNFRSF12A, single-cell RNA sequencing, stomach adenocarcinoma, tumor
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1 Introduction

As a frequently detected cancer globally (1, 2), gastric cancer

(GC) has complicated pathogenesis, comprising environmental

factor, genetic predisposition, and chronic inflammation (3–5).

GC exhibits strong invasion and metastasis characteristics, which

leads to the high incidence and mortality rates (6). Stomach

adenocarcinoma (STAD) is a prevailing type of GC, accounting

for about 90%, and has different molecular subtypes and clinical

behaviors (7). Most patients have already been at the middle or

advanced stages when diagnosed due to the nontypical clinical

symptoms of early STAD (8). At present, endoscopic surveillance is

the standard screening method that has made a breakthrough in the

detection and therapy of STAD, but its high price and invasiveness

is merely limited to high-risk patients (9). Surgical resection,

chemotherapy, radiotherapy, and immunotherapy are commonly

applied for STAD management (10). Nonetheless, the long-term

survival probability of STAD is still disillusionary owing to tumor

recurrence and metastasis (11). Immune checkpoint inhibitors

(ICIs) have also been manifested to be resultful in controlling the

development of STAD, yet they only benefit a small number of

patients (12). Thus, the accurate diagnosis and effective treatment of

STAD remains a serious challenge facing modern medicine; it is

necessary to understand the pathogenesis of STAD and search for

reliable markers.

With the deepening research on tumor microenvironment

(TME), tumor-associated inflammation has been shown to

regulate STAD proliferation, migration, and immune escape

through cytokines and chemokines, which in turn affects patient

survival (13–15). TNFRSF12A, alternatively known as Fn14, belongs

to tumor necrosis factor (TNF) receptor superfamily and exerts its

biological functions mainly by binding to its ligand TWEAK (16).

TNFRSF12A can promote angiogenesis and regulate apoptosis, as

well as also affect the immune escape ability of tumors by regulating

immune cell infiltration in TME (17). It has been suggested that

TNFRSF12A expression is abnormally upregulated in numerous

carcinomas, such as colorectal cancer (18), glioma (19), and breast

cancer (20), which is closely associated with tumor aggressiveness

and patient prognosis. Particularly, TNFRSF12A has also been

reported to be markedly overexpressed in GC tissues and cells,

indicating a worse prognostic outcomes of GC (21). Given that
02
STAD is a common subtype of gastric cancer, it is highly likely that

TNFRSF12A also plays a critical role in the pathogenesis of STAD.

Therefore, investigating the roles of TNFRSF12A in STAD is not

only helpful to understand the development mechanism of STAD,

but also could offer a novel therapeutic target in clinical practice.

We first acquired sample data from the public database to reveal

the expression pattern of TNFRSF12A in pan-cancer and assess its

correlation with patient prognosis and clinical features in STAD.

Further, we analyzed the biological pathways involved in

TNFRSF12A and evaluated the immune cell infiltration in STAD.

TIDE score and TMB level were calculated to predict

immunotherapy responses. Finally, the expression of TNFRSF12A

in the single cell of STAD was assessed by scRNA-seq analysis. In

vitro test was further conducted. This study confirmed the high

expression of TNFRSF12A in STAD and the correlation of immune

infiltration, suggesting that TNFRSF12Amay be a therapeutic target

for STAD. Meanwhile, the study also revealed the potential value of

TNFRSF12A in the field of STAD immunotherapy, which provides

key clues for in-depth investigation of the immunotherapeutic

mechanism of STAD and the development of more effective

therapeutic strategies.
2 Materials and methods

2.1 Data source and preprocessing

The RNA-seq data of TNFRSF12A in pan-cancer were obtained

from the GEPIA database (http://gepia.cancer-pku.cn/).

Transcriptome data, clinical data, and mutation data of STAD

were derived from the Cancer Gene Atlas (TCGA) database. Then,

FPKM values were converted into TPM and log2 conversion was

performed. The samples with complete survival data were reserved,

including 32 normal samples and 350 tumor samples.

Clinical information and RNA-seq data of GSE66229 dataset as

well as scRNA-seq data of GSE167297 dataset were all acquired

from the GEO database. For GSE66229 dataset, the probes were

transformed into gene symbols based on the annotation

information, and the gene with the highest average expression

was selected when corresponding to duplicate gene symbols or

multiple probes.
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2.2 Gene set enrichment analysis

Samples in TCGA-STAD cohort were divided by the median

expression of TNFRSF12A into high and low expression groups to

examine the relationship between TNFRSF12A expression and

biological pathways. Kyoto Encyclopedia of Genes and Genomes

(KEGG) enrichment analysis was conducted by GSEA using the

gseKEGG function in the “clusterProfiler” R package (22), and the

top5 KEGG pathways were screened based on the normalized

enrichment score (NES). HALLMARK pathway scores were

calculated using the “GSVA” R package (23), and the gene sets

were derived from the MSigDB (https://www.gsea-msigdb.org/gsea/

msigdb/). The relationship between HALLMARK pathways and

TNFRSF12A expression was analyzed (p<0.05).
2.3 Immune cell infiltration analysis

Single sample GSEA (ssGSEA) was applied to calculate 28 types

of tumor-infiltrating lymphocytes (TILs) scores with the “GSVA” R

package (24), and the gene sets were obtained from a previous study

(25). The “CIBERSORT” R package was employed to quantify the

abundance of 22 types of immune cells in TCGA-STAD cohort

(26). The correlation between immune cell infiltration and

TNFRSF12A expression was analyzed.
2.4 Immunotherapy response assessment

The TIDE score and Exclusion score was calculated by TIDE

algorithm (27), predicting the response of STAD patients to ICIs

therapy. Moreover, the expressions of immune checkpoint genes

and TMB were served as potential predictors of immunotherapy

response. TMB was counted using the “maftools” R package (28).
2.5 Single cell data analysis

The scRNA-seq data of each sample in GSE167297 dataset was

read by the Read10X function in the “Seurat” R package (29), retaining

the cells with gene numbers of 200–2500 and mitochondrial gene ratio

of <10%. Next, the SCTransform function was employed for

normalization, and after principal component analysis, the

“harmony” R package was applied for removing batch effects (30).

Subsequently, tSNE dimensionality reduction was conducted by the

RunTSNE function. The FindNeighbors and FindClusters functions

(parameters: dims=1:20 and resolution=0.1) were employed to cluster

the cells clustering. Cell types were annotated according to the marker

genes offered by CellMarker2.0 database (31, 32).
2.6 Cell cultivation and transfection

Human gastric mucosa epithelial cell line GES-1 (CBP60512,

Nanjing Cobioer Biotechnology Co., China) and STAD cell line
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AGS (CBP60476, Cobioer, China) were acquired beforehand. GES-

1 cell line was cultivated in DMEM (CBP60512M, Cobioer, China)

containing 10% fetal bovine serum (FBS), and AGS cell line was

grown in RPMI-1640 (CBP60476M, Cobioer, China) encompassing

10% FBS. All cells were stored at an incubator of 5% CO2 and 37˚C.

All cells were tested for mycoplasma contamination, identified as

contamination-free and certified as short tandem repeat (STR).

Subsequently, to silence the TNFRSF12A in AGS cells, the small

interfering (si) RNA of TNFRSF12A (si-TNFRSF12A#1 from Merck

KGaA, Darmstadt, Germany and si-TNFRSF12A#2 : 5 ’-

AGGGAGAATTTATTAATAAAAGA-3 ’ , Sangon Biotech

(Shanghai) Co., Ltd., Shanghai, China) and negative control (si-

NC) was applied to transfect the AGS cells through Lipofectamine

2000 (Invitrogen, USA).
2.7 Real-time quantitative PCR

Total RNA of GES-1 and AGS cells was collected utilizing the

TRIzol reagent (15596026, Thermo Fisher). Then, the PrimeScript

reverse transcriptase reagent Kit (RR037Q, Takara, Japan) was used

to synthesize cDNA. RT−qPCR was carried out using the SYBR

Green Universal Master Mix (4364344, Thermo Fisher) in a

QuantStudio 3 Real-Time PCR System (Thermo Fisher). The

primer pairs were designed by Sangon Biotech (Shanghai) Co.,

Ltd. The primer sequences for TNFRSF12A were 5 ’-

GACCTGGACAAGTGCAT - 3 ’ ( f o r w a r d ) a n d 5 ’ -

GGTGGTGAACTTCTCTCTC-3’ (reverse), for TPSAB1 were 5’-

CACCCACAGTTCTACACC - 3 ’ ( f o rw a r d ) a n d 5 ’ -

GGATCCAGTCCAAGTAGTAG-3’ (reverse), for DCN were 5’-

ATGAAGGCCACTATCATCCTCC-3 ’ (forward) and 5 ’-

GTCGCGGTCATCAGGAACTT-3’ (reverse), for GAPDH were

5 ’-CTGGGCTACACTGAGCACC-3 ’ ( forward) and 5 ’-

AAGTGGTCGTTGAGGGCAATG-3’ (reverse). GAPDH was

applied as the housekeeping gene, and the relative mRNA

expression levels of TNFRSF12A, TPSAB1, and DCN were

calculated by 2-DDCT method (33).
2.8 Wound healing assay

The ability of AGS cells to migrate could be measured by wound

healing assay (34). In short, the transfected AGS cells were planted

into 6-well plates and cultivated until a uniform monolayer was

formed. An aseptic micropipette was applied to form scratch wound

on the surface of AGS cells. After that, the wound images at 0 and

48h were obtained under an inverted microscope (Primo vert,

ZEISS, Germany) and the wound closure rate of AGS cells was

estimated employing the ImageJ software (version 1.42G) (32).
2.9 Transwell assay

The ability of AGS cells to invade was measured by Transwell

assay (35). Briefly, diluted Matrigel (Corning, USA) was pre-coated
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in the Transwell chamber (8.0mm, Corning, USA). Next, the

transfected AGS cells (2×104 cells/well) were suspended in 200µL

serum-deleted RPMI-1640 medium and cultured in the upper

chamber, whereas the lower chamber was supplemented with

600µL RPMI-1640 medium encompassing 10% FBS. After 48h

incubation, the invaded AGS cel ls were fixed in 4%

paraformaldehyde (ZY640017RE, Zeye, Shanghai, China) for 10

minutes, stained by 0.1% crystal violet (ZY-9248, Zeye, Shanghai,

China) for 5 min, and washed twice using phosphate buffer

solution. Under the Primo vert inverted microscope (ZEISS,

Germany), the number of invaded AGS cells was counted from

six randomly picked fields.
2.10 Statistical analysis

R software (version 4.2.0) and GraphPad Prism (version 8.0)

were applied for statistical analysis. All experiments were

performed in triplicate and data were shown as mean ±

standard deviation. The difference between two continuous

variables was compared by t test. For experiments involving

three or more variables, we employed the analysis of variance

(ANOVA) test to assess the overall differences among the groups.

Subsequently, a Sidak’s multiple comparisons test was conducted

to determine the specific pairwise differences between each group.

The correlation analysis was conducted by Spearman method. To

evaluate the survival differences, Kaplan-Meier (K-M) survival

analysis was performed by “survminer” R package (36). A p<0.05

denoted a statistical significance level.
3 Results

3.1 TNFRSF12A expression in pan-cancer
and its correlation with clinical features in
STAD

The expression data of TNFRSF12A was acquired from the GEPIA

database. It was found that compared to normal samples, TNFRSF12A

was high-expressed in most tumors, such as STAD, colon

adenocarcinoma (COAD), lung adenocarcinoma (LUAD), liver

hepatocellular carcinoma (LIHC), and glioblastoma (GBM)

(Figure 1A). Further, K-M curves demonstrated that the progression-

free survival (PFS) and overall survival (OS) rates of high TNFRSF12A

expression group in STAD were all lower than that of low TNFRSF12A

expression group (Figures 1B, C). Meanwhile, the relationship between

TNFRSF12A expression and clinicopathologic characteristics in STAD

was analyzed by Spearman method. The TNFRSF12A expression was

significantly different among different T stages (p=0.0069), and the

expression of TNFRSF12A in T2, T3, and T4 stages was higher than

that in T1 stage (Figure 1D). However, the expression of TNFRSF12A

in different N stages (N0, N1, N2, N3), M stages (M0, M1), Stage (I, II,

III, IV), or Grade (G1, G2, G3) showed no significant difference

(p>0.05) (Figures 1E–H). This result implies that TNFRSF12A is

highly expressed in most of the tumors, but there is no significant
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relationship between TNFRSF12A expression and clinicopathological

features in STAD.
3.2 TNFRSF12A expression and its
relationship with clinical features in
GSE66229 dataset

We further analyzed the relationship of TNFRSF12A with

prognosis and clinicopathologic features in GSE66229 dataset.

The expression of TNFRSF12A in STAD tissue was markedly

higher than that in normal gastric tissue (Figure 2A). Based on

K-M survival analysis, high TNFRSF12A expression group exhibited

a lower disease-free survival (DFS) probability than low

TNFRSF12A expression group (Figure 2B), indicating that STAD

patients with a high TNFRSF12A expression may have a worse

prognosis. Furthermore, there was no significant difference of

TNFRSF12A expression in different Stage (I-IV), T stages, N

stages, and M stages (p>0.05) (Figures 2C–F). This result implies

that the TNFRSF12A high-expression group possessed a worse

prognosis, but there was no significant difference in TNFRSF12A

expression in STAD patients with different stages.
3.3 Correlation between TNFRSF12A
expression and biological pathways

Biological pathways involved in TNFRSF12A were identified by

GSEA, and the samples in TCGA-STAD cohort were split into high

and low groups according to the median expression level of

TNFRSF12A. KEGG enrichment analysis demonstrated that the

high expression group mainly participated in the pathways of

Bladder cancer, extracellular matrix (ECM)-receptor interaction,

Hepatitis C, Proteasome, and Virion-Hepatitis viruses (Figure 3A).

Whereas, low expression group was principally enriched in the

Nicotine addiction, Pancreatic secretion, Primary immunodeficiency,

Serotonergic synapse, and Taste transduction pathways (Figure 3B).

Additionally, the relationship between TNFRSF12A expression and

HALLMARK pathways was analyzed, suggesting that TNFRSF12A

exhibited notably positive correlation with many carcinogenic

signaling pathways, such as reactive oxygen species (ROS) pathway,

TNFA signaling via NFKB, P53 pathway, glycolysis, epithelial-

mesenchymal transition (EMT), etc (Figure 3C). These results

provided new lights on the potential role of TNFRSF12A in STAD.

This result shows that TNFRSF12A is closely associated with

oncogenic signaling pathways, suggesting its potential as a biomarker.
3.4 Relationship between TNFRSF12A
expression and immune cell infiltration

The immune cell infiltration of TNFRSF12A in STAD was

evaluated by ssGSEA and CIBERSORT algorithm. It was found

that TNFRSF12A was significantly positively correlated with the

infiltration of numerous immune cells, comprising Regulatory T
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FIGURE 1

Expression of TNFRSF12A in pan-cancer and its correlation with clinical features in STAD. (A) Expression levels of TNFRSF12A in pan-cancer;
(B) Kaplan-Meier (K-M) curve of overall survival (OS) for high and low TNFRSF12A expression groups in STAD; (C) K-M curve of progression-free
survival (PFS) for high and low TNFRSF12A expression groups in STAD; (D) Relationship between TNFRSF12A expression and T stages in STAD;
(E) Relationship between TNFRSF12A expression and N stages in STAD; (F) Relationship between TNFRSF12A expression and M stages in STAD;
(G) Relationship between TNFRSF12A expression and Stage in STAD; (H) Relationship between TNFRSF12A expression and Grade in STAD.
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FIGURE 2

TNFRSF12A expression and its relationship with clinical features in GSE66229 dataset. (A) Expression level of TNFRSF12A in STAD tissue and normal
gastric tissue; (B) K-M curve of disease-free survival (DFS) for high and low TNFRSF12A expression groups; (C) Correlation between TNFRSF12A
expression and Stage; (D) Correlation between TNFRSF12A expression and T stage; (E) Correlation between TNFRSF12A expression and N stage;
(F) Correlation between TNFRSF12A expression and M stage.
FIGURE 3

Analysis of biological pathways involved in TNFRSF12A in TCGA-STAD cohort. (A) KEGG enrichment pathways for high TNFRSF12A expression group;
(B) KEGG enrichment pathways for low TNFRSF12A expression group; (C) Correlation between TNFRSF12A expression and HALLMARK pathways.
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cell, central memory CD8 T cell, T follicular helper cell, activated

Dendritic cell, Natural Killer (NK) cell, Macrophage, Mast cells

(MCs), central memory CD4 T cell, NKT cell, Neutrophils, and so

on (Figures 4A, B). These findings manifested that TNFRSF12A

may exert an essential role in regulating the TME in STAD.
3.5 Prediction of immunotherapy
responses between high and low
TNFRSF12A expression groups

TIDE score and Exclusion score of high TNFRSF12A expression

group were all markedly higher than that of low TNFRSF12A

expression group (Figures 5A, C), and TNFRSF12A exhibited

positive relationship with TIDE score and Exclusion score

(Figures 5B, D). This suggested that STAD patients with high

TNFRSF12A expression might have a higher likelihood of

immune escape and less benefit from ICIs therapy. Additionally,

high TNFRSF12A expression group had a higher TMB compared to

low TNFRSF12A expression group (Figure 5E), which may affect the

therapeutic response of STAD patients to ICIs. TNFRSF12A was

positively correlated with most of the immune checkpoint genes,
Frontiers in Immunology 07
including BTN2A2, IDO1, TDO2, ADORA2A, PDCD1, CTLA4,

CD160, HAVCR2, TIGIT, KIR2DL3, etc (Figure 5F). These

outcomes further demonstrated the important role of

TNFRSF12A in evaluating the response of STAD patients to ICIs

therapy, providing a potential target for clinical application.
3.6 Expression of TNFRSF12A in the single
cell of STAD

The scRNA-seq data of STAD in GSE167297 dataset was analyzed,

revealing 10 cell clusters (Figure 6A). Then, 8 cell types were

determined (Figure 6B), containing B/Plasma cells (CD79A, MZB1,

MS4A1), Endothelial cells (EMCN, VWF, PLVAP), Epithelial cells

(KRT18, EPCAM, KRT8), Fibroblasts (COL1A1, COL3A1, COL1A2,

DCN), Mast cells (TPSAB1, CPA3), Myeloid cells (LYZ, S100A9), NKT

cells (CD8A, NKG7, GZMA), and T cells (CD3E, IL7R) (Figure 6C).

Further, the expression level of TNFRSF12A in each cell type was

displayed by a violin plot, discovering that TNFRSF12A was primarily

expressed in Fibroblasts and Mast cells (Figure 6D). Hence, we selected

the marker genes of Fibroblasts (DCN) and Mast cells (TPSAB1) for

subsequent in vitro validation assays.
FIGURE 4

Correlation analysis of TNFRSF12A expression and immune cell infiltration. (A) Correlation between TNFRSF12A and 28 tumor-infiltrating
lymphocytes (TILs) assessed by ssGSEA; (B) Correlation between TNFRSF12A and 22 immune cells evaluated by CIBERSORT.
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3.7 TNFRSF12A silencing notably
suppressed the migratory and invasive
abilities of STAD cells

The relative mRNA expressions of TNFRSF12A, TPSAB1, and

DCN in human gastric mucosa epithelial cell line GES-1 and STAD
Frontiers in Immunology 08
cell line AGS were detected through RT−qPCR. It was found that

compared with GES-1 cells, TNFRSF12A, TPSAB1, and DCN were

all highly expressed in AGS cells (Figure 7A). To perform siRNA

transfection targeting TNFRSF12A while minimizing off-target

effects, two targeting sequences were selected. The results of RT

−qPCR confirmed the success of the transfection (p<0.05)
FIGURE 5

Prediction of immunotherapy response between high and low TNFRSF12A expression groups. (A) TIDE score in high and low TNFRSF12A expression
groups; (B) Correlation between TNFRSF12A and TIDE score; (C) Exclusion score in high and low TNFRSF12A expression groups; (D) Correlation
between TNFRSF12A and Exclusion score; (E) TMB in high and low TNFRSF12A expression groups; (F) Correlation between TNFRSF12A and immune
checkpoint genes; *** means p<0.001, ** means p<0.01, * means p<0.05.
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(Figure 7B). Subsequently, si-TNFRSF12A#2 was chosen for the

subsequent experiments. Thereafter, Wound healing assay

displayed that the wound closure rate of AGS cells was

significantly decreased via TNFRSF12A silencing (Figure 7C).

Moreover, Transwell assay revealed that the number of invaded

AGS cells was markedly declined via TNFRSF12A silencing

(Figure 7D). These data supported that TNFRSF12A functioned

crucially in STAD cell migration and invasion, which may be a

promising target for controlling STAD progression.
4 Discussion

TNFRSF12A is expressed in various human tissues, containing

liver, heart, lung, and skeletal muscle (37). Numerous evidences

have manifested that the dysregulation of TNFRSF12A plays an
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important part in the triggering and development of malignant

tumors (38). TNFRSF12A is also found to be overexpressed in

various carcinomas, which usually indicates a poor prognosis (39).

In this study, we verified the high expression of TNFRSF12A in

STAD by bioinformatics as well as in vitro experiments and found

that it may affect STAD immunotherapy by influencing immune

infiltration, a finding that provides a new therapeutic target for

personalized treatment of STAD.

The biological pathways involved in TNFRSF12A were analyzed

by GSEA in this study, suggesting that TNFRSF12A was positively

related to many carcinogenic signaling pathways, such as P53

pathway, glycolysis, TNFA signaling via NFKB, ROS pathway,

EMT, and so on. P53 as a tumor suppressor is mutated in around

50% of STAD, and these mutations are more frequent in intestinal

tumors than diffuse tumors (40). The gene set “TNFA signaling via

NFKB” contains 182 genes, such as TNF-a, NFKB, and the other
FIGURE 6

Expression of TNFRSF12A in the single cell of STAD. (A) The tSNE plot of cell clusters in STAD; (B) The tSNE plot of cell types in STAD; (C) Bubble
diagram of marker genes expression in each cell type; (D) Expression levels of TNFRSF12A in each cell type.
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inflammatory cytokines (41). TNF-a and NFKB are relevant to

several important biological processes, including inflammatory

response, immune regulation, tumorigenesis, and tumor cell

apoptosis (42). In addition, glycolysis pathway as the main source

of energy acquisition for cancer tissues significantly impacts the

tumor growth, invasiveness, chemotherapy resistance, TME, and

immune escape (43). Elevated glycolysis belongs to a part of the

“Warburg effect”, enabling STAD cells to produce lactic acid, which

provides energy for cell biosynthesis and cell division (44).

Oxidative stress represents a disorder of antioxidant defense

system implicated in the production of excessive ROS in tumor

cells, which is connected with the angiogenesis, DNA damage, and

tumor metastasis (45). Besides, EMT is a crucial process in the

development of epithelial malignancies, including STAD,

promoting the migration and invasion of cancer cells (46, 47).

Hence, these carcinogenic signaling pathways may exert a crucial

role in the triggering of STAD and its development, and these data

can offer new clues to the potential role of TNFRSF12A in STAD.

Data from single-cell analyses show that TNFRSF12A was

expressed predominantly in fibroblasts and mast cells. Santi et al.

used the expression levels of a-SMA and TNFRSF12A to

differentiate between cancer associated fibroblast (CAF)

subpopulations (48). TNFRSF12A+ CAF plays a key role in the

immunosuppression of intestinal-type gastric adenocarcinoma

(IGAC) (a type of STAD) acts as a key mediator in

immunosuppression and has potential as an immunomodulator
Frontiers in Immunology 10
(48). Furthermore, TNFRSF12A was found to act as a C2 ALOX5+

MCs and tumor cell key receptor in the communication pathway

that plays a role in cervical cancer progression (49). These evidences

imply that TNFRSF12A in CAF and MC may influence the

development of STAD.

An increasing number of researches have proved that immune

cell infiltration in TME is closely relevant to patient prognosis and

conducive to the prediction of immunotherapy response in STAD

(50). In this present study, we found that TNFRSF12A was notably

positively related to the infiltration of most immune cells in STAD,

for instance central memory CD4 T cell, Macrophage, Regulatory T

cell, T follicular helper cell, central NK cell, memory CD8 T cell,

NKT cell, activated Dendritic cell, Mast cell, Neutrophils.

Macrophage serves as an important immunosuppressive cell and

hampers the activation of NK cells and CD8 T cells (51). Mast cell

can promote tumor proliferation and invasion directly, or indirectly

via regulating TME (52). A study of tumor-bearing mice has

indicated that Neutrophils can facilitate the tumorigenesis and

aggressiveness of GC cells by mediating EMT (53). Thus,

TNFRSF12A may play a pivotal role in regulating the TME in

STAD. Furthermore, TIDE score and TMB are widely utilized as

predictive indicators for STAD patients during ICIs therapy,

contributing to the clinical decision-making (54). In this study,

we found that the TIDE score, Exclusion score, and TMB level of

high TNFRSF12A expression group were all markedly higher than

that of low TNFRSF12A expression group, demonstrating that
FIGURE 7

In vitro verification utilizing STAD cells. (A) Relative mRNA expression levels of TNFRSF12A, TPSAB1, and DCN in human gastric mucosa epithelial cell
line GES-1 and STAD cell line AGS detected by RT−qPCR; (B) RT-qPCR to verify the success of TNFRSF12A transfection; (C) Cell migration of
TNFRSF12A-silenced AGS assessed by Wound healing assay; (D) Cell invasion of TNFRSF12A-silenced AGS evaluated by Transwell assay. And **
indicates p<0.01, *** indicates p<0.001, **** indicates p<0.0001.
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STAD patients with high TNFRSF12A expression might have

stronger immune escape and poorer response to immunotherapy

(55). In addition, this study demonstrated that TNFRSF12A was

positively correlated with most of the immune checkpoint genes,

and previous studies have also found that silencing of TNFRSF12A

can inhibit GC cell viability, increase T cell proliferation, and affect

the NF-kB pathway (21). These findings imply that TNFRSF12A is

highly likely to have an important impact on the body’s immune

response by regulating the proliferation process of T cells, which in

turn suggests its potential role in the field of tumor immunotherapy.

Taken together, these outcomes further emphasized the important

role of TNFRSF12A in STAD, providing a promising therapeutic

target for clinical application.
5 Conclusion

To conclude, the present work discovered that TNFRSF12A was

high-expressed in STAD, which was linked to the low survival rate

and poor prognosis. TNFRSF12A showed the positive correlation

with many carcinogenic signaling pathways and immune cells

infiltration. STAD patients with high TNFRSF12A expression may

have stronger immune escape and poorer immunotherapy

response. These outcomes could provide a new insight on the role

of TNFRSF12A in STAD and supply a potential therapeutic target

for STAD.
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Glossary

COAD colon adenocarcinoma
DFS disease-free survival
ECM extracellular matrix
EMT epithelial-mesenchymal transition
FBS fetal bovine serum
FPKM fragments per kilobase of transcript per mil lion

fragments mapped
GBM glioblastoma
GC gastric cancer
GEO Gene Expression Omnibus
GEPIA Gene Expression Profiling Interactive Analysis
GSEA gene set enrichment analysis
ICIs immune checkpoint inhibitors
KEGG Kyoto Encyclopedia of Genes and Genomes
K-M Kaplan-Meier
LIHC liver hepatocellular carcinoma
LUAD lung adenocarcinoma
MSigDB Molecular Signatures Database
NES normalized enrichment score
NFKB nuclear factor kappa B
NK Natural Killer
OS overall survival
PFS progression-free survival
RNA-seq RNA sequencing
ANOVA analysis of variance
ROS reactive oxygen species
RT−qPCR real time quantitative PCR
scRNA-seq single-cell RNA sequencing
si small interfering
ssGSEA single sample gene set enrichment analysis
STAD stomach adenocarcinoma
TCGA the Cancer Gene Atlas
TIDE Tumor Immune Dysfunction and Exclusion
TILs tumor-infiltrating lymphocytes
TMB tumor mutation burden
TME tumor microenvironment
TNF tumor necrosis factor
TPM transcripts per million
tSNE t-Distributed Stochastic Neighbor Embedding
CAF cancer associated fibroblast
MC mast cell
IGAC intestinal-type gastric adenocarcinoma
STR short tandem repeat
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