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Background: Gastric cancer (GC) ranks fifth in global cancer incidence and third in cancer- 
related mortality. The prognosis of GC patients was poor. Necroptosis is a type of regulated 
cell death mediated by RIP1, RIP3, and MLKL. Necroptosis was found to be involved in 
antitumor immunity in the cancer immunotherapy.
Methods: LASSO Cox regression analysis was performed to construct a prognostic signature. 
Bioinformatics analysis was performed to construct a lncRNA-miRNA-mRNA regulatory axis. 
qRT-PCR was performed to verify the expression and prognosis of hub gene in STAD.
Results: Most of necroptosis regulators were upregulated, while the mRNA level of TLR3, 
ALDH2, and NDRG2 was downregulated in STAD versus gastric tissues. The genetic 
mutation and copy number variation of necroptosis regulator in STAD were also summar-
ized. GO and KEGG pathways analysis revealed that these necroptosis regulators were 
mainly involved in programmed necrotic cell death and TNF signaling pathway. 
A necroptosis-related prognostic signature based on four genes (EZH2, PGAM5, TLR4, 
and TRAF2) had a good performance in predicting the prognosis of STAD patients. We also 
identified lncRNA SNHG1/miR-21-5p/TLR4 regulatory axis in the progression in STAD. 
Verification study suggested that the hub gene TLR4 upregulated in STAD and correlated 
with a poor overall survival. Moreover, Cox regression analysis revealed that TLR4 expres-
sion and clinical stage were independent factors affecting the prognosis of STAD patients.
Conclusion: We performed a comprehensive bioinformatics analysis and identified 
a necroptosis-related prognostic signature and a lncRNA SNHG1/miR-21-5p/TLR4 regula-
tory axis in STAD. Further study should be performed to confirm our result.
Keywords: necroptosis, stomach adenocarcinoma, prognostic signature, immune infiltration

Introduction
Gastric cancer (GC) ranks fifth in global cancer incidence and third in cancer-related 
mortality.1 Globally, one million people were estimated to be initially diagnosed with 
GC, and 782,685 deaths are caused by the disease per year.2 Among all GC cases, 
stomach adenocarcinoma (STAD) was the most common subtype. Although 
a multidisciplinary approach of surgery combined with chemotherapy had been applied 
for GC patients, the prognosis was still disillusioned with median overall survival (OS) 
of less than 12 months.3 These sobering data illustrate a critical need for biomarkers for 
the diagnosis, prognosis and therapy of STAD patients.

Necroptosis is a type of regulated cell death mediated by RIP1, RIP3, and 
MLKL.4,5 Accumulating evidence revealed the involvement of necroptosis in the 
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pathogenesis of many diseases, such as Parkinson's, infec-
tious disease and cancer.5–7 Najafov et al revealed that 
necroptosis could promote the metastasis and T cells 
death of tumor.8 Interestingly, necroptosis was found to 
be involved in antitumor immunity in the cancer 
immunotherapy.4 Necroptosis serves as an alternative 
mode of programmed cell death overcoming apoptosis 
resistance and may trigger and amplify antitumor immu-
nity in cancer therapy.4 Necroptosis is emerging as an 
important cellular response in the modulation of cancer 
initiation, progression, and metastasis.9 Some scholars 
even found that necroptosis regulators could be biomarker 
for the prognosis of cancers and some diseases.10,11 In 
pancreatic cancer, Necroptosis could promote tumor cell 
migration and invasion by release of CXCL5.12 However, 
the specific role of necroptosis regulators in the prognosis 
and potential molecular mechanism in STAD is still 
unknown.

With the rapid development of technology and the 
establishment of the Cancer Genome Atlas (TCGA), we 
could explore the tumorigenesis mechanism and biomar-
kers for the prognosis and therapy of cancer by compre-
hensively study genome, proteome, transcriptome, and 
metabolome. In our study, we aimed to clarify the expres-
sion and prognosis significance of necroptosis-related 
genes and potential regulatory axis in STAD. Our result 
may provide more data for the prognostic biomarkers and 
molecular mechanisms in STAD.

Materials and Methods
Datasets and Preprocessing
The RNA sequencing profile (level 3 data, FPKM value) 
for STAD patients (n=375) was obtained from the TCGA 
data portal (https://tcga-data.nci.nih.gov/tcga/). In dataset 
downloading, the data type was set as “Gene Expression 
Quantification” and workflow type was set as “HTSeq- 
FPKM”.

Clinical data such as gender, age, histological type and 
survival were also downloaded from TCGA data portal. 
These patients with chemoradiotherapy pre-operation should 
be excluded from our study. Copy number variation (CNV) 
data of STAD patients was downloaded UCSC Xena website 
(https://xenabrowser.net/datapages/). To perform further ana-
lysis, we first normalized the expression profile to transcripts 
per kilobase million values. All the analyses were performed 
with R (version 4.0.5) with R Bioconductor packages.

Expression, Genetic Mutation, GO and 
KEGG Analysis
A total of 17 necroptosis regulators (RIPK1, RIPK3, 
MLKL, TLR2, TLR3, TLR4, TNFRSF1A, PGAM5, 
ZBP1, NR2C2, HMGB1, CXCL1, USP22, TRAF2, 
ALDH2, EZH2, NDRG2) were obtained by reviewing 
the previous literature.13–21 Wilcox text were performed 
to explore the expression of 17 necroptosis regulators in 
STAD and normal tissues with “limma” and “reshape2” 
package in R. The genetic landscape of necroptosis reg-
ulators was generated with “maftools” package. To show 
the CNV alteration and associated with chromosome loca-
tion of necroptosis regulators, we used “RCircos” package 
in R. Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) were conducted with 
Metascape (https://metascape.org), an comprehensive tool 
for gene annotation and functional analysis.22

Development of Necroptosis-Related 
Prognostic Gene Signature
A forest map was generated to reveal the necroptosis- 
related prognostic gene in STAD using univariate Cox 
analysis. Using necroptosis-related prognostic genes, 
LASSO Cox regression analysis was performed to develop 
a necroptosis-related prognostic gene signature. After 
obtaining the coefficients of each gene, we then calculate 
the risk score of each STAD patient with the computational 
equation (sum of x necroptosis-related gene expression). 
All STAD cohorts were divided into low- and high-risk 
subgroups with the median value of risk score as the cut- 
off value. The OS curve was drawn using Kaplan–Meier 
analysis. To evaluate the predictive performance of this 
prognostic signature, we then generated a time ROC 
curve. Spearman correlation analysis was conducted to 
evaluate the correlation between immune cells and 
Riskscore as well as Hub genes.

Construction of lncRNA-miRNA-mRNA 
Regulatory Axis
A PPI network was constructed to identify the hug genes 
among necroptosis-related prognostic gene signature with 
STRING (https://string-db.org/). TargetScan (http://www.tar 
getscan.org/), miRDB (http://mirdb.org/), and StarBase 
(http://starbase.sysu.edu.cn/) were applied to explore the 
miRNA targets of Hub gene. To explore the lncRNA targets 
of miRNA, we used LncBase (https://carolina.imis.athena- 
innovation.gr/) and StarBase (http://starbase.sysu.edu.cn/). 
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We also detected the expression and prognostic values of 
miRNA and lncRNA target with Student’s t-test and 
Kaplan–Meier analysis using TCGA STAD dataset.

Validation of the Expression and 
Prognosis Value
Approved by the Ethics Committee of Shengjing Hospital, 
China Medical University, we selected 52 STAD tissues 
and pair-normal gastric tissues from patients who do not 
receive any local or systemic treatment preoperatively 
(Supplementary Table 1). This study was conducted in 

accordance with the Declaration of Helsinki. All patients 
provided informed consent, histological diagnosis and 
tumor grade were assessed by three experienced patholo-
gists in accordance with 2010 American Joint Committee 
on Cancer staging system.

All the Total RNA of STAD and normal tissue were 
extracted with TRIzol reagent (Vazyme, Nanjing, 
China). The synthesis of cDNAs corresponding to the 
mRNAs of interest depended on PrimeScript RT- 
polymerase (Vazyme). SYBR-Green Premix (Vazyme) 
with specific PCR primers (Sangon Biotech Co., Ltd., 

Figure 1 Expression and genetic mutation of necroptosis regulators in STAD. (A) The expression of necroptosis regulators in STAD. (B and C) The mutation frequency and 
classification of necroptosis regulators in STAD. (D) The CNV frequency of necroptosis regulators in STAD. The height of the column represented the alteration frequency. 
(E) The location on chromosomes of CNV of necroptosis regulators. *p<0.05, **P < 0.01, ***P < 0.001.
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Shanghai, China). Glyceraldehyde-3-phosphate dehy-
drogenase was used as an internal control. The 2−ΔΔCt 

method was used to calculate fold-changes. Primer 
sequences were as follows: GAPDH, Forward: 
GCACCGTCAAGGCTGAGAAC; Reverse: TGGT 
GAAGACGCCAGTGGA and TLR4, Forward: 
CAGAGTTGCTTTCAATGGCATC; Reverse: AGACT 
GTAATCAAGAACCTGGAGG. The differences in the 
expression of STAT5A and the prognosis of TLR4 in 
STAD were evaluated with Student’s t-test and Kaplan- 
Meier analysis in GraphPad Prism7 software 
(GraphPad, Inc., La Jolla, CA, USA).

Results
The Expression and Genetic Mutation 
Landscape of Necroptosis Regulators in 
STAD
Figure 1A reveals the expression landscape of necroptosis 
regulators in STAD. The data suggested that a total of 16 
necroptosis-related genes were altered as mRNA level. To 
be more specific, the mRNA levels of RIPK1, RIPK3, 
MLKL, TLR2, TLR4, PGAM5, ZBP1, NR2C2, HMGB1, 
CXCL1, USP22, TRAF2, and EZH2 were upregulated, 
while the mRNA levels of TLR3, ALDH2, and NDRG2 

Figure 2 The enriched items in functional analysis. (A and B) The enriched items in gene ontology analysis. (C and D) The enriched items in Kyoto Encyclopedia of Genes 
and Genomes analysis.
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were downregulated in STAD versus gastric tissues 
(Figure 1A, all p < 0.05). The genetic mutation landscape 
of necroptosis regulators in STAD are shown in Figure 1B 
and C. Genetic mutations of necroptosis regulators were 
found in 74.19% (69/93) of STAD samples (Figure 1B). 
Among these genes, TLR4 was the gene with the highest 
mutation rate gene followed by NC2R2, and TLR3 
(Figure 1B and C). As shown in Figure 1C, missense 
mutation was the most common variant classification and 
C > T ranked the top SNV class. In CNV analysis, we 
found that most of the necroptosis regulators had a copy 
number amplification (Figure 1D). The data suggested 
widespread CNV deletion of RIPK1, TLR3, EZH2, and 
USP22 (Figure 1D). Figure 1E presents the location of 
CNV alteration of necroptosis-related genes on 
chromosomes.

GO and KEGG Analysis
To clarify the potential functions of these differential 
expressed necroptosis regulators, we then conducted GO 
and KEGG pathways analysis. As shown in Figure 2A and 
B, these necroptosis regulators were mainly involved in 
programmed necrotic cell death, regulation of cytokine 
production, NF-kappaB signaling, and leukocyte migration 
in GO analysis. KEGG pathway analysis suggested the 
involvement of necroptosis regulators in TNF signaling 
pathway, NOD-like receptor signaling pathway, Toll-like 
receptor signaling pathway and Hepatitis C (Figure 2C 
and D).

Construction of a Necroptosis-Related 
Prognostic Signature
The result of univariate Cox analysis suggested that EZH2, 
PGAM5, TLR4, and TRAF2 were associated with the prog-
nosis of STAD patients (Figure 3). We then constructed 
a prognostic gene signature with LASSO Cox regression 
analysis based on these 4 prognostic necroptosis regulators. 
Interestingly, all these four genes were included in this 
prognostic gene signature, and the risk score of STAD 
patients was calculated with followed equation: Riskscore 
= (−0.0987) * EZH2 + (−0.0391) * PGAM5 + (0.1328) * 
TLR4 + (−0.1725) * TRAF2. Figure 4A and B reveales the 
coefficient and partial likelihood deviance of prognostic 
signature. All STAD cohort was divided into low- and high- 
risk subgroups with the median value of risk score as the 
cut-off value. Figure 4C shows the risk score, survival status 
of patients and gene expression of necroptosis regulators. 
The overall survival curve revealed that STAD patients with 
high-risk score had a worse OS rate versus low-risk score 
(Figure 4D, p = 0.00579, median time = 2.1 years vs 4.5 
years,) with an area under the curve of 0.568 and 0.563 in 
3-year, and 5-year ROC curve (Figure 4E). We then ana-
lyzed the correlation between riskscore and immune infiltra-
tion in STAD. As expected, riskscore was significantly 
positively correlated with the abundance of B cell 
(Figure 5A, Cor=0.18), CD4+ T cell (Figure 5B, 
Cor=0.28), CD8+ T cell (Figure 5C, Cor=0.35), Neutrophil 
(Figure 5D, Cor=0.43), Macrophage (Figure 5E, Cor=0.55), 
and Myeloid dendritic cell (Figure 5F, Cor=0.40).

Construction of lncRNA-miRNA-mRNA 
Regulatory Axis
To further clarify the potential molecular mechanism of 
necroptosis regulators in STAD, we then constructed 
a lncRNA-miRNA-mRNA regulatory axis. We first identified 
the hub gene among necroptosis-related prognostic signature 
using PPI network. As a result, TLR4 was identified as the hub 
gene (Figure 6A). Based on the result predicted by miRDB, 
TargetScan, and StarBase, four miRNAs (hsa-miR-448, hsa- 
miR-1306-5p, hsa-miR-3924, and hsa-miR-21-5p) were iden-
tified as the potential miRNA targets of TLR4 (Figure 6B). 
Among these four genes, miR-1306-5p (p=0.0045) and miR- 
21-5p (p=4.1e−18) were upregulated in STAD tissues versus 
gastric tissues (Figure 6C and D). Interestingly, previous study 
suggested miR-21-5p as a prognosis marker in STAD.23,24 

Thus, miR-21-5p was selected as the most promising 
miRNA target of TLR4. To explore its upstream lncRNAs 

Figure 3 Forest map showed 4 necroptosis-related prognostic regulators for STAD 
identified by univariate cox analysis.
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targets, we submitted miR-21-5p to StarBase and lncBase and 
the result suggested SNHG1 as the lncRNA target of miR-21- 
5p (Figure 6E). Interestingly, we also found that SNHG1 was 
upregulated in STAD tissues versus gastric tissues (Figure 6F, 
p=3.8e−12). Further prognosis revealed that STAD patients 
with high SNHG1 expression with a better overall survival 
(Figure 6G, p=0.0076) and relapse-free survival (Figure 6H, 
p=0.0051). Therefore, we identified lncRNA SNHG1/miR- 
21-5p/TLR4 regulatory axis in the progression in STAD. 
Further, in vivo and in vitro studies should be performed to 
confirm the results.

Validation of the Expression and 
Prognostic Value of TLR4 in STAD
We finally verified the expression and prognostic value 
of TLR4 in STAD using qRT-PCR. As expected, the 
expression of TLR4 was significantly upregulated in 
STAD tissues (Figure 7A, p < 0.01). Further prognosis 
analysis suggested that STAD patients with high TLR4 
expression had a poor overall survival (Figure 7B, p = 
0.0084). Moreover, Cox's regression analysis revealed 
that TLR4 expression and clinical stage were 

Figure 4 Construction of a necroptosis-related prognostic gene signature. (A and B) The coefficient and partial likelihood deviance of prognostic signature. (C) Risk score 
distribution survival status of patients, and gene expression of necroptosis regulator in prognostic signature. (D and E) Overall survival curve and ROC curve prognostic 
signature.
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Figure 5 The correlation between Riskscore and immune infiltration STAD. The correlation between hub gene TLR4 and the abundance of B cell (A), CD4+ T cell (B), 
CD8+ T cell (C), Neutrophil (D), Macrophage (E), and Dendritic cell (F).

Figure 6 Construction of lncRNA-miRNA-mRNA regulatory axis. (A) A PPI network revealed TLR4 as the hub gene among prognostic gene signature. (B) The result of 
miRDB, TargetScan, and StarBase identified four miRNAs (hsa-miR-448, hsa-miR-1306-5p, hsa-miR-3924, and hsa-miR-21-5p) as the potential miRNA targets of TLR4. 
(C and D) The expression of miR-1306-5p and miR-21-5p in STAD tissues versus gastric tissues. (E) The result of StarBase and lncBase suggested SNHG1 as the lncRNA 
target of miR-21-5p. (F) The expression of SNHG1 in STAD tissues versus gastric tissues. (G and H) Prognosis revealed that STAD patients with high SNHG1 expression 
with a better overall survival and relapse-free survival. **P < 0.01, ****P < 0.0001.
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independent factors affecting the prognosis of STAD 
patients (Figure 7C and D). These data further con-
firmed previous results. A correlation between TLR4 
expression and immune infiltration in STAD was also 
detected. And the result suggested a significantly posi-
tive correlation between TLR4 expression and the 

abundance of B cell (Cor=0.121), CD4+ T cell 
(Cor=0.389), CD8+ T cell (Cor=0.34), Neutrophil 
(Cor=0.537), Macrophage (Cor=0.548), and Dendritic 
cell (Cor=0.641) (Figure 7E, all p < 0.05). Moreover, 
some somatic copy number alterations of TLR4 could 
inhibit immune cell infiltration level (Figure 7F).

Figure 7 The expression and prognosis value of TLR4 in STAD. (A) The relative expression of TLR4 in STAD tissues and normal tissues. (B) Survival curve revealed the 
overall survival of STAD patients with high/low TLR4 expression. (C and D) Univariate and multivariate analysis of TLR4 and clinical characters in STAD. (E) The correlation 
between TLR4 and the abundance of different immune cell level in STAD. (F) The correlation between copy number alteration of TLR4 and immune cell infiltration in STAD. 
*P < 0.05, **P < 0.01, ***P < 0.001.
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Discussion
Previous studies revealed that necroptosis played a vital 
role in the migration and invasion of many types of 
cancer.12 Moreover, necroptosis was suggested as 
a promising approach to eliminate cancer cell.25 Certain 
studies had reported a correlation between necroptosis and 
gastric carcinoma.26 However, the specific role of necrop-
tosis regulators in the prognosis and potential molecular 
mechanism in STAD was far from fully clarified.

We first clarified the expression of necroptosis regula-
tors in STAD. And the data found that most of necroptosis 
regulators were upregulated, while the mRNA levels of 
TLR3, ALDH2, and NDRG2 were downregulated in 
STAD versus gastric tissues. Moreover, GO and KEGG 
pathways analysis performed using these differential 
expressed necroptosis regulators suggested that these 
necroptosis regulators were mainly involved in pro-
grammed necrotic cell death and TNF signaling pathway, 
NF-kappa B signaling pathway, NOD-like receptor signal-
ing pathway. In fact, previous studies revealed that these 
pathways were associated with necroptosis and tumor pro-
gression. Accumulating evidence revealed that NF-kappa 
B signaling pathway played a vital role in inflammation 
and cancer progression.27 Moreover, TNF signaling path-
way was also found to be involved in balancing cell 
survival and necroptosis.28

Univariate Cox analysis suggested that EZH2, 
PGAM5, TLR4, and TRAF2 were associated with the 
prognosis of STAD patients. Based on these four prognos-
tic necroptosis regulators, we also constructed 
a necroptosis-related prognostic gene signature using 
LASSO Cox regression analysis. Interestingly, this necrop-
tosis-related prognostic gene signature had a good perfor-
mance in predicting the prognosis of STAD patients. As 
far as we knew, this was the first necroptosis-related prog-
nostic gene signature identified in cancers, though some 
prognostic gene signatures had been identified for STAD. 
Nie et al constructed a prognostic nomogram and 14- 
lncRNA Signature which could predict the prognosis of 
STAD patients.29 Another study also developed and vili-
fied an immune-related gene prognostic signature for 
STAD.6

We also identified lncRNA SNHG1/miR-21-5p/TLR4 
regulatory axis in the progression in STAD. Previous stu-
dies revealed that lncRNA SNHG1 could inhibit cell pro-
liferation and accelerate apoptosis in STAD.30 miR-21-5p 

could promote glycolysis and cancer progression in gastric 
cancer. Interestingly, miR-21-5p was suggested as 
a biomarker for the diagnosis and prognosis of 
STAD.24,31 Moreover, miR-21-5p could regulate the 
tumor biological processes in STAD.23 Correlated with 
Helicobacter pylori susceptibility, TLR4 was involved in 
tumor progression and patients’ prognosis in STAD.32,33 

Moreover, the activation of TLR4 could promote gastric 
cancer progression.34 These evidences suggested lncRNA 
SNHG1/miR-21-5p/TLR4 regulatory axis may also play 
a vital role in the progression of STAD. LncRNA SNHG1 
may inhibit cell proliferation and accelerate apoptosis in 
STAD by downregulation of miR-21-5p and TLR4. 
Further, in vitro and in vivo studies should be conducted 
to verify this result.

There is no doubt that our study had some limitations. 
First, the necroptosis-related prognostic signature should 
be verified by clinical tissues. Moreover, vivo and vitro 
studies should be performed to verify lncRNA SNHG1/ 
miR-21-5p/TLR4 regulatory axis. It would be better to 
perform IHC to confirm the correlation between TLR4 
and the abundance of immune cells.

Conclusion
In all, we performed a comprehensive bioinformatics ana-
lysis and identified a necroptosis-related prognostic signa-
ture and a ncRNA SNHG1/miR-21-5p/TLR4 regulatory 
axis in for STAD. LncRNA SNHG1 may inhibit cell pro-
liferation and accelerate apoptosis in STAD by downregu-
lation of miR-21-5p and TLR4. And these results should 
be verified by further studies.

Data Sharing Statement
The analyzed data sets generated during the study are avail-
able from the corresponding authors on reasonable requests.
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