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Background: Stomach adenocarcinoma (STAD) is one of the most prevalent malignances, 
ranking fifth in incidence and third in mortality among all malignances. Interferon regulatory 
factors (IRFs) play a vital role in immune response and tumor cellular biological process. 
The roles of IRFs in STAD are far from being systematically clarified.
Methods: A series of bioinformatics tools, including GEPIA, UALCAN, TIMER, Kaplan– 
Meier plotter and LinkedOmics, were applied to explore the expression and clinical sig-
nificance of IRFs in STAD.
Results: IRF3/7 expression were upregulated in STAD in sub-group analyses based on race, 
gender, age, H. Pylori infection status, histological subtypes, tumor grade, individual cancer 
stages, and nodal metastasis status. High IRF3/7 expression were associated with poor 
overall survival (OS), post-progression survival (PFPS) and first progression (FP) in 
STAD. IRF3 and IRF7 were altered in 5% and 6% of all TCGA STAD patients. Further 
analysis revealed that IRF7 was significantly associated with the abundance of immune cells 
(B cells, Neutrophils and Dendritic cells) and the expression of most immune biomarkers. 
Enrichment analysis indicated that IRF7 was mainly involved in adaptive immune response, 
NOD-like receptor signaling pathway, Necroptosis, and Toll-like receptor signaling pathway. 
We also identified several IRF7-associated kinase and miRNA targets in STAD. The result of 
verified experiment revealed that ITF7 expression was increased in STAD tissues compared 
with normal tissues and prognosis analysis revealed that STAD patients with high IRF7 
expression had a poor overall survival.
Conclusion: IRF7 is upregulated in STAD and associated with poor OS, PPS and FP. 
Moreover, IRF7 is significantly associated with the abundance of immune cells and the 
expression of most immune biomarkers, suggesting that IRF7 is as a prognostic biomarker 
and associated with immune infiltration in STAD.
Keywords: stomach adenocarcinoma, bioinformatics analysis, immune infiltration, IRF7

Introduction
Gastric cancer (GC) is one of the most prevalent malignances, ranking fifth in incidence 
and third in mortality among all malignances.1 Over 95% of all gastric cancer cases are 
stomach adenocarcinoma (STAD). In 2018, a total of 1,033,701 patients were esti-
mated to be diagnosed with STAD globally.1 In addition, the molecular mechanism of 
the occurrence and progression of gastric cancer is still unclear, and the treatment 
options are limited, resulting in a poor prognosis for GC patients. According to the 
literature, the overall survival of GC patients with advanced or metastatic disease was 
only approximately 12 months.2 These alarming evidence indicates that STAD urgently 
needs new prognostic biomarkers and therapeutic targets.
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Interferon regulatory factors (IRFs) family is a series of 
transcription factors firstly identified in 1988.3 A total of 9 
IRF family are presented in mammals (IRF1/2/3/4/5/6/7/8/ 
9).4 The vital role of IRFs in innate and adaptive immu-
nity, and immune response has been well established.5 

Moreover, IRFs also play a vital role in cell growth and 
differentiation as well as apoptosis of many tumor cells.6 

For example, IRF-1 inhibits cell growth in breast cancer 
by inhibiting NF-κB activity and suppressing TRAF2 and 
cIAP1.7 In gastric cancer, certain studies about the func-
tions of IRFs in STAD have been performed. IRF2 can 
suppress tumor cell invasion and migration via MMP-1 in 
STAD.8 However, the prognostic value of IRFs in STAD 
and their association with immune infiltration are far from 
systematically clarified.

Thus, we embarked on the current study and aimed to 
clarify the expression and prognostic value of IRFs in 
STAD. Moreover, we also detected the association 
between IRFs and immune infiltration in STAD as well 
as IRFs-associated functions. The results of our study may 
provide more information about the role of IRFs in human 
cancer and the prognostic biomarkers and therapeutic tar-
gets for STAD.

Materials and Methods
GEPIA
GEPIA (http://gepia.cancer-pku.cn/) is a bioinformatics 
tool for analyzing the mRNA data of various types of 
cancers.9 GEPIA is an online analysis tool for The 
Cancer Genome Atlas Program (TCGA), which is a land-
mark cancer genomics program, molecularly characterized 
over 20,000 primary cancer and matched normal samples 
spanning 33 cancer types. In our study, data from 375 
TCGA STAD patients were used for tumor/normal differ-
ential expression analysis of IRFs in GEPIA using 
ANOVA analysis with 0.05 as the threshold value.

UALCAN
UALCAN (http://ualcan.path.uab.edu/cgi-bin/ualcan-res.pl) 
is a bioinformatics tool that could visualize the data from 
TCGA. Prognosis and methylation analysis could be per-
formed in UALCAN.10 In our study, TCGA STAD dataset 
(n = 375) was used for the correlation analysis (IRFs 
expression and clinicopathological characters of STAD 
patients, including patients’ race, patients’ gender, patients’ 
age, H. Pylori infection status, histological subtypes, tumor 

grade, individual cancer stages, and nodal metastasis status) 
with a p-value <0.05 as statistical significance.

The Human Protein Atlas
The Human Protein Atlas (https://www.proteinatlas.org/) 
is a Swedish-based program designed for mapping all the 
human proteins in cells, tissues and organs. In the current 
study, we explored the protein expression of IRFs in 
gastric tissues and STAD tissues using “Tissue” module 
and “Pathology” module.

The Kaplan Meier Plotter (KM Plotter)
KM plotter (http://www.kmplot.com/) is a bioinformatics 
tool used for prognostic analysis of breast cancer, lung 
cancer, and gastric cancer using the data of TCGA 
database.11 Kaplan–Meier curve was applied to explore 
the prognostic value of IRFs in STAD and overall survival 
(OS), post-progression survival (PPS) and first progression 
(FP) were performed. It was noteworthy that we distin-
guished STAD patients into high/low expression group 
with the medium expression of IRFs and p-value <0.05 
indicated statistical significance.

GSCALite
GSCALite (http://bioinfo.life.hust.edu.cn/web/GSCALite/) 
is a web-based analysis platform for gene set cancer ana-
lysis using TCGA data.12 In cancer-related pathway ana-
lysis, IRFs expression was divided into High/Low group 
by median expression, the difference of pathway activity 
score (PAS) between groups is defined by student T test, p 
value was adjusted by FDR, FDR < 0.05 is considered as 
significant. When PAS (IRFs High-group) > PAS (IRFs 
Low-group), we consider IRFs may have a activate effect 
to a pathway, otherwise have a inhibit effect to a pathway. 
In drug sensitivity analysis, the Spearman correlation was 
performed to detect the correlation between IRFs expres-
sion and the drug using the data from from Genomics of 
Drug Sensitivity in Cancer (GDSC). The positive correla-
tion means that the gene high expression is resistant to the 
drug, vise verse. These analyses were performed with 
TCGA STAD dataset (n=375) and a p-value < 0.05 indi-
cates statistical significance.

cBioportal
cBioportal (https://www.cbioportal.org/) is a bioinfor-
matics tool performing cancer genomics analysis with the 
data from TCGA database.13 In our study, the genetic 
alteration and mutation of IRFs in STAD was explored 
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with cBioportal using TCGA STAD dataset (n = 375). It is 
noteworthy that a z score threshold of ±2.0 was set when 
acquiring mRNA expression z scores (RNA Seq V2 
RSEM) and Protein expression z scores (RPPA).

TIMER
TIMER (http://timer.cistrome.org/) is a bioinformatics tool 
for immune infiltrates analysis using the data of TCGA 
database.14 In the current study, “Gene” module was 
allowed to explore the correlation between IRFs expres-
sion and the abundance of immune cell using Spearman 
correlation analysis. Moreover, “SCNA” module provides 
a comparison of tumor infiltration levels among tumors 
with different somatic copy number alterations for IRFs 
using the two-sided Wilcoxon rank-sum test. “Correlation” 
module was allowed to explore the correlation between 
IRFs expression and the expression of gene biomarkers of 
immune cells using Spearman correlation analysis.15–17 

These analyses were performed with TCGA STAD dataset 
(n=375) and a p-value < 0.05 indicates statistical 
significance.

LinkedOmics
LinkedOmics (http://www.linkedomics.org/) is a publicly 
available portal, and we can use it for accessing, analyzing 
and comparing cancer multi-omics data from the TCGA 
database.18 In the current study, “LinkFinder” module was 
allowed to detect IRFs-associated genes in STAD using 
Spearman correlation test, and the results were shown as 
volcano map and heat map. Moreover, “LinInterpreter” 
module was allowed to detect IRFs-associated functions 
(GO analysis and KEGG pathways analysis), IRFs-asso-
ciated Kinase and miRNA target using Gene Set 
Enrichment Analysis (GSEA) with 3 as the minimum 
number of genes. These analyses were performed with 
TCGA STAD dataset (n = 375) and a p-value <0.05 
indicates statistical significance.

Validation of the Expression and 
Prognosis Value of IRF7 in STAD
Approved by the Ethics Committee of Shengjing Hospital 
(Ethical Review (2019) No. (18)), a total of 35 STAD and 
35 corresponding normal gastric tissues aging from 27 to 
76 were obtained from patients who underwent tumor 
resection in the Shengjing Hospital. All patients provided 
written informed consent. Our study was performed in 
accordance with the Declaration of Helsinki. Each patient 

did not receive any treatment before the operation. The 
follow-up of STAD patients was conducted by a qualified 
and experienced doctor. The survival time of STAD 
patients was from the first postoperative day to the time 
of death or the end of follow-up.

Total RNA of STAD tissues and normal gastric tissues 
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., Shanghai, China). 
Glyceraldehyde-3-phosphate dehydrogenase 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: 
TGGTGAAGACGCCAGTGGA and IRF7 forward: 
GTAAGGGTTTTTGTCGTAGTAGACGTTAG and IRF7 
reverse: AACGTAATAATTCATACCTATAATCCCAAC. 
The difference between the expression of IRF7 and the 
prognosis of IRF7 in STAD were evaluated with Student’s 
paired t-test and Kaplan–Meier analysis, respectively, in 
GraphPad Prism7 software (GraphPad, Inc., La Jolla, 
CA, USA).

Results
The Level of IRFs in STAD
We firstly detected the level of IRFs in STAD in GEPIA 
using TCGA STAD dataset (n = 375). The results are 
shown in Figure 1. We found that the level of IRF3 
(Figure 1C, P < 0.05), IRF7 (Figure 1G, P < 0.05) and 
IRF9 (Figure 1I, P < 0.05) were upregulated in tumor 
tissues in STAD. In addition, we also noticed that no 
difference was found between tumor tissues and normal 
tissues about the level of IRF1 (Figure 1A), IRF2 
(Figure 1B), IRF4 (Figure 1D), IRF5 (Figure 1E), IRF6 
(Figure 1F), IRF8 (Figure 1H) in STAD. In order to further 
verify the expression of IRF3/7/9, we then detected the 
protein level of IRF3/7/9 in STAD. As a result, IRF3 was 
staining medium in gastric tissues, while it was staining 
high in STAD tissues (Figure 2A). Moreover, IRF7 was 
staining low in gastric tissues, while it was staining high in 
STAD tissues (Figure 2B). However, IRF9 was staining 
high in both gastric and STAD tissues (Figure 2C). These 
data suggested that the level of IRF3 and IRF7 were 
upregulated in STAD tissues compared with normal tis-
sues. And IRF3 and IRF7 were selected for further study.
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Figure 1 The mRNA level of IRFs in STAD (GEPIA). The expression of IRF1 (A), IRF2 (B), IRF3 (C), IRF4 (D), IRF5 (E), IRF6 (F), IRF7 (G), IRF8 (H) and IRF9 (I) in STAD 
tissues and normal tissues. *P < 0.05. 
Abbreviations: STAD, stomach adenocarcinoma; T, tumor tissues; N, normal tissues.

Figure 2 The protein level of IRFs in STAD (The Human Protein Atlas). The protein staining of IRF3 (A), IRF7 (B) and IRF9 (C) were STAD tissues and normal tissues.
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IRF3/7 Served as Prognostic Biomarkers 
in STAD
We then detected the prognostic value of IRF3/7 in STAD 
using KM plotter with TCGA STAD dataset (n = 375). As 
expected, the data demonstrated STAD patients with high 
IRF3 expression associated with a poor OS (HR = 1.73 
(1.45–2.05), p = 2.9e−10), FP (HR = 1.96 (1.59–2.41), p = 
8.4e−11), p = 0.00076), and PPS (HR = 3.3 (2.6–4.2), p < 
1e−16) (Figure 3A). Interestingly, the data also demon-
strated STAD patients with high IRF7 expression asso-
ciated with a poor OS (HR = 1.5 (1.26–1.78), p = 
2.7e−6), FP (HR = 1.54 (1.26–1.89), p = 2.3e−5), and 
PPS (HR = 1.77 (1.41–2.21), p = 4.8e−7) (Figure 3B). 
These data suggested that IRF3/7 served as prognostic 
biomarkers for STAD.

Subgroup Analysis on IRF3/7 Expression 
in STAD
We also detected the expression levels of IRF3/7 in sub-
groups of STAD patients. As shown in Figures 4 and 5, the 

mRNA levels of IRF3 were upregulated in STAD patients 
compared with healthy control in sub-group analyses 
based on the race, gender, age, H. pylori infection status, 
histological subtype, tumor grade, cancer stage, and nodal 
metastasis status of patients (Figure 4, all p < 0.05). 
Moreover, similar results were obtained in the expression 
analysis of IRF3. And the mRNA levels of IRF3 were 
upregulated in STAD patients and compared with healthy 
control in sub-group analyses based on the race, gender, 
age, H. pylori infection status, histological subtype, tumor 
grade, cancer stage, and nodal metastasis status of patients 
(Figure 5, all p < 0.05). Therefore, IRF3/7 may play a vital 
role in tumorigenesis, progression, and aggressiveness of 
STAD.

Cancer-Related Pathways and Drug 
Sensitivity Analysis of IRFs in STAD
Figure 6A shows the result of IRFs in the famous cancer- 
related pathways in STAD. IRFs in STAD were mainly 
associated with activating apoptosis pathway, hormone ER 
pathway, RAS/MAPK pathway and inhibiting cell cycle 

Figure 3 The prognostic value of IRF3/7 in STAD (KM plotter). (A) STAD patients with high mRNA level of IRF3 had a worse OS, PF and PPS. (B) STAD patients with high 
mRNA level of IRF7 had a worse OS, PF and PPS. All the analyses were performed with Kaplan-Meier analysis. 
Abbreviations: HR, hazard ratio; OS, overall survival; PPS, post-progression survival; FP, first progression.
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pathway and DNA damage response pathway (Figure 6A). 
Drug resistance is one of main reason of failure treatment 
of STAD. We then analyzed the correlation between IRFs 
expression and drug sensitivity in STAD, which revealed 
that patients with low expression of IRF2/4/6/8 show 
resistance to most drugs or small molecules of GDSC in 
STAD (Figure 6B).

Genetic Alteration of IRF3/7 in STAD
Genetic alteration is an initiating factor in many tumors. 
cBioportal was applied to determine the genetic alteration 
of IRF3/7 in STAD. We found that IRF3 and IRF7 were 
altered in 5% and 6% of all TCGA STAD patients, respec-
tively (Figure 7A). Besides, the genetic alteration of IRF3 
and IRF7 in STAD were composed of missense mutation, 
truncating mutation, amplification, deep deletion, mRNA 
high, and mRNA low. IRF3 mutation could lead to the 
change of protein D69G, G89R and R276W (Figure 7B). 

And IRF7 mutation could lead to the change of protein 
K179E, P250A and P264Rfs*28 and S487N. (Figure 7C).

IRF7 Correlated with Immune Infiltration 
in STAD
The role of IRF3 has been reported in previous studies.-
19,20 Therefore, we select IRF7 for further study. Previous 
studies have revealed that IRFs play a vital function in 
immune-related functions and pathways.3,21 Thus, the cor-
relation between IRF7 and immune infiltration in STAD 
was also explored. The data revealed that the expression of 
IRF7 was negatively correlated with the abundance of B 
cells (Cor=−0.157, P = 2.51e−3) and positively correlated 
with the abundance of Neutrophils (Cor = 0.228, P = 
8.86e−06) and Dendritic cells (Cor = 0.123, P = 1.74e−2) 
(Figure 8A). Moreover, SCNA of IRF7 could partially 
inhibit the immune infiltration in STAD (Figure 8B).

Figure 4 The expression of IRF3 in STAD in sub-group analyses (UALCAN). Sub-group analyses were performed based on patients’ race (A), patients’ gender (B), patients’ 
age (C), H. pylori infection status (D), histological subtypes (E), tumor grade (F), TP53 mutation status (G), individual cancer stages (H), and nodal metastasis status (I). *P < 
0.05, ***P < 0.001. 
Abbreviation: STAD, stomach adenocarcinoma.
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Moreover, the correlation between IRF7 expression 
and the expression of immune biomarkers in STAD was 
also explored. Interestingly, the expression of IRF7 was 
positively associated with the expression of most immune 
biomarkers in STAD (Table 1). To be more specific, IRF7 
expression showed a positive correlation with the expres-
sion of the biomarkers of CD8+ T cell (CD8A and CD8B) 
and T cell (CD3D, CD3E and CD2). Moreover, the expres-
sion of IRF5, CD163, VSIG4 and ITGAM was positively 
correlated with IRF7 in STAD. All the biomarkers of 
Dendritic cell (KIR2DL1, KIR2DL3, KIR2DL4, 
KIR3DL1, KIR3DL2, KIR3DL3, and KIR2DS4), Th1 
(TBX21, STAT4, STAT1, IIFNG, and TNF), Th2 
(GATA3, STAT6, STAT5A) show positive correlation 
with IRF7. Similarly, all the biomarker of Tfh (BCL6 
and IL21), Th17 (STAT3 and IL17A), Treg cell (FOXP3, 
CCR8, STAT5B, and TGFB1) and T cell exhaustion (PD- 
1, CTLA4, LAG3, TIM-3, GZMB) show positive 

correlation with IRF7. These evidences indicated that 
IRF7 played a vital role in immune escape in the STAD 
microenvironment.

Enrichment Analysis of IRF7 in STAD
In order to clarify the role of IRF7 in STAD, we further 
performed an enrichment analysis of IRF7 in STAD using 
the Function module of LinkedOmics. IRF7-associated 
gene analysis revealed that a total of 4978 genes (dark 
red dots) showed a positive correlation with IRF7 and 
3659 genes (dark green dots) were negative correlation 
with IRF7 in STAD (Supplementary Figure 1, p < 0.01). 
The heat map in Figure 9A and B showed the fifty sig-
nificant gene sets most positively and negatively correlated 
with IRF7 in STAD, respectively. GSEA was performed, 
revealing that IRF7 in STAD was mainly enriched in 
necrotic cell death, negative regulation of cytokine produc-
tion, I-kappaB kinase/NF-kappaB signaling, adaptive 

Figure 5 The expression of IRF7 in STAD in sub-group analyses (UALCAN). Sub-group analyses were performed based on patients’ race (A), patients’ gender (B), patients’ 
age (C), H. pylori infection status (D), histological subtypes (E), tumor grade (F), TP53 mutation status (G), individual cancer stages (H), and nodal metastasis status (I). *P < 
0.05, **P < 0.01, ***P < 0.001. 
Abbreviation: STAD, stomach adenocarcinoma.
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Figure 6 The association between IRF7 and the cancer hallmarks (GSCALite). (A) The role of IRF7 in cancer-related pathways. (B) The correlation between IRF7 and drug 
sensitivity.
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immune response, mRNA binding, cell adhesion molecule 
binding, regulatory RNA binding and cytokine receptor 
binding in GO analysis (Figure 9C–E). KEGG were also 

performed, suggesting that IRF7 in STAD was mainly 
enriched in cytosolic DNA-sensing pathway, RIG-I-like 
receptor signaling pathway, NOD-like receptor signaling 

Figure 7 Genetic alteration of IRF3/IRF7 in STAD (cBioportal). (A) OncoPrint of IRF7 alterations in STAD. (B and C) mutation sites of IRF7 in STAD.

Figure 8 The correlation between IRF7 and immune infiltration (TIMER). (A) The correlation between IRF7 expression the abundance of B cells, CD8+ T cells, CD4+ T 
cells, Macrophage, Neutrophils and Dendritic cells. (B) the correlation between SCNA of IRF7 and immune cell infiltration. *P < 0.05, **P < 0.01, ***P < 0.001. 
Abbreviation: SCNA, somatic copy number alterations.
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pathway, RNA transport, necroptosis, toll-like receptor 
signaling pathway and helicobacter pylori infection 
(Figure 9F).

IRF7 Associated Kinase and miRNA 
Target in STAD
In order to further clarify the molecular mechanism of 
IRF7 in STAD, IRF7 associated kinase and miRNA target 
in STAD were also explored. As shown in Table 2, the 
most significant five kinase targets of IRF7 in STAD 
Kinase_ LCK, Kinase_TBK1, Kinase_MAPK14, 
Kinase_MAPK8, and Kinase_PIK3CA. PPI network was 
constructed with GeneMANIA to explore the potential 
functions in the kinases LCK network, which revealed 
that kinase LCK network is responsible mainly for antigen 
receptor-mediated signaling pathway, T cell activation and 
receptor signaling pathway and regulation of lymphocyte 
activation (Figure 10). Moreover, the most significant five 
miRNA targets of IRF7 in STAD were (CTACTGT)MIR- 
199A, (ATGAAGG)MIR-205, (ATGTTTC)MIR-494, 
(GTTTGTT)MIR-495 and (ATATGCA)MIR-448 Table 2. 
PPI network was constructed with GeneMANIA to 
explore the potential functions in the miR-199A network, 
which revealed miR-199A network is responsible mainly 
for apoptosis-associated signaling pathway, regulatory 
region DNA binding, and regulatory regions of nucleic 
acid binding (Figure 11).

Validation of the Expression and 
Prognostic Value of TLR7 in STAD
We then verified the expression and prognostic value of 
IRF7 in STAD. As expected, the result revealed that ITF7 

Table 1 Correlation Analysis Between IRF7 and Gene 
Biomarkers of Immune Cells in STAD (TIMER)

Description Biomarkers IRF7

Cor P-value

CD8+ T cell CD8A 0.213 ***
CD8B 0.162 ***

T cell (general) CD3D 0.124 *

CD3E 0.193 ***
CD2 0.157 **

B cell CD19 −0.095 0.0528

CD79A −0.124 *
Monocyte CD86 0.197 ***

CD115 (CSF1R) 0.12 *

TAM CCL2 0.127 **
CD68 0.233 ***

IL10 0.184 ***

M1 Macrophage INOS (NOS2) 0.046 0.355
IRF5 0.267 ***

COX2 (PTGS2) −0.024 0.626

M2 Macrophage CD163 0.164 ***
VSIG4 0.156 **

MS4A4A 0.096 0.0517

Neutrophils CD66b (CEACAM8) 0.039 0.428
CD11b (ITGAM) 0.208 ***

CCR7 0.088 0.0731

Natural killer cell KIR2DL1 0.003 0.956
KIR2DL3 0.011 0.823

KIR2DL4 0.223 ***
KIR3DL1 0.005 0.927

KIR3DL2 0.037 0.451

KIR3DL3 0.031 0.534
KIR2DS4 −0.004 0.939

Dendritic cell HLA-DPB1 0.219 ***

HLA-DQB1 0.173 ***
HLA-DRA 0.213 ***

HLA-DPA1 0.236 ***

BDCA-1 (CD1C) 0.151 **
BDCA-4 (NRP1) 0.105 *

CD11c (ITGAX) 0.186 ***

Th1 T-bet (TBX21) 0.228 ***
STAT4 0.098 *

STAT1 0.454 ***

IFN-g (IFNG) 0.229 ***

TNF-A (TNF) 0.248 ***

Th2 GATA3 0.204 ***

STAT6 0.125 *
STAT5A 0.232 ***

IL13 0.062 0.206

Tfh BCL6 0.132 **
IL21 0.118 *

Th17 STAT3 0.194 ***
IL17A 0.124 *

(Continued)

Table 1 (Continued). 

Description Biomarkers IRF7

Cor P-value

Treg FOXP3 0.305 ***
CCR8 0.219 ***

STAT5B 0.2 *

TGFb (TGFB1) 0.273 ***
T cell exhaustion PD-1 (PDCD1) 0.344 ***

CTLA4 0.235 ***

LAG3 0.372 ***
TIM-3 (HAVCR2) 0.232 ***

GZMB 0.298 ***

Notes: *p<0.05; **p<0.01; ***p<0.001.
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expression was increased in STAD tissues compared with 
normal tissues (Figure 12A, p<0.001). Moreover, prog-
nosis analysis revealed that STAD patients with high 

IRF7 expression had a poor overall survival (Figure 12B, 
p=0.03). Further analysis revealed that IRF7 and clinical 
stage were factors affecting the prognosis of STAD 
patients (Figure 12C and D). These results were further 
verified by our result.

Discussion
Recent studies have highlighted the important role of IRFs in 
immune response.22 Moreover, IRFs play a vital role in basic 
cellular mechanisms, such as cell invasion, proliferation and 
apoptosis.23,24 Increasing evidence indicated that IRFs were 
associated with tumorigenesis and progression of various 
types of cancers, including colorectal cancer, hepatocellular 
carcinoma, and esophageal cancer.25–27 However, the specific 
role of IRFs in STAD is far from systematically clarified, and 
our study was performed to study the role of IRFs in STAD.

Figure 9 The enrichment analysis of IRF7 in STAD (LinkedOmics). (A and B) Heat maps showing genes positively and negatively correlated with IRF7 in STAD (TOP 50). 
Red indicates positively correlated genes and green indicates negatively correlated genes. (C–E) Heatmap of GO enrichment in CC terms, BP terms and MF terms. (F) 
KEGG pathways analysis. GO and KEGG were performed by Gene Set Enrichment Analysis. 
Abbreviations: GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological process; CC, molecular function; MF, molecular functions.

Table 2 The Kinase and miRNA-Target Networks of IRF7 in 
STAD (LinkedOmics)

Enriched 
Category

Geneset LeadingEdgeNum FDR

miRNA 
Target

CTACTGT, MIR-199A 64 0

ATGAAGG, MIR-205 72 0

ATGTTTC, MIR-494 64 0

GTTTGTT, MIR-495 83 0

ATATGCA, MIR-448 81 0.007

Kinase Target Kinase_ LCK 49 0

Kinase_TBK1 7 0

Kinase_MAPK14 26 0.012

Kinase_MAPK8 22 0.013

Kinase_PIK3CA 4 0.014
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We first explored the expression of IRFs in STAD, 
which revealed that the expression of IRF3 and IRF7 
were upregulated in STAD tissues at mRNA and protein 
level. Moreover, prognosis analysis indicated that IRF3 
and IRF7 served as prognostic biomarkers in STAD asso-
ciated with poor prognosis. These results were consistent 
with previous study. Jiao et al revealed that the expression 
of IRF3 was up-regulated and prognosticated patient 
survival.19 IRF3 and IRF7 were also reported to be prog-
nosis biomarkers for other cancers. In the upper tract of 
urothelial carcinoma, IRFs were independent predictors of 

prognosis.28 Moreover, IRF2 was suggested as an inde-
pendent prognostic biomarker predicting overall survival 
in patients with colorectal cancer.29

Another significant finding of our study is that IRF7 is 
associated with an abundance of immune cells, including B 
cells, neutrophil and dendritic cells. And IRF7 showed positive 
correlation with the expression of most immune biomarkers in 
STAD. This evidence revealed that IRF7 and other IRFs may 
play a vital role in immune escape in the STAD microenviron-
ment. Silencing of IRF7 pathways in breast cancer cells could 
facilitate bone metastasis through immune escape.30 Bidwell 

Figure 10 Protein–protein interaction (PPI) network of LCK kinase-target networks (GeneMANIA). PPI network and functional analysis indicating the gene set that was 
enriched in the target networks of kinase LCK. Different colors of the network edge indicate the bioinformatics methods applied: co-expression, website prediction, co- 
localization, shared protein domains, physical interaction, pathway and genetic interactions. The different colors for the network nodes indicate the biological functions of 
the set of enrichment genes.
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et al suggested that IRF7 was the master regulator of type-I 
interferon-dependent immune responses.30 Moreover, Type I 
interferon/IRF7 axis instigates chemotherapy-induced immu-
nological dormancy in breast cancer.31

Our study also performed enrichment analysis, indicating 
that IRF7 was mainly involved in IRF7 in STAD was mainly 
enriched in necrotic cell death, I-kappaB kinase/NF-kappaB 
signaling, adaptive immune response, mRNA binding, cell 
adhesion molecule binding, regulatory RNA binding and cyto-
kine receptor binding, cytosolic DNA-sensing pathway, NOD- 
like receptor signaling pathway, RNA transport, Necroptosis, 

Toll-like receptor signaling pathway and Helicobacter pylori 
infection. Interestingly, NF-kappaB signaling pathway is asso-
ciated with immune response and plays an important function 
in cancer initiation and progression.32 Moreover, NOD-like 
receptor signaling pathway was also found to be involved in 
the initiation and progression of gastric cancer.33 Necroptosis 
may generate an immunosuppressive tumor microenvironment 
and exert an antimetastatic role in cancer.34

Several IRF7-associated kinases target in STAD were also 
identified, including Kinase_ LCK, Kinase_TBK1, 
Kinase_MAPK14, Kinase_MAPK8, and Kinase_PIK3CA. 

Figure 11 Protein–protein interaction (PPI) network of miR-199A-target networks (GeneMANIA). PPI network and functional analysis indicating the gene set that was 
enriched in the target networks of miR-199A. Different colors of the network edge indicate the bioinformatics methods applied: co-expression, website prediction, co- 
localization, shared protein domains, physical interaction, pathway and genetic interactions. The different colors for the network nodes indicate the biological functions of 
the set of enrichment genes.
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Interestingly, these kinases could regulate genomic stability, 
mitosis, the cell cycle and immune response.35–37 LCK has 
been suggested as one of the vital molecules regulating T-cell 
functions, and plays a vital role in cancer cellular functions like 
proliferation, survival and memory.38 A deficiency in LCK 
could result in a cell-cycle arrest in G2.39 In STAD, IRF7 
may regulate cell cycle progression and immune response via 
LCK kinase.

Some limitations could be found in our study. First, most 
analysis was performed at mRNA level but not protein level 
and gene level. Furthermore, it would be better to validate 
our results by performing in vivo and in vitro experiments

All in all, IRF7 is upregulated in STAD and associated 
with poor OS, PPS and FP. Moreover, IRF7 is significantly 
associated with the abundance of immune cells and the 
expression of most immune biomarkers, suggesting that 
IRF7 is as a prognostic biomarker and associated with 
immune infiltration in STAD. Our study provided additional 
data on biomarkers for the prognosis and therapy of STAD.
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