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Background: Growing findings have demonstrated that interferon regulatory transcription factor 
(IRF) family members are linked to the progression of various cancers. However, the roles of IRFs 
in clear cell renal cell carcinoma (ccRCC) remain undefined. Herein, we conducted 
a comprehensive analysis using the bioinformatics method to evaluate the expression patterns, 
clinical significance, and regulation of IRFs-related mechanisms in patients with ccRCC.
Methods: Data from the Cancer Genome Atlas (TCGA), International Cancer Genome 
Consortium (ICGA), and Gene Expression Omnibus (GEO) databases were used for inves
tigation comprehensively. Specifically, we carried out a series of analyses to identify the 
candidate IRF and to explore its potential action mechanisms using the gene ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses. What is more, 
we emphatically investigate the association of candidate IRF with tumor immunity in ccRCC 
through the CIBERSORT algorithm, TIMER and GEPIA databases.
Results: Herein, IRF3 was identified as candidate IRF, which was highly expressed in 
ccRCC, and its overexpression was significantly associated with worse clinical outcomes 
and adverse overall survival. Uni- and multi-variate Cox regression analysis demonstrated 
that IRF3 overexpression was an independent predictor of worse prognosis. Functional 
enrichment analysis showed that IRF3 might participate in several cancer-related biological 
processes and signaling pathways, thereby promoting the progression of ccRCC. 
Additionally, we found that IRF3 was remarkably associated with tumor-infiltrating immune 
cells (TIICs) and various immune-related genes.
Conclusion: Herein, we identified IRF3 from the IRF gene family members, which could 
serve as promising prognostic marker and therapeutic target in ccRCC.
Keywords: kidney renal clear cell carcinoma, bioinformatics, interferon regulatory 
transcription factor, prognosis

Introduction
Renal cell carcinoma (RCC) is a heterogeneous cancer, making treatment responses 
difficult to predict. Clear cell renal cell carcinoma (ccRCC) is the most common RCC 
subtype with the dismal prognosis and few treatment choice.1 Moreover, the 5-year 
survival rates only 10% to 20% of some patients due to the distant metastases.2 Several 
targets have been found and widely used in clinical practice to treat advanced ccRCC. 
However, only a minority of patients benefit from it.3 Therefore, searching for novel 
targeted agents is one of the most critical things in ccRCC.

Interferon regulatory transcription factors (IRFs) constitute a family of transcrip
tion factors, including nine gene members IRF1 to IRF9. The IRFs have been 
demonstrated that play central roles in immunity and oncogenesis.4 In hepatocellular 
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carcinoma (HCC) cells, interferon regulatory factor 1 
(IRF1) and IRF2 were reported to upregulate the PD-L1 
expression, affecting the effects of immune checkpoint 
blockade (ICB).5 Rho et al6 found that IRF1 inhibits 
tumorigenesis and angiogenesis induced by HPV16 E6 in 
cervical cancer. Chen et al7 have identified IRF2 as a tumor 
suppressor, which could suppress the invasion and migra
tion by decreasing the expression of MMP-1 in gastric 
cancer. In hormone-sensitive prostate cancer cells, IRF3 
signaling plays a vital role in TLR3-mediated apoptosis 
by activating intrinsic and extrinsic apoptotic pathways.8 

Additionally, Biswas et al9 found the activation of IRF-3/ 
STAT1 signaling pathway in tumor-associated macro
phages (TAMs) of murine fibrosarcoma. IRF4 was identi
fied as a haematopoietic cell-restricted transcription factor 
essential for haematopoietic development and regulation of 
the immune response.10 An early clinical study has demon
strated that IRF4 could serve as a tumor suppressor in early 
B-cell development.11 Furthermore, Ortmann et al12 sug
gested that IRF-4 promoter methylation might be involved 
in regulating IRF-4 expression in leukemic cells. In human 
thyroid cancer cells, ectopic IRF5 promoted both the cells’ 
proliferation rate and the clonogenic potential.13 

Additionally, Guo14 have reported that IRF5 was highly 
expressed in peripheral blood of patients with non-small 
cell lung cancer. IRF6 was identified as a tumor- 
suppressive factor, and Xu et al15 found that IRF6 was 
decreased in highly aggressive breast cancer cell lines, 
whereas elevated in poorly invasive ones; upregulated the 
expression of IRF6 could suppress cell proliferation and 
tumorigenicity, as well as enhance chemosensitivity. What 
is more, IRF6 was also reported to decrease in gastric 
cancer, cervical cancer, and melanoma and associated 
with worse clinical outcomes.16–18 In breast cancer, 
increased expression of IRF7 has a significant association 
with the reduced bone metastases and prolonged survival 
time.19 Moreover, Li et al20 discovered that IRF7 was 
remarkably reduced in breast cancer, and upregulated 
IRF7 expression inhibited tumor cell invasion and prolif
eration. IRF8 could promote the development of dendritic 
cells and support anti-tumor adaptive immunity by stimu
lating T cells; however, breast and pancreatic cancer could 
interrupt the development of IRF8-dependent dendritic 
cells to evade immune surveillance;21 in addition, Zhang 
et al22 have confirmed that IRF8 functions as a tumor 
suppressor in renal cell carcinoma and its promoter methy
lation is associated with patient poor prognosis. Tian et al23 

have demonstrated that the IRF9 axis played a crucial role 

in the growth of human acute myeloid leukemia; moreover, 
Brunn et al24 discovered that IRF9 promoted proliferation 
and migration in lung cancer via modulating of versican.

Based on the above reports, we understood the crucial 
roles of IRFs in tumor progression and immunity. However, 
their potential roles in ccRCC remain to be illustrated. 
Therefore, in the present study, we conducted in-depth and 
comprehensive analyses to assess the expression patterns, 
clinical significances, and prognostic values of IRFs in 
ccRCC. What is more, the candidate IRF was identified, 
and we focused on its association with tumor immunity.

Materials and Methods
Data Collection
The level 3 data of (HTSeq-FPKM data) and corresponding 
clinical data of KIRC were retrieved from the TCGA data
base (https://portal.gdc.cancer.gov/),25 including 530 of the 
KIRC patients with complete survival data and 72 normal 
samples. Detailed clinic-pathological information was dis
played in Table 1. Data set including 91 cases of KIRC 
samples and 45 normal samples from the International 
Cancer Genome Consortium database (ICGC, https://dcc. 
icgc.org/)26 was used for expression validation. Four gene 
chips were obtained from the Gene Expression Omnibus 
database (GEO, https://www.ncbi.nlm.nih.gov/geo/) and 
were also employed for validation. GSE15641 was from 
the platform “GPL96[HG-U133A] Affymetrix Human 
Genome U133A Array”, containing 23 normal renal speci
mens and 32 ccRCC specimens.27 GSE36895, GSE53757, 
and GSE66272 datasets were all from the platform GPL570 
[HG-U133_Plus_2] Affymetrix Human Genome U133 Plus 
2.0 Array”, containing 23, 72, and 27 noncancerous tissues, 
as well as 29, 72 and 27 ccRCC tissues, respectively.28–32

Expression Patterns of Interferon 
Regulatory Transcription Factor (IRF) 
Family Members in ccRCC
Using the RNA-sequence (RNA-seq) data from the TCGA 
database, we compared the expression of regulatory tran
scription factors (IRFs) in ccRCC specimens and corre
sponding adjacent normal specimens through the 
Wilcoxon rank-sum test. P-value less than 0.05 was con
sidered statistically significant. Then, the transcriptional 
data downloaded from the ICGC database was applied 
for further validation. Heatmaps of all IRFs expressions 
were drawn using the “heatmap” R package. Correlations 
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between each IRF were estimated using the Spearman 
coefficient.

Association of IRFs Expression with 
Overall Survival and Clinicopathological 
Parameters
According to the median value of each IRF, patients were 
divided into the high- and low-expression subgroups. Then, 
the Kaplan–Meier (KM) method and the Log rank test were 
conducted for overall survival (OS) analysis. Then, the 
Kaplan–Meier Plotter database (http://www.kmplot.com/)33 

was utilized to further estimate the prognostic results. 
Additionally, the relationship between the expression levels 
of prognosis-related IRFs and patients’ clinical features was 
estimated using the Wilcoxon rank-sum test.

Identification of Independent Prognostic 
Factors
After combining expression data with clinical informa
tion, we employed the univariate Cox regression analy
sis to identify the IRFs and clinicopathologic variables 
associated with the overall survival of patients with 
ccRCC. Then, the independent prognostic factors in 
ccRCC were determined using multivariate Cox regres
sion analysis. The independent prognostic IRF was con
sidered as candidate IRF, which significantly associated 
with overall survival and clinical outcome of patients 
with ccRCC.

Expression Was Validated by Various 
Databases
The transcriptional data of candidate IRF, derived from the 
GSE15641, GSE36895, GSE53757, and GSE66272, was 
used to verify the expression. Then, UALCAN database 
(http://ualcan.path.uab.edu/)34 was employed to assess the 
protein expression of the candidate IRF. What is more, the 
representative image was retrieved from the Human 
Protein Atlas database (HPA, https://www.proteinatlas. 
org/)35 to further verify the protein expression.

Cbioportal Database
The cBioPortal for Cancer Genomics (http://cbioportal. 
org) provides a Web resource for exploring, visualizing, 
and analyzing multidimensional cancer genomics data. In 
the study, cbioportal database was utilized to perform 
analysis of genetic alterations. Specifically, a TCGA- 
KIRC dataset, contains 537 ccRCC cases, was obtained 
from the cBioPortal database. The “Cancer Type 
Summary” module was utilized to analyze the mutation 
types frequencies. The “comparison/survival” module was 
used to test differences in overall survival between the 
altered and unaltered groups.

PPI Network Construction
In order to explore the biological functions of IRFs in 
ccRCC, we construct a protein–protein interaction (PPI) 
and identify the potential functional partners using the 
STRING database (active interaction sources: 
Experiments; minimum required interaction score greater 
than 0.400). Additionally, the enriched functional enrich
ment terms were obtained using the “Analysis” module.

Table 1 Characteristics of Clear Cell Renal Cell Carcinoma 
Patients in the TCGA Database

Clinical 
Parameters

Variables Total 
(n=530)

Percentages 
(%)

Age ≤60 264 49.81

>60 266 50.19

Gender Female 186 35.09

Male 344 64.91

Histological grade G1 14 2.64
G2 227 42.83

G3 206 38.87

G4 75 14.15
GX 5 0.94

Unknow 3 0.57

Clinical stage Stage I 265 50

Stage II 57 10.74

Stage III 123 23.21
Stage IV 82 15.48

Unknow 3 0.57

T classification T1 271 51.13

T2 69 13.02

T3 179 33.77
T4 11 2.08

Distant metastasis M0 420 79.25
M1 78 14.72

MX 30 5.66

Unknow 2 0.37

Lymph nodes N0 239 45.09

N1 16 3.02
NX 275 51.89

Abbreviation: TCGA, The Cancer Genome Atlas.
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Functional Enrichment Analysis
Based on the median expression values of candidate IRF, 
we divided the tumor groups into high- and low- 
expression subgroups and screened differentially 

expressed genes (DEGs) between two subgroups using 
the “limma” R package. |logFoldChange (logFC) | more 
than 1 and false discovery rate (FDR) less than 0.05 were 
considered statistically significant. Then, Metascape 

Figure 1 Identification of abnormally expressed IRFs in ccRCC. (A) heat map of expression of all IRFs in TCGA database. (B) Boxplot of expression of dysregulated IRFs in 
TCGA database. (C) heat map of expression of all IRFs in ICGC database. (D) Boxplot of expression of dysregulated IRFs in ICGC database. (E) Correlation analysis 
between dysregulated IRFs with each other based on the data from TCGA database. (F) Correlation analysis between dysregulated IRFs with each other based on the data 
from ICGC database. 
Notes: N, normal renal tissues; T, tumor tissues; **p < 0.01; ***p < 0.001. 
Abbreviations: IRFs, interferon regulatory transcription factors; ccRCC, clear cell renal cell carcinoma; TCGA, The Cancer Genome Atlas; ICGC, International Cancer 
Genome Consortium.
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(https://metascape.org/), a platform for functional annota
tion of genes,36 was used to perform functional enrichment 
analysis to explore these DEGs’ underlying action 
mechanisms.

Association of Candidate IRFs with 
Tumor-infiltrating Immune Cells (TIICs) 
and Immune-Related Gene Markers
In this study, we used the TIMER database (https://cis 
trome.shinyapps.io/timer/) to estimate the association of 
six types of immunocytes with candidate IRF.37 To further 
validate the TIMER database’s accuracy, the CIBERSORT 
algorithm was applied for immune cell quantization.38 

Specifically, the normalized gene expression data were 
uploaded to the CIBERSORT portal, run with LM22 sig
natures and 1000 permutations to output the fractions of 
immune cells. To improve the accuracy of the results, only 
samples with a CIBERSORT P < 0.05 were considered 
eligible. Then, we utilized the Wilcoxon rank-sum test to 
analyze the differential abundances of TIICs between low- 
and high-expression subgroups. Finally, to further under
stand the association between the candidate IRF expression 
and various infiltrating immune cell types, we investigated 
the association between IRF expression and related gene 
markers for each immune cell type using the TIMER and 
GEPIA databases. These markers were derived from differ
ent immune cells, including CD8+ T cell, T cell (general), 

Figure 2 Survival Curves of dysregulated IRFs. (A) IRF1; (B) IRF2; (C) IRF3; (D) IRF4; (E) IRF5; (F) IRF6; (G) IRF7; (H) IRF8; (I) IRF9.
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B cell, Monocyte, TAM, M1 Macrophage, M2 Macrophage, 
Neutrophil, Natural killer cell, Dendritic cell, Th1, Th2, 
Tfh, Th17, Treg, and T cell exhaustion. Correlations were 
estimated using the Spearman coefficient.

Statistical Analysis
Wilcoxon rank-sum test was employed to compare the 
expression levels of IRFs in ccRCC samples with that in 
normal renal samples. The Kaplan–Meier (KM) method 
and the Log rank test were conducted for overall survival 
(OS) analysis. Uni- and multivariate Cox regression were 
applied to identify the independent prognostic factors. The 

Wilcoxon rank-sum test and Fisher’s exact test or chi- 
square test were used to explore the association between 
clinicopathological variables and expression levels of 
IRFs. Correlations were estimated using the Spearman 
coefficient in this work. P-value less than 0.05 was con
sidered to be statistically significant. All statistical ana
lyses were carried out using R 3.6.1 software.

Results
IRFs Were Dysregulated in KIRC
Using the data downloaded from the TCGA database, we 
plot a heatmap of IRFs expression in ccRCC and 

Figure 3 Survival Curves of dysregulated IRFs (Kaplan–Meier Plotter). (A) IRF1; (B) IRF2; (C) IRF3; (D) IRF4; (E) IRF5; (F) IRF6; (G) IRF7; (H) IRF8; (I) IRF9.
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noncancerous tissues (Figure 1A). As shown in Figure 1B, 
all IRFs gene members were dysregulated in KIRC. IRF1/ 
2/3/4/5/7/8/9 were highly expressed in ccRCC, while IRF6 
was significantly lower in ccRCC samples than in normal 
renal samples. Figure 1C reveals the heat map of all IRFs 

expression in the ICGC database. Additionally, we found 
the same results using the data from the ICGC database; 
that is, IRF1/2/3/4/5/7/8/9 was significantly higher in 
ccRCC specimens by comparison with normal renal tis
sues, while IRF6 was significantly decreased in ccRCC 

Figure 4 Association of IRF3/5/6/7/9 expression with clinicopathological characteristics. (A) Clinical stage; (B) histological grade; (C) T stage; (D) N stage; (E) M stage. 
Notes: *p < 0.05; **p < 0.01; ***p < 0.001.
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samples than that in noncancerous samples (Figure 1D). 
The correlation analysis in the TCGA database showed 
that IRF1/2/3/4/5/7/8/9 strongly correlates with each other, 
whereas IRF1/2/3/4/5/7/8/9 were negatively associated 
with IRF6 (Figure 1E and Supplementary Table 1). The 
correlation analysis in the ICGC database was presented 
the same findings (Figure 1F and Supplementary Table 2).

Identification of IRFs Associated with 
Overall Survival and Clinical Outcomes of 
ccRCC
Using the Kaplan–Meier (KM) method, we assessed the 
association between the expression levels of IRFs with the 
overall survival of ccRCC. Results showed that high expres
sion of IRF3/5/7/9 (Figure 2C, E, G, I) was associated with 
a poor prognosis of patients with ccRCC. In contrast, low 
IRF6 expression indicated a worse prognosis of patients 
with ccRCC (Figure 2F). However, no statistical signifi
cance of IRF1/2/4/8 was found (Figure 2A, B, D, H). The 
Kaplan–Meier plotter database was used for further valida
tion, and results showed consistent results (Figure 3A–I). 
Then, we assess the association between prognosis-related 
IRFs with clinical features of patients with ccRCC. As 
shown in Figure 4A–E, elevated expression level of IRF5/ 
7 and decreased expression levels of IRF6 indicated the 
advanced clinical stage, histologic grade, and TNM status, 
and high expression level of IRF3 was significantly asso
ciated with the advanced clinical stage, histologic grade, T, 
and M status. However, no statistical significance of IRF9 
was found. The IRFs associated with overall survival and 
clinical outcomes of ccRCC, including IRF3/5/6/7, were 
used for in-depth investigation.

Identification of Independent Prognostic 
Factors
Then, we discovered that IRF3/5/6/7 were significantly asso
ciated with overall survival through the univariate Cox regres
sion analysis, including IRF3 (HR = 1.064, p < 0.001), IRF5 
(HR = 1.077, p < 0.05), IRF6 (HR = 0.897, p < 0.01) and IRF7 
(HR = 1.038, p < 0.05) (Table 2). Additionally, several clinical 
factors also associated with prognosis, including age (HR = 
1.023, p < 0.05), clinical stage (HR = 1.862, p < 0.001), 
histological grade (HR = 2.242, p < 0.001), T stage (HR = 
1.943, p < 0.001), N stage (HR = 2.932, p < 0.01) and M stage 
(HR = 4.073, p < 0.001). Then, multivariate Cox regression 
analysis was applied for identification of independent prog
nostic factors. As presented in Figure 5A, IRF3 (HR = 1.032, 

p < 0.01), could independently predict overall survival of 
patient with ccRCC. However, no statistical significance of 
IRF5/6/7 was found (Figure 5B–D). Thus, IRF3 was defined 
as a candidate IRF for further exploration.

Validation of IRF3 Expression in ccRCC
Using the data from the GSE15641, GSE36895, GSE53757, 
and GSE66272, we further validated the expression levels in 
ccRCC and normal renal tissues. As illustrated in 
Figure 6A–D, IRF3 was highly expressed in ccRCC samples 
compared to in noncancerous samples (both p-value less 
than 0.001). Protein expression data from the UALCAN 
database revealed that IRF3 protein was also significantly 
higher in ccRCC tissues than in adjacent normal tissues 
(Figure 6E). Representative images revealed that IRF3 
showed a “Low” staining in normal renal sample 
(Figure 6F), whereas displayed a “Medium” staining in 
ccRCC sample (Figure 6G). Additionally, we estimated the 
association between IRF3 expression and patients’ clinical 
features using the Fisher's exact test or chi-square test, and 
results indicated that IRF3 expression was remarkably cor
related with the clinical stage (p < 0.01), histological grade 
(p < 0.05), and T status (p < 0.01) (Table 3).

Genetic Mutation Analysis and PPI 
Network Construction
As illustrated in Figure 7A, we found that “mRNA High” 
was the most frequent genetic alteration overall using the 
cbioportal database, and the mutation frequency is 5.4% (29 
cases); additionally, we observed a case with mutation of 
“Deep Deletion”. What is more, Kaplan–Meier analysis 

Table 2 Univariate Cox Proportional Hazards Regression 
Analyses of IRFs and Clinical Features in ccRCC

ID HR HR.95L HR.95H p-value

Age 1.0226 1.0049 1.0407 *

Gender 1.0132 0.6661 1.5414 0.9511

Grade 2.2421 1.6823 2.9882 ***
Stage 1.8622 1.5408 2.2508 ***

T 1.9432 1.5375 2.4559 ***

M 4.0734 2.6335 6.3004 ***
N 2.9318 1.5165 5.6679 **

IRF3 1.0640 1.0345 1.0944 ***
IRF5 1.0767 1.0044 1.1543 *

IRF6 0.8965 0.8363 0.9611 **

IRF7 1.0383 1.0169 1.0601 ***

Notes: *p <0.05; **p <0.01; ***p <0.001. 
Abbreviations: IRFs, interferon regulatory transcription factors; ccRCC, clear cell 
renal cell carcinoma.
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result show that altered group has a worse overall survival 
than that of unaltered group (Figure 7B). Next, we construct 
a PPI network and identify ten functional partners of IRF3 
experimentally verified, including JUN, ATF2, EP300, 
CREBBP, MAVS, TRIM21, IKEKB, TICAM1, TBK1, and 
TMEM173; further analysis indicates that N-terminal pepti
dyl-lysine acetylation, autophagosome, cAMP response ele
ment binding, and Cytosolic DNA-sensing pathway are the 
most significant functional enrichment terms of IRF3 and its 
functional partners (Figure 7C).

Functional Enrichment Analyses Between 
High and Low IRF3 Expression Subgroups
To explore the regulation of IRF3-related mechanisms. We 
identified differentially expressed genes (DEGs) between 
the high and low gene expression subgroups. Heatmaps of 
DEGs are presented in Figure 8A. Volcano plots of DEGs 
are shown in Figure 8B. Through the Metascape database, 
we functionally explored the DEGs using gene ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analyses. In terms of BP, IRF3 was 

Figure 5 Forest plots of the results of multivariate Cox regression analyses of significant prognostic factors: IRF3 (A); IRF5 (B); IRF6 (C); IRF7 (D). 
Notes: *p < 0.05; **p < 0.01.
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mainly involved in cellular process, involved in reproduc
tion in multicellular organism, detection of abiotic stimu
lus, and cilium movement (Figure 8C). In the CC group, 
IRF3 was significantly involved in cilium, voltage-gated 
calcium channel complex, and axonemal dynein complex 
(Figure 8D). As for MF, IRF3 was mainly enriched in 
channel activity, receptor-ligand activity, and serine-type 
endopeptidase activity (Figure 8E). KEGG pathway ana
lysis showed that IRF3 was significantly associated with 
neuroactive ligand–receptor interaction, calcium signaling 
pathway, and cytokine–cytokine receptor interaction 
(Figure 8F).

The Relationship of IRF3 with TIICs
Using the TIMER database, we found that the expression 
levels of IRF3 were positively associated with the immune 
infiltration levels CD4+ T cells (cor = 0.371, p < 0.001) and 
Neutrophils (cor = 0.155, p < 0.001) (Figure 9A). Then, we 
performed CIBERSORT algorithm to further analyze the rela
tionship between IRF3 and TIICs. As illustrated in Figure 9B, 
the high IRF3 expression group showed higher levels of 

immune infiltration of Plasma cells (p < 0.01), CD8 + T cells 
(p < 0.001), T cells follicular helper (p < 0.001), regulatory 
T cells (Tregs) (p < 0.001), and activated NK cells (p < 0.01), 
while the low IRF3 expression group exhibited higher levels 
of immune infiltration of naive B cells (p < 0.001), CD4 
memory resting T cells (p < 0.05), Monocytes (p < 0.05), 
M0 Macrophages (p < 0.05), M2 Macrophages (p < 0.001), 
resting Dendritic cells (p < 0.05) activated Dendritic cells (p < 
0.05), Eosinophils (p < 0.05), and Neutrophils (p < 0.001). 
These results implied that IRF3 may play a critical role in 
regulation of the immune microenvironment for ccRCC.

The Association of IRF3 with 
Immune-Related Genes
To further understand the association between IRF3 
expression and various infiltrating immune cell types, 
we investigated the association between IRF3 expression 
and relevant gene markers for each immune cell type 
using the TIMER and GEPIA databases. These markers 
were derived from different immune cells, including CD8 

Figure 6 Validation of IRF3 expression in ccRCC. (A–D) IRF3 was highly expressed in ccRCC samples compared to in noncancerous samples in the GSE15641, GSE36895, 
GSE53757, and GSE66272 datasets. (G) Protein expression data from the UALCAN database revealed that IRF3 protein was also significantly higher in ccRCC tissues than in 
adjacent normal tissues. (F–G) The immunohistochemical staining is “Low” in normal renal sample; while the immunohistochemical staining is “medium” in ccRCC sample. 
Note: ***p < 0.001. 
Abbreviation: ccRCC, clear cell renal cell carcinoma.
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+ T cell, T cell (general), B cell, Monocyte, TAM, M1 
Macrophage, M2 Macrophage, Neutrophil, Natural killer 
cell, Dendritic cell, Th1, Th2, Tfh, Th17, Treg, and T cell 
exhaustion. Using the TIMER database, we obtained the 
correlation results after adjustment for tumor purity. As 
revealed in Table 4, we noticed that IRF3 expression 
levels were significantly correlated with 37 of the 56 
immune cell markers in KIRC. Notably, we found that 
the expression levels of Treg and T cell exhaustion gene 
markers showed a strong correlation with IRF3 expres
sion in KIRC. We thus further explored these gene mar
kers with IRF3 expression in KIRC via the GEPIA 
database, and the results similar to those from the 
TIMER database (Table 5). The findings investigate that 
IRF3 might contribute to the immune escape of cancer 
cells in KIRC.

Discussion
Clear cell renal cell carcinoma is a highly aggressive 
malignant tumor with a poor prognosis and increased 
mortality, and it is an urgent need to find the more 

promising biomarkers and therapeutic targets for ccRCC 
patients. Interferon regulatory transcription factor (IRF) 
family was composed of nine gene members, IRF1 to 
IRF9. Abundant reports have confirmed their roles in 
various malignancies. Their clinical implications and 
mechanisms in ccRCC, however, remain to be elucidated.

Herein, we discovered that all IRFs were abnormally 
expressed in ccRCC. Among these dysregulated IRFs, 
IRF1/2/3/4/5/7/8/9 were significantly higher in ccRCC 
tissues than in noncancerous tissues, whereas IRF6 signif
icantly decreased in ccRCC tissues by comparison with in 
normal renal tissues. Survival analysis revealed that high 
expression levels of IRF3/5/7/9 were significantly asso
ciated with worse overall survival of patients with 
ccRCC, while low IRF6 expression indicated an adverse 
prognosis. Then, the correlation between IRF3/5/6/7/9 
expression with clinical features showed that elevated 
IRF3/5/7 expression and decreased IRF6 expression were 
remarkably correlated with patient’s clinical outcomes. 
Additionally, we identified IRF3 as a candidate IRF in 
ccRCC, which could independently predict ccRCC 

Table 3 Association of IRF3 Expression with Clinicopathological Characteristics (Fisher's Exact Test or Chi-Square Test)

Characteristics Type Total High Low p-value

Age >60 266(50.19%) 129(48.68%) 137(51.7%) 0.543
≤60 264(49.81%) 136(51.32%) 128(48.3%)

Gender FEMALE 186(35.09%) 90(33.96%) 96(36.23%) 0.649
MALE 344(64.91%) 175(66.04%) 169(63.77%)

Stage Stage I 265(50.28%) 113(42.97%) 152(57.58%) **

Stage II 57(10.82%) 31(11.79%) 26(9.85%)

Stage III 123(23.34%) 70(26.62%) 53(20.08%)
Stage IV 82(15.56%) 49(18.63%) 33(12.5%)

Grade G1 14(2.68%) 9(3.45%) 5(1.92%) *
G2 227(43.49%) 98(37.55%) 129(49.43%)

G3 206(39.46%) 111(42.53%) 95(36.4%)

G4 75(14.37%) 43(16.48%) 32(12.26%)

T T1 271(51.13%) 116(43.77%) 155(58.49%) **

T2 69(13.02%) 40(15.09%) 29(10.94%)
T3 179(33.77%) 102(38.49%) 77(29.06%)

T4 11(2.08%) 7(2.64%) 4(1.51%)

N N0 239(93.73%) 117(92.13%) 122(95.31%) 0.429

N1 16(6.27%) 10(7.87%) 6(4.69%)

M M0 420(84.34%) 202(81.12%) 218(87.55%) 0.064

M1 78(15.66%) 47(18.88%) 31(12.45%)

Notes: *p <0.05; **p <0.01.
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patients’ OS. Subsequently, Further analyses confirmed 
that IRF3 was highly expressed in ccRCC and associated 
with poor clinical outcomes.

IRF3 is a well-characterized signaling transcription 
factor that plays a crucial role in the innate antiviral 
response.39 In human host cells, viral DNA and RNA 
can activate TLRs and promote signal transduction, 
which subsequently phosphorylates and activates IRF3 

through a series of reactions.40 Activated IRF3 forms 
a dimer and enters the nucleus to regulate type 
I interferon and interferon-stimulated genes.41 

Interestingly, danger signals of self-origin such as DNA 
damage also promote anti-tumor immunity by activating 
the IRF3-related signal transduction pathways in cancer.42 

This finding suggests that IRF3 might play a crucial role in 
cancer progression and immunity. In this work, we found 

Figure 7 Genetic analysis and PPI network construction. (A) Mutation types and frequencies of IRF3 in ccRCC. (B) Kaplan–Meier analysis result show that altered group 
has a worse overall survival than that of unaltered group. (C) PPI network construction and its enriched functional enrichment items. 
Abbreviations: PPI, protein–protein interaction; ccRCC, clear cell renal cell carcinoma.
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that IRF3 was abnormally upregulated in ccRCC and 
resulted in a worse prognosis and advanced clinical status, 
indicating that IRF3 might serve as an oncogene in 
ccRCC. Furthermore, genetic analysis revealed that 
genetic mutations may play a crucial role in the regulation 
of IRF3 expression in ccRCC. Then, JUN, ATF2, EP300, 
CREBBP, MAVS, TRIM21, IKEKB, TICAM1, TBK1, 
and TMEM173 were found to be functional partners of 
IRF3. Functional analysis showed that these genes are 
mainly involved in N-terminal peptidyl-lysine acetylation, 
autophagosome, cAMP response element binding, and 
cytosolic DNA-sensing pathway.

Then, we conducted GO and KEGG analyses to further 
investigate the regulation of IRF3-related mechanisms. 
Interestingly, we found that IRF3 was significantly 
enriched in receptor-ligand activity, cytokine–cytokine 
receptor interaction, channel activity, and calcium signal
ing pathway. Some ligand/receptor signaling pathways 
played critical roles in regulating the immune system and 
cancer progression;43 cytokine–cytokine receptor interac
tion was a crucial immune signaling pathway and also 
significantly associated with cancer progression.44 

Changes of channel activity and dysregulation of the cal
cium signaling pathway were essential characteristics of 

Figure 8 Heat map and volcano map of differentially expressed genes (DEGs) between high and low IRF3 expression groups (A and B); BP, CC, MF and KEGG analyses of 
DEGs between high and low IRF3 expression groups (C–F). 
Abbreviations: BP, biological process; CC, cellular component; MF, molecular function; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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solid tumors associated with invasiveness and uncontrolled 
malignant behaviors.45 These signaling pathways were 
related to cancer progression and also were the key points 
to learn about the pathophysiological mechanism of IRF3 
in ccRCC.

Then, we focused on the relationship between IRF3 
and the TIICs in ccRCC, and we discovered the differ
ences in infiltrating immune cells between the high and 
low IRF3 expression subgroups. The differences might be 
one reason for the different clinical outcomes of the dif
ferent groups of patients. Another interesting finding of 
this study is that most of the immune-related gene markers 
were significantly associated with the IRF3 expression, 
especially for those gene markers for regulatory T (Treg) 
cells and exhausted T cells, such as FOXP3, TGFB1, 
PDCD1, CTLA4, LAG3, and GZMB. Treg cells were 
involved in tumor development by suppressing anti- 

tumor immunity; FOXP3 was highly expressed on highly 
immunosuppressive Treg cells, and the increased levels of 
FOXP3 within the tumor microenvironment were remark
ably correlated with poor prognosis in various cancer 
patients.46 TGF-β1 bond to the membrane protein GARP 
and subsequently was activated on the surface of Treg 
cells, which exerted contact-dependent inhibition on 
immune cells.47 PDCD1, CTLA4, LAG3, and GZMB 
were classical immune checkpoints that have the tumor- 
promoting phenotype during tumor progression and assist 
the immune escape of tumor cells.48 The results revealed 
that IRF3 might play critical role in regulating the immu
nosuppressive phenotypes in the TME of ccRCC.

Herein, we identified IRF3 as a potential prognostic 
biomarker and therapeutic target for ccRCC through com
prehensive bioinformatics analysis. Nevertheless, some 
limitations should not be disregarded. Larger sample size 

Figure 9 Association between IRF3 and immune cell infiltrations. (A) Association between the expression levels of IRF3 with immune cell infiltrations (TIMER database). (B) 
Association between the expression levels of IRF3 with immune cell infiltrations (CIBERSORT algorithm). 
Notes: *p < 0.05; **p < 0.01; ***p < 0.001; ns denotes statistically non-significant difference.
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Table 4 Correlation Analysis Between IRF3 and Relate Genes and Markers of Immune Cells in TIMER Database

Description Gene Markers KIRC

None Purity

cor p-value cor p-value

CD8+ T cell CD8A 0.182 *** 0.171 ***

CD8B 0.218 *** 0.221 ***

T cell (general) CD3D 0.248 *** 0.243 ***

CD3E 0.246 *** 0.234 ***

CD2 0.208 *** 0.198 ***

B cell CD19 0.248 *** 0.222 ***

CD79A 0.163 *** 0.138 **

Monocyte CD86 −0.004 0.933 −0.019 0.678

CSF1R 0.077 0.076 0.070 0.133

TAM CCL2 0.101 * 0.052 0.263

CD68 −0.112 ** −0.092 *
IL10 −0.010 0.816 −0.029 0.535

M1 Macrophage NOS2 −0.002 0.961 −0.003 0.951
IRF5 0.336 *** 0.333 ***

PTGS2 −0.061 0.158 −0.127 **

M2 Macrophage CD163 −0.117 ** −0.120 **

VSIG4 −0.029 0.509 −0.039 0.408

MS4A4A −0.079 0.067 −0.093 *

Neutrophil CEACAM8 0.123 ** 0.125 **

ITGAM 0.064 0.139 0.047 0.310
CCR7 0.132 ** 0.122 **

Natural killer cell KIR2DL1 0.085 0.050 0.086 0.067
KIR2DL3 0.085 0.051 0.094 *

KIR2DL4 0.247 *** 0.254 ***

KIR3DL1 0.034 0.430 0.042 0.366
KIR3DL2 0.169 *** 0.181 ***

KIR3DL3 0.069 0.112 0.048 0.305
KIR2DS4 0.121 ** 0.129 **

Dendritic cell HLA-DPB1 0.078 0.072 0.102 *
HLA-DQB1 0.127 ** 0.141 **

HLA-DRA −0.031 0.478 −0.015 0.742

HLA-DPA1 −0.020 0.651 −0.019 0.692
CD1C 0.053 0.224 0.062 0.184

NRP1 −0.149 *** −0.151 **

ITGAX 0.346 *** 0.331 ***

Th1 TBX21 0.342 *** 0.353 ***

STAT4 0.385 *** 0.378 ***
STAT1 0.034 0.431 0.024 0.606

IFNG 0.242 *** 0.237 ***

TNF 0.238 *** 0.229 ***

(Continued)
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and sufficient clinical information were required to con
firm our findings because of the limited clinical and patho
logical information. Additionally, the precise mechanism 
of IRF3 in ccRCC progression and tumor immunity has 
not been fully illustrated. Therefore, more substantial evi
dence should be performed to validate our findings.
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Table 4 (Continued). 

Description Gene Markers KIRC

None Purity

cor p-value cor p-value

Th2 GATA3 0.243 *** 0.233 ***

STAT6 0.241 *** 0.275 ***
STAT5A 0.190 *** 0.180 ***

IL13 0.421 *** 0.397 ***

Tfh BCL6 0.229 *** 0.218 ***

Th17 STAT3 −0.029 0.499 −0.036 0.445
IL17A −0.002 0.955 −0.045 0.336

Treg FOXP3 0.258 *** 0.230 ***
CCR8 0.107 * 0.088 0.060

STAT5B 0.002 0.9703 0.016 0.732

TGFB1 0.165 *** 0.144 **

T cell exhaustion PDCD1 0.358 *** 0.349 ***

CTLA4 0.407 *** 0.388 ***
LAG3 0.349 *** 0.330 ***

HAVCR2 −0.080 0.0644 −0.082 0.080

GZMB 0.268 *** 0.271 ***

Notes: *p <0.05; **p <0.01; ***p <0.001.

Table 5 Correlation Analysis Between IRF3 and Relate Genes 
and Markers of Treg Cells and Exhausted T Cells in GEPIA 
Database

Description Gene 
Markers

KIRC

Tumor Normal

cor p-value cor p-value

Treg FOXP3 0.290 *** 0.480 ***

CCR8 0.074 0.091 0.110 0.340

STAT5B −0.040 0.360 0.350 **

TGFB1 0.240 *** 0.840 ***

T cell exhaustion PDCD1 0.360 *** 0.110 0.380

CTLA4 0.350 *** 0.130 0.280

LAG3 0.400 *** 0.650 ***

HAVCR2 −0.100 * −0.350 **

GZMB 0.300 *** 0.100 0.380

Notes: *p <0.05; **p <0.01; ***p <0.001.
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