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Purpose: Tumor microenvironment (TME) affects the occurrence and progression of low- 
grade glioma (LGG). The aim of this study is to identify TME-related genes that influence 
prognosis in LGG patients and to explore their function and role in tumor immunity.
Patients and Methods: The TME components of LGG samples in the Cancer Genome 
Atlas (TCGA) database were identified by the ESTIMATE method, and differentially 
expressed genes (DEGs) with significant differences in immune scores and stromal scores 
were screened out. The core genes of DEGs were screened out by protein–protein interaction 
(PPI) network. Furthermore, immune-related target genes significantly correlated with prog-
nosis were identified. Survival analysis and correlation analysis showed the correlation 
between target genes and clinical features and prognosis. The expression differences of 
target genes were verified by external database Chinese Glioma Genome Atlas (CGGA). 
CIBERSORT software identified the proportion of tumor-infiltrating immune cells (TICs) 
that were significantly related to target genes. Gene set enrichment analysis (GSEA) could 
enrich the main functions related to high and low expression of target genes.
Results: A total of 1567 DEGs were screened out from 529 LGG samples in the TCGA 
database, and 146 immune-related genes affecting prognosis were found. A total of 403 core 
genes were obtained from PPI network. The target gene interferon regulatory factor 7 (IRF7) was 
significantly associated with prognosis and clinical features of the tumor. The CGGA database 
verified the relationship between high and low expression groups of IRF7 and prognosis. GSEA 
indicated that IRF7 was mainly enriched in immune-related activities, significantly correlated 
with T cells CD8, macrophages M1, macrophages M2 and monocytes.
Conclusion: The IRF7 is involved in immune responses in TME of LGG, which in turn 
influenced tumor occurrence and progression. IRF7 can act as a potential biomarker for 
prognosis in patients with LGG and provide a target for tumor immunotherapy.
Keywords: interferon regulatory factor 7, tumor-infiltrating immune cells, glioma, survival 
analysis

Introduction
Low-grade gliomas (LGGs) are a group of primary brain tumors with slow progression 
and relatively long overall survival. It is generally considered to be mainly composed of 
diffuse low-grade and intermediate-grade gliomas, including astrocytomas, oligoastro-
cytomas and oligodendrogliomas.1,2 However, histopathological classification could 
not fully reflect the characteristics and clinical prognosis of LGG. In 2016, the World 
Health Organization (WHO) classified LGG into IDH wild-type (IDHwT) cases, IDH 
mutants additionally carrying 1p/19q codeletion (IDHmut-codel) and IDH mutants 
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with euploid 1p/19q (IDHmut-non-codel) based on molecu-
lar markers. The overall survival of patients with IDHwt 
glioma was lower than that of other subtypes.3,4 Treatment 
of LGG usually includes surgery, radiotherapy and che-
motherapy, but postoperative recurrence of tumor, trans-
formed into high-grade glioma, radiation-related 
complications, all of which resulted in a poor prognosis. 
Immunotherapy, by activating the patient’s immune system 
to restrain tumor progression and even kill tumors, has gra-
dually become another way of treatment and has attracted 
more and more attention, especially in patients who have 
failed to respond to conventional treatments.5 Studies have 
shown that the tumor microenvironment (TME) infiltrating 
immune cells affects tumor progression and is closely related 
to the prognosis.6,7

The TME is the internal microenvironment for tumor 
cell occurrence and progress, which can provide condi-
tions for tumor growth. Immune cells and stromal cells are 
the main non-tumor components, such as macrophages and 
neutrophils participating in tumor-related immune 
responses.8 In the early stage of tumor, immune cells can 
be activated to inhibit tumor growth. As the tumor con-
tinues to stimulate and progress, immune and stromal 
components change, leading to immune tolerance, and 
even the formation of a microenvironment that promotes 
tumor progression.9,10 The primary immune cells, such as 
macrophages, can help tumors escape immunological sur-
veillance and block anti-tumor immune mechanisms. 
Previous studies have shown that the regulation of TME 
through gene expression affects tumor prognosis.11–13 The 

TME and immune biomarkers are essential for the prog-
nostic evaluation and treatment of LGG.

In order to explore the detailed association between the 
prognosis of LGG and TME, we analyzed the proportion of 
immune and stromal components in LGG samples from the 
database TCGA and their relationship with tumor prognosis. 
The differentially expressed genes (DEGs) were obtained by 
differential analysis of relative values of tumor microenvir-
onment components. We carried out univariate Cox analysis 
and core gene screening analysis on the DEGs and finally 
obtained the target genes, which were verified by the 
Chinese Glioma Genome Atlas CGGA database. We also 
analyzed the association between target genes and clinical 
characteristics, and conducted enrichment analysis to find 
out the biological functions and signaling pathways asso-
ciated with target genes. Furthermore, the correlation ratio of 
22 immune cells in tumor samples was analyzed by using 
CIBERSORT software. The association between the target 
gene and immune cells was further explored.

Materials and Methods
Data Source
We downloaded transcriptome data and the corresponding 
clinical data of 529 LGG cases from the TCGA database 
(https://portal.gdc.cancer.gov/).

Immune Score, Stromal Score, and 
ESTIMATE Score
We use the “estimate” package by R software (version: 
4.0.5) to calculate the Immune Score, Stromal Score, and 
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ESTIMATE Score in the TME of each sample, which 
represents the proportion of immune and stromal compo-
nents in the TME of each sample. 529 LGG samples were 
divided into high-score and a low-score subgroups by 
“survival” and “survminer” packages by R software 
according to the median value of scores of immune, matrix 
and sum. The survival difference between the two groups 
was compared, and the survival curve was drawn by the 
Kaplan–Meier method, and the Log rank test was used to 
determine the statistical significance. P<0.05 was consid-
ered statistically significant.

Correlation Between TME Composition 
and Clinical Features
The “limma” and “ggpubr” packages were used to com-
pare the correlation between generated immune, stromal 
scores and each clinical characteristic, using Wilcoxon and 
Kruskal–Wallis tests for comparison. The significant cor-
relation threshold of p-value set as 0.05.

DEGs Screening
The DEGs between the high-score subgroup and low-score 
subgroup of the Immune Score and Stromal Score were 
obtained by R packages limma, and the |log fold change 
(FC)|> 1 and false discovery rate (FDR) < 0.05 were 
screened to determine the final differentially expressed 
genes.

GO and KEGG Enrichment Analysis
In order to explore the main biological functions and 
signaling pathways of common differentially expressed 
genes, gene ontology (GO) analysis and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment analyses by using “Clusteprofiler”, “org.hs.eg. 
db”, “enrichplot” and “ggplot2” packages in R, and 
p-value < 0.05; q-value < 0.05 sieves out significant 
categories.

PPI Network Construction
The protein–protein interaction (PPI) network between 
common DEGs can be realized by the STRING database 
(https://string-db.org/) and Cytoscape software (ver-
sion:3.8.2), and the network is constructed by using 
nodes with the confidence of the interaction relationship 
> 0.95. By calculating the number of adjacent nodes for 
each gene, we select the top 30 different genes with the 
most adjacent nodes as the core genes of the network.

COX Regression Analysis
The list of immune-related genes was downloaded from 
the ImmPort database (http://www.immport.org), and 
further immune-related genes were screened for shared 
DEGs. The package survival was used to further screen 
the immune related differential genes which were signifi-
cantly correlated with prognosis (p < 0.01). The hub gene 
was obtained by taking the common intersection with the 
core gene of PPI network. Survivor analysis of the final 
target gene was performed on 529 LGG samples by 
R package survminer and survival, and p < 0.05 was 
statistically significant.

Correlation Between Target Genes and 
Clinical Characteristics
The R-packages limma and ggpubr were used to show the 
difference of the target gene in each clinical feature, and 
the correlation between the two was compared. p < 0.05 
was considered statistically significant.

Verification of Target Genes
We downloaded the gene expression levels and corre-
sponding clinical data of gliomas from the 
mRNAseq_693 and mRNAseq_325 databases from 
CGGA (http://www.cgga.org.cn/). The combined batch 
correction of genes from the two databases by “limma” 
and “sva” packages was used to obtain the gene expression 
of 1018 samples. The samples with missing survival time 
and survival status were excluded from the corresponding 
clinical data of 1018 samples. Patients with low-grade 
glioma were selected from the samples and the difference 
of target gene expression were verified by “survival”, 
“survminer”, “limma” and “ggpubr” packages.

Gene Set Enrichment Analysis
Use gene set enrichment analysis (GSEA) software (ver-
sion 4.1.0) to study the function of the target gene and 
related signal pathways, Nom p < 0.05 and FDR q < 0.05 
gene sets were considered to be significant.

Tumor Infiltrates Immune Cell Profile
To assess whether the infiltrating immune cells (TICs) in 
tumor samples are associated with the target gene, we used 
the CIBERSORT (https://cibersort.stanford.edu/) to esti-
mate the relative abundance of 22 types of infiltrating 
immune cells. P < 0. 05 indicates that the estimate is 
accurate.
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Results
Scores Correlated with Survival of LGG 
Patients
Survival analysis of Immune Score, Stromal Score, and 
ESTIMATE Score was performed by Kaplan–Meier survi-
val analysis, respectively. Higher immune scores and stro-
mal scores represent a higher proportion in the TME of the 
sample. The ESTIMATE Score is the sum of the immune 
and stromal scores, symbolizing the comprehensive propor-
tion of the two components in the TME. The proportion of 
immune components and stromal components was signifi-
cantly correlated with the prognosis of 529 cases with LGG 
(Figure 1A and B), and the ESTIMATE Score were also 
significantly associated with the prognosis (Figure 1C). 
These survival analyses all showed that the prognosis in 
the low-scores group was better than that in the high-score 
group, indicating that the components of TME are closely 
related to the occurrence and progression of LGG.

Correlation Between Scores and Clinical 
Characteristics
The relationship between immune score, stromal score and 
clinical characteristics is shown in Figure 2. Immune 
Score, Stromal Score, and ESTIMATE Score were signifi-
cantly correlated with tumor grade respectively (P < 0.05), 
and the score was positively correlated with tumor grade. 
In addition, the score was significantly correlated with the 
LGG histological type (P < 0.05), and the score decreased 

with the decrease of astrocytoma content. All these results 
indicated that the composition ratio of immune score and 
stromal score was closely related to clinical characteristics, 
such as clinical grade and histological type, and affected 
the prognosis of patients.

The Differentially Expressed Genes
According to the median score of immune and stromal 
score, 529 LGG samples were divided into two groups: 
high-score samples and low-score samples. For immune 
score, between high and low groups, 1261 genes were up- 
regulated and 1021 genes were down-regulated. As for 
stromal score, 1504 genes were up-regulated and 519 
genes were down-regulated in the comparison between 
high and low groups. All differentially expressed genes 
in the samples of the high and low scores of immune 
scores and stromal scores are displayed by heatmap 
(Figure 3A and B). There were a total 1567 shared 
DEGs that were significantly correlated in both immune 
score and stromal score (Figure 3C and D).

Enrichment Analyses of DEGs
The GO enrichment analysis showed the common DEGs to 
mainly be enriched in regulation of immune effector process, 
positive regulation of cell activation, positive regulation of 
leukocyte activation, T cell activation, adaptive immune 
response based on somatic recombination of immune recep-
tors built from immunoglobulin superfamily domains and 
T cell activation (Figure 4A and B). Similarly, the KEGG 

A B C

Figure 1 Correlation of scores with the survival of patients with LGG. (A) Kaplan–Meier (KM) survival analysis for Immune Score. (B) Kaplan–Meier survival curve for 
Stromal Score. (C) Kaplan–Meier survival curve for ESTIMATE Score.

https://doi.org/10.2147/IJGM.S324307                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 4384

Peng et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


enrichment analysis also displayed enriched in Cytokine 
−cytokine receptor interaction, Viral protein interaction with 
cytokine and cytokine receptor, Chemokine signaling path-
way, Human T-cell leukemia virus 1 infection (Figure 4C 
and D).

Hub Gene Identification
We built a PPI network based on the STRING database 
and Cytoscape software (Figure 5A). There were always 

403 genes expressed, among which the top 30 genes 
with the most adjacent nodes were selected 
(Figure 5B). Among the immune-related prognostic 
genes screened by Univariate Cox analysis (P < 0.01), 
the most significant 30 genes were presented 
(Figure 5C). The top 30 core genes in the PPI network 
were intersected with the most significant 30 immune- 
prognostic genes to obtain the hub genes. The target 
gene IRF7 was selected (Figure 5D).

A B C

D E F

Figure 2 Correlation analyses of scores with survival and clinicopathological characteristics of LGG patients. (A–C) Correlation of Immune Score, Stromal Score, and 
Estimate Score with grade. (D–F) Correlation of Immune Score, Stromal Score, and Estimate Score with histological type. 
Abbreviations: G2, Grade II; G3, Grade III; AA, Astrocytoma; OAA, Oligoastrocytoma; ODG, Oligodendroglioma.
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Association of IRF7 Expressions with 
Survival Analysis and Clinical Features
According to the median expression value of the target gene 
IRF7, 529 LGG samples were divided into high expression 
and low expression. The survival analysis showed that the 
IRF7 and prognosis of patients LGG was significantly cor-
related (p < 0.05). The expression of IRF7 in TME was 

negatively correlated with the prognosis of LGG patients. 
Patients with low expression of IRF7 had longer survival 
time than those with high expression (Figure 6A). 
Additionally, the study also showed that there were signifi-
cant differences in IRF7 among different tumor grades and 
histological type (p < 0.05), the expression of IRF7 
increased with the progression of clinical grade (Figure 6B).

Figure 3 Common DEGs. All differentially expressed genes in the samples of the high and low scores of immune scores (A) and stromal scores (B) are displayed by 
heatmap. Common up-regulated genes (C) and down-regulated genes (D) shared by stromal and immune score are shown in Venn plots.
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Verification of Differences in IRF7 
Prognosis
458 samples of LGG patients were screened from the CGGA 
database, and the samples were divided into the high expres-
sion group and the low expression group according to the 
median gene expression of the target gene IRF7 in the sam-
ples. The results also showed that the prognosis of patients in 
the low expression group of IRF7 was better than that in the 

high expression group (Figure 6C). It was also verified that 
the high expression of IRF7 was mainly concentrated in 
patients with pathological grade III (Figure 6D).

GSEA and IRF7 Expression
GSEA showed that the high IRF7 expression group was 
mainly enriched in antigen processing and presentation, 
cell adhesion molecules, the cytokine–cytokine receptor 

Figure 4 Enrichment analysis of GO and KEGG in barplot, circos plots. (A and B) GO enrichment analysis for 1567 shared DEGs. (C and D) KEGG enrichment analysis for 
DEGs.
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interaction, JAK/Stat signaling pathway and other tumor 
antigen recognition pathways (Figure 7A). Similarly, the 
phenotype of IRF7 is mainly enriched in the immunoreac-
tive-related pathways, which are involved in the immune 
regulation of tumors (Figure 7B).

Correlation Between IRF7 and TICs
We further confirmed the relationship between target gene 
IRF7 expression and TICs using the CIBERSORT method. 
The proportion of 22 immune cell profiles in the high- 
expression and low-expression groups was shown 

A B

C D

Figure 5 PPI network and Cox regression analysis. (A) PPI network were built with interaction confidence>0.95. (B) The top 30 genes ordered by the number of nodes. 
(C) The top 30 significant genes by Univariate Cox analysis (P<0.01). (D) Venn plot showing the sharing factors by the top 30 genes in PPI and Cox.
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(Figure 8A). The correlation between each immune cell 
profile was also demonstrated (Figure 8B). Differential 
expression analysis of IRF7 expression and 22 immune 
cell profiles and their correlation analysis were performed 
to obtain differential immune cells (Figure 8C and D). In 
differentially infiltrated immune cells, 4 kinds of TICs 

were significantly correlated with the expression of IRF7 
gene, T cells CD8, macrophages M1, macrophages M2 
and IRF7 were positively correlated, while monocytes 
and IRF7 were negatively correlated. These results further 
support that the expression of IRF7 affects the immune 
response of TME in LGG patients.

A B

C D

Figure 6 Association of IRF7 Expressions with Survival Analysis and Clinical Features. (A) The correlation between IRF7 expression and survival. (B) The correlation of 
IRF7 expression with clinicopathological characteristics of LGG patients. (C and D) Verification of the correlation between IRF7 and prognosis and clinical features in 
CGGA. G2: Grade II; G3: Grade III.
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Discussion
In this study, we identified immune-related genes with different 
immune and stromal components in the TME of 529 patients 
with LGG, and combined with survival analysis, we obtained 
the target gene IRF7, which was significantly related to prog-
nosis. We also compared and concluded that the expression of 
IRF7 was significantly different among different tumor grades 
and histological types. Further enrichment analysis and 
immune cell correlation analysis of the target gene IRF7 
revealed that its main function was related to the immune 
system. These all further clarify that the target gene IRF7 
affects the TME through immune response and then affects 
the occurrence, progression and final prognosis of patients with 
LGG, and can be used as a potential predictor for immunother-
apy and prognosis evaluation of LGG patients.

Tumor microenvironment, especially immune compo-
nents, plays an important role in the progression of tumors. 
Immune cells in the TME can be divided into those pro-
moting tumor growth and those inhibiting tumor growth, 
including effector T cells, natural killer cells, dendritic 
cells, regulatory T cells (Tregs) and myeloid-derived sup-
pressor cells (MDSCs). Effector T cells play a role in 
killing tumors based on the recognition of tumor antigens 
by dendritic cells. Macrophages are the main component 
of immune cell infiltration and can be classified into spe-
cific M1-like (activated) or M2-like (alternatively 

activated) functional status. M1 macrophages are consid-
ered powerful effector cells with high immune stimulation 
and tumor cytotoxicity by presenting antigens and produ-
cing toxic intermediates such as nitric oxide (NO).14 

Macrophages can produce immunosuppressive cytokines 
IL-10 and transforming-growth factor β (TGFβ) to induce 
the formation of M2-like functional status modulates adap-
tive immunity and promotes angiogenesis and thus affects 
tumor proliferation and metastasis.15,16 The Tregs express 
Foxp3 to inhibit the response of immune cells to tumors. 
The MDSC stimulates angiogenesis through vascular 
endothelial growth factor (VEGF), induces the migration 
of cancer cells to endothelial cells, and promotes 
metastasis.17 The infiltrating immune cells show different 
biological behaviors under the influence of mediators 
released by tumor cells, ranging from recognizing tumor 
and inhibiting tumor progression to abnormal activation to 
help tumor escape immune surveillance. Immune cells 
regulate TME and affect tumor growth and prognosis.9 

In ovarian cancer, CD8+ T cells and Foxp3+ regulatory 
T cells in the TME show a better prognosis.18 The basis of 
tumor immunotherapy has been considered to be the mole-
cular identification of tumor antigens in the TME. Through 
the recognition of tumor specific antigen, antigen recogni-
tion specific T cells in TME can be monitored to inhibit 
tumor progression. In metastatic melanoma, tumor anti-
gen-specific CD8+ T cells in the TME can stimulate 

A B

Figure 7 GSEA of samples with the IRF7 high expression group. (A) The enriched gene sets in KEGG pathway. (B) The enriched gene sets in Hallmark in LGG samples.
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cytokines to expand a large number of T cells in vitro and 
kill the tumor. Changes in the expression of LAG-3, which 
plays an immunomodulatory role in T cells, can lead to 
internal dysfunction of T cells, thus allowing the tumor to 
escape immunity.19,20

The target gene IRF7, which is significantly different 
in immune cell composition and stromal cell composi-
tion, can mediate tumor immunity by regulating the 
activity of type I interferon. Enrichment analysis showed 
that highly expressed IRF7 was mainly concentrated in 
antigen processing and presentation, cell adhesion mole-
cules and primary immunodeficiency. IRF7 plays an 
important role in the immune response in the TME. 
Meanwhile, we also compared the expression difference 

and correlation of IRF7 among 529 LGG patients with 
different clinical grades and different histological types. 
We found that the expression of IRF7 in LGG patients 
with clinical grade III was significantly higher than that 
in grade II patients. There was a statistical difference 
between the two grades (P < 0.05). Similarly, different 
histological types also had different IRF7 expressions (P 
< 0.05), and there was no statistical difference in the 
expression of IRF7 among different genders, ages and 
races. In addition, LGG patients with low IRF7 expres-
sions showed a better prognosis (P < 0.05) and a longer 
survival compared to patients with high IRF7 expression. 
All these indicate that IRF7 is involved in the immune 
response of TME and affects the prognosis of tumor.

Figure 8 TIC profile in tumor samples and correlation analysis, Correlation between the expression of IRF7 and TICs in LGG samples. (A and B) The proportion and 
correlation of 22 types of TICs in LGG tumor samples. (C) The differentiation ratio of 22 types of immune cells between LGG tumor samples with low or high IRF7 
expression, relative to the median IRF7 expression level. (D) The correlation of 4 types of TICs with IRF7 expression (P<0.05).
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The IRF7 is a multifunctional transcription factor, 
located on chromosome 11p15.5, mainly found in EB 
virus infection. IRF7 is induced by EBV latent protein 
(LMP-1), which leads to the expression of interferon, 
and then acts on the expression of target genes down-
stream of interferon to activate adaptive immune defense 
and induce T cell differentiation.21–23 The expression and 
activity of IRF7 are crucial to the normal physiological 
function and action of IFN. Abnormalities in IFNs are 
closely associated with autoimmune diseases and cancer. 
Pattern recognition receptor (PRR) induces the transcrip-
tional process of IFNs through cellular cascade reaction, 
and IRF is an important molecule that transits PRR signal 
to activate immune cells.24,25 Together with IRF-3, IRF7 
interferon gene expression and activation of normal 
T cells.26 Our results showed that IRF7 was significantly 
correlated with T cells CD8, macrophages M1, macro-
phages M2 and monocytes, further verifying that IRF7 
plays an important role in tumor immunity. In addition to 
participating in the activation of immune-related cells in 
the immune response, IRF7 also affects tumors through 
other cytokines. Studies have suggested that IRF7 stimu-
lates Jagging-Notch signal through IL6-Jak/STAT signal, 
and makes glioma stem cells express, and induces glioma 
angiogenesis through TNFα-IRF7-IL6 pathway, and pro-
motes glioma proliferation.27 In terms of promoting angio-
genesis, some studies have shown that IRF7 can induce 
inflammatory response through the NF-κBp65 pathway, 
and thereby promote the proliferation of vascular smooth 
muscle cells through the ATF3 pathway.28 IRF7 also plays 
an important role in the occurrence, development and 
metastasis of other tumors. IRF7 participates in IFN-β- 
mediated NK activity and can reduce bone metastasis of 
prostate cancer.29 Low expression of IRF7 can inhibit the 
proliferation of AML cells in human angiomyolipoma 
through the Rheb/mTOR pathway.30 In breast cancer, 
IRF7-mediated IFN-α reduces the production of bone mar-
row derived suppressor cells (MDSCs) and plays an 
important role in bone metastasis of breast cancer by 
activating CD4+ cells.31

Through the CIBERSORT algorithm, we obtained that 
IRF7 was significantly correlated with T cells CD8, 
macrophages M1, macrophages M2 and monocytes, 
which further verified the correlation between IRF7 and 
immune response. However, the specific mechanism by 
which IRF7 influences microenvironment immune- 
infiltrating cells and thus affects tumor progression needs 
to be further elaborated. IRF7 affects the prognosis of 

LGG, which provides a target spot for TME. Further 
experiments to verify the function and mechanism of 
IRF7 can provide more evidence for the research.

Conclusion
Through bioinformatics analysis of 529 LGG patients in 
the TCGA database, we obtained the immune-related tar-
get gene IRF7 in TME, which is related to prognosis, and 
discussed its function and involved signaling pathway. We 
believe that IRF7 affects the occurrence, progression and 
prognosis of tumors through immune activities in TME. It 
is a prognostic biomarker associated with TME and 
a potential target for immunotherapy in patients with LGG.
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