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Abstract: Background: Glioblastoma multiforme (GBM) is a common primary intracranial tumor with poor prognosis. 
Common indicators in the clinical diagnosis of glioma include MGMT promoter methylation, isocitrate dehydroge-
nase (IDH) mutation, 1p/19q codeletion, and TERT mutation. Among these, IDH mutation is extremely important for 
GBM diagnosis and treatment. Methods: The Chinese Glioma Population Database (CGGA) and Gene Expression 
Omnibus (GEO) data (GSE131273) related to glioma in the Chinese population were used for differential analysis 
(DGA) and weighted gene coexpression network analysis (WGCNA). The expression levels of hub genes between 
the IDH1 wild-type and mutant GBM cell lines were detected by RT-qPCR. Kaplan-Meier (KM) plotter was used to 
analyze hub gene expression levels and prognostic values. Results: Eight hub genes were identified by WGCNA and 
different expression genes (DEG) analysis, namely, one upregulated gene (CRYAB) and seven downregulated genes 
(EFEMP2, RBP1, TAGLN2, CBR1, MSN, ALDH7A1, and MT1M). Four of these genes (ALDH7A1, MSN, CBR1, and 
MTM1) showed significant differences between IDH-wild-type and IDH-mutant GBM, verified at the cellular level. 
Moreover, the high expression of CBR1 was significantly correlated with poor overall survival (OS) in patients with 
IDH-mutant GBM, and we finally identified CBR1 as a specific prognostic factor in IDH-mutant GBM. Conclusion: 
Results revealed different gene expressions between IDH-wild-type and IDH-mutant GBM. These genes may help 
monitor the occurrence and development of glioma. CBR1 can be used as a prognostic marker to identify IDH-
mutant glioblastoma patients.
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Introduction

Glioblastoma multiforme (GBM) is a tumor that 
originates from glial cells and has a high mor-
tality rate [1]. It is also a highly malignant type 
of glioma. According to the literature reports, 
the annual incidence of GBM is more than three 
people per 100,000, and the annual death toll 
is 30,000 [2, 3]. Considering that glioma typi-
cally occurs in the brain, the overall treatment 
result of glioma is poor. Except for a small num-
ber of low-grade glioma patients who can be 
cured by surgery, most patients with gliomas 
have poor treatment outcome and are prone to 
recurrence. Although molecular research on 
glioma has made substantial progress in the 
past decade, effective diagnostic and thera-
peutic approaches are still lacking. There are 
many reasons for this, such as difficulty in sam-

pling brain tissue, poor permeability of drugs 
through the blood-brain barrier, redundant in- 
tracellular signaling pathways, heterogeneity of 
tumor molecules, and lack of effective biomark-
ers. Therefore, it is important to continue to 
search for diagnostic and treatment markers of 
GBM and to explore its molecular pathogene-
sis. Many indicators, such as MGMT promoter 
methylation, IDH mutation, 1p/19q codeletion, 
and TERT mutation, have been used in the clini-
cal diagnosis of glioma [4].

IDH is a key enzyme in the tricarboxylic acid 
cycle that can catalyze the dehydrogenation of 
isocitrate to α-ketoglutarate (α-KG) [5]. IDH 
mutations occur through the production of the 
carcinogenic metabolite D-2-Hydroxyglutarate 
(D-2HG), which competitively binds with α-KG-
dependent enzymes, such as DNA demethylase 
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TET2 and histone lysine demethylase (KDMs), 
to prevent lineage specificity [6]. The histone 
demethylation required for the differentiation 
of sex progenitor cells into terminally differenti-
ated cells eventually leads to abnormal hyper-
methylation of DNA and histones, causing 
abnormal epigenetic modifications and affect-
ing the transcription and expression of certain 
related genes [7]. IDH1 mutation is the most 
predominant form. Therefore, finding differen-
tial genes in IDH1 mutant GBM will provide a 
valuable reference for its diagnosis. However, 
only the study of single gene function level has 
limited our progress in exploring the mecha-
nism of glioblastoma induction, and further 
constructing gene networks, analyzing the 
interaction between genes from the system 
level will be beneficial to elucidate the mecha-
nism of GBM.

Weighted gene co-expression network analysis 
(WGCNA) is a representative method for con-
structing gene co-expression networks [8]. It 
measures similarity and sets thresholds based 
on scale-free topology [9]. The method is more 
reasonable and has been successfully applied 
to many research fields. WGCNA is a systems 
biology method to quantitatively measure the 
degree of interconnection between genes in 
the network [10]. WGCNA uses topological 
overlap difference to predict gene modules, 
which greatly improves the precision of module 
distinction. At the same time, using topologi- 
cal overlap to describe the relationship of two 
genes has better stability, reducing the false 
positive or false negative rate [11]. Therefore, 
WGCNA is a useful tool to detect gene modules 
that maintain similar expression patterns of 
genes.

In the present study, biological information 
methods, such as WGCNA, were used to iden-
tify the differentially expressed genes in GBM 
after IDH mutation. Results serve as a valu- 
able basis for GBM’s molecular diagnosis and 
treatment.

Materials and methods

Sources of patient information

CGGA database [12, 13] of the Chinese glioma 
population and the GSE131273 dataset [14] 
were used to analyze the RNA-seq data of  
the glioma population by weighted correlation 

network analysis (WGCNA). The differentially 
expressed genes were screened, and the co-
expression relationships were grouped togeth-
er by performing average linkage hierarchical 
clustering on topological overlap. The clinical 
data were used for Kaplan-Meier analysis. 
RNA-seq standardized data from the Cancer 
Genome Atlas with IDH status and clinical infor-
mation were downloaded from the Chinese 
Glioma Population Database CGGA (http://
www.cgga.org.cn). mRNA microarray data were 
downloaded from the Chinese Glioma Genome 
Atlas (CGGA) of diffuse glioma from the GEO 
Datasets, which also include IDH status and 
clinical information. The age of onset of the 
patient was not less than 18 years old. Overall 
survival (OS) was calculated from the date of 
diagnosis to death or the end of follow-up.

Data acquisition and processing

First, the DataSet ID of mRNA seq_325 was 
downloaded from the CGGA website, and the 
matrix and platform annotation files of the 
GSE131273 dataset were downloaded based 
on the “GEO query” of the R software (GPL- 
23126 [Clariom_D_Human] Affymetrix Human 
Clariom D Assay [transcript (gene) version]). 
The gene was reannotated according to the 
annotation file. Then, the average of the ex- 
pression levels of the repeated genes in the 
two data sets was taken. Finally, the “normalize 
between arrays” function in the R package 
“limma” was used to normalize the chip expres-
sion profile data. In the subsequent analysis, 
we selected 11 IDH mutant samples and 74 
wild-type samples from the CGGA dataset, and 
10 IDH mutant samples and 29 wild-type sam-
ples from the GSE131273 dataset.

Weighted gene coexpression network analysis 
(WGCNA)

The CGGA sample cohort was clustered to 
remove outliers. FPKM>4 was selected, and 
the shear height was set to 6000. CGGA_1023, 
CGGA_1320, and CGGA_1275 samples were 
eliminated. The remaining 82 samples con-
tained 5803 genes. In the GEO analysis, 5369 
genes with a mean FPKM>7 were selected  
for subsequent WGCNA. The shear height was 
set to 80 to eliminate the three groups of outli-
ers, namely, GSM884999, GSM885028, and 
GSM884997, thereby leaving 39 groups of 
samples. The pick soft threshold function was 
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used to calculate the optimal soft threshold. 
From the resulting adjacency matrix, we ca- 
lculated the topological overlap. By using the 
dynamic hybrid tree cutting algorithm to cut  
the hierarchical clustering tree and by defining 
the module as the branch of the cut tree, the 
modules with similarity values greater than 
0.75 were merged [15]. CGGA yielded 15 mod-
ules, and GEO analysis yielded 14 sets of gene 
modules. Finally, we calculated the correlation 
between the module and the IDH state and 
selected the two modules most relevant to the 
mutant in the subsequent analysis.

Taking the intersection of hub genes

We took the DEG analyzed from CGGA and GEO 
and the genes in the module with the highest 
correlation with IDH mutant in the WGCNA mod-
ule, respectively, and made an intersection set. 
Venn Diagram package of R software was used 
to show the intersection of four sets of these 
genes.

Real-time fluorescent quantitative PCR

The reverse transcription system was prepared 
according to the instructions of the Novizin kit. 
The reaction product cDNA was placed on ice 
for subsequent operations or stored at -20°C 

(not stored at -80°C for a long time). Real-time 
fluorescent quantitative PCR was used to de- 
tect the mRNA levels of these genes in cells. 
ACTB was used as an internal reference, and 
the quantitative primers used were all designed 
by NCBI (https://www.ncbi.nlm.nih.gov/). The 
primer sequences are shown in Table 1.

Cell culture and cell lines

The human glioblastoma cell line U251 was 
donated by Soochow University. The cells were 
maintained in DMEM containing 10% fetal bo- 
vine serum supplemented with 1% penicillin-
streptomycin (10,000 U/ml, Thermo Fisher Sci- 
entific). Cells were grown at 37°C in a humidi-
fied atmosphere of 5% CO2 and passaged every 
2 days.

Vector construction and transfection

The human IDH1 fragment was cloned into the 
PCDH vector, and the vector was subjected to 
site-directed mutation by homologous recom- 
bination to convert its encoding of arginine to 
the encoding of histidine. Digestion was per-
formed with EcoR I and BamH I (Thermo). The 
lentiviral vector PCDH was digested at the site, 
and the wild-type and mutant IDH1 fragments 
were cloned into the vector. The constructed 
vector was transfected into cells and then 
screened with puromycin (1 µg/ml) to obtain 
stable strains overexpressing IDH1-WT and 
IDH1-MUT.

Western blot analysis

Western blot was used to check expression  
efficiency. SDS-PAGE was performed on cell 
lysates. Resolved proteins were electro-trans-
ferred onto nitrocellulose membranes (Milli- 
pore). Anti-β-actin (Cell Signaling Technology) 
and anti-HA (Cell Signaling Technology) were 
added at a 1:1000 dilution and incubated over-
night. ECL detection system (Tanon) was used 
to image.

Statistical analysis

Data were analyzed using R language, SPSS 
21.0 software, and GraphPad Prism 7.0 soft-
ware. Two-tailed t tests were used for differen-
tial expression analysis. P<0.05 indicates a 
significant difference. The measured data are 
expressed as the mean ± SD. The soft thresh-

Table 1. Primers for real-time fluorescent 
quantitative PCR
Primer name Sequence
EFEMP2-F ACAGCTACACGGAATGCACA
EFEMP2-R TGTAGGTCGTTGATGACGGC
RBP1-F GCACGCTGAGCACTTTTAGG
RBP1-R GCTCATCACCCTCGATCCAC
TAGLN2-F TCCGCCTTTTCTTTGGCTTTGG
TAGLN2-R CACATCCTTTCGGCACTGGGT
CBR1-F ATAAAACCCCAAGGGAGAGTGG
CBR1-R TGGTGCACTCCCTTCTTTGTA
MSN-F CCTACGGGCTGATGCTATGG
MSN-R GTCGCATGTTCTCAGCATGG
ALDH7A1-F ATGCACAGATCCGAGTTGGG
ALDH7A1-R TCCAGGGCGATCCATAACCT
CRYAB-F AAACATGAAGAGCGCCAGGA
CRYAB-R TTCACGGGTGATGGGAATGG
MT1M-F CCTTACCGCGGCTCGAAATG
MT1M-R GCAGTTCTCCAACGTCCCTTT
ACTB-F TGTGCGACGAAGACGAGAC
ACTB-R GACCCATACCGACCATGACG
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old of the Pearson correlation matrix was used 
to determine the strength of the connection 
between two genes. The Kaplan-Meier estima-
tor and log-rank test were used for univariate 
survival analysis. Multivariate Cox regression 
analysis was used to determine independent 
prognostic factors, and random forest plots 
were used to analyze IDH classification. *P< 
0.05, **P<0.01, and ***P<0.001 are consid-
ered significant for all tests.

Results

Screening for differentially expressed genes in 
the CGGA database

Eighty-five GBM samples were selected from 
the CGGA database, and the limma package of 
R software was used to perform difference 
analysis. The filter conditions were set as 
|logFC|>1 and adj. P.val<0.05. The correction 
method used was FDR. The results of DEG anal-
ysis were used to construct a volcano map, in 
which upregulated genes were represented in 
red, and downregulated genes were represent-
ed in green. At the same time, a heatmap was 
drawn, in which high gene expression levels 
were denoted in red, and low gene expression 

levels were denoted in green (Figure 1A). Each 
column of the heatmap represented a sam- 
ple, and each row represented a gene. Similar 
samples and similar genes were clustered on 
the abscissa and ordinate, respectively. As a 
result, 1295 differentially expressed genes 
were obtained, comprising 702 upregulated 
genes and 593 downregulated genes (Figure 
1B).

Constructing the coexpression module from 
the CGGA database

GBM samples from the CGGA database were 
used to screen genes with a mean FPKM>4. 
The shear height was set to 60000, and eight 
outliers were eliminated (Figure 2A). The opti-
mal soft threshold was set as 7 (Figure 2B), 
and the minimum gene number in the module 
was set as 30. The dynamic cutting tree algo-
rithm was used to segment modules and con-
struct a network graph (Figure 2C). As a result, 
15 groups of gene modules related to IDH 
mutations were identified, namely, tan, red,  
yellow, cyan, blue, brown, black, midnight blue, 
magenta, green, green yellow, salmon, pink, 
purple, and gray (Figure 2D). The gray module 
refers to genes that cannot be clustered to 

Figure 1. Screening of differentially expressed genes in samples of IDH-mutant GBM patients and IDH wild-type 
GBM patients in the CGGA dataset; A: Cluster heatmap of heterologously expressed genes (top 20); B: Volcano map 
of differentially expressed genes; red for upregulated genes and green for downregulated genes, 702 upregulated 
genes and 593 downregulated genes were obtained.
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Figure 2. IDH mutation-related coexpression module construction; A: The height is set to 60000 to remove outliers; B: The best soft threshold is determined (in 
the process of module selection, the adjacency matrix is converted into a topology matrix, and the optimal soft threshold β=7 is determined); C: Hierarchical data 
clustering is used to detect coexpression clusters with corresponding color assignments; D: The correlation between gene modules and clinical information is deter-
mined (the redder the color is, the higher the correlation is; the numbers in the figure are the Pearson correlation coefficients, and the numbers in parentheses are 
the corresponding P values); E: GS and MM scatter plots of midnight blue (cor=0.48, P=1.4e-11) and blue module genes (cor=0.6, P=3.4e-156).
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other modules. So, it was excluded from subse-
quent analysis. Then, key modules were identi-
fied according to the correlation coefficient 
between module characteristics and traits.  
The midnight blue (cor=0.48, P=1.4e-11) and 
blue (cor=0.6, P=3.4e-156) modules had the 
highest correlation coefficients (Figure 2E).

Screening for differentially expressed genes in 
GSE131273

We also analyzed the differentially expressed 
genes between IDH-mutated and wild-type 
samples in 39 GBM patients in the GSE131273 
dataset by the R package Limma. The condi-
tions were set at |logFC|>0.5 and P<0.05. 
Corrected by FDR, |logFC|>0.5 and P<0.05 
were defined as differentially expressed genes. 
Thus, there were 53 upregulated genes and 15 
downregulated genes (Figure 3).

Constructing the co-expression module from 
GSE131273

Using RNA chip data U133 Plus 2.0 from the 
GSE131273 dataset, genes with FPKM>7 were 
selected, and shear height was set to 140 to 
eliminate one outlier sample (Figure 4A). The 

best soft threshold was 5 (Figure 4B), and the 
smallest gene in the module was 30 (Figure 
4C). Fourteen gene modules related to IDH 
mutations were obtained, namely, turquoise, 
pink, salmon, yellow, brown, green-yellow, bla- 
ck, blue, green, tan, magenta, red, and gray 
(Figure 4D). Key modules were also identified 
according to the correlation coefficient be- 
tween module characteristics and traits. The 
black (cor=0.36, P=3.8e-10) and tan (cor=0.77, 
P=1.3e-33) modules had the highest correlation 
(Figure 4E).

Searching for hub genes

A Venn diagram was drawn using the Venn 
Diagram package of R software. The Venn dia-
gram consists of four blocks, as follows: the dif-
ferentially expressed genes in the CGGA data 
set; and the blue and midnight blue modules 
that had the highest correlation with IDH muta-
tions in WGCNA. The differentially expressed 
genes were selected in the GSE131273 datas-
et, as well as the black and tan modules that 
were most related to IDH mutations in WGCNA. 
Finally, eight genes were screened, namely, 
EFEMP2, RBP1, TAGLN2, CBR1, MSN, ALDH7A1, 
CRYAB, and MT1M (Figure 5).

Figure 3. Screening of differential genes in samples of IDH mutant GBM patients and IDH wild-type GBM patients 
in the 131273 dataset; A: Cluster heatmap of differentially expressed genes; B: Volcano map of differentially ex-
pressed genes; red is for upregulated genes, whereas green is for downregulated genes.
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Figure 4. Construction of IDH mutation-related coexpression modules; A: The height is set to 140 to remove outliers; B: The best soft threshold is determined (in 
the process of module selection, the adjacency matrix is converted into a topology matrix, and the optimal soft threshold β=5 is determined); C: Hierarchical data 
clustering is used to detect coexpression clusters with corresponding color assignments; D: The correlation between gene modules and clinical information is de-
termined (the redder the color is, the higher the correlation is; the numbers in the figure are Pearson correlation coefficients, and the numbers in parentheses are 
the corresponding P values); E: GS and MM scatter plots of black (cor=0.36, P=3.8e-10) and tan module genes (cor=0.77, P=1.3e-33).
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Validating the key genes at the cellular level

The most common mutation in the IDH1 gene 
occurs at the 132nd arginine residue (R132H 
and 88%). So, we constructed plasmids con-
taining IDH1 and IDH1-R132H and transfected 
the two plasmids into the U251 glioblastoma 
cell line (Figure 6A). Western blot was used to 
detect the expression levels of wild-type and 
mutant IDH1 proteins in U251 cells (Figure 6B). 
RNA was extracted, and real-time qPCR was 
used to detect the mRNA expression levels of 
these eight genes. Four genes (ALDH7A1, MSN, 
CBR1, and MTM1) were significantly different 
between wild-type and IDH mutant cells (P< 
0.05), suggesting that these genes can be used 
as biomarkers of glioblastoma (Figure 6C).

CBR1 can be a prognostic marker for IDH-
mutant GBM

To further evaluate the association of the above 
four genes (ALDH7A1, MSN, CBR1, and MTM1) 
with the survival rate of glioma patients, we 
used Kaplan-Meier analysis to determine the 
relationship between these genes and progno-
sis of glioma patients with different malignan-

cies (all types, WHO grade II, WHO grade III, and 
WHO IV; GBM is WHO IV) and IDH status (wild or 
mutated). We first performed a survival analy-
sis of all primary gliomas and found that high 
expression of these genes was associated with 
poor prognosis. However, when we narrowed 
the detection to IDH-mutant GBM, the other 
three genes lost significant prognostic value 
(Figure S1) and only CBR1 was evident in IDH-
mutant GBM. Interestingly, CBR1 was not sig-
nificantly correlated with WHO grade II, WHO 
grade III, and IDH-wt GBM. However, in IDH-
mutant glioblastoma, CBR1 expression was sig-
nificantly negatively correlated with prognosis 
(P=0.001). This result indicated that CBR1 can 
be used as an IDH-specific molecular marker 
for mutant glioblastoma. CBR1 may serve as an 
important reference for the prognosis of glio-
mas, especially in IDH-mutant GBM (Figure 7).

Discussion

Glioblastomas are among the most common 
malignant tumors in the human central nervous 
system and seriously endanger health. They are 
closely related to biological, genomic, inflam-
matory, and metabolic factors. While previous 

Figure 5. The Venn Diagram package of R software is used to draw a Venn diagram to intersect the above results, 
EFEMP2, RBP1, TAGLN2, CBR1, MSN, ALDH7A1, CRYAB, and MT1M were screened.
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identification of isocitrate dehydrogenase (IDH) 
gene mutations occurred in a small proportion 
of gliomas, this has changed our understanding 
of glioma biology, genomics, and metabolism. 
IDH mutations are mainly found in three types 
of IDH molecules, namely, IDH1, IDH2, and 
IDH3. The IDH1 mutation is the most common. 
It accounts for 80% of all IDH mutations, and 
the main form of this molecule is the mutation 
of arginine at position 132 to histidine (R132H) 
[17, 18]. IDH mutations are related to the meta-
bolic processes of glucose, lipids, and amino 
acids in both physiologic and pathologic pro-

cesses [19, 20]. IDH mutations are a double-
edged sword in gliomas. On the one hand, the 
production of 2-HG can inhibit the activity of 
TET enzymes, thereby hypermethylating the 
promoter regions of some tumor suppressor 
genes [21]. On the other hand, IDH mutations 
will bring more targets for the treatment of  
gliomas, which greatly improves the clinical 
prognosis. 

Current studies have shown that IDH mutation 
is an important molecular marker for glioma 
typing and has important biological significance 

Figure 6. IDH wild-type and mutant GBM cells were constructed, and RT-qPCR was used to detect the mRNA levels 
of different genes. A: Sequencing results of wild-type and mutant IDH1 vectors; B: Western blot (see Figure S2) is 
used to detect the IDH1 expression levels of stable strains; C: RT-qPCR is used to detect mRNA levels of EFEMP2, 
RBP1, TAGLN2, CBR1, MSN, CRYAB, and MT1M (*P<0.05, **P<0.01, and ***P<0.001).
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Figure 7. Kaplan-Meier survival analysis of CBR1 in different types of gliomas. A: Survival analysis of CBR1 in primary gliomas of all WHO grades (P<0.001); B: Sur-
vival analysis of CBR1 in IDH-mutant gliomas of all WHO grades (P=0.915); C: Survival analysis of CBR1 in WHO grade II gliomas (P=0.731); D: Survival analysis of 
CBR1 in WHO grade III gliomas (P=0.829); E: Survival analysis of CBR1 in IDH-wild-type GBM (P=0.558); F: Survival analysis of CBR1 in IDH-mutant GBM (P=0.001).
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for the prognosis and treatment of glioma. We 
identified differentially expressed genes asso-
ciated with IDH mutants, analyzed the tran-
scriptome data of the Chinese glioblastoma 
population in the CGGA database and GSE 
dataset using WGCNA, and found the presence 
of significantly different genes in IDH mutant 
gliomas. To further clarify the diagnostic value 
of these genes, we verified the glioblastoma 
cell line U251 by RT-qPCR and finally obtained 
four differentially expressed genes: ALDH7A1, 
MTM1, MSN, and CBR1. Among them, ALDH- 
7A1 is a member of subfamily seven of the 
aldehyde dehydrogenase gene family [22], 
which plays a major role in the detoxification of 
aldehydes produced by alcohol metabolism 
and lipid peroxidation [23]. MSNs can promote 
the occurrence, development, invasion, and 
metastasis of gliomas [24]. MTM1 encodes a 
dual-specific phosphatase that acts on both 
phosphotyrosine and phosphoserine [25]. It is 
related to muscle-related diseases and has not 
been studied in detail in GBM [26].

Carbonyl reductase 1 (CBR1) is an NADP-de- 
pendent enzyme associated with detoxifica-
tion; it catalyzes the conversion of carbonyl-
containing compounds. CBR1 has been report-
ed to act on adducts between glutathione and 
lipid peroxidation-derived aldehydes [27]. Car- 
bonyl reductase 1 (CBR1) has different func-
tions in different tumors [28]. In head and  
neck squamous cell carcinoma, CBR1 can pro-
mote catenin-mediated epithelial-mesenchy-
mal transition by reducing ROS [29]. In ovarian 
cancer, this gene can promote tumor prolifera-
tion, invasion, and metastasis, but it is rarely 
reported in glioma.

CBR1 is a key factor that efficiently catalyzes 
the reduction of glutathionylated aldehydes 
derived from lipid peroxidation and may play a 
vital role in the complex metabolic processes  
of gliomas [30]. We found that CBR1 was dif-
ferentially expressed in IDH-wild-type and IDH-
mutant glioblastomas by WGCNA and validated 
the differential expression of CBR-1 at the cel-
lular level by qPCR. By Kaplan-Meier analysis, 
we also found that high expression of CBR1 is 
not conducive to the prognosis of gliomas, 
especially in IDH-mutant GBM. This result pro-
vides a valuable reference for the diagnosis 
and prognosis of IDH-mutant glioma and may 
become a new target for comprehensive glioma 
treatment.

However, this study has some limitations. Due 
to the small number of IDH-mutant samples, it 
is impossible to represent all IDH-mutant GBM 
patients. In the future, we will further explore 
the data related to IDH-mutant GBM and their 
survival information. Using the conclusions of 
this paper, we will conduct further clinical vali-
dation of these genes and carry out relevant 
experiments to verify their molecular mecha-
nisms in the occurrence and development of 
gliomas. At the same time, we will also investi-
gate what signaling pathways are these genes 
associated with. This will provide effective diag-
nostic and therapeutic targets for IDH-mutant 
gliomas in clinical medicine.
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Figure S1. Kaplan-Meier survival analysis of the other three genes in IDH-mutant GBM; A. Survival analysis of ALDH7A1 in IDH-mutant GBM (P=0.33); B. Survival 
analysis of MSN in IDH-mutant GBM (P=0.296); C. Survival analysis of MTM1 in IDH-mutant GBM (P=0.276).

Figure S2. Full-length western blot images; A. Expression of HA-IDH1 (wt/mut) detected by western blot; B. Expression of β-actin detected by western blot.


