
www.aging-us.com 8782 AGING 

INTRODUCTION  
 

Neurosurgery frequently encounters intracranial glioma 

as the prevailing malignant tumor of primary origin [1]. 

The prognosis and survival of patients are significantly 

inversely correlated with the degree of malignancy [2]. 

This negative correlation is obviously in primary high-

grade glioma (Grade III-IV) patients [3]. Nevertheless, 

the management of glioma remains highly restricted 

given the present state of technology, and a total 

recovery is still unattainable. The treatment approach 

for glioma primarily involves surgical intervention, with 

radiation therapy and chemotherapy serving as 

adjunctive treatments [4]. Nevertheless, as a result of 

the distinctive positioning and invasive growth 

attributes of brain gliomas, the treatment results 

frequently prove to be dissatisfactory [4]. Glioma, with 

its high rates of recurrence and mortality, poses a 

significant challenge in terms of prognosis. Certainly, 

an enhanced comprehension of the cause and 

development of glioma would aid in the prevention  

and advancement of innovative targeted therapies, 

ultimately enhancing the prognosis of patients [5]. 

 

The m7G gene is responsible for producing the enzyme 

N7-methylguanosine methyltransferase (N7-MTase), 
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ABSTRACT 
 

Based on 29 m7G regulators, glioma patients were categorized into three groups using data from the Chinese 
Glioma Genome Atlas (CGGA) and The Cancer Genome Atlas (TCGA) datasets. Distinct characteristics were 
observed in immune cell infiltration,  functional enrichment, and clinical prognosis for every glioma subtype. 
Analyzing the differentially expressed genes (DEGs) confirmed the distinction among the three m7G clusters. A 
predictive tool for overall survival (OS) in high-grade glioma patients was developed and confirmed, consisting 
of 13 m7G regulators forming a prognostic signature. Elevated m7G levels were found to be associated with 
increased tumor mutation burden and immune activation, indicating a tumor microenvironment characterized 
by inflammation and a lower overall survival rate. In contrast, reduced m7G scores were linked to a deficiency 
in immune infiltration,  a low burden of mutations, and a non-inflamed phenotype, suggesting a more positive 
clinical outlook. Additionally, the m7G risk scores were found to impact chemotherapy sensitivity. The m7G 
predictive pattern shows potential as a marker for the overall survival of patients with high-grade glioma. By 
significantly improving our comprehension of the functional role of m7G regulators in the advancement of 
glioma and their impact on clinical results, this study offers valuable perspectives for precision therapy in the 
management of high-grade glioma. 
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which has a vital function in RNA molecules. The 

formation of methylated guanosine (m7G) in RNA is 

catalyzed by N7-MTase [6]. Methylated guanosine, a 

type of RNA modification, is crucial for preserving 

RNA stability, contributing to protein synthesis, and 

controlling gene expression in healthy cells. Extensive 

research has been conducted on the role of the m7G 

gene in tumors [7]. Studies indicate that the activity of 

the m7G gene in cancerous cells is strongly linked to 

the occurrence, progression, and treatment results of 

tumors [8]. Methylated guanosine formation is crucial 

for regulating gene expression, with the m7G gene 

playing a significant part. RNA stability can be affected 

by the presence of methylated guanosine, which can 

also hinder protein synthesis and regulate the interaction 

of transcription factors [9]. Modifications can 

potentially affect crucial mechanisms in cancerous cells, 

including growth, infiltration, and spread [10]. 

Dysregulated tumor cell proliferation and survival may 

occur due to abnormal expression of the m7G gene. In 

particular, the excessive expression of the m7G gene 

could enhance the proliferation and division of cancer 

cells, while decreasing the rates of programmed cell 

death, thus facilitating the progression of tumors [11]. 

Several studies have suggested that the excessive 

expression of the m7G gene is linked to the resistance 

of tumors towards therapy [12ï15]. Additional 

investigation into the regulatory mechanisms and roles 

of the m7G gene could potentially enhance the 

advancement of innovative approaches for tumor 

therapy and enhance prognosis. This study extensively 

investigated the biological role and predictive 

significance of m7G RNA methylation regulators  

in advanced glioma, potentially offering novel 

perspectives for personalized therapy of high-grade 

glioma. 

 

MATERIALS AND METHODS  
 

Patients and samples 

 

The training and validation datasets were provided by 

the Chinese Glioma Genome Atlas (CGGA, 

cgga.org.cn, The CGGA database contains clinical and 

sequencing data of over 2,000 brain tumor samples 

from Chinese cohorts, and is equipped with a user-

friendly web application for data storage and 

exploration.) and the Cancer Genome Atlas (TCGA, 

https://portal.gdc.cancer.gov/). Prior to performing 

further analyses, the normalization of both datasets took 

place, and samples lacking follow-up or clinical data 

were eliminated. Gliomas classified as WHO III and IV 

were of high grade [16]. After conducting a thorough 

analysis of the literature, we discovered 29 genes 

responsible for the regulation of m7G RNA methylation 

(Supplementary Table 1). As the information was 

obtained from publicly accessible databases, there was 

no need for ethical approval. 

 

Bioinformatic analyses 

 

Molecular clustering and differentially expression 

genes 

Consensus analysis was performed using the 

ñConsensus Clusteringò package to identify potential 

molecular subtypes [17]. To decrease the data 

dimension, the utilization of Principal component 

analysis (PCA) was implemented [18]. DEGs were 

identified through differential expression analysis using 

the R software package ólimmaô. 

 

GSEA and GSVA analyses 

 

GSEA v4.2.3 was utilized to perform the gene set 

enrichment analysis (GSEA) [19]. Gene-set variation 

analysis (GSVA) was conducted using the R package 

called óGSVAô [20]. 

 

Development and verification of a predictive model 

 

To build and validate a model, as well as determine the 

final number of genes, we employed the LASSO 

regression, which is known as the least absolute 

shrinkage and selection operator [21]. Multivariate Cox 

regression modeling was subsequently conducted.  

The risk score for each sample was calculated using  

the following formula: coef1 multiplied by 

geneExpression1, plus coef (2) multiplied by gene 

Expression (2), and so on, up to coef (n) multiplied by 

gene Expression [22, 23]. Based on the median risk 

score value, the glioma patients were categorized into 

either a high-risk or low-risk group. Survival curves of 

these groups were compared using Kaplan-Meier (KM) 

analyses, and their ability to predict was assessed using 

a receiver operating characteristic curve (ROC). To 

establish a risk classification, the utilization of principal 

component analysis (PCA) was implemented. An 

individual risk assessment nomograph was generated. 

Furthermore, a comparison was made between the high-

risk and low-risk groups in terms of the tumor 

microenvironment and levels of immune infiltration. 

The correlation between signature genes and drug IC50 

values was evaluated. 

 

Statistical analysis 

 

Differences in categorical variables were examined 

using a Chi-squared test, whereas the t-test was 

employed to compare means. Multiple groups were 
compared using one-way ANOVA, and Dunnett's 

method was used for making multiple comparisons. To 

examine the associations between two continuous 

https://portal.gdc.cancer.gov/
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variables, a Spearman correlation analysis was 

conducted. The hazard ratio (HR) and its 95% 

confidence intervals (CIs) were calculated using both 

univariate and multivariate Cox regression. Statistical 

analyses were conducted using R version 4.0.1, and 

statistical significance was reported with a significance 

level of p < 0.05. 

 

Data availability  statement 

 

The public dataset used in this study can be found in 

CGGA (http://www.cgga.org.cn/) and TCGA 

(https://portal.gdc.cancer.gov/). 

RESULTS 
 

Characteristics at the molecular level of regulators 

of m7G in high-grade glioma 

 

The entire study flow was depicted in Figure 1. High-

grade glioma exhibited high expression levels of twelve 

genes involved in m7G regulation (METTL1, WDR4, 

NSUN2, DCPS, NUDT4B, CYFIP1, NCBP1, NCBP2, 

EIF3D, EIF4A1, LSM1, and SNUPN), while eight 

genes (NUDT10, NUDT11, NUDT3, EIF4E1B, 

EIF4E3, LARP1, EIF4G3, and NCBP2L) showed low 

expression levels. The remaining genes did not display 

 

 
 

Figure 1. The flow chart of the study. 
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significant differences between tumor and normal 

samples (Figure 2A, 2B). The levels of gene alterations 

in m7G genes were below 1%, encompassing CYFIP1, 

GEMIN5, EIF4G3, IFIT5, NSUN2, AGO2, and NCBP2 

(as shown in Figure 2C). The frequency of gain was 

higher than loss for eight genes, while the frequency of 

gain for 21 genes was lower (Figure 2D). The 

distribution of these genes occurred on chromosomes 2, 

3, 5, 6, 8, 9, 10, 11, 12, 15, 17, 21, 22, and X can be 

observed in Figure 2E. 

 

 
 

Figure 2. The landscape of m7G regulators in glioma. (A) Expression levels of m7G regulators between tumor and normal samples. 

(B) PCA of m7G regulators between tumor and normal samples. (C) The gene alterations of m7G regulators in advanced glioma. (D, E) Copy 
number variation frequencies and chromosomal location of m7G regulators in high-grade glioma. 



www.aging-us.com 8786 AGING 

m7G clusters and their characteristics in high-grade 

glioma 

 

Using 29 m7G genes, we conducted a consensus matrix 

analysis and acquired three m7G clusters (Cluster 1, 

Cluster 2, and Cluster 3, as shown in Figure 3A). 

According to the individual political action committee 

(PAC), three evident distributions were observed (as 

shown in Figure 3B). Additionally, the overall survival 

(OS) displayed notable disparities, as depicted by the 

 

 
 

Figure 3. Clustering of advanced glioma based on m7G regulators. (A) Consensus clustering identified three subtypes. (B) PCA 

showed three distinct clusters. (C) Kaplan-Meier analysis indicated significant differences in overall survival among three clusters. (DςF) 
GSVA indicated the enriched pathways in three m7G clusters. (GςJ) The differences in ESTIMAT score, stromal score, immune score, and 
tumor purity across three m7G clusters. (K, L) Comparisons of immune cell infiltrations level function among three m7G clusters. (M) 
Comparisons of Immune checkpoint-related genes expression among three m7G clusters. 
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Kaplan-Meier curve (Figure 3C). According to the 

GSVA results, cluster 1 showed significant enrichment 

in oxidative phosphorylation, arachidonic acid 

metabolism, xenobiotic metabolism by cytochrome 

P450, and cytochrome P450 drug metabolism. Cluster 

2, on the other hand, exhibited enrichment in ubiquitin-

mediated proteolysis, progesterone-mediated oocyte 

maturation, oocyte meiosis, adherentsô junction, ERBB 

signaling pathway, and TGF beta signaling pathway. 

Lastly, cluster 3 demonstrated enrichment in lysosome, 

GPI anchor biosynthesis, protein export, pyrimidine 

metabolism, spliceosome, lysosome, and glycolate and 

dicarboxylate metabolism (Figure 3Dï3F). 

 

Immune status in three m7G clusters 

 

Initially, we assessed the tumor microenvironment in 

three m7G clusters. Significant variations were 

observed in the ESTIMATE, stromal, immune scores, 

and tumor purity. Cluster 1 exhibited elevated 

ESTIMATE, stromal, and immune scores in comparison 

to cluster 2 (Figure 3Gï3I). Additionally, a similar trend 

was observed in tumor purity (Figure 3J). Moreover, 

notable variations in immune function exist among the 

three clusters. Cluster A exhibited elevated levels of 

APC co-stimulation, CCR, check-point, cytolytic 

activity, inflammation-promoting, T cell co-stimulation 

and inhibition, as well as type I IFN response. Cluster C 

exhibited greater APC co-inhibition, T cell co-

inhibition, and type II IFN response, with cluster B 

ranking second (Figure 3K). The levels of infiltration by 

immune cells exhibited a comparable pattern across the 

three clusters (Figure 3L). Cluster 1 exhibited elevated 

levels of aDCx, mastocytes, NK cells, pDCs, Tfh, and 

Th1 cells. Cluster 2 exhibited elevated levels of CD8+ T 

cells and neutrophils. Cluster 3 exhibited elevated levels 

of B cells, dendritic cells (DCs), immature dendritic 

cells (iDCs), T helper cells, Th2 cells, and regulatory T 

cells (Treg). After assessing the genes related to 

immune check points, we noticed significant variations 

among the three clusters for all genes. Cluster 2 

exhibited the greatest level of CD274 expression, while 

cluster 1 followed closely. On the other hand, cluster 3 

displayed the lowest expression level. Additionally, the 

remaining genes demonstrated comparable patterns 

(Figure 3M). 

 

Detecting gene clusters by comparing the overlap of 

differentially expressed genes within m7G clusters 

 

Among the three m7G clusters, we identified genes that 

were expressed differently (DGEs), resulting in a total 

of 440 DGEs (Figure 4A). The GO function enrichment 
analysis showed that these differentially expressed 

genes (DGEs) were enriched in the detoxification of 

copper ions, stress response to copper ions, cellular 

response to copper ions, response to zinc ions, cellular 

response to zinc ions, and detoxification of inorganic 

compounds (Figure 4B). According to the KEGG 

pathway, these genes were found to be enriched in 

protein processing in the endoplasmic reticulum, 

proteasome, focal adhesion, oxidative phosphorylation, 

phagosome, human papillomavirus infection, and cell 

cycle, as shown in Figure 4C. 

 

By utilizing the 440 DGEs, we successfully conducted 

the clustering process and acquired three gene clusters 

(as depicted in Figure 4D). Figure 4E showed that the 

PCA revealed three distinct components. According to 

Figure 4F, the Kaplan-Meier curve showed that gene 

cluster 2 had the lowest overall survival (OS), followed 

by gene cluster 3, in comparison to gene cluster 1. 

Prognosis outcomes, m7G clusters, age, and 1p19q 

codeletion status exhibited distinct distributions in the 

clinical characteristics, as depicted in Figure 4G, 4H. 

 

In addition, we assessed the tumor microenvironment 

and levels of immune infiltration. No significant 

variations were observed in ESTIMATE, stromal, and 

tumor purity across gene clusters 1, 2, and 3. However, 

a notable distinction was found in the immune score, 

with gene cluster 1 exhibiting a higher immune score 

compared to gene cluster 2 (Figure 4Iï4L). Three gene 

clusters also exhibited notable variations in immune 

function and immune cells. Cluster 1 exhibited elevated 

levels of aDCs, mastocytes, natural killer cells, pDCs, 

Tfh, Th1 lymphocytes, and tumor-infiltrating 

lymphocytes. In Figure 4M, gene cluster 2 exhibited 

elevated levels of CD8+ T cells and neutrophils, while 

gene cluster 3 showed increased levels of B cells, DCs, 

iDCs, T helper cells, Th2 cells, and Treg. The highest 

check-point, cytolytic activity, T cell co-stimulation, 

and type I IFN response were observed in gene cluster 

1, while gene cluster 3 had a slightly lower level, and 

gene cluster 2 exhibited the lowest immune function. In 

Figure 4N, gene cluster 3 exhibited the greatest APC 

co-inhibition, CCR, T cell co-inhibition, and type II IFN 

response, while gene cluster 2 followed closely behind. 

On the other hand, gene cluster 1 displayed the lowest 

levels. All genes exhibited significant differences in the 

immune check-related gene, as depicted in Figure 4O. 

 

Creation and verification of a forecasting model 

relying on m7G regulators 

 

Initially, we conducted the univariate Cox regression 

analysis and discovered 17 m7G genes that are linked to 

prognosis. In high-grade glioma (Figure 5A), EIF4E1B 

and NUDT11 acted as protective factors for OS, while 
the remaining factors posed a risk for Spatterwares, we 

conducted the LASSO regression analysis and 

discovered 13 genes that were incorporated into the 
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Figure 4. Identification of gene clusters-based DEGs among three m7G clusters. (A) Venn diagram indicating 440 DEGs among 

three m7G clusters. (B, C) GO and KEGG enrichment analyses based on 440 DEGs. (D) Consensus matrix identified the number of gene 
clustering. (E) PCA indicated three distinct gene clusters. (F) Kaplan-Meier analysis indicated significant differences in overall survival among 
three gene clusters. (G) Correlations of expression profiling, m7G clusters and gene clusters and clinical features. (H) Ggalluvial analysis 
indicated changes from m7G clusters to survival outcomes. (IςL) Differences in stromal, immune, estimate, and tumor purity. (M, N) 
Comparisons of immune cell infiltrations and immune functions. (O) Comparisons of immune checkpoint-related genes among three gene 
clusters. 


