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ABSTRACT

Basedon 29 m7Gregulators, glioma patients were categorizedinto three groupsusing data from the Chines:
Glioma GenomeAtlas (CGGA)nd The CancerGenome Atlas (TCGA)datasets. Distinct characteristicswere
observedin immune cell infiltration, functional enrichment, and clinical prognosisfor every glioma subtype
Analyzingthe differentially expressedgenes(DEGskonfirmedthe distinction amongthe three m7Gclusters.A
predictive tool for overall survival (OS)in high-grade glioma patients was developedand confirmed, consisting
of 13 m7Gregulators forming a prognostic signature. Elevatedm7G levels were found to be associatedwith
increasedtumor mutation burden and immune activation, indicating a tumor microenvironmentcharacterize:
by inflammation and a lower overall survivalrate. In contrast, reducedm7Gscoreswere linked to a deficiency
in immune infiltration, a low burden of mutations, and a non-inflamed phenotype, suggestinga more positive
clinical outlook. Additionally, the m7G risk scoreswere found to impact chemotherapy sensitivity. The m7C
predictive pattern showspotential as a marker for the overall survival of patients with high-grade glioma. By
significantly improving our comprehensionof the functional role of m7G regulators in the advancementof
glioma and their impact on clinical results, this study offers valuable perspectivesfor precisiontherapy in the
managementof high-gradeglioma.

INTRODUCTION

Neurosurgery frequently encounters intracranial glioma
as the prevailing malignant tumor of primary origlh.

The prognosis and survival of patients aignificantly
inversely correlated with the degree of malignaf&ly
This negative correlation is obviously in primary high
grade glioma (Grade HIV) 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 treatmentpt]. Nevertheless, as a result of
the distinctive positioning and invasive growth
attributes of brain gliomas, the treatment results
frequently prove to be dissatisfactdd]. 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 patigbis

The m7G gene is responsible for producing the enzyme
N7-methylguanosine methyltransferase {MTase),
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which has a vital function in RNA molecules. The
formation of methylated guanosine (m7G) in RNA is
catalyzed by N-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 tumorg$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 parRNA 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 spread10].
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 tumfdrg].
Several studies have suggested that the excessive
expression of the m7G gene is linked to the resistance
of tumors towards therapy[12i15]. 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 Figade
glioma.

MATERIALS AND METHODS
Patients and samples

The training and validation datasets were provided by
the Chinese Glioma Genome Atlas (CGGA
cgga.org.cnThe 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.gdv/ Prior to performing
further analyses, the normalization of both datasets took
place, and samples lacking follewp or clinical data
were eliminatedGliomas classified as WHO Il and IV
were of high gradgl6]. After conducting a thorough
analysis of the literature, we discovered 29 genes
responsible for the regulatiai m7G RNA methylation
(SupplementaryTable 1). As the information was

obtained from publiclyaccessible databases, there was
no need for ethical approval.

Bioinformatic analyses

Molecular clustering and differentially expression

genes

Consensus analysis was performed using the
fiConsensus Clusteringpackage to identify potential
molecular subtypes[17]. To decrease the data
dimension, the utilization of Principal component
analysis (PCA) was implemented8]. DEGs were
identified through differential expression analysis using
the R softwarGe package Ol

GSEA and GSVA analyses

GSEA v4.2.3 was utilized to perform the gene set
enrichment analysis (GSEAL9]. Geneset variation
analysis (GSVA) was conducted using the R package
cal | edd[20]GSV A

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 operaf@t]. Multivariate Cox
regression modeling was subsequently conducted.
The risk score for each sample was calculated using
the following formula: coefl multiplied by
geneExpressionl, plus co€P) multiplied by gene
Expression(2), and so on, up to coéh) multiplied by
gene Expression[22, 23] Based on the median risk
score value, the glioma patients were categorized into
either a higkrisk or lowrisk group.Survival curves of
these groups were compared using Kaplaier (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 implementedin
individual risk assessment nomograph was generated.
Furthermore, a comparison was made between the high
risk and lowrisk 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 Chisquared test, whereas thetest was
employed to compare means. Multiple groups were
compared using onmay ANOVA, and Dunnett's
method was used for making multiple comparisons. To
examine the associations between two continuous
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variables, a Spearman correlation analysis was
conducted. The hazard ratio (HR) and its 95%
confidence intervals (Cls) 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 stuchn be found in

CGGA (http://www.cgga.org.c/ and TCGA
(https://portal.gdc.cancer.gQv/

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, WDRA4,
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
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Fgure 1.The flow chart ofthe study.
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significant differences between tumor and normal
samples (Figure 2/A2B). The levels of gene alterations
in m7G genesvere below 1%, encompassing CYFIP1,
GEMINS, EIF4G3, IFIT5, NSUN2, AGO2, and NCBP2
(as shown in Figure 2C)he frequency of gain was

higher than loss for eight genes, while the frequency of
gain for 21 genes was lower (Figure 2D}he
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.
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Figure2. Thelandscape of m7G regulators in gliomés) Expression levels of m7G regulators between tumor and normal samples.
(B) PCA of m7G regulators between tumor and normal samf@®3.he gene alterations of m7G regulators in advanced gligby&) Copy
number variation frequencies and chromosomal location of m7G regulatdmiglirgrade glioma
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m7G clusters and their characteristics in highgrade Cluster 2, and Cluster 3, as shown in Figure 3A).
glioma According to the individual political action committee
(PAC), three evident distributions were observed (as
Using 29 m7G genes, we conducted a consensus matrix shown in Figure 3B)Additionally, the overall survival
analysis and acquired three m7G clusters (Cluster 1, (OS) displayed notable disparities, as depicted by the

a consensus matrix k=3 B
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Figure 3. Clusteringof advancedglioma based on m7G regulatorgA) Consensus clustering identified three subtyp&. RCA
showed three distinct clustersC)\ KaplarAMeier analysis indicated significant differences in overall survival among three clu§iers. (
GSVA indicated the enriched pathways in three m7G clust®c¢g) The differences in ESTIMAT score, stromal score, immune score, and
tumor purity acrossthree m7G clusters.K L) Comparisons of immune cell infiltrations level function among three m7G cluské)s. (
Comparison®f Immune checkpointelated geneexpressioramong three m7G clusters.
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KaplanMeier 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 metaboli§tuster

2, on the other hand, exhibited enrichment in ubiguitin
mediated proteolysis, progesteremediated oocyte
maturati on, oocyte
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 (FiguB®i 3F).

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 3i&3I). Additionally, a similar trend
was observed in tumor puritfFigure 3J. Moreover,
notable variations in immune function exist among the
three clustersCluster A exhibited elevated levels of
APC costimulation, CCR, cheechoint, cytolytic
activity, inflammatiorpromoting, T cell cestimulation
and inhibition, as well as type | IFN response. Cluster C
exhibited greater APC emhibition, T cell co
inhibition, and type Il 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 closelyOn 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, veentified genes that
were expressed differently (DGEsgsultingin 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

mei osi scyclemsishaavnie Figue 4C. j unct i on,

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

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 KaplaMeier 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 1pl19q
codeletion status exhibited distinct distributions in the
clinical characteristics, as depicted in Figure 48.

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 (Figuré4il). 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, Thl Ilymphocytes, and tumdanfiltrating
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
checkpoint, cytolytic activity, T cell cestimulation,
and type | 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 canhibition, and type Il 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 checkelated gene, as depicted in Figure 40.

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 higlgrade glioma (Figure 5A), EIF4E1B
and NUDT11 acted as protective factors for OS, while
the remaining factorposeda risk for Spatterwaresye
conducted the LASSO regression analysis and
discovered 13 genes that were incorporated into the
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Figure4. Identification of gene clusterdbased DEGs among three m7G clustgrs. Venn diagram indicating 440 DEGs among
three m7Gclusters. B, O GO and KEGG enrichment analyses based on 440 ME&xnnsensus matrix identified the number of gene
clustering. E) PCA indicated three distinct gene clustéfs KaplaAMeier analysis indicated significant differences in ovesaiival among
three gene clusters.G) Correlations of expression profiling, m7G clusters and gene clusters and clinical fedtijir€gafluvial analysis
indicated changes from m7G clusters to survival outcomiet) Differences in stromal, immune, estimate, and tumor purityl, ()
Comparisons of immune cell infiltrations and immune functio®.Comparisons of immune checkpehelated genes among three gene
clusters.
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