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Abstract 

Epitranscriptomic modifications such as N6-methyladenosine, 5-methylcytosine, and N1-methyladenosine have recently 

emerged as critical regulators of cancer biology. These pathways influence tumor initiation, progression, invasion, 

metastasis, and cellular differentiation. Understanding their contribution to glioblastoma aggressiveness may provide new 

avenues for therapeutic and prognostic applications. Here, we systematically analyzed m6A, m5C, and m1A pathway 

regulators in GBM and compared their dynamics with lower-grade gliomas using publicly available datasets. 

Bioinformatics approaches included mutation profiling, alteration frequency assessment, differential expression analysis, 

and correlation with overall survival. Our results revealed that m5C regulators exhibited higher mutation frequencies than 

m6A and m1A regulators in both glioma types. Moreover, a greater number of regulators were significantly associated with 

OS in LGG compared to GBM, suggesting tumor grade-specific prognostic relevance. Gene Ontology, KEGG, and Gene Set 

Enrichment Analysis further indicated that each pathway contributes to distinct biological processes and cellular signaling 

cascades. Receiver operating characteristic analysis identified several regulators with diagnostic and prognostic potential. 

Notably, EIF3A and TET1 showed strong biomarker potential, as their elevated expression negatively correlated with WHO 

tumor grade and distinguished between GBM and LGG. In summary, our study highlights the distinct roles of m6A, m5C, 

and m1A pathways in glioma biology and identifies EIF3A and TET1 as promising biomarkers with potential diagnostic 

and therapeutic implications. Targeting epitranscriptomic regulators may represent a novel strategy for glioma 

management. 

Keywords: Epitranscriptomics, RNA Modifications, GBM, LGG, Bioinformatics Analysis 

 

*Correspondence: Turan Demircan 

Medical Biology Department,  

School of Medicine, Muğla Sıtkı Koçman University, Muğla, Turkey 

E-mail: turandemircan@gmail.com; turandemircan@mu.edu.tr,  

Tel: +90 252-2114846; +90 505 679 4868  

 

Introduction 

Gliomas, malignant tumors originating from glial 

cells, are classified according to histopathological 

and molecular characteristics, which determine 

prognosis, treatment strategies, metastatic 

potential, and patient survival (1,2). Among them, 

glioblastoma multiforme (GBM) represents the 
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most prevalent and lethal form, corresponding to 

grade IV gliomas. GBM is characterized by 

remarkable heterogeneity, rapid proliferation, 

diffuse infiltration, and therapeutic resistance, yet 

it exhibits relatively low systemic metastatic 

potential due to the protective role of the blood–

brain barrier (3,4). Despite multimodal treatment 

approaches including surgical resection, 

radiotherapy, and temozolomide-based 

chemotherapy, prognosis remains dismal, with 

median survival ranging between 8–15 months and 

five-year survival below 6% (5,6). 

In contrast, low-grade gliomas (LGGs; grades II–

III) are relatively indolent tumors that constitute 

approximately 15% of primary brain neoplasms. 

Although LGGs exhibit longer survival (median up 

to 7 years), they frequently progress to secondary 

GBM within 5–10 years of diagnosis, particularly in 

patients over 40 years or with large tumor 

diameters (>4–6 cm) (7,8). Molecular profiling has 

substantially refined glioma classification. The 

revised WHO 2021 criteria incorporate isocitrate 

dehydrogenase (IDH) mutation status, 1p/19q co-

deletion, and additional biomarkers such as ATRX 

and TP53 mutations to distinguish molecular 

subtypes with distinct clinical outcomes (9). 

Common alterations in primary GBM include 

EGFR amplification, PTEN loss, chromosome 10q 

loss of heterozygosity, and CDKN2A/p16 deletion, 

whereas LGGs often exhibit TP53 and RB pathway 

deregulation along with PDGFA/PDGFRα 

overexpression (10,11). 

Beyond genomic and transcriptomic changes, 

increasing attention has turned to post-

transcriptional RNA modifications collectively 

termed the epitranscriptome, as an additional 

regulatory layer in glioma biology. High-

throughput sequencing combined with 

immunoprecipitation has revealed that RNAs 

undergo more than 170 distinct reversible 

modifications, influencing RNA stability, 

translation, splicing, and localization (12,13). 

Among them, N6-methyladenosine (m6A) is the 

most abundant and best-studied, while N1-

methyladenosine (m1A) and 5-methylcytosine 

(m5C) have also emerged as key modifications with 

roles in tumorigenesis (14,15). These modifications 

are dynamically regulated by “writers” 

(methyltransferases), “erasers” (demethylases), 

and “readers” (RNA-binding proteins), which 

collectively orchestrate essential cellular processes 

such as differentiation, proliferation, stress 

response, and oncogenic transformation (16,17). 

Importantly, dysregulation of RNA modification 

pathways has been increasingly linked to cancer 

initiation, progression, and therapeutic resistance, 

positioning epitranscriptomic regulators as 

promising biomarkers and therapeutic targets (18). 

In this study, we systematically analyzed regulators 

of the m6A, m5C, and m1A pathways in GBM and 

LGG using transcriptomic and genomic data from 

The Cancer Genome Atlas (TCGA). By integrating 

mutation profiles, alteration frequencies, 

differential expression analyses, and survival 

correlations, we identified key regulators 

associated with glioma progression and patient 

outcomes. Functional enrichment analyses (GO, 

KEGG, GSEA) revealed that these pathways 

contribute to distinct biological processes and 

signaling cascades. Notably, we demonstrate that 

EIF3A and TET1 exhibit significant diagnostic and 

prognostic potential, with expression levels 

correlating with glioma grade and overall survival. 

These findings provide new insights into the 

epitranscriptomic landscape of gliomas and 

highlight novel biomarker candidates with 

potential relevance for clinical management. 

Methods 

Determination of Mutation Types and 

Alteration Frequencies Using the 

cBioportal Database: The relevant gene 

mutation frequencies were analyzed using the five 
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different publicly accessible glioma studies 

consisting of 3144 samples from 3234 patients. In 

order to form a comprehensive set of GBM and 

LGG datasets, Brain lower-grade glioma (TCGA, 

pan-cancer), Glioma (MSKCC, Clin Cancer Res 

2019), Merged Cohort of LGG and GBM (TCGA, 

cell,2016), Anaplastic Oligodendroglioma and 

Anaplastic Oligoastrocytoma (MSKCC, Neuro 

Oncol 2017) and Glioblastoma multiforme (TCGA 

pan-cancer) datasets in cBioportal database 

(19,20) were selected. As described in a previous 

study (21), regulators in m6A, m5C, and m1A 

pathways were classified in 3 categories as writers, 

readers, and erasers. For the m6A pathway, 

VIRMA, METTL14, METTL3, METTL4, RBM15, 

RBM15B, WTAP are the writer, DGCR8, EIF3A, 

EIF3B, ELAVL1, HNRNPA2B1, HNRNPC, SFRS2, 

YDFDC1, YTHDC2, YTHDF1, YTHDC2, and 

YTHDF1 are the reader, and ALKBH5 and FTO are 

the eraser genes. In the m5C pathway, writers are 

DNMT1A, DNMT3A, DNMT3B, DNMT3L, NOP2, 

NSUN2, NSUN3, NSUN4, NSUN5, and TRDMT1, 

readers are MECP2, and UHRF1 and erasers are 

TET1, TET2, and TET3 genes. m1A pathway is 

comprised of HSD17B10, PRORP, TRMT10C, 

TRMT6, and TRMT61B writer, and ALKBH1 and 

ALKBH2 eraser regulators. Mutation types, 

alteration frequencies, and multiple genomic 

alterations were shown on histograms and 

heatmaps drawn through the cBioPortal as 

described elsewhere (22). 

Retrieving TCGA-PanCancer Data for 

Downstream Analysis: The GBM 

(Glioblastoma Multiforme – TCGA, PanCancer 

Atlas) and LGG (Brain lower-grade glioma -TCGA, 

PanCancer Atlas) PanCancer data (23) utilized in 

this study were fetched by employing the RTCGA 

package in R environment. The latest version of the 

datasets, including 166 GBM samples and 530 LGG 

samples, were gathered for further analysis. 

RTCGA.rnaseq and RTCGA.clinical functions were 

implemented to retrieve the RNA-Seq and clinical 

data of the patients.  

Principal Component Analysis of GBM and 

LGG Samples: In order to test the separation 

power of the epitranscriptomic pathways, gene 

expression level between GBM and LGG samples, 

Principal Component Analysis (PCA) was applied 

using the stats package in the R environment. The 

epitranscriptomic pathways were either used 

separately or together to depict the spatial 

distribution of the GBM and LGG datasets samples. 

Ggfortify package in R was exploited to visualize 

the results. 

Overall Survival Analysis: Survival and 

Survminer R packages in the R environment were 

adopted for the overall survival analysis of GBM 

and LGG samples based on the Kaplan-Meier 

estimation model. High or low expression grouping 

for each gene in m6A, m5C, and 1mA pathways was 

determined considering the median expression 

value. For each gene, a p-value was calculated 

based on the correlation of expression values with 

survival time and status. The genes with a p-

value<0.05  were illustrated on survival curves. 

Comparison of mRNA Expression Levels 

Between GBM and LGG Samples: To find the 

statistically significant differences at mRNA levels 

of the m6A, m5C, and m1A pathway genes between 

GBM and LGG samples, wilcox test in rstatix 

package of R language was applied. P < 0.05 was 

considered statistically significant. Following the 

statistical analysis, mRNA levels of the genes 

compared between two datasets were visualized in 

a boxplot using the ggplot2 package in the R 

environment. Furthermore, the LIMMA package of 

R language was implemented to list the 

differentially expressed genes (DEGs) (p<0.05 and 

|log2foldchange|>0.6) between GBM and LGG 

datasets to evaluate the diagnostic potential of 

analyzed genes. 
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Transcriptomic Data of Altered and 

Unaltered Groups: GBM and LGG patients were 

grouped as altered and unaltered for each pathway. 

Patients with mutations in one or more genes in 

each transcriptomic pathway represent the altered 

group. The unaltered group consisted of the patient 

samples without the mutation in investigated 

pathways. A list of the genes with fold change and 

associated p-values comparing altered vs. 

unaltered groups was downloaded from 

cBioPortal. 

Analysis of Over-representation and Gene 

Set Enrichment Data: Gene set enrichment 

analysis (GSEA) was performed in the R language 

utilizing the ClusterProfiler (24) package with the 

filtered genes after applying a p-value <0.05 cutoff 

to filter the transcriptomic dataset downloaded 

from cBioportal. The analyses were run to find all 

ontological terms by setting the nPerm as 10000, 

minGSSize as 20, maxGSSize 800, pvalueCutoff = 

0.05, qvalueCutoff = 0.2, and pAdjustmethod was 

selected as false discovery rate (FDR). 

Then, gene ontology (GO) over-representation and 

kyoto encyclopedia of genes and genomes (KEGG) 

analyses were executed using the slightly modified 

dataset utilized in GSEA by subsetting the DEGs 

with |Log Ratio |> 0.6. The clusterProfiler (24) 

package was employed in the R environment for 

the GO and KEGG analyses. The set parameters for 

the both analyses are as followings: pvalueCutoff = 

0.05, pAdjustMethod = "fdr", qvalueCutoff = 0.2, 

minGSSize = 10, maxGSSize = 500. Pathways and 

GO terms with an adjusted p-value <0.05 were 

considered statistically significant.  The obtained 

results were presented in dotplot and barplot 

figures using the ggplot2 package in the R 

environment. 

ROC Curve Analysis: In order to test whether 

the genes highlighted as candidate biomarkers 

have diagnostic value for GBM and LGG, a receiver 

operating characteristic (ROC) curve was 

generated for each gene by using the sensitivity and 

specificity measures to detect the accuracy.  ROC 

curve analysis was performed by utilizing the R 

language’s pROC package. The area under the 

curve (AUC) was calculated to estimate sensitivity 

and specificity for distinguishing GBM from LGG. 

Regulators with AUC ≥ 0.70 were considered to 

have good discriminatory power. 

Cell Culture and qRT-PCR: The procedure for 

cell culture and qRT-PCR was described elsewhere 

(25, 26). Human glioblastoma cell line U87-MG 

and the low-grade glioma cell line H4 were 

obtained from the American Type Culture 

Collection (ATCC, Manassas, VA, USA). Cells were 

maintained in Dulbecco’s Modified Eagle Medium 

(DMEM, Gibco, USA) supplemented with 10% fetal 

bovine serum (FBS, Gibco, USA), 1% penicillin–

streptomycin (100 U/mL penicillin and 100 µg/mL 

streptomycin, Gibco, USA), and cultured at 37°C in 

a humidified atmosphere containing 5% CO₂. 

Culture medium was refreshed every 2–3 days, and 

cells were passaged at ~70–80% confluence using 

0.25% trypsin–EDTA solution. 

Total RNA was extracted from cultured U87 and 

H4 cells using the TRIzol reagent (Invitrogen, 

USA) according to the manufacturer’s instructions. 

RNA purity and concentration were assessed with 

a NanoDrop 2000 spectrophotometer (Thermo 

Fisher Scientific, USA), and integrity was verified 

by agarose gel electrophoresis. Subsequently, 1 µg 

of total RNA was reverse transcribed into 

complementary DNA (cDNA) using the 

PrimeScript RT Reagent Kit (Takara, Japan) with 

oligo(dT) primers. Quantitative PCR was 

performed on a StepOnePlus Real-Time PCR 

System (Applied Biosystems, USA) using SYBR 

Green Master Mix (Applied Biosystems, USA) in a 

total reaction volume of 20 µL. Cycling conditions 

were as follows: initial denaturation at 95°C for 10 

min, followed by 40 cycles of 95°C for 15 s and 55°C 

for 15 s, and 72°C for 60 s. Relative expression 
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levels were calculated by the 2^^ΔΔCt method, with 

GAPDH serving as the internal control.  

Results and Discussion 

Epitranscriptomic RNA modifications are 

increasingly recognized as critical regulators of 

cancer biology. Among them, m6A is the most 

extensively studied and has been implicated in 

nearly all aspects of RNA metabolism, including 

splicing, translation, and degradation (27). More 

recently, m5C and m1A have also been identified as 

important epitranscriptomic modifications 

contributing to cellular homeostasis, 

developmental processes, and tumor progression 

(28). However, their integrated contribution to 

glioma biology, particularly the distinction 

between LGG and GBM, remains insufficiently 

explored. 

Gliomas represent a particularly suitable context 

for such analyses, as they account for 

approximately 81% of all malignant brain tumors 

and exhibit striking heterogeneity in terms of 

prognosis, therapeutic response, and molecular 

features (2). GBM, the most aggressive grade IV 

glioma, has a median survival of less than 15 

months despite maximal therapy, while LGGs, 

encompassing grades II–III, often progress to 

secondary GBM within 5–10 years (8). The poor 

clinical outcomes highlight the urgent need to 

identify novel biomarkers and therapeutic targets. 

Our study investigated the landscape of genetic 

alterations, transcriptomic expression, functional 

enrichment, and clinical significance of m6A, m5C, 

and m1A regulators in GBM and LGG. Particular 

attention was given to identifying candidate 

biomarkers with diagnostic and prognostic 

potential. 

Mutation Profiles of m6A, m5C, and m1A 

Regulators in Gliomas: Using five publicly 

available glioma datasets from cBioPortal, we 

analyzed the genetic alteration patterns of 43 

regulators across m6A, m5C, and m1A pathways. In 

line with prior reports in pan-cancer analyses 

(29,30), we also observed high alteration 

frequencies in regulators of m5C, m6A, and m1A 

(Figure 1). 

In the m6A pathway (Figure 1a), amplification, 

deep deletion, and point mutations were 

predominant. Genes such as EIF3B, ELAVL1, and 

EIF3A exhibited the highest variation, while 

YTHDC2 and ALKBH5 were rarely altered. 

Importantly, EIF3A, a translation initiation factor, 

showed deep deletions in a subset of cases, 

suggesting potential tumor suppressive functions, 

which are consistent with recent work linking 

EIF3A loss to impaired DNA damage responses in 

gliomas (31).  

Among m5C regulators, NOP2, DNMT3A, and 

DNMT1 showed the highest alteration burden, 

whereas TET3 and NSUN4 were rarely affected 

(Figure 1b). Notably, mutations were frequent in 

the TET family genes, consistent with their roles as 

DNA/RNA demethylases (32). Additionally, 

NSUN5 loss has been associated with ribosomal 

stress and glioma progression (33). DNA 

hypomethylation, characterized by a genome-wide 

reduction of 5-mC in gene-coding regions and 

satellite repeats, was the first identified epigenetic 

abnormality in tumor cells. This hypomethylation 

can promote genomic instability, leading to mitotic 

recombination, copy-number alterations, 

chromosomal rearrangements, and loss of genomic 

imprinting (34). The contribution of this process to 

tumor progression may explain the high alteration 

frequency of DNMT3A and DNMT1 observed in 

our dataset. Furthermore, the dysregulation of 

demethylation pathways is also critically involved 

in cancer. For instance, TET1 has been implicated 

in various solid tumors (e.g., breast and bladder 

cancer), while TET2 is frequently mutated in 

hematological malignancies. Emerging evidence 

also suggests a role for TET3 in certain leukemias 
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and solid tumors, such as glioblastoma and 

colorectal cancer (reviewed in 35).  

Figure 1. Alteration frequencies of m6A, m5C, and m1A regulators were determined in 5 public acces studies utilizing 

cBioportal database. (a) m6A pathway regulators, (b) m5C pathway regulators, (c) m1A pathway regulators, (d) All m6A, 

m5C and m1A pathway regulators. Regulator names on the diagrams were written in orange, blue, and red, according to 

their characteristics of writer, reader, and eraser, respectively. Subtypes of LGG and GBM cases are abbreviated as DA 

(Diffuse Astrocytoma), AA (Anaplastic Astrocytoma), DG (Diffuse Glioma), ACT (Astrocytoma), GBM (Glioblastoma 

Multiforme), AO (Anaplastic Oligodendroglioma), OD (Oligodendroglioma), OA (oligoastrocytoma).  Mutation types such 

as, mutation, structural variant, amplification, deep deletion, and multiple alteration were indicated with green, purple, 

red, blue, and gray colors, respectively. 
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For m1A regulators, mutations were uncommon, 

with HSD17B10 and TRMT6 showing modest 

alterations (Figure 1c). Based on our finding of 

TRMT6 amplification in GBM, we propose a model 

where TRMT6 promotes glioma progression by 

activating the PI3K–AKT signaling pathway, a key 

driver of cell survival and proliferation in many 

cancers. This hypothesis is mechanistically 

plausible, as a previous study demonstrated that 

inhibiting TRMT6 suppresses the proliferation, 

migration, and invasion of glioma cells, an effect 

linked to the regulation of the PI3K-AKT pathway 

(36). 

Interestingly, LGGs exhibited higher overall 

mutation frequencies than GBM, particularly in 

grade II tumors (Figure 1d), suggesting that 

epitranscriptomic pathway alterations may 

represent early molecular events in gliomagenesis 

(37). This observation aligns with the idea that 

LGGs accumulate regulatory pathway alterations 

that may later contribute to malignant 

transformation into GBM (38). 

Transcriptomic Alterations and Functional 

Enrichment: Beyond DNA-level alterations, 

integration of RNA expression revealed additional 

insights (Figure 2). Strikingly, DNMT3L, a 

catalytically inactive regulator of DNA 

methylation, showed a dramatic increase in 

alteration frequency when mRNA expression was 

considered (~85% in GBM). Although DNMT3L 

cannot methylate DNA directly, it enhances the 

activity of DNMT3A/3B and has been associated 

with hypermethylation of tumor suppressor genes 

in other cancers (39). Intriguingly, we observed 

lower DNMT3L expression in GBM compared to 

LGG (Figure 2), which contrasts with its reported 

oncogenic role in other malignancies. Given its 

additional functions in transcription factor 

interactions and neural differentiation (40), 

DNMT3L may play a glioma-associated role 

requiring further mechanistic investigation. 

Figure 2. Oncoprint view of alteration frequency and genetic alterations, performed in the cBioportal database using only 

GBM and LGG PanCancer studies, including mRNA expression levels. (a)  Alteration frequencies of m6A, m5C, and m1A 

regulators, respectively, from top to bottom, in GBM cases. (b) Alteration frequencies of m6A, m5C, and m1A regulators, 

respectively, from top to bottom, in LGG cases.  Besides other genetic alterations, light blue bars indicate low mRNA 

expression level, and light pink bars indicate high mRNA expression level. 
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Gene Ontology (GO) and KEGG enrichment 

analyses demonstrated pathway-specific 

associations (Figure 3,4). In GBM, altered m5C 

regulators enriched DNA replication, mitotic cell 

cycle, and repair pathways, hallmarks of aggressive 

tumor biology (Figure 3a,4a). Altered m1A 

regulators enriched ribosome biogenesis and 

translation initiation, supporting reports that 

TRMT6/61A drives glioma proliferation via PI3K–

AKT signaling (36). By contrast, unaltered groups 

enriched synaptic signaling, neurotransmitter 

transport, and axon guidance—processes typically 

downregulated during malignant transformation. 

In LGG, altered groups across pathways were 

enriched for morphogenesis, embryonic 

development, and cell differentiation, while 

unaltered groups displayed enrichment in synaptic 

activity and neurotransmission (Figure 3b,4b). 

This is consistent with the observation that lower-

grade gliomas retain partial neuronal-like 

transcriptional programs, which are progressively 

lost as they advance to GBM (41). Unaltered 

regulators consistently associated with synaptic 

and neuronal signaling, supporting the concept 

that epitranscriptomic dysregulation underlies the 

erosion of neuronal identity during glioma 

progression. 

Figure 3. The transcriptomic data collected from cBioportal for m6A, m5C and m1A pathways were divided 

into altered and unaltered groups, and Gene Ontology (GO) enrichment analysis was performed via 

clusterprofiler. (a) GO analysis for GBM samples, (b) GO analysis for LGG samples. The size of the bubble was 

determined according to the number of genes enriched at terms, and the color was determined according to 

the pAdjust values. pAdjust< 0.05 was considered as significant. 

Taken together, these findings underscore that 

m6A, m5C, and m1A regulators modulate divergent 

biological programs. While altered regulators favor 

proliferative and immune-related signatures, 

unaltered regulators align with preserved neuronal 

functions—highlighting their potential role in 

glioma aggressiveness. 
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Figure 4.  Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis was performed to identify 

downstream pathways in the R environment using transcriptome data. (a) KEGG analysis for GBM samples, 

(b) KEGG analysis for LGG samples. The size of the bubble was determined according to the number of genes 

enriched at terms, and the color was determined according to the pAdjust values. pAdjust < 0.05 was 

considered as significant. 

Diagnostic and Prognostic Potential of 

Regulators: Principal component analysis (PCA) 

showed only partial separation of GBM and LGG 

when using the combined regulator set (Figure S1). 

However, expression profiles of the m1A pathway 

achieved superior discriminatory capacity (Figure 

S1d), suggesting that m1A regulators, though less 

frequently mutated, may provide robust 

transcriptional signatures distinguishing glioma 

grades. This mirrors emerging literature on m1A’s 

role in ribosomal dynamics and stress responses 

(42). 

Differential expression analysis revealed that 

WTAP, DNMT3A, DNMT3B, and NSUN5 were 

upregulated in GBM, while EIF3A and TET1 were 

consistently higher in LGG (Figure 5).  

Figure 5. RNA-seq data obtained from the RTCGA package were used to compare the relative expression leves of m6A, 

m5C and m1A pathway regulators, between GBM and LGG samples. (a) for m6A pathway regulators, (b) for m5C pathway 

regulators, (c) for m1A regulators.  Pink bars represent GBM samples and blue bars represent LGG samples. Wilcox test 

was carried out to determine the expression levels differences between GBM and LGG samples. ns: p-value > 0.05; *: p-

value < 0.05; **: p-value < 0.01; ***: p-value < 0.001; ****: p-value < 0.0001. 

Survival analysis further emphasized the 

prognostic importance of these regulators (Figure 

S2-3). In GBM, high expression of VIRMA, 

METTL3/4, EIF3A, TET2/3, and TRMT6 

correlated with improved outcomes, whereas high 

expression of DNMT3A, DNMT3B, and NSUN5 

predicted poor survival, in agreement with recent 

findings linking NSUN5 loss of function to worse 

outcomes (33). In LGG, a larger number of 

regulators showed significant prognostic 

associations, suggesting that epitranscriptomic 

pathways exert stronger prognostic influence in 

early-stage gliomas compared to advanced GBM. 

Importantly, across both tumor types, EIF3A and 
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TET1 consistently emerged as robust biomarkers 

(Figure S2-3, Figure 6).

Figure 6. ROC curves of 6 genes (WTAP, EIF3A, DNMT3A, DNMT3B, NSUN5 and TET1) wich were observed genes that 

differentially expressed an area under the curve (AUC) values. The red curves exhibited AUC values above 70% and black 

curves exhibited AUC values under 70%. Confidence interval (CI) was applied as 95%. 

EIF3A and TET1 as Candidate Biomarkers: 

Among all regulators, EIF3A and TET1 stood out 

for their dual diagnostic and prognostic potential. 

EIF3A is a core subunit of the eukaryotic initiation 

factor 3 complex that facilitates ribosome assembly 

and translation initiation. High EIF3A expression 

correlated with favorable outcomes in GBM and 

LGG, and its expression inversely correlated with 

tumor grade. Previous studies report that EIF3A 

can sensitize cancer cells to chemotherapy and 

suppress malignant progression (43), whereas its 

downregulation is associated with advanced tumor 

stages (44). Our data reinforce these findings, 

suggesting that EIF3A acts as a tumor-suppressive 

factor in gliomas.  Our findings of high EIF3A 

expression correlating with improved survival echo 

reports that EIF3A enhances DNA repair and 

suppresses glioma progression (31). TET1, a 

member of the ten-eleven translocation family, 

catalyzes hydroxylation of 5-methylcytosine to 5-

hydroxymethylcytosine and plays a critical role in 

DNA demethylation. High TET1 expression 

correlated with prolonged survival and was 

downregulated in GBM relative to LGG. Previous 

studies have established TET1 as a tumor 

suppressor in hematological and solid tumors, 

including gliomas, where it regulates autophagy 

and gene expression programs (45). Our findings 

confirm its protective role and extend its potential 

as a biomarker for distinguishing glioma grades. 

Loss of TET1/5hmC has been linked to GBM 

aggressiveness (46). We observed TET1 
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downregulation in GBM relative to LGG, consistent 

with its role as a tumor suppressor. ROC curve 

analysis confirmed their diagnostic value, with 

EIF3A (AUC = 0.92) and TET1 (AUC = 0.87) 

showing high discriminatory accuracy between 

GBM and LGG. Mutation analysis revealed EIF3A 

harbored missense variants in both glioma types, 

while TET1 displayed more frequent mutations in 

GBM, including truncating variants, suggesting 

possible mechanisms for functional impairment. 

Validation of Candidate Regulators by 

qPCR: To validate the transcriptomic findings, we 

performed qPCR on selected regulators (WTAP, 

DNMT3A, DNMT3B, NSUN5, DNMT3L, EIF3A, 

and TET1) in GBM and LGG cell line samples 

(Figure 7). Consistent with the in silico analyses, 

qPCR demonstrated that WTAP, DNMT3A, 

DNMT3B, NSUN5, DNMT3L, and EIF3A were 

expressed at significantly higher levels in GBM 

compared to LGG (p < 0.05). These regulators are 

well-established oncogenic drivers in diverse 

cancers, and their overexpression has been linked 

to enhanced proliferation, DNA methylation 

imbalance, and resistance to apoptosis. The 

concordance between bioinformatics and qPCR 

results further highlights their robust involvement 

in GBM biology. 

In contrast, EIF3A and TET1 showed higher 

expression in LGG compared to GBM, consistent 

with our prognostic analyses. Elevated EIF3A in 

LGG may reflect a protective role in maintaining 

translational fidelity and DNA repair capacity. 

Similarly, higher TET1 expression in LGG supports 

its role as a tumor suppressor that preserves 5-

hydroxymethylcytosine balance and limits 

malignant progression (46). Their downregulation 

in GBM highlights a potential molecular switch 

during the transition from LGG to high-grade 

disease. 

Figure 7. Validation of candidate RNA modification regulators by qRT-PCR. Expression levels of WTAP, 

DNMT3A, DNMT3B, NSUN5, DNMT3L, EIF3A, and TET1 were quantified in U87 (GBM) and H4 (LGG) cell 

lines using qRT-PCR. Data are shown as mean ± SD of three independent experiments; p < 0.05 for all tested 

genes. 

Together, these qPCR validations strengthen the 

reliability of our integrative approach, confirming 

that WTAP, DNMT3A, DNMT3B, NSUN5, 

DNMT3L, and EIF3A are upregulated in aggressive 

GBM, whereas EIF3A and TET1 serve as potential 

suppressive regulators enriched in LGG. These 
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findings not only reinforce the clinical relevance of 

the bioinformatics analysis but also suggest that 

combined evaluation of these regulators may 

improve the molecular stratification and 

prognostic assessment of glioma patients. 

Broader Implications and Future 

Directions: Collectively, our results demonstrate 

that epitranscriptomic regulators are not only 

markers of glioma progression but also potential 

drivers of tumor biology. While m5C regulators 

carried the highest mutation burden and m1A 

regulators exhibited the strongest transcriptional 

discrimination, EIF3A and TET1 emerged as the 

most consistent biomarkers across analyses. The 

broader implication is that epitranscriptomic 

dysregulation contributes to the shift from 

neuronal-like signaling to proliferative and 

immune-activated states, facilitating glioma 

aggressiveness. Future directions include 

validating EIF3A and TET1 in independent clinical 

cohorts, dissecting their mechanistic roles using in 

vitro and in vivo glioma models, and exploring 

whether therapeutic modulation of these 

regulators can enhance response to standard 

therapies such as temozolomide and radiotherapy. 

Conclusion 

This integrative analysis of glioma datasets 

demonstrates that m6A, m5C, and m1A regulators 

are differentially mutated, expressed, and 

prognostically significant in GBM and LGG. 

Despite the complexity of epitranscriptomic 

regulation, EIF3A and TET1 consistently emerged 

as strong diagnostic and prognostic biomarkers, 

with clear potential for translational application. 

These findings open avenues for the development 

of epitranscriptome-based stratification tools and 

therapeutic interventions in glioma management. 
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Supplementary Figures 
 
 

 

  
Figure S1. Principal compopnent analysis(PCA) was conducted using RNA-seq data, to elucidate the spatial distrubution of m6A,m5C 
and m1A regulators in GBM and LGG cases. (a) PCA of regulators in all m6A, m5C and m1A pathways, (b) PCA of m6A pathway 
regulators, (c) PCA of m5C pathway regulators, (d) PCA of m1A pathway regulators. GBM samples were marked with pink dots, LGG 
sapmles were marked with blue dots. 
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Figure S2.  Kaplan-Meier overall survival (OS) curves were drawn, utilize together RNA-seq data  with clinical data of GBM patients. 
Datas collected by RTCGA package. OSs were drawn for all m6a (a), m5C (b) and m1A(c) pathway regulators, but only signiticant ones 
were visualized. Pink curves represent high expression levels and blue curves represent low expression levels. 
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Figure S3. Kaplan-Meier overall survival (OS) curves were created based on expression levels of m6A, m5C and m1A pathway 
regulators and their clinical data in R environment for LGG patients., Only significant genes were viewed, in m6A (a), m5C (b) and m1A 
(c) pathway regulators. Pink curves represent high expression levels and blue curves represent low expression levels. 
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Figure S4.  Lollipop visualization for indicated the protein structure alteration of EIF3A and TET1 genes in GBM (a) and LGG samples 
(b). Green and pink bold bars were represent protein domains of genes and lollipop like dots  present the alteration such as 
truncating(nonsesnse) and missense according to  colors that green and black respectively, on the grey bar. 
 
 
 
 
 
 
 
 
 


