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Abstract

Glioblastoma is the most common primary intracranial malignant tumor, characterized by treatment challenges and a poor prog-
nosis. Despite standard treatment, including surgical resection combined with radiotherapy, outcomes remain unsatisfactory, with 
a median progression-free survival of 7 months and an overall survival of only 15 months. In recent years, RNA methylation has 
garnered significant attention, with N6-methyladenosine emerging as one of the most abundant epitranscriptional modifications in 
eukaryotic mRNAs. Regulated by methyltransferases, demethylases, and methylation reader proteins, it influences mRNA metabo-
lism and plays a critical role in various physiological and pathological processes. It is widely believed to play a pivotal role in tumor-
igenesis and development by regulating various physiological and pathological processes. This paper reviews recent studies on the 
relationship between m6A methylation and glioblastoma, highlighting advances in its role in diagnosis, treatment, drug resistance, 
and prognosis. These findings aim to provide new insights for further research on m6A methylation and glioblastoma.
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Introduction
Glioblastoma (GBM), the most common primary tumor of the 

Central Nervous System (CNS), is classified as grade IV by the WHO. 
It accounts for approximately 15.6% of primary brain tumors and 
45.2% of malignant brain tumors, making it the most prevalent and 
aggressive primary brain tumor in adults [1-2]. GBM treatment 
primarily involves surgical resection combined with radiotherapy 
and concurrent temozolomide chemotherapy [3]. Despite receiving 
standard combination therapies, the prognosis for GBM patients re-
mains dismal, with a 5-year survival rate below 5% [4].

Like DNA and histone modifications, RNA modification a branch 
of epigenetics plays a crucial role in various diseases, particularly 
tumors. N6-Methyladenosine (m6A) methylation, occurring at the 
nitrogen-6 position of the Adenine (A) base in RNA, is the most 
prevalent RNA modification in eukaryotes [5]. This modification 
process involves three key regulatory molecules: methyltransfer-
ases, demethylases, and m6A-binding proteins, which add, remove, 
and recognize m6A sites, respectively [6-7]. M6A methylation influ-
ences multiple aspects of RNA metabolism, such as splicing, miRNA 
processing, nuclear export, translation, and decay, and plays a sig-
nificant role in GBM progression. This paper aims to systematically 
review recent studies on GBM and m6A methylation, offering valu-
able insights to guide future research in this field.

Overview of m6A Methylation
To understand the role of m6A regulatory molecules in GBM, it 

is essential to first clarify the regulatory mechanisms of m6A meth-
ylation. M6A methylation is a dynamic and reversible process regu-
lated by methyltransferases, demethylases, and methylation reader 
proteins. Methyltransferases form transferase complexes to cata-
lyze the methylation of specific RNA sites, while demethylases can 
promote the demethylation of methylated RNA, thus making m6A 
methylation modification exhibit dynamic and reversible charac-
teristics. methylation reader proteins can specifically recognize 
and bind to RNA with m6A methylation modification, and further 
participate in the downstream effects of modifying RNA.

Methyltransferases

Methyltransferases Primarily Include Methyltransferase-Like 
Protein 3 (METTL3), Methyltransferase-Like Protein 14 (MET-
TL14), and Wilms’ Tumor 1-Associating Protein (WTAP). METTL3 
is the primary component of the m6A methyltransferase complex. 
It binds to S-Adenosylmethionine (SAM) and transfers a methyl 
group from SAM to a substrate adenosine [8]. METTL14 is highly 
homologous to METTL3 and does not have catalytic activity itself, 
but it can provide structural support for RNA binding and form a 
stable heterocomplex with METTL3 in a 1:1 ratio, thereby playing 
a key catalytic role [9-10]. WTAP acts as a regulatory subunit of 
the m6A methyltransferase complex, interacting with METTL3 and 
METTL14 and recruiting the complex to RNA [11]. Methyltransfer-
ase-Like Protein 16 (METTL16) is one of the homologs of METTL3. 
It mainly acts as a regulatory subunit to coordinate the activity of 
METTL3 and participates in the regulation of RNA biological func 

 
tions [12]. Methyltransferases are critical for m6A methylation. 
Dysfunctions or aberrant expression of these enzymes disrupt m6A 
regulation, impairing mRNA metabolism and gene expression.

Demethylases

Demethylases work exactly opposite to methyltransferases, re-
moving the methyl group provided by S-adenosylmethionine from 
previously methylated RNA. Two demethylases have been identi-
fied in eukaryotes: Fat Mass and Obesity-Associated Protein (FTO), 
AlkB Homolog 3 (ALKBH3) and AlkB homolog 5 (AlkB homolog 
5, ALKBH5). The mechanism of FTO demethylation is to catalyze 
the oxidation of m6A to generate intermediate products, which are 
gradually demethylated and finally form adenosine [13]. Differ-
ent from FTO, ALKBH5 can interact with nuclear RNA and directly 
demethylate m6A to adenosine without generating intermediate 
products [14]. In addition to its role in mRNA stability, splicing and 
translation, ALKBH5 regulates m6A demethylation activity and also 
significantly affects the export of mRNA and the assembly of pro-
cessing factors as well as RNA metabolism [15]. ALKBH3 is a newly 
discovered m6A demethylase that can induce m6A demethylation 
and significantly promote protein translation efficiency [16].

Methylation Reader Proteins

The interplay between m6A methyltransferases and demethy-
lases underpins the dynamic and reversible nature of m6A modifi-
cations. For m6A modifications to exert specific biological functions, 
they must be recognized by diverse methylation reader proteins, 
which regulate downstream molecules and signaling pathways 
to elicit various effects [17]. Methylation reader proteins execute 
the regulatory functions of m6A modifications by specifically rec-
ognizing and binding to m6A-modified RNAs, thereby mediating 
processes essential for RNA metabolism homeostasis. Methylation 
reader proteins primarily include YTH Domain Family Proteins 
(YTHDF1-3), YTH Domain Containing Proteins (YTHDC1-2), Insu-
lin-Like Growth Factor 2 mRNA-Binding Proteins (IGF2BPs), and 
Heterogeneous Nuclear Ribonucleoproteins (HNRNPs).

YTHDF Family: The YTH domain family includes three mem-
bers: YTHDF1, YTHDF2, and YTHDF3, primarily located in the cy-
toplasm. These proteins play distinct roles in m6A modifications 
and exhibit a complex cooperative mechanism. Upon entering the 
cytoplasm, m6A-modified mRNAs are initially bound by YTHDF3 or 
YTHDF3-YTHDF1 complexes and subsequently recognized by YT-
HDF2, enabling distinct regulatory functions. YTHDF1 can regulate 
the translation initiation process by interacting with initiation fac-
tors, thereby improving the translation efficiency of targeted RNA 
[18]. YTHDF2 selectively binds to m6A-modified RNAs and directs 
them to decay sites, thereby facilitating RNA degradation [19]. YT-
HDF3 enhances mRNA translation efficiency through collaboration 
with YTHDF1. Additionally, it influences YTHDF2-mediated RNA 
decay; knockdown of YTHDF3 significantly reduces m6A-modified 
RNA decay [20]. These findings reveal a complex cooperative mech-
anism within the YTH domain family.
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YTHDC Family: The YTHDC family represents another critical 
group of methylation reader proteins. YTHDC1 promotes mRNA 
splicing and facilitates mRNA export from the nucleus to the cy-
toplasm by recruiting splicing factors and nuclear export junction 
proteins. YTHDC2 can improve translation efficiency by directly 
recognizing mRNA with m6A modification, and can also promote 
the decomposition of ribosome-mRNA complex by modifying the 
head region of ribosome 40S subunit, thereby accelerating mRNA 
decay [21-22].

IGF2BPs Family: The IGF2BPs family consists of three mem-
bers: IGF2BP1, IGF2BP2, and IGF2BP3. These proteins enhance 
the stability and translational efficiency of target mRNAs in an 
m6A-dependent manner. IGF2BPs can recruit cofactors such as 
HuR (an mRNA stabilizer) and MATR3 to prevent the degradation 
of m6A-modified mRNAs while promoting their translation [23]. 
Additionally, IGF2BPs regulate mRNA translation by influencing al-
ternative splicing processes [24]. The IGF2BPs family plays crucial 
roles in tumor development, human development, and stem cell 
growth and differentiation. Dysregulation of IGF2BPs is associated 
with conditions such as diabetes, insulin resistance, lipid metab-
olism disorders, and neurological disorders [25-28]. IGF2BPs are 
also highly expressed in various aggressive malignancies, correlat-
ing with poor prognosis, metastasis, tumor progression, and tumor 

grading [29].

HNRNPs Family: The HNRNPs family comprises three mem-
bers: HNRNPA2B1, HNRNPC, and HNRNPG. HNRNPA2B1 facili-
tates primary miRNA processing and maturation by binding to 
m6A-methylated transcripts, while HNRNPC and HNRNPG mediate 
alternative splicing to regulate mRNA abundance by processing 
m6A-modified transcripts [30-32]. In summary, the HNRNPs family 
possesses specific RNA-binding regions during transcription and 
plays key roles in cellular functions such as localization, transloca-
tion, alternative splicing, and mRNA translation [33-35]. 

M6A methylation is a dynamic, reversible process co-regulat-
ed by methyltransferases, demethylases, and methylation reader 
proteins. The coordinated actions of these regulatory molecules 
enable m6A methylation to participate in various aspects of RNA 
metabolism, including splicing, translation, and decay. These three 
regulatory molecule types are structurally and functionally inter-
connected. Their mechanisms of action and interactions are illus-
trated below (Figure 1). Together, they constitute a complex net-
work of m6A methylation regulation, laying the foundation for the 
subsequent understanding of the role of m6A methylation in GBM. 
At the same time, we have organized the m6A modification-related 
proteins and their main biological functions as follows (Table 1).

Note*: M6A modification is a dynamic and reversible post-transcriptional process that is biologically regulated by methyltransferases (METTL3, 
METTL14, METTL16, RBM15/15B, WTAP, ZC3H13, HAKAI, VIRMA) and demethylases (FTO, ALKBH5). Some methylation reading proteins 
(YTHDCs, YTHDFs, IGF2BPs, HNRNPA2B1) that bind to the corresponding bases of m6A sites enable m6a methylation modification to exert 

specific biological functions.
Figure 1: Coordinated action mechanism of m6a regulatory molecules.

Table 1: M6A modification-related proteins and their main biological functions.

M6a molecule Function Reference

METTL3 Binds to S-Adenosyl-Methionine (SAM) and is the main catalytic methyl-
transferase [8]

METTL14 Provides an RNA binding scaffold to structurally support METTL3 and im-
prove its methylation efficiency [8]

METTL16 Plays an important role in mRNA stability and splicing [12]
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WTAP Helps METTL3-METTL14 heterodimers localize in nuclear speckles and 
promotes m6A deposition [11]

VIRMA
Recruitment of a catalytic core consisting of METTL3, METTL14, and WTAP 

to direct methylation, stabilize WTAP in the nucleus, and regulate alternative 
polyadenylation

[34]

ZC3H13 Localization of the ZC3H13-WTAP-VIRMA-HAKAI complex to the nucleus [34]

RBM15/15B
Recognizes U-rich sequences on RNA and mediates transcriptional silencing 
of genes on the X chromosome through methylation of the long RNA XIST by 

recruiting WTAP-METTL3
[34]

HAKAI Stabilizes other subunits of the methylation complex and mediates m6A 
methylation and alternative splicing [34]

FTO Removal of m6A methylation modification [13]

ALKBH5 Removal of m6A methylation modification [14]

YTHDF1 Improving the translation efficiency of m6A-related mRNA [18]

YTHDF2 Promotes degradation of m6A-related mRNA [19]

YTHDF3
Synergizes with YTHDF1 to improve the translation efficiency of m6A-relat-
ed mRNA, synergizes with YTHDF2 to promote the degradation of m6A-re-

lated mRNA
[20]

YTHDC1 Involved in mRNA splicing and nuclear export [19]

YTHDC2 Improving the translation efficiency of m6A-related mRNA [21]

IGF2BP1 Inhibit mRNA degradation or enhance mRNA storage to promote stability 
and translation [35]

IGF2BP2 Inhibit mRNA degradation or enhance mRNA storage to promote stability 
and translation [35]

IGF2BP3 Inhibit mRNA degradation or enhance mRNA storage to promote stability 
and translation [35]

HNRNPG Promotes alternative splicing of m6A-modified target genes [34]

HNRNPC Stabilizes mRNA and promotes its translation, and participates in pre-mRNA 
processing [34]

HNRNPA2B1 Interaction with the miRNA microprocessor complex protein DGCR8 directly 
regulates the processing of m6A-modified pri-miRNA [35]

eIF3 Promote mRNA translation [36]

Relationship Between m6A Regulatory Mol-
ecules and GBM

M6A methylation is closely associated with tumor development 
and progression. Building upon an understanding of the fundamen-
tal aspects of m6A methylation, investigating its regulatory mole-
cules in GBM is crucial for comprehensively understanding the dis-
ease and identifying novel anti-tumor strategies.

Methyltransferases in GBM

 Please keep the format consistent Currently, the role of MET-
TL3 in GBM can be categorized into two contrasting perspectives. 
On one hand, certain studies indicate that METTL3 promotes GBM 
progression. For instance, METTL3-dependent m6A modification 
of HOTAIRM1 has been shown to promote glioma Vasculogenic 
Mimicry (VM), a tumor microcirculation mechanism independent 
of endothelial cells that ensures sufficient blood supply for tumor 
growth [36,37]. Additionally, Glioma Stem Cells (GSCs), known for 
their self-renewal and multidirectional differentiation abilities, 
are regarded as the initiating cells of GBM and a key reason for its 
therapeutic resistance. Recent studies have demonstrated that the 
transcription factor YY1 mediates GSC self-renewal by regulating 

the SENP1/METTL3/MYC axis, contributing to its high tumorigenic 
potential [38]. Conversely, other studies suggest that METTL3-me-
diated m6A modification exerts tumor-suppressive effects in GBM. 
For example, METTL3-mediated m6A modification upregulates 
circDLC1 expression, which promotes CTNNBIP1 transcription by 
sponging miR-671-5p, thereby inhibiting malignant GBM prolifera-
tion [39]. These findings highlight the complex bidirectional role of 
METTL3 in GBM, likely attributable to its interaction with distinct 
targets and signaling pathways.

Additionally, several targets and signaling pathways associated 
with METTL3 have been progressively identified. ADAR1, a newly 
identified target of METTL3, has been shown to exert oncogenic 
effects in GBM independent of its nucleic acid endonuclease ac-
tivity, despite its typical immunomodulatory and antiviral roles in 
normal cells. Furthermore, the study revealed that ADAR1 knock-
down significantly suppresses GBM growth in vivo, these findings 
underscore the critical role of ADAR1 in tumor progression and 
highlight its potential as a therapeutic target in GBM [40]. The 
PDGF–METTL3-OPTN signaling pathway has also been identified, 
with PDGF, an essential growth factor, promotes METTL3 expres-
sion by activating EGR1 in GBM, thereby enhancing GSC prolifer-
ation and self-renewal. METTL3 also regulates mitochondrial au-
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tophagy by modulating the m6A modification of OPTN, and forced 
OPTN expression mimics the effect of PDGF inhibition, suggesting a 
tumor-suppressive role for OPTN [41]. The BUD13/CDK12/MBNL1 
axis is pivotal in regulating VM formation in GBM. METTL3 stabiliz-
es BUD13 mRNA and upregulates its expression via m6A methyla-
tion, which subsequently stabilizes CDK12 mRNA, increases CDK12 
expression, and ultimately phosphorylates MBNL1, thereby regu-
lating VM formation in GBM [42]. Meng et al., reported that C5aR1 
expression is significantly upregulated in GBM and correlates with 
prognosis, functioning through activation of the ERK1/2 signaling 
pathway [43]. ERK1/2 pathway activation increases METTL3 pro-
tein levels, which as a methyltransferase modulates the m6A modi-
fication of GPX4, maintains its m6A levels, and subsequently upreg-
ulates GPX4 expression.GPX4, a key anti-ferroptosis factor, reduces 
cytotoxic lipid peroxides by catalyzing the conversion of reduced 
glutathione to oxidized glutathione, thereby inhibiting ferroptosis 
and promoting GBM progression.

WTAP is highly expressed in GBM, and its role in ROS metab-
olism and tumor progression has been gradually discovered. In 
terms of ROS metabolism, the ROS level in the WTAP overexpres-
sion group increased significantly after being stimulated by ROS in-
ducers; in terms of cell biological behavior, colony formation exper-
iments, wound healing experiments, and Transwell experiments 
showed that WTAP can promote GBM cell proliferation and migra-
tion. and invasion; in terms of signaling pathways, Western blotting 
identified that WTAP regulates the phosphorylation of PI3K/Akt 
signal transduction [44]. UBE2D3, which is regulated by WTAP-me-
diated m6A modification, reduces the chemosensitivity of GBM to 
temozolomide [45]. Qiu et al., demonstrated through experiments 
that WTAP plays a key role in the mesenchymal transformation of 
glioblastoma stem cells and the formation of the tumor immuno-
suppressive microenvironment, highlighting the therapeutic poten-
tial of targeting WTAP and its downstream effectors to enhance the 
efficacy of immunotherapy [46]. In summary, WTAP mainly plays 
a role in promoting tumor progression in GBM, involving multiple 
biological processes and signaling pathways.

Demethylase in GBM

ALKBH5 is a key “eraser” of m6A methylation. Tao et al., report-
ed that ALKBH5 was upregulated and METTL3 downregulated in 
U87-MG cells, promoting migration, invasion, Epithelial-Mesen-
chymal Transition (EMT), and VM by altering the levels of MMP2, 
CDH1, CDH2, and FN1 in GBM cells. Additionally, they found that 
overexpression of ALKBH5 aggravated EMT and VM progression in 
GBM in vivo, promoting GBM growth and metastasis [47]. In 2024, 
Fan et al., used Human Umbilical Vein Endothelial Cells (HUVEC) to 
conduct wound healing, tube formation analysis, and plasmid trans-
fection in vivo and in vitro experiments to confirm the angiogenesis 
regulatory ability of ALKBH5 in GBM, which plays an important role 
in the formation and metastasis of GBM [48]. M6A methylated RNA 
immunoprecipitation sequencing and RNA sequencing revealed 
that ZDHHC3 is a direct target of ALKBH5.Mechanistically, ALKBH5 
deficiency impairs ZDHHC3 mRNA stability via YTHDF2, leading to 
reduced PD-L1 expression by accelerating its degradation in GBM. 

Additionally, ALKBH5 deficiency increases cerebrospinal fluid lym-
phocyte infiltration and proinflammatory cytokines, inhibiting GBM 
formation and proliferation [49]. Growth factor receptors are one 
of the most important oncogenic pathways. Monotherapy based on 
drug inhibitors has little effect on them. ALKBH5 can be targeted to 
enhance the anti-tumor efficacy of Epidermal Growth Factor Recep-
tor (EGFR) and Glutamate Cysteine Ligase Modifier Subunit (GCLM) 
inhibitors. The mechanism involves activated EGFR inducing ALK-
BH5 phosphorylation, inhibiting ALKBH5 nuclear export via Chro-
mosome Maintenance Protein 1 (CRM1), leading to continuous 
m6A mRNA demethylation in the nucleus. ALKBH5 tightly regulates 
ferroptosis via m6A modification and YTHDF2-mediated GCLM de-
cay, contributing to the EGFR-ALKBH5-GCLM oncogenic axis [50]. 
Tuoheti et al., found that ALKBH5 negatively regulates miR-124-
3p by hindering its processing. Knockdown of ALKBH5 promot-
ed pri-miR-124-3p processing and increased mature miR-124-3p 
levels, thereby inhibiting the malignant behavior of GBM cells by 
targeting EPHA2 [51]. Zhang et al., found that ALKBH5 interacts 
with TAR DNA-Binding Protein 43 (TDP-43) in glioblastoma cells, 
and this complex then regulates CDC25A mRNA splicing through 
m6a demethylation to maintain the expression of its binding to cell 
division cycle 25A, ultimately promoting the G1/S transition and 
growth of GBM cells, ultimately promoting GBM growth [52].

In 2023, Du et al., found that FTO overexpression in vitro in-
hibits hypoxia-induced GBM proliferation, migration, and invasion, 
and reduces the percentage of m6A-methylated cells. In vivo, FTO 
overexpression inhibits tumor growth in xenograft models and de-
creases the protein levels of migration markers, including vimentin 
and Twist. The mechanism involves FTO overexpression promoting 
the nuclear translocation of FOXO3a and upregulating the expres-
sion of its downstream targets, including BIM, BNIP3, BCL-6, and 
PUMA [53]. Dong et al., also demonstrated through in vivo experi-
ments that FTO induces cell apoptosis by inhibiting the m6A meth-
ylation of GSTO1, thereby slowing down the progression of GBM 
[54]. In clinical specimens from GBM patients, reduced FTO ex-
pression correlates with higher glioma grade and poor clinical out-
comes. Mechanistically, FTO regulates the m6A modification of pri-
miRNA-10a, which is recognized by the methylation reader protein 
HNRNPA2B1, recruiting the miRNA microprocessor complex pro-
tein DGCR8 to mediate its processing. Additionally, the transcrip-
tion factor SPI1 increases the tumor burden in GBM by inhibiting 
FTO’s transcriptional activity [55], while IDO1 facilitates GBM pro-
gression by inhibiting SLC7A11-dependent ferroptosis through an 
IDO1-AhR-FTO axis-mediated m6A methylation mechanism [56]. 
Lv et al., [34] found that MDH2 regulates FTO and ALKBH5 activity 
by modulating α-Ketoglutarate (αKG) levels, thus influencing m6A 
levels [57]. Specifically, MDH2 upregulation decreases αKG levels, 
weakening FTO and ALKBH5 activity and increasing m6A modifica-
tion on RNA. MDH2 knockdown reduced m6A levels in GSCs, while 
MDH2 overexpression increased m6A levels, with αKG supplemen-
tation reversing this effect. MDH2 increases the m6A methylation 
of PDGFRB mRNA through this pathway, enhancing its stability and 
upregulating PDGFRB expression, which promotes GBM cell prolif-
eration. This demonstrates that MDH2 influences GSC biological be-
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havior through m6A modification, which plays a crucial role in GBM 
onset and progression, offering potential targets and strategies for 
treatment.

Overall, demethylases play a critical regulatory role in GBM, 
influencing tumor migration, invasion, and proliferation through 
various mechanisms, with their expression levels closely linked to 
GBM clinical characteristics and prognosis.

Methylation Reader Proteins In GBM

YTHDF Family: YTHDF1 plays a role in the development and 
progression of GBM and is associated with overall survival out-
comes [58]. Furthermore, Yarmishyn et al., reported that among 
the five YTH family members, YTHDF1 exhibits the highest level 
of upregulation in GBM samples compared to normal brain tissue. 
It promotes GBM proliferation, chemoresistance, and cancer stem 
cell-like characteristics.MSI1 positively regulates YTHDF1 expres-
sion, and this upregulation is associated with increased tumor cell 
migration and decreased patient survival rates. YTHDF1 serves as 
a negative prognostic marker in GBM [59]. Studies indicate that 
YTHDF2 expression in diffuse gliomas rises in parallel with histo-
logical and molecular markers of malignancy, showing a positive 
correlation with greater tumor aggressiveness and poorer progno-
sis. Elevated YTHDF2 levels enhance glioma malignancy in both in 
vitro and in vivo models. Mechanistically, YTHDF2 facilitates UBXN1 
mRNA decay in gliomas by recognizing METTL3-mediated m6A 
modifications, thereby promoting NF-κB activation [60]. Another 
study revealed that PRMT6 activates the Wnt/β-Catenin pathway 
by upregulating YTHDF2 transcription, highlighting the importance 
of the PRMT6-YTHDF2-Wnt/β-Catenin axis in driving GBM migra-
tion, invasion, and EMT in vitro and in vivo [61]. YTHDF3 is pivotal 
in promoting the proliferation, migration, and stemness of U87OSR 
cells. YTHDF3 significantly downregulates the EGFR-ITGA7-AKT 
and ERK signaling pathways in U87OSR cells, contributing to resis-
tance against the EGFR inhibitor osimertinib. YTHDF3 also induces 
oncogenic senescence escape by downregulating p21 expression 
[62]. Additionally, YTHDF3 binds to the Internal Ribosome Entry 
Site (IRES) of m6A-modified cyclin D1 or the transcription factor 
c-myc, regulating IRES activity and GBM sensitivity to mTOR inhib-
itors in vitro and in xenograft models [63]. Collectively, members of 
the YTHDF family exhibit distinct roles in GBM progression, yet all 
are linked to poor patient prognosis.

YTHDC Family: Elevated YTHDC1 expression in GSCs facili-
tates the export of m6A-modified circPOLR2B from the nucleus 
to the cytoplasm, reducing nuclear circPOLR2B levels and subse-
quently decreasing the R-loop structures formed with its parental 
gene POLR2B. This alleviates transcriptional inhibition of POLR2B 
and, via Alternative Polyadenylation (APA), upregulates PBX1 ex-
pression, driving the malignant behavior of GSCs [64].

IGF2BPs Family: Studies have shown that IGF2BP1 and IG-
F2BP3 are either absent or expressed at extremely low levels in 
most normal tissues. However, IGF2BP1-3 are re-expressed in var-
ious cancer types and cell lines, and their expression is generally 
linked to poor prognosis. Immunofluorescence staining and qRT-

PCR analysis further confirm that IGF2BP2 and IGF2BP3 expression 
levels are elevated in cancer tissues compared to adjacent normal 
tissues. Additionally, IGF2BPs are associated with the Tumor Micro-
environment (TME) and cancer stemness. Notably, IGF2BP3 plays a 
critical role in maintaining and supporting the self-renewal of GSCs.
IGF2BP3 knockout reduces the proliferation, invasion, and migra-
tion of GSCs and glioma cells [65]. IGF2BP1 is implicated in glioma 
initiation. Silencing LINC00689 suppresses glioma initiation via the 
miR-526b-3p/IGF2BP1 axis [66]. IGF2BP2 enhances RNA stability 
by recognizing m6A modifications. PBK, a serine/threonine protein 
kinase, is aberrantly overexpressed in various cancers and plays a 
key role in driving proliferation and migration, including in glioma. 
IGF2BP2 stabilizes endogenous PBK mRNA, with its regulatory ef-
fects on PBK stability relying on m6A modifications [67]. Another 
study demonstrates that IGF2BP2 recognizes m6A-modified CASC9, 
enhancing its stability. CASC9 subsequently interacts with IGF2BP2 
to form the IGF2BP2/CASC9 complex, which stabilizes Hexokinase 
2 (HK2) mRNA and promotes aerobic glycolysis in GBM [68]. High 
IGF2BP3 expression is strongly associated with poor glioma prog-
nosis, and its levels rise significantly with increasing WHO glioma 
grades. IGF2BP3 expression is elevated in GBM patients compared 
to other glioma subtypes. High IGF2BP3 expression is positively 
correlated with IDH wild-type status and 1p/19q non-co-dele-
tion. Furthermore, IGF2BP3 is highly expressed in patients over 60 
years old and in those with Progressive Disease (PD) as their pri-
mary treatment outcome. IGF2BP3 expression is also closely linked 
to the mutation status of cancer-related genes [69]. CircRNF10 is 
significantly overexpressed in GBM and is associated with poor 
patient prognosis. IGF2BP3 enhances circRNF10 stability in GSCs, 
while the transcription factor ZBTB48 upregulates IGF2BP3 tran-
scription. circRNF10 forms a positive feedback loop with ZBTB48 
and IGF2BP3, upregulating HSPB1, reprogramming GSC iron me-
tabolism, and conferring resistance to ferroptosis. Additionally, 
circRNF10 functions as a competitive inhibitor of the E3 ubiqui-
tin ligase MKRN3, blocking its enzymatic activity and protecting 
ZBTB48 from degradation. Amplification of oncogenic signaling 
and resistance to ferroptosis drive GBM progression [70]. Another 
study reveals that IGF2BP3 regulates GPX4 protein expression by 
directly binding to a specific motif on its mRNA, thereby influenc-
ing ferroptosis. The m6A modification of this motif is essential for 
GPX4 mRNA stability and translation. IGF2BP3 deletion induces 
ferroptosis in glioma by modulating GPX4 expression [71].

HNRNPs Family: HNRNPA2B1 and HNRNPC are broadly ex-
pressed in the GBM microenvironment, exhibiting heterogeneity 
across various cell types and cell cycle phases. They are expressed 
at higher levels in M1 macrophages, GBM cells, and T/NK cells. In 
cells within the S phase, except for M2 macrophages, HNRNPC ex-
hibits higher expression compared to other m6A regulators. HN-
RNPA2B1 expression is notably elevated in cells during the G2/M 
phase. For cells in the G1 phase, the m6A regulators with higher 
expression levels are HNRNPA2B1, HNRNPC, WTAP, and YTHDC1 
[72]. Studies reveal that HNRNPA2B1 is significantly upregulated in 
GBM and positively correlates with VM-like cell behaviors in U251 
and U373 cell lines. HNRNPA2B1 binds NFATC3 mRNA, enhancing 
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intracellular NFATC3 protein levels. NFATC3 interacts with the VEG-
FR2 promoter to upregulate VEGFR2 expression, driving VM and 
modulating tumor blood supply to sustain continuous growth [73]. 
Zhang et al., identify HNRNPA2B1 as a critical independent prog-
nostic risk factor for glioma. HNRNPA2B1 induces Hydroxymethyl-
glutaryl-CoA Reductase (HMGCR) expression by stabilizing SREBP2 
mRNA, thereby promoting de novo cholesterol synthesis. HNRN-
PA2B1 ablation significantly suppresses glioma cell proliferation, 
GSC self-renewal, and tumorigenesis [74]. HNRNPC expression is 
upregulated in glioma tissues compared to normal brain tissues, 
with glioma malignancy increasing alongside HNRNPC expression 
levels, independent of age, gender, or tumor location. However, 

studies examining the relationship between HNRNPC levels and 
Overall Survival (OS) suggest that elevated HNRNPC expression 
may be associated with better prognosis [75]. Conversely, Chen et 
al., [35] report that overexpression of HNRNPC mRNA and protein 
correlates with poor prognosis in glioma patients. Mechanistical-
ly, HNRNPC stabilizes IRAK1 mRNA in an m6A-dependent manner, 
thereby activating the Mitogen-Activated Protein Kinase (MAPK) 
signaling pathway. The HNRNPC–IRAK1–MAPK axis represents a 
critical oncogenic pathway in glioma [76-81]. The mechanisms and 
targets of m6A regulators affecting the biological behaviors of GBM 
cells are summarized in (Figure 2 & Table 2).

Note*: M6A methylation-related regulators in glioma affect the growth, self-renewal, proliferation, differentiation, autophagy, apoptosis, migration, 
invasion, drug resistance and prognosis of Glioma Stem Cells (GSCs) through various cellular pathways to regulate the occurrence and 

development of gliomas.
Figure 2: Mechanisms of M6A regulators to regulate GBM cell biological functions.

Table 2: Targets of M6A regulators to regulate GBM cell biological functions.

M6a regulator Targeting Molecules Cell Lines Promote / Inhibit References

METLL3 HOTAIRM1 Human GBM biopsy 
specimens Promote [37]

METLL3 SENP1、MYC GBM Stem Cells Promote [38]

METTL3
circDLC1

、miR-671-5p、CTN-
NBIP1

LN229、A172 Inhibit [39]

METTL3 ADAR1 U138、T98G、A172 Promote [40]

METTL3 PDGF、OPTN GBM Stem Cells Promote [41]

METTL3 BUD13、CDK12
、MBNL1

Human GBM biopsy 
specimens、U251

、U373
Promote [42]

METLL3 MGMT、APNG mRNA
Human GBM biopsy 
specimens、GSC-11

、GSC-23
Inhibit [49]
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WTAP ROS、PI3K、Akt U87、U251 Promote [44]

WTAP UBE2D3 Human GBM biopsy 
specimens Inhibit [45]

ALKBH5 MMP2、CDH1、CDH2
、FN1 U87 Promote [47]

ALKBH5 Ena15、Ena21 U87 Inhibit [48]

ALKBH5 VEGFA U87、HUVEC Promote [48]

ALKBH5 ZDHHC3 U87、U251、GL261 Inhibit [49]

ALKBH5 GCLM —— Inhibit [50]

ALKBH5 YAP1、RAD51、CHK1 Human GBM biopsy 
specimens Promote [77]

ALKBH5 G6PD U87、U251 Promote [78]

ALKBH5 SOX2/Wnt5a/β-catenin U87、U251 Promote [79]

ALKBH5 CD73 U87 Promote [80]

ALKBH5 NANOG U87、U251 Promote [81]

FTO MA2 PBT003、PBT707
、PBT017 Inhibit [47]

FTO FOXO3a U251 Inhibit [62]

FTO SPI1 U87、U251 Promote [63]

YTHDF1 MSI1 DBTRG-05MG Promote [59]

YTHDF2 UBXN1 mRNA LN229、U87、N33 Promote [60]

YTHDF2 APC、GSK3β mRNA LN229、U251、U87
、U118 Promote [61]

YTHDF2 MET404 GBM Stem Cells Inhibit [90]

YTHDF3 EGFR、p21 U87 Promote [62]

YTHDF3 cyclin D1、c-myc HEK293、HK296 Promote [63]

YTHDC1 POLR2B、PBX1 HA、U251、GSC-U251
、U373 GSC-U373 Promote [64]

IGF2BP1 miR-526b-3p —— Promote [66]

IGF2BP2 PBK U87、LN229 Promote [67]

IGF2BP2 CASC9、HK2 U87、U251 Promote [68]

IGF2BP3 circRNF10 SYNS03、SYNS05
、SYNS06、SYNS08 Promote [70]

IGF2BP3 GPX4 U87、HS683、U251 Promote [71]

HNRNPA2B1 NFATC3、VEGFR2 U251、U373 Promote [73]

HNRNPA2B1 SREBP2 —— Promote [74]

HNRNPC IRAK1 HS683、U251、U87
、T98G Promote [74]

Clinical Significance of m6A Regulatory Mol-
ecules

Given the close relationship between m6A regulatory mole-
cules and GBM, studying their clinical significance is crucial for the 
diagnosis and treatment of GBM.

Diagnosis

M6A methylation plays a critical role in GBM, prompting in-
creasing research on its diagnostic value in GBM. Studies have 
shown that YWHAG and ALKBH5 serve as independent prognostic 
markers for GBM patients. Additionally, several m6A methylation 
regulators play key roles in regulating PD-L1/PD-1 expression and 

immune infiltration, thereby influencing the tumor immune micro-
environment of GBM. For instance, HNRNPC, YWHAG, and ALKBH5 
are positively correlated with PD-L1, suggesting their potential as 
predictors of immunotherapeutic responses in GBM patients. These 
regulators were significantly upregulated in GBM tissues, leading to 
a marked increase in immune scores, monocytes, M1 macrophages, 
activated mast cells, and eosinophils in the GBM tumor immune mi-
croenvironment. Meanwhile, immune cell invasiveness dynamically 
changed with variations in the copy number of three m6A regula-
tors: HNRNPC, YWHAG, and ALKBH5 [82].

Common methods for detecting m6A modifications include liq-
uid chromatography-mass spectrometry (LC-MS/MS), Thin-Layer 
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Chromatography (TLC), colorimetric methods, and spot blotting. 
The most established method for m6A detection is methylated RNA 
Immunoprecipitation Sequencing (MeRIP-seq). Recently, Oxford 
Nanopore Technologies developed a novel Direct RNA-seq (dRNA-
seq) method, which identifies m6A with much higher resolution. 
dRNA-seq, with its higher lncRNA coverage, provides a clear ad-
vantage for in-depth analysis of m6A number and precise location, 
while MeRIP-seq is better suited for preliminary m6A screening 
studies [83]. In this study, m6A modifications in lncRNAs from the 
glioblastoma U87-MG cell line were analyzed using MeRIP-seq and 
dRNA-seq techniques. Twenty-four relevant lncRNA molecules 
were identified, with some showing correlations with glioma grade 
or patient survival prognosis, making them potential biomarkers.A 
comparison of the two techniques reveals that MeRIP-seq is suit-
able for preliminary screening, while dRNA-seq offers greater ac-
curacy in identifying specific sites. This study provides technical 
support for further exploration of m6A’s role in cancer diagnosis, 
including GBM, and related therapeutic studies.

To overcome the limitation of quantifying m6A modifications 
at precise sites, Ma has screened the Bst 2.0 hot-start DNA poly-
merase, which can distinguish between m6A and Adenosine (A), 
and developed an ultrasensitive m6A RNA assay capable of isother-
mal quantification at single-base resolution. This method offers a 
highly sensitive tool for site-specific m6A detection and quantifi-
cation, expected to serve as a foundation for precise diagnosis and 
epigenetic regulation of diseases such as GBM [84]. These assays 
offer technical support for further research into the application of 
m6A methylation in GBM diagnosis and facilitate the screening of 
more accurate biomarkers.

Clinicopathologic Features

A 2019 study by Chai et al., found that most of the 13 major 
m6A RNA methylation regulators were differentially expressed 
in 904 gliomas, stratified by clinicopathological features (such as 
WHO classification, IDH status, and 1p/19q deletion). The expres-
sion levels of most m6A regulators were closely associated with 
WHO histologic grading and corresponding classifications. They 
also found that the expression levels of WTAP, YTHDF, and ALKBH5 
were positively correlated with histologic grading, while FTO ex-
pression was negatively correlated with grading [85]. Additionally, 
Li et al., showed that METTL3 expression could be used to differ-
entiate molecular profiles between histologically similar GBM sub-
types. They established a novel mechanism in which m6A modifi-
cations near mRNA splicing factors regulate Nonsense-Mediated 
mRNA Decay (NMD) [86]. These findings suggest that m6A regu-
lator expression levels are closely linked to the clinicopathological 
features of GBM, providing a foundation for further understanding 
of its pathogenesis.

Treatment

M6A Modification-Related Enzymes: Designing inhibitors 
targeting demethylases is a therapeutic strategy based on m6A 
methylation modification. By inhibiting demethylase activity, the 
m6A modification level of RNA molecules increase, which subse-

quently regulates gene expression and inhibits tumor cell growth, 
self-renewal, and tumorigenesis, exerting an anti-tumor effect. In 
2017, Cui et al., reported that the FTO inhibitor MA2 significantly 
inhibited the growth and self-renewal of GSCs, showing dose-de-
pendent effects on various GSC lines, with minimal or no effects on 
the normal Neural Stem Cell (NSC) line NSC006, brain astrocytes, 
and HeLa cells. Additionally, MA2 inhibited GSC self-renewal, re-
duced stem cell frequency, and reversed the increased sphere for-
mation rate caused by METTL3 or METTL14 knockdown. In in vivo 
experiments, the tumor volume in the MA2 treatment group was 
significantly smaller than in the control group, with reduced tumor 
luciferase activity and prolonged mouse survival. This suggests that 
MA2 may have therapeutic potential in inhibiting GSC tumorigen-
esis [87]. Takahashi et al., identified two novel ALKBH5-selective 
inhibitors, Ena15 and Ena21, knockdown of ALKBH5 or treatment 
with Ena15 and Ena21 inhibited GBM cell line proliferation, re-
duced S-phase cell cycle progression, increased m6A-modified 
RNAs, and stabilized FOXM1 mRNAs, promoting GBM progression. 
In conclusion, Ena15 and Ena21 are potential candidates for fur-
ther studies on the biological functions of ALKBH5 [88]. In addition, 
Huff et al., optimized a previously discovered FTO small molecule 
inhibitor. This new drug lead FTO-43 showed efficacy comparable 
to that of the clinical chemotherapy drug 5-fluorouracil, increased 
the level of m6A methylation modification in a manner comparable 
to FTO knockdown in cancer cells, and regulated the Wnt/PI3K-
Akt signaling pathway, showing a strong anti-proliferative effect in 
tumors such as GBM [89]. Increasing m6A methylation by inhibit-
ing demethylases offers a novel approach to GBM treatment, with 
potential synergistic effects when combined with other therapies. 
Further investigation into combined therapeutic strategies is need-
ed.

Discovery of new targets: This approach aims to identify 
improved m6A modification-related immune checkpoints and 
targeting strategies. A previous study demonstrated that MET-
TL3-dependent m6A modification of HOTAIRM1(a long non-cod-
ing RNA) promotes glioma VM formation [37]. Therefore, targeting 
HOTAIRM1 could disrupt mitochondrial oxidative phosphorylation 
and serine metabolism, potentially ameliorating GBM [59]. Ji et 
al., found that the m6A-modified lncRNA LINREP (a long intergen-
ic non-coding RNA) promotes GBM progression by recruiting the 
PTBP1/HuR complex, suggesting that the HuR/LINREP/PTBP1 
axis may be a potential therapeutic target for GBM [90]. Similarly, 
the m6A-modified lncRNA WEE2-AS1 (a novel lncRNA reported to 
promote GBM progression) promotes GBM progression by stabi-
lizing RPN2, suggesting that WEE2-AS1 may serve as a prognostic 
biomarker and therapeutic target for GBM [91]. In addition to tar-
geted therapies, new developments in combination therapies have 
emerged. mTOR inhibitor resistance hinders GBM treatment, and 
m6A-modified Internal Ribosome Entry Site (IRES) mRNAs promote 
resistance to mTOR inhibitors. Therefore, co-targeting m6A-methyl 
vesicles and mTOR may be an effective strategy against GBM [64].

Drug Resistance

Temozolomide (TMZ) is a first-line chemotherapeutic agent for 
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gliomas, and mTOR inhibitors also play a role in glioma treatment. 
However, the high resistance of GSCs severely limits the efficacy 
of these agents in treating GBM, and the underlying mechanisms 
remain unclear. New evidence suggests that METTL3-mediated 
m6A modification contributes to self-renewal and radioresistance 
in GSCs. Shi et al., found that METTL3 knockdown attenuated GSC 
self-renewal and proliferation, decreased the IC50 (half-maximal 
inhibitory concentration) of TMZ, and increased TMZ-induced 
γH2AX levels, suggesting upregulation of double-stranded DNA 
damage. METTL3-mediated m6A modification also regulated the 
mRNA stability of two key DNA repair genes: MGMT and APNG [92]. 
In another study, YTHDF2 was found to be upregulated in TMZ-re-
sistant tissues and cells, and the survival rate of patients with high 
YTHDF2 expression was lower than that of those with low YTHDF2 
expression. Mechanistically, YTHDF2 binds to the m6A site in the 
3’UTR of EPHB3 and TNFAIP3, reducing mRNA stability. YTHDF2 
activates the PI3K/Akt and NF-κB signaling pathways by inhibiting 
the expression of EPHB3 and TNFAIP3, thereby enhancing TMZ re-
sistance. Inhibition of these two pathways attenuated YTHDF2-me-
diated TMZ resistance [93]. In addition, stimulation of IRES-medi-
ated mRNA translation through activation of the salvage pathway, 
which drives the synthesis of proteins promoting GBM resistance, 
can confer resistance to mTOR inhibitors in GBM cells. After m6A 
modification, the DRACH motif in these IRES RNAs is enhanced by 
HNRNPA1 binding upon mTOR inhibitor exposure, leading to in-
creased IRES activity and corresponding resistance to mTOR inhib-
itors [64].

Wei et al., found that circSPECC1 was modified with m6A, and 
its m6A modification level was reduced in TMZ-resistant GBM cell 
lines [94]. IGF2BP1 binds to circSPECC1, and under normal con-
ditions, this binding enhances circSPECC1 stability and increases 
its expression level. However, in recurrent GBM and TMZ-resistant 
GBM cell lines, the low m6A modification level of circSPECC1 re-
stricts IGF2BP1 binding, resulting in decreased circSPECC1 stabil-
ity and expression. CircSPECC1 encodes a protein, SPECC1-415aa, 
which binds to ANXA2 and prevents ANXA2 from binding to EGFR, 
thus inhibiting EGFR phosphorylation. This in turn inhibits EGFR 
phosphorylation and AKT signaling pathway activation, ultimately 
restoring the sensitivity of TMZ-resistant GBM cells to TMZ. Togeth-
er, these molecular interactions influence the sensitivity of GBM 
cells to TMZ and the development of GBM.

Bao et al., reported that the expression level of the Ubiqui-
tin-Binding Enzyme E2D3 (UBE2D3) was elevated in GBM tissues 
compared to normal brain tissues and was closely associated with 
DNA repair signaling pathways [47]. In both in vitro and in vivo stud-
ies, TMZ treatment combined with reduced UBE2D3 expression 
was shown to further suppress U87 cell viability and tumor growth, 
significantly increasing the apoptosis rate and DNA damage. Con-
versely, the overexpression of UBE2D3 exerted the opposite effect. 
Furthermore, findings indicated that WTAP promotes m6A modi-
fication of UBE2D3 via an IGF2BP1-dependent mechanism. The 
WTAP-IGF2BP1 axis regulates UBE2D3 stability in an m6A-depen-
dent manner, influencing tumor malignancy and TMZ chemo-sensi-

tivity in GBM by modulating DNA repair signaling pathways. These 
findings suggest that m6A methylation plays a crucial role in drug 
resistance in GBM and highlight m6A methylation as a potential 
new avenue for overcoming drug resistance in GBM.

Prognosis

Zhang et al., identified 25 regulators significantly associated 
with glioma prognosis. Of these, 14 regulators were identified as 
risk factors, including 3 methylation transferases (METTL5, WTAP, 
ZCCHC4), 1 demethylase (ALKBH5), and 10 methylation reader 
proteins (YTHDF1, YTHDF2, YTHDF3, HNRNPC, IGF2BP1, IGF2BP2, 
IGF2BP3, ELAVL1, G3BP1, RBMX), while an additional 11 regulato-
ry factors were identified as protective factors, including 5 meth-
yltransferases (METTL3, METTL14, METTL16, VIRMA, ZC3H13), 1 
demethylase (FTO), and 5 methylation reader proteins (YTHDC1, 
YTHDC2, FMR1, EIF3A, PRRC2A). Using the iPAGE (An algorithm), 
they established the m6A-Related Gene Pairs (MGPs) and subse-
quently developed the MrGPS to predict Overall Survival (OS) in 
glioma patients. This model leveraged the relative expression of 
gene pairs, demonstrating significant improvement over single-
gene-based models by integrating data and mitigating batch effects. 
Notably, the IGF2BP3–CYP17A1 gene pair was identified as a risk 
factor with a Hazard Ratio (HR) exceeding 1, highlighting its signif-
icance within the model. The MrGPS demonstrated excellent per-
formance in glioma prognosis, achieving an average C-index of 0.76 
and an average AUC of 0.82 for 1-year, 3-year, and 5-year OS predic-
tions across five independent cohorts [95]. Wang et al., found that 
ALKBH5 expression was dramatically increased in glioma, and high 
expression of ALKBH5 predicted poor prognosis. Overexpression of 
ALKBH5 promotes cell proliferation, migration, and invasion in vi-
tro and accelerates tumor growth in vivo [96]. Deng et al., identified 
YWHAG and ALKBH5 as independent prognostic indicators of GBM 
through risk analysis and validated these findings experimentally 
using clinical samples. Both YWHAG and ALKBH5 serve as prog-
nostic markers for GBM patients [59]. Fan et al., further suggested 
that ALKBH5 is a promising prognostic factor for GBM patients and 
plays a critical role in GBM progression by promoting angiogenesis 
[49]. In summary, m6a regulatory molecules have important clini-
cal effects. Therefore, it is of great significance to realize the tran-
sition from basic research to clinical application of m6a regulatory 
molecules.

Discussion
GBM is the most aggressive primary brain tumor. The effective-

ness of surgical interventions and adjuvant radiotherapy or che-
motherapy are still unsatisfactory, and new treatment methods are 
urgently needed. M6A methylation is a post-transcriptional mod-
ification regulated by three classes of enzymes: methyltransferas-
es, demethylases, and methylation reader proteins. Recent studies 
have increasingly emphasized the key role of m6A methylation in 
GBM, this article reviews these latest advances and elaborates on 
the relationship between m6A regulatory molecules and GBM as 
well as the clinical significance of m6A regulatory molecules. For 
example, in terms of diagnosis: HNRNPC, YWHAG and ALKBH5 are 
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significantly upregulated in GBM tissues, suggesting that they can 
be used as diagnostic indicators for GBM patients; in terms of clin-
ical pathological characteristics: the expression of METTL3 can be 
used to classify GBM with similar histology; in terms of treatment: 
reducing the expression of demethylase-FTO to enhance the level 
of m6A methylation modification, shows a significant anti-prolif-
erative effect in GBM. This method of increasing the level of m6A 
methylation by inhibiting demethylase provides a new idea for the 
treatment of GBM; in terms of drug resistance: high expression of 
YTHDF2 means that GBM patients are resistant to TMZ, while the 
WTAP-IGF2BP1 axis can affect the sensitivity of GBM to TMZ by reg-
ulating the stability of UBE2D3; in terms of prognosis: many m6A 
regulatory factors have been identified as prognostic indicators for 
GBM, with YWHAG and ALKBH5 being the most representative. 
Various signs indicate that the occurrence and development of GBM 
is accompanied by changes in m6A modification levels and the ex-
pression of m6A-related proteins.

However, despite progress in understanding the regulatory role 
of m6A modification in GBM, several limitations remain. The role 
of m6A regulatory factors in GBM remains controversial, and their 
influence on GBM progression requires further investigation. Some 
regulatory elements identified in recent studies have been linked 
to the prognosis of GBM patients, highlighting the need for addi-
tional clinical experiments to assess their therapeutic value. More-
over, novel prognosis-related molecules are yet to be discovered. 
Modulating the expression or activity of m6A modification-related 
enzymes in animal models has shown potential in improving GBM’s 
pathological characteristics. However, translating these findings 
into effective treatments presents significant challenges particular-
ly in overcoming the blood-brain barrier, which remains a major 
unresolved issue. Additionally, m6A methylation can influence fer-
roptosis-related RNAs, suggesting that these processes may jointly 
regulate key physiological mechanisms in GBM. However, the rela-
tionship between them requires further clarification. The progres-
sion of GBM is also likely to involve multiple epigenetic modifica-
tions, but the interactions and synergistic mechanisms between 
m6A methylation and other epigenetic pathways are still poorly 
understood. Furthermore, improving m6A detection technology is 
urgent. Although antibody-based immunoprecipitation sequencing 
can identify m6A modification sites, variations in antibody specific-
ity and affinity may lead to false positives or negatives. These lim-
itations hinder the comprehensive analysis of m6A modifications in 
GBM samples and impede our ability to study their roles in depth.

Beyond m6A methylation, other RNA modification mechanisms 
also play critical roles in glioma biology. For instance, 5-Methylcyto-
sine (m5C) influences cell proliferation by regulating the expression 
of proliferation-related genes and affects apoptosis by modulating 
apoptosis-associated gene expression. Similarly, 7-Methylguano-
sine (m7G) primarily regulates mRNA translation initiation to pro-
mote cell proliferation and influences the cell cycle by modulating 
cell cycle-related mRNAs. In terms of diagnosis and treatment, the 
enzymes or modification sites associated with m5C and m7G hold 
potential as diagnostic markers. Moreover, targeted therapies de-

signed to regulate these enzymes or modification sites may serve 
as effective treatments for GBM. Conducting in-depth research on 
these RNA modification mechanisms is essential for advancing 
GBM diagnostic and therapeutic strategies.

Conclusion
In summary, RNA modification holds significant potential for 

advancing the diagnosis and treatment of GBM. However, the role 
of m6A in GBM remains largely unexplored comparable to a vast 
ocean still awaiting thorough investigation. Current research into 
this area is in its early stages, and numerous aspects require further 
exploration. Given the limited effectiveness of conventional treat-
ments such as surgery, radiotherapy, and chemotherapy, in-depth 
studies on m6A methylation may pave the way for novel therapeu-
tic approaches. This article reviews the relationship between m6A 
and GBM, highlights recent advances across various domains, and 
anticipates future research directions. It offers a fresh perspective 
and strategic insight into the evolving landscape of GBM diagnosis 
and therapy.
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