
Frontiers in Oncology | www.frontiersin.org

Edited by:
Shicheng Guo,

University of Wisconsin-Madison,
United States

Reviewed by:
Huabing Li,

Shanghai Jiao Tong University School
of Medicine, China

Kai Li,
Peking-Tsinghua Center for Life

Sciences, China
Briana Prager,

Cleveland Clinic, United States

*Correspondence:
Tao Sun

taosun@hqu.edu.cn

Specialty section:
This article was submitted to

Cancer Genetics,
a section of the journal
Frontiers in Oncology

Received: 29 September 2020
Accepted: 11 January 2021

Published: 24 February 2021

Citation:
Wang J, Sha Y and Sun T (2021)

m6A Modifications Play Crucial
Roles in Glial Cell Development

and Brain Tumorigenesis.
Front. Oncol. 11:611660.

doi: 10.3389/fonc.2021.611660

REVIEW
published: 24 February 2021

doi: 10.3389/fonc.2021.611660
m6A Modifications Play Crucial Roles
in Glial Cell Development and Brain
Tumorigenesis
Jing Wang1,2, Yongqiang Sha1 and Tao Sun1*

1 Center for Precision Medicine, School of Medicine and School of Biomedical Sciences, Huaqiao University, Xiamen, China,
2 College of Materials Science and Engineering, Huaqiao University, Xiamen, China

RNA methylation is a reversible post-transcriptional modification to RNA and has a
significant impact on numerous biological processes. N6-methyladenosine (m6A) is
known as one of the most common types of eukaryotic mRNA methylation
modifications, and exists in a wide variety of organisms, including viruses, yeast, plants,
mice, and humans. Widespread and dynamic m6A methylation is identified in distinct
developmental stages in the brain, and controls development of neural stem cells and their
differentiation into neurons, glial cells such as oligodendrocytes and astrocytes. Here we
summarize recent advances in our understanding of RNA methylation regulation in brain
development, neurogenesis, gliogenesis, and its dysregulation in brain tumors. This
review will highlight biological roles of RNA methylation in development and function of
neurons and glial cells, and provide insights into brain tumor formation, and diagnostic and
treatment strategies.
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INTRODUCTION

N6-methyladenosine (m6A) is the most common and abundant methylation modification in RNA
molecules present in eukaryotes (1, 2). More than 150 distinct chemical marks on cellular RNAs
have been identified to date, and m6A modifications account for over 80% of all RNA methylations
(3). High-throughput m6A sequencing studies have shown that thousands of mRNAs and non-
coding RNAs are modified by m6A, which in turn affects gene expression, participates in animal
development and pathogenesis of human diseases (4, 5). m6A is the most prevalent internal mRNA
modification, with an average of one to three modifications per transcript, and potentially regulates
every step in mRNA metabolism to some extent (6).

m6A methylation is catalyzed by an m6A methyltransferase complex (MTC) composed of
methyltransferase-like 3 and 14 (METTL3 and METTL14) and their cofactors such as Wilms tumor
1-associated protein (WTAP), termed as “writer” (7–9). Removal of m6A is facilitated by Fat mass
and obesity-associated (FTO) and AlkB homolog H5 (ALKBH5), two m6A demethylases that
recognize distinct sets of target mRNAs, termed as “eraser” (10, 11). YTHDF1/2/3 and YTHDC1,
members of the YT521-B homology (YTH) domain family proteins, are m6A direct “readers,”
which affect translation, stability, and splicing of target mRNAs (12) (Figure 1). m6A modification
has emerged as a multifaceted controller for gene expression regulation, mediated through its
effector proteins—writers, readers, and erasers (6).
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m6A modifications in mRNAs or non-coding RNAs play
important roles in virtually all types of bioprocesses including
tissue development, self-renewal and differentiation of stem cells,
heat shock response, circadian clock control, DNA damage
response, and maternal-to-zygotic transition (8, 12). m6A is
an important epitranscriptomic mark with high abundance
in the central nervous system (CNS), and plays a crucial role
in neural development and function (13). Dysregulation of m6A
modifications also is associated with tumorigenesis of various
cancers, such as gliomas (14).

In this review, we first summarize the recent advance in our
understanding of biological functions and underlying molecule
mechanisms of m6A regulation in neural development, with an
emphasis in neurons and glial cells. We then highlight m6A
regulatory roles in formation of brain tumors.
N6-METHYLADENOSINE (m6A)
MODIFICATIONS

As the most common and prevalent internal modification in
eukaryotic mRNAs, m6A methylation has a significant impact on
various physiological events (6, 15).

Components and Functions of m6A
Modifications
Modification of m6A on mRNAs is post-transcriptionally
installed, erased, and recognized by m6A methyltransferases,
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demethylases and m6A-specific binding proteins, respectively.
Methyltransferases include METTL3/14, WTAP, RBM15/15B,
and KIAA1429, also termed as “writers” (1, 7, 9) (Figure 1).
METTL3 is the catalytic subunit, and METTL14 is an essential
component to facilitate RNA binding (16). m6A methyltransferase
is widely conserved among eukaryotic species that range from
yeast, plants, and flies to mammals (17, 18). Demethylases consist
of FTO and ALKBH5, termed as “erasers” (10, 11, 19). And m6A-
specific binding proteins include YTHDF1/2/3 and IGF2BP1,
termed as “readers” (20) (Figure 1).

In mammals, m6A is widely distributed in multiple tissues,
with a higher expression in the liver, kidney, and brain than in
other tissues (21). In the rodent brain, the global level of m6A is
developmentally regulated, with expression peaking in the adult
brain (22). Studies of m6A modifications have revealed m6A
binding sites in over 25% of human transcripts, with enrichment
in long exons, near stop codon and 3′ untranslated terminal
region (3’-UTR) (2, 21, 22).

m6A modification in eukaryotic mRNAs exhibits substantial
contributions to post-transcriptional gene expression regulation,
and plays crucial and evolutionarily conserved roles in fundamental
cellular processes such as meiosis and cell differentiation in yeast,
plants, and mammals (18). m6A methyltransferase is crucial for
yeast meiosis, differentiation of mouse embryonic stem cells, and
viability of human cells (18, 23, 24). Depletion of the METTL3
homologs in yeast and flies leads to developmental arrest and
defects in gametogenesis (18, 25). The m6A demethylase AlkBH5
deficient male mice are characterized by impaired fertility, resulting
FIGURE 1 | Scheme of m6A modifications. The writers, erasers, and readers of N6-methyladenosine (m6A). The m6A writer complex, which comprises the core
methyltransferase-like protein 3 (METTL3) and its adaptors, is located in the nucleus. m6A demethylation is executed by two demethylases FTO and ALKBH5. The
m6A erasers also are localized in the nucleus. In the nucleus, m6A can bind specific nuclear reader proteins such as YTHDC1 and HNRNPA2/B1, which may affect
RNA splicing and mRNA export. Upon mRNA being exported to the cytoplasm, m6A binds to specific reader proteins, which affects stability, translation and/or
localization of mRNAs. In the cytoplasm, translation of m6A modified mRNAs is mediated by the m6A readers YTHDF1, YTHDF3, and YTHDC2, the eukaryotic
translation initiation factor eIF3, and METTL3. YTHDF2 and YTHDF3 regulate degradation of m6A modified mRNAs, while the insulin-like growth factor 2 mRNA-
binding proteins (IGF2BPs) enhances stability m6A modified mRNAs.
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from apoptosis that affects meiotic metaphase-stage spermatocytes
(19). Moreover, m6A modifications improve the stability of
mRNAs and can control protein production (15, 26). For
example, YTHDF1/2/3 exhibit 5- to 20-fold higher binding
affinity for methylated RNAs compared to unmethylated RNAs
(12). YTHDF1 and YTHDF3 bind m6A at the 3′ end of transcripts
and increase their cap-dependent translation, possibly through a
looping interaction with eukaryotic elongation factor 3 (eIF3) (15,
27). And the mRNA-binding protein IGF2BP1 enhances stability
and translation of oncogenic mRNAs, including c-Myc, and in turn
promotes cell proliferation and tumorigenesis (28).

m6A Modifications in mRNAs
m6Amodification appears to directly affect biological activities of
RNAs with unclear molecular mechanisms (Figure 1). m6A
modification directly recruits m6A-specific proteins of the YTH
domain family (29). These proteins contribute methyl-selective
RNA binding with an amount of cellular processes, and produce
m6A-dependent regulation of pre-mRNA processing, microRNA
(miRNA) processing, translation initiation, and mRNA decay
(5). Mature mRNAs with m6A methylation are regulated in the
cytoplasm by the YTH family proteins. YTHDF1 is associated
with initiating ribosomes, and delivers its target mRNAs for
enhanced translation efficiency in HeLa cells (15). A second YTH
family protein, YTHDF2, directly recruits the CCR4-NOT
deadenylase complex and accelerates degradation of methylated
transcripts (12, 30).

Moreover, some RNA transcripts exhibit increased half-lives
upon m6A methylation. The well-established RNA stabilizer
protein (HuR)/microRNA pathway mediates m6A-upregulated
RNA stability (8). m6A modifications can assist protein binding
either by destabilizing the helix around it, in turn allowing
protein access, or by causing a conformation change to place
m6A in a single-stranded context (31).

m6A Modifications in Translational
Regulations
Interestingly, the methyltransferase complex may also function as
a protein scaffold in RNA-processing and metabolism (19, 32).
Translation regulation by m6A occurs during initiation and
elongation. Sequences in the 5’-UTR of mRNAs are important
for ribosome recruitment and translation initiation (33). m6A
residues within 5’-UTR can act as an m6A-induced ribosome
engagement site (MIRES), which promotes cap-independent
translation of mRNAs (34). Moreover, eukaryotic elongation
factor 3 family (eIF3a/b/h) can function as m6A readers, and
physically interact with METTL3 to enhance translation by
forming densely packed polyribosomes through recognizing
m6A modifications at the 5’-UTR of mRNAs (35, 36). METTL3,
independent of METTL14, is associated with chromatin and
localized to the transcriptional start sites of active genes that
have the CAATT-box binding protein CEBPZ present. Promoter-
bound METTL3 can induce m6A modifications within the coding
region of the associated mRNA transcript, and enhance its
translation by relieving ribosome stalling (34, 37). In addition,
METTL13-mediated methylation of eukaryotic elongation factor
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1A (eEF1A) increases translation elongation and enhances protein
synthesis to promote tumorigenesis (38).

Based on above biochemical and genetic evidence, m6A
methylation plays a broad role in many aspects of bioprocesses
by direct modifications on mRNAs, and through regulating RNA
transcription and translation.
m6A MODIFICATIONS IN NERVOUS
SYSTEM DEVELOPMENT

Proper development of the brain is critical for its function.
Deficits in neural development have been implicated in many
brain disorders. In the adult mouse brain, almost half of stably
expressed RNAs are methylated, indicating important roles of
m6A in brain development and function.

m6A Modifications in Development of the
Cerebral Cortex
The cerebral cortex controls social interactions, decision-making,
behavioral output, and other complex cognitive behaviors (39).
In the developing cortex, m6A modifications are enriched in
transcripts involved in neurogenesis and neuronal differentiation
(40, 41). Studies have shown that Mettl14 deletion leads to a
significant reduction of m6A levels in cortical mRNAs in vivo and
in cultured cortical neural progenitors (40). Mettl14 deletion in
the embryonic mouse brain causes prolonged cell cycle in
cortical radial glia cells (RGCs), results in delayed neurogenesis
and gliogenesis (40) (Figure 2).

Moreover, Fto knockout mice show a significant increase of
m6A levels in transcripts of hippocampus (42). Altered
expression of genes with m6A modifications contributes to
impaired adult neurogenesis (42, 43). In addition, conditional
depletion of Ythdf2 in mice causes decreased self-renewal of
neural stem/progenitor cells (NSPCs) and defects in
spatiotemporal generation of neurons in the embryonic cortex
(44). Ythdf1 knockout mice exhibit impaired hippocampal
synaptic transmission and long-term potentiation (13). Ythdf1
re-expression in hippocampus in adult Ythdf1 knockout mice
rescues behavioral and synaptic defects, while hippocampus-
specific acute knockdown of Ythdf1 or Mettl3 recapitulates the
hippocampal deficiency (13) (Figure 2).

m6A Modifications in Cerebellar
Development
Studies have shown that m6A levels are higher in the cerebellum
than in the cerebral cortex, and a substantial number of cerebellar
RNAs exhibits developmentally regulated methylation (45). m6A
writers (METTL3, METTL14, and WTAP) and erasers
(ALKBH5 and FTO) are highly expressed at the early stage of
cerebellar development by postnatal day 7 (P7), and show a
gradual reduction towards the maturation of cerebellar neurons
by P60 (45). From P7 to P60, numbers of temporal-specific m6A
peaks in start codon regions of RNA transcripts are greatly
increased, while they are decreased in the coding sequence
(CDS) and stop codon regions, which suggests that m6A
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modification status might be associated with cerebellar
development (45).

Knocking out Mettl3 in the mouse embryonic brain causes
cerebellar hypoplasia, due to drastically enhanced apoptosis of
newborn cerebellar granule cells (CGCs) in the external granular
layer (EGL) (46) (Figure 2). Key developmental genes such as
Atoh1 and Cxcr4 are abnormally upregulated due to the extended
mRNA half-lives induced by m6A depletion (46). Ectopic
expression of Mettl3 leads to a disorganized laminal structure
of both Purkinje cells and glial cells (45). Moreover, deletion of
the eraser gene Alkbh5 causes increased nuclear export of
hypermethylated RNAs, and abnormal proliferation and
differentiation in the cerebellum (45). In addition, the
cerebellum of Fto-deficient mouse is smaller than that of wild-
type mouse (42).

m6A Modifications in Synaptogenesis and
Axon Guidance
m6A modifications also contribute to neuronal growth and
regeneration as well as to the local regulation of synaptic
functions (22, 47). Synaptic m6A epitranscriptome (SME),
which is functionally enriched in synthesis and modulation of
tripartite synapses, has been identified in mouse adult forebrains
using low-input m6A-sequencing of synaptosomal RNAs (48).
The synaptic m6A peak distribution along mRNAs shows
characteristic accumulation at the stop codon (22, 40).

Increased adenosine methylation in a subset of mRNAs
important for neuronal signaling, including many in the
dopaminergic (DA) signaling pathway has been found in the
midbrain and striatum of Fto-knockout mice (43). Inhibition of
FTO leads to increased m6A modifications and decreased local
Frontiers in Oncology | www.frontiersin.org 4
translation of axonal GAP-43mRNA, which eventually represses
axon elongation (49). Moreover, knockdown of Ythdf1 in
hippocampal neurons reduces the cell surface expression of
AMPA receptor subunit GluA1 and causes altered spine
morphology and reduced excitatory synaptic transmission
(48). Mutation of m6A sites in Robo3.1 mRNA or YTHDF1
knockdown or knockout leads to reduction of Robo3.1 protein,
but not Robo3.1 mRNA, indicating that YTHDF1-mediated
translation of m6A-modified Robo3.1 mRNA controls pre-
crossing of axon guidance in the spinal cord (50). In addition,
YTHDF3-knockdown neurons display a decreased percentage of
spines containing a postsynaptic density (PSD) and surface
GluA1 expression, indicating synaptic deficits in both structure
and transmission (48).

In summary, these studies demonstrate important functions
of m6Amodifications in the nervous system. Mechanistic roles of
m6A in regulating proliferation and differentiation of neural
progenitors remain unclear. Whether such a mechanism is
widespread within the brain will be an important area of
future research.
m6A MODIFICATIONS IN GLIAL CELL
DEVELOPMENT

Glial cells, including oligodendrocytes and astrocytes, which are
derived from the neuroepithelium in the CNS, and microglia,
which are derived from mesodermal hematopoietic cells, make
up 10–20% of the cells in the Drosophila nervous system and at
least 50% of the cells in the human brain (51).
FIGURE 2 | The biological impact of m6A modifications in mouse brain development. m6A modifications play a key role throughout brain development during mouse
embryonic and postnatal stages. Mettl14 conditional knockout mouse (cKO) in the mouse embryonic brain causes prolonged cell cycle in cortical radial glial cells,
results in delayed neurogenesis and gliogenesis, compared to wild type (WT) mice. Conditional depletion of Ythdf2 in mice causes decreased self-renewal of neural
stem/progenitor cells (NSPCs) and defects in spatiotemporal generation of neurons in the embryonic cortex. Knocking out Mettl3 in the mouse embryonic brain
causes cerebellar hypoplasia. Ectopic expression of Mettl3 leads to a disorganized laminal structure of both Purkinje cells and glial cells. Key developmental genes
such as Atoh1 and Cxcr4 are abnormally upregulated due to the extended mRNA half-lives induced by m6A depletion.
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m6A Regulations in Gliogenesis
Embryonic neurogenesis and gliogenesis involve NSC
proliferation, differentiation of NSCs into various neural and
glial cell types, and their migration to their final destinations in
the nervous system.

In the developing mouse cortex, NSCs or RGCs initially give
rise to neurons in embryonic stages, and later switch to produce
glial cells in early postnatal stages (52). Recent studies have
shown that epigenetic mechanisms are involved in the precise
spatiotemporal gene expression program, which controls
transition in the developmental competence of progenitor cells
in the sequential generation of neural and glial progeny and the
maintenance of their differentiated identities (53). Several studies
have investigated the mechanisms by which m6A regulates RGC
differentiation. Reduction of m6A level decreases RGC
proliferation, resulting in delayed neurogenesis and gliogenesis
(40). Mettl3 depletion not only inhibits neuronal proliferation
and differentiation, but also interferes differentiation of NSCs
towards the glial lineage (54).

m6A Regulation of Oligodendrocytes
Transcripts that encode a number of histone modifiers are
dynamically marked by m6A in oligodendrocytes precursor
cells (OPCs) and oligodendrocytes, suggesting that m6A RNA
modifications may play a role in regulating the expression of
epigenetic modifiers in distinct oligodendrocyte lineages (55).
Inactivating an m6A writer component METTL14 results in
unchanged numbers of OPCs, decreased numbers of
oligodendrocytes and hypomyelination in the CNS (56). A
number of RNA transcripts that encode transcription factors
implicated in oligodendrocytes lineage progression is
dynamically marked by m6A at different stages of the
oligodendrocyte lineage. Mettl14 ablation disrupts postmitotic
oligodendrocyte maturation and has distinct effects on
transcriptomes of OPCs and oligodendrocytes (56). Moreover,
loss of Mettl14 in oligodendrocyte lineage cells causes aberrant
splicing of myriad RNA transcripts, including those that encode
the essential paranodal component neurofascin 155 (NF155)
(56). These results indicate a time-specific post-transcriptional
regulatory role of m6A in OPCs and oligodendrocytes.

Moreover, studies have shown that m6A reader PRRC2A
controls OPC generation, proliferation, and fate determination.
Deletion of Prrc2a in mouse OPCs leads to hypomyelination and
consequent locomotive and cognitive defects, without affecting
neurogenesis (57). PRRC2A binds and stabilizes the methylated
transcript of oligodendrocyte transcription factor 2 (Olig2), a key
oligodendroglial lineage determination transcription factor, in an
m6A-dependent manner (57).

m6A Regulation of Astrocytes
Studies have shown that astrocytes and neurons are derived from
a common neuroepithelial precursor (58). Mettl3 regulates
lineage commitment during NSC differentiation, with a
preference towards a neuronal fate. Mettl3-mediated m6A
modification reduces the percentage of new born astrocytes
(54). Knockout of Mettl14 in the mouse developing nervous
Frontiers in Oncology | www.frontiersin.org 5
system results in a significant decrease in the number of S100b+

astrocytes (40). Knocking down Mettl3 causes reduced astrocyte
numbers in the developing cerebellum (45). Alkbh5 deficiency
leads to reduced dendritic arborization of Purkinje cells,
concomitant with an increase in disorganization of the radial
fibers in astrocytes (45).

In summary, these results indicate that m6Amodifications are
critical for proper temporal progression of gliogenesis including
oligodendrocytes and astrocytes.
m6A MODIFICATIONS IN PRIMARY BRAIN
TUMORS

Brain tumors are categorized into various types based on their
nature, origin, rate of growth, and progression stage (59).
Primary brain tumors can be broadly classified as malignant or
non-malignant (benign) tumors, and graded from I to IV using a
classification scheme specified by theWorld Health Organization
(WHO) (60). Glioblastoma (GBM), a grade IV glioma, is the
most prevalent (80% of all brain tumors) malignant and lethal
intrinsic tumor in the CNS (61, 62).

RNA modifications, especially m6A modifications, have been
shown to be essential for tumor development (63, 64). In
particular, m6A modifications seem to play pivotal roles since
both m6A writers and erasers contribute to the tumorigenesis of
glioblastoma, especially glioma stem cells (GSCs) (62). Studies
have shown that as the WHO grade is increased, the expression
of WTAP, RBM15, YTHDF, and ALBKH5 is increased, while the
expression of FTO is decreased in glioma (65).

m6A Writers Play an Oncogenic Role in
Glioblastoma
Studies have shown that high expression ofMETTL3 is associated
with clinical aggressiveness of malignant gliomas. METTL3 plays
an oncogenic role by modulating nonsense-mediated mRNA
decay (NMD) of splicing factors and alternative splicing of
BCLX and NCOR2 isoform switches in glioblastoma (66).
Silencing METTL3 or overexpressing dominant-negative mutant
form of METTL3 suppresses growth and self-renewal of GSCs.
METTL3 maintains the stability of a specific set of transcripts,
such as apoptosis pathways and glial differentiation genes
including SRSF1/2/3/6/11, CASP3/7, CASPB, DFFB, BMP2, LIF,
IL1B, and HES1 in glioblastoma (66) (Figure 3). It appears that
the oncogenic ability of METTL3 is dependent upon its
methyltransferase catalytic domain. Knockdown of METTL14
expression reduces m6A levels in transcripts in GSCs, however,
knockout of METTL14 has no effect on tumorigenesis of
glioblastoma, suggesting that catalytic activity in METTL3
might be crucial in tumorigenesis (21, 67).

In addition, low levels of METTL3 or METTL14 lead to
decreased m6A modifications on ADAM19 and increased level
of ADAM19 in GSCs, ultimately causing glioma (67). The elevated
sphere-formation rate induced by knockdown ofMettl3 orMettl14
in GSCs can be reversed by knockdown of ADAM19, suggesting
February 2021 | Volume 11 | Article 611660
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thatADAM19 acts as a target of m6A RNAmethylation to regulate
GSC self-renewal. It appears that knockdown ofMettl3 orMettl14
dramatically promotes human GSC growth, self-renewal, and
tumorigenesis (67). These controversial discoveries suggest that
the role of METTL3 in glioblastoma requires further studies based
on large amount of tumor samples and well-designed
experimental systems.

Moreover, WTAP, an important component of the m6A
methyltransferase complex, can regulate migratory and invasive
capabilities of glioblastoma cells by increasing expression of
epidermal growth factor receptor (EGFR) (68) (Figure 3).

Suppressing m6A Erasers May Inhibit
Tumorigenesis
In glioma, mutations occur only in 0.1% of cases for m6A
ereasers ALKBH5 and no mutations have been reported in
FTO (69). Knockdown of Alkbh5 inhibits cell growth and
decreased DNA replication in GSCs, and causes decreased
Foxm1 transcription, and extended survival with a lower rate
of tumor formation in mice (70) (Figure 3). These results
demonstrate that the demethylation activity of ALKBH5 is
critical to represses GSC-induced tumorigenesis.

Moreover, mutation of isocitrate dehydrogenase 1 (IDH1)
occurs frequently, which results in accumulation of the metabolic
byproduct 2-hydroxy-glutarate (2-HG) in glioma. 2-HG can
inhibit FTO activity, and in turn increase global m6A
modifications and contribute to cancer initiation (66) (Figure
3). In addition, treatment of GSCs with an FTO inhibitor MA2
suppresses GSC-initiated tumorigenesis and prolongs the
lifespan of GSC-engrafted mice (67). Studies also have shown
that FTO may play an oncogenic role via maintaining the
stability of transcripts of avian myelocytomatosis viral
oncogene homolog (c-Myc) and CCAAT enhancer binding
Frontiers in Oncology | www.frontiersin.org 6
protein alpha (CEBPA) in glioma, especially IDH1/2 mutant
glioma (71).

m6A Readers Promote Progression of
Glioblastoma
Studies have shown that YTHDF1 and YTHDF2 mRNA
expression levels are positively correlated with malignancy of
gliomas, with significant increases in higher grade gliomas,
suggesting a role for these m6A readers in glioma progression
(65, 69) (Figure 3). YTHDF2 may recognize specific methylated
mRNAs, lead to their decay and subsequently to decreased cell
apoptosis and differentiation, and in turn promote glioblastoma
growth and de-differentiation, and also stabilizeMYC and VEGFA
transcripts in GSCs in an m6A-dependent manner (12, 72).

Moreover, a major splicing factor serine and arginine rich
splicing factor 3 (SRSF3) is frequently upregulated in clinical
glioma specimens (73). Knockdown of YTHDC1 leads to
accumulation of NMD of SRSF3 mRNAs in glioblastoma cells,
which can accelerate the proliferation of tumor cells (66).

In summary, altered m6A modifications are associated with
the occurrence and development of glioblastoma, likely through
regulating self-renewal of glioma stem cells. It appears that both
m6A writers and erasers play an oncogenic role, and m6A readers
function in progression in development of glioblastoma.
However, inconsistent results indicate complicity of m6A
modifications in brain tumor formation, likely through
regulating distinct downstream genes.
CONCLUSIONS AND PERSPECTIVES

Brain development is based on coordinated spatiotemporal cell
fate decisions, and tightly regulated gene expression.
FIGURE 3 | Functions of m6A modifications in brain tumors. N6-methyladenosine (m6A) modifications play a crucial role in brain tumorigenesis. Inadequate or
dysregulated expression of writers, erasers, and readers of m6A is associated with brain tumor formation.
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Accumulating studies have shown that m6A methylation plays
an important role in brain development and even in brain
tumorigenesis. A major challenge is to identify specific target
RNAs for m6Amodifications in specific cell types and at different
developmental stages. Recent improvements to m6A mapping
methods will undoubtedly facilitate studies of activity-dependent
changes to the epitranscriptome within distinct RNA
populations in the brain. Moreover, an interesting research will
be to determine whether changes to the mRNA modification
landscape are causing factors or a consequence of activity-
dependent regulation of gene expression.

How m6A methylation regulates brain tumor formation
remains obscure. Taking the advantage of technical development
of m6A methylation analysis at the single-cell level, mechanistic
understanding of RNA methylation in different cell types will be
revealed. Interestingly, in the late stage of glioma, high m6A
modification levels may increase epigenetic reprogramming
of non-GSCs into GSCs, whereas knockdown of METTL3
may reduce the ratio of GSCs in glioblastoma (66). Thus,
Frontiers in Oncology | www.frontiersin.org 7
a more profound breakthrough in the role of m6A methylation
in brain tumor diagnostics and treatment strategy also should
be developed.
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