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ARTICLE INFO ABSTRACT
Keywords: N®-methyladenosine (m®A) modification is the most frequently occurring internal modification in
Stroke eukaryotic RNAs. By modulating various aspects of the RNA life cycle, it has been implicated in a

N°-methyladenosine modification

wide range of pathological and physiological processes associated with human diseases. Ischemic
Molecular mechanism

stroke is a major cause of death and disability worldwide with few treatment options and a
narrow therapeutic window, and accumulating evidence has indicated the involvement of m°A
modifications in the development and progression of this type of stroke. In this review, which
provides insights for the prevention and clinical treatment of stroke, we present an overview of
the roles played by m®A modification in ischemic stroke from three main perspectives: (1) the
association of m®A modification with established risk factors for stroke, including hypertension,
diabetes mellitus, hyperlipidemia, obesity, and heart disease; (2) the roles of m®A modification
regulators and their functional regulation in the pathophysiological injury mechanisms of stroke,
namely oxidative stress, mitochondrial dysfunction, endothelial dysfunction, neuroinflammation,
and cell death processes; and (3) the diagnostic and therapeutic potential of m6A regulators in the
treatment of stroke.

1. Introduction

Stroke is currently the second leading cause of death and disability worldwide [1]. According to the Global Stroke Fact Sheet 2022
published by the World Stroke Organization, the disease burden of stroke increased substantially in the years between 1990 and 2019
[2]. Strokes can be classified into two primary types, namely hemorrhagic and ischemic stroke. Hemorrhagic stroke, considered the
deadliest type, is caused by the rupture of blood vessels within the brain, including intracerebral and subarachnoid hemorrhages [3].
Ischemic stroke, which is the most common type, accounting for approximately 87 % of all stroke cases, is generally attributable to an
inadequate supply of blood to the cerebral tissues caused by blockage of the cerebral artery, during which the ischemia may trigger a
cascade of events leading to neuronal death [4]. Currently, there are limited options available for the treatment of ischemic stroke,
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with primary interventions focusing on rapid reperfusion via intravenous thrombolysis and endovascular thrombectomy, albeit within
a very narrow therapeutic window [5]. These unfavorable circumstances emphasize the need to identify alternative novel, safe, and
effective treatments.

Né—methyladenosine (m®A) modification is the most prevalent type of internal modification occurring in eukaryotic RNAs. This
dynamic and reversible modification process is modulated by methylated and demethylated transferases, which influence RNA
metabolism via interactions with RNA-binding proteins [6] and highlights the prevalent role played by m®A modification in a range of
pathological and physiological processes associated with human diseases and disorders, including strokes [7]. In this context,
Chokkalla et al. [8] have found that global mPA levels are markedly elevated after transient focal ischemia, as revealed by their analysis
of the cerebral m®A epitranscriptome in mice with middle cerebral artery occlusion (MCAO). Cerebral ischemia has been established to
be associated with a significant alteration in m®A-modified transcripts, thereby modulating transcriptional regulation, apoptosis, and
poststroke inflammation. On the basis of methylated RNA immunoprecipitation and RNA sequencing analyses, Zhu et al. [9] detected
elevated levels of global m°A in A172 cells subjected to oxygen-glucose deprivation/reperfusion (OGD/R), in the cerebral cortex of
mice treated with transient MCAO and reperfusion, and in the peripheral blood of stroke patients. In addition, they observed that a
total of 2115 m5A peaks were modified in patients with ischemic stroke, and that the dysregulated methylated mRNAs were associated
with NF-kappa B, Hedgehog, Hippo, MAPK, and calcium signaling pathways, which have been implicated in the development and
progression of strokes [10-14]. These findings accordingly provide convincing evidence to indicate the involvement of m°A
methylation and m®A-mediated regulation in the etiology of ischemic stroke.

In this review, we summarize the findings of recent studies that have examined the involvement of m®A modification in the
development and progression of ischemic stroke and the underlying molecular mechanisms. Additionally, we present an overview of
the diagnostic and therapeutic potential of m®A modifications in the treatment of ischemic stroke.

2. Overview of m®A modification

As a methylation modification at the N°-position of adenosine, m®A was initially discovered in 1974 by Desrosiers et al. during their
examination of eukaryotic mRNA derived from Novikoff hepatoma cells [15]. Subsequent studies have confirmed that mPA is the most
abundant and important type of internal modification occurring in eukaryotic RNAs [16,17]. m®A modification has been established to
modulate a wide range of RNA processes, including RNA splicing, processing, translation, localization, stability, and degradation, and
has been demonstrated to play prominent roles in multiple pathological and physiological processes associated with human diseases
and disorders [18,19], including strokes [7]. As a dynamic and reversible process, m®A modification is regulated mainly by meth-
yltransferases (also termed “writers”), demethylases (“erasers”), and m®A-binding proteins (“readers”).

2.1. Writers

NOPA methylation is mediated by a methyltransferase complex, which comprises the core components, namely methyltransferase-
like 3 (METTL3), methyltransferase-like 14 (METTL14), and Wilms’ tumor 1-associating protein (WTAP), and certain partner proteins,
including zinc finger CCCH-type containing 13 (ZC3H13), virilizer-like m (6)A methyltransferase-associated protein, and RNA binding
motif protein 15 (RBM15). METTL3, the first methyltransferase subunit to be identified, interacts with METTL14 to form a hetero-
dimeric complex that synergistically catalyzes the transfer of the methyl groups of S-adenosylmethionine to specific RNA adenines,
during which, METTL14 assists METTL3 in recognizing substrates [20-22]. Although having no inherent methyltransferase activity,
WTAP acts as a regulatory subunit to initiate and direct METTL3-METTL14 heterodimer localization to nuclear speckles, thereby
indirectly promoting catalytic activity [23]. Among the partner proteins of the methyltransferase complex, ZC3H13 has been identified
as an interactor that promotes m°A deposition by bridging WTAP with the mRNA-binding factor Nito [24]. Virilizer-like m (6)A
methyltransferase-associated protein mediates region-selective m°A mRNA methylation (preferentially in the 3-untranslated region
and near the stop codon) by recruiting the catalytic core components METTL3/METTL14/WTAP [25]. RBM15 and its paralog RBM15B
have also been reported to bind to the methyltransferase complex to mediate m®A methylation of XIST and cellular mRNAs [26].

2.2. Erasers

Demethylases serve to reverse the m®A methylation process, and to date, only two demethylases have been identified, namely fat
mass and obesity-associated (FTO) and alkB homolog 5 (ALKBH5). ALKBH5 was the first to be identified by Jia et al. [27] in 2011. In
vitro, FTO has been demonstrated to efficiently remove m®A under conditions of neutral pH, whereas in vivo its oxidative activity
influences the intracellular levels of m®A. The discovery and characterization of the demethylase FTO thus provided evidence to
indicate that m®A methylation is a dynamically regulated reversible process. The second m®A demethylase ALKBH5 was identified by
Zheng et al. [28] in 2013. It was subsequently established to markedly influence RNA metabolism and mRNA export and regulate the
assembly/modification of mRNA processing factors via colocalization with nuclear speckles [28]. Both FTO and ALKBH5 are members
of the ALKB family of proteins, the demethylation activities of which have been shown to be dependent on Fe?' and
alpha-ketoglutarate [27,28]. They can localize to nuclear speckles, although they are characterized by different intracellular locali-
zations and tissue distributions [29,30].
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2.3. Readers

mPA readers are specific m®A-binding proteins, including YTHDF1/2/3, YTHDC1/2, IGF2BP1/2/3, HNRNPC, HNRNPG, and
HNRNPA2B1, that recognize and bind directly or indirectly to m®A sites, influencing the fate of target RNAs. YTHDF1/2/3 and
YTHDC1/2 contain a highly conserved YTH (YT521-B homology) domain that enables these proteins to bind directly to m°A sites.
YTHDF1/2/3 are located primarily in the cytoplasm, and their binding to m°A sites alters the stability and translation efficiency of the
mPA-modified RNAs [31]. YTHDF1 promotes RNA translation via coordinated interactions with translation initiation factors [32,33],
while YTHDF2 regulates mRNA decay by interacting with the CNOT1 subunit [34]. YTHDF3 functions coordinately with YTHDF1 to
facilitate protein synthesis and influence the mRNA decay mediated by YTHDF2 [35]. In contrast to other YTH proteins, YTHDC1 is
primarily localized in the nucleus, within which it modulates mRNA splicing by recruiting and regulating pre-mRNA splicing factors
[36]. Members of the heterogeneous nuclear ribonucleoprotein (HNRNP) family (HNRNPA2B1, HNRNPC, and HNRNPG) are m°A
readers that play key roles in regulating the splicing and maturation of RNAs [37-39], whereas cytoplasmic IGF2BP1/2/3 target
m®A-modified RNAs by recognizing the conserved GG (m®A)C sequence, thereby promoting the stability and storage of mRNAs [40].

In summary, m®A modification is a dynamically reversible process that is precisely regulated by multiple interactions among
methyltransferases, demethylases, and m®A-binding proteins (Fig. 1). m®A modification influences gene expression by regulating
almost every aspect of the RNA life cycle, thereby facilitating its involvement in a range of biological processes and in the initiation and
development of human diseases.

3. Associations between m®A modification and the risk factors of strokes

Stroke is a heterogeneous syndrome that is associated with multiple risk factors, the regulation of which plays a key role in reducing
stroke burden [41]. Previous studies have demonstrated associations between the levels of m®A and the risk factors of stroke and
pathological changes during its occurrence and development.

3.1. Hypertension

Among the important modifiable risk factor of strokes, hypertension is implicated in more than half of all stroke cases worldwide. It
has been reported that the lifetime risk of stroke for 45-year-old men with hypertension is 32.79 %, which is significantly higher than
that for those without hypertension (17.21 %). Moreover, the lifetime risk of stroke was found to be significantly higher (48.33 % vs.
20.21 %) in 45-year-old men with a stage of <2 hypertension than in those with stage 1 hypertension [42]. Similar lifetime risks of
stroke have been reported for women with hypertension. Compared with women without a history of preeclampsia (hypertensive
disorder of pregnancy), those with a history are 60 % more likely to develop non-pregnancy-related ischemic stroke [43]. In this
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Fig. 1. A schematic diagram illustrating the dynamic regulation of N®-methyladenosine (m®A) methylation.
m®A modification is a dynamically reversible process initiated by methyltransferases (“writers™), reversed by demethylases (“erasers”), and
recognized by m®A-binding proteins (“readers”).
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regard, it has been reported that a 10 mmHg reduction in systolic blood pressure or a 5 mmHg reduction in diastolic blood pressure is
associated with a 41 % reduction in stroke [44], thereby highlighting the preventive effect of blood pressure reduction on the like-
lihood of stroke occurrence. In addition to the association between hypertension and the risk of stroke, hypertension exacerbates
severe stroke outcomes by promoting stroke via enhanced shear stress, endothelial dysfunction, and large artery stiffness [45].

Based on large-scale genome-wide association studies, Mo et al. have observed close associations between m®A-associated single-
nucleotide polymorphisms (m®A-SNPs) and blood pressure, and among the 1236 blood pressure-associated mPA-SNPs identified,
approximately 10 % were established to be associated with stroke [46]. Among these m®A-SNPs, two showed to be significantly
associated with blood pressure (rs9847953 and rs197922) and were found to modulate the gene expression of ZNF589 and GOSR2 by
mediating m®A methylation, thereby influencing the susceptibility to develop hypertension. Conversely, a C allele rs7398833 genotype
at the mPA site has been found to be associated with reduced levels of systolic and diastolic blood pressure, thereby contributing to a
reduction in the risk of ischemic stroke [46]. The demethylase FTO has been established to be highly expressed in the hypothalamus, a
brain structure associated with the regulation of blood pressure. In Caucasian populations, individuals with an FTO risk genotype
(rs9939609 allele A) have been found to be susceptible to high blood pressure [47], and this genetic variant is negatively associated
with diastolic and mean blood pressure in men with hypertension [48]. Pericytes play important roles in the pathogenesis of hy-
pertension by controlling blood-brain barrier permeability and modulating micro-vessel blood flow. Wu et al. have revealed a global
reduction in average levels of m®A in the pericytes of spontaneously hypertensive rats, thus indicating that alterations in the extent of
m®A modification in microvascular pericytes may be involved in the pathogenesis of hypertension [49]. Notably, Paramasivan et al.
[50] have proposed targeting m®A via METTL3 and FTO as a possible therapeutic strategy for hypertension. In addition, the deme-
thylase ALKBH1 has been proposed as a therapeutic target to prevent hypertension via epigenetic programming [51].

3.2. Diabetes mellitus (DM)

A further stroke-associated risk factor is hyperglycemia, which is typically found in patients with DM. It has been reported that DM
duration is independently correlated with the risk of ischemic stroke, with a 3 % annual increase in the risk of stroke and a threefold
increase in patients with a DM duration greater than 10 years [52]. DM can trigger pathological changes in different micro-vessels and
large vessels, which may cause stroke when the cerebral vessels are directly influenced with plausible underlying mechanisms,
including systemic inflammation, enhanced early age arterial stiffness, and vascular endothelial dysfunction. For example, compared
with individuals having normal blood sugar levels, those with type 2 DM (T2DM) are more likely to experience an increase in arterial
stiffness and reduced arterial elasticity, while those with type 1 DM tend to have early structural damage of the common carotid artery
[53]. Moreover, DM is associated with poor outcomes after stroke [54]. For example, it has been reported that poststroke hypergly-
cemia is associated with an increase in infarct volume that occurs during the acute phase of ischemic stroke [55]. Indeed, certain
antidiabetic drugs with vascular benefits have been shown to reduce the risk of stroke [56].

Changes in epigenetic modification have also been established to influence the susceptibility to DM [57]. For example, Wu et al.
[58] detected significant changes in the expression of seven m®A-associated genes (increase in IGF2BP2 and IGF2BP3, and decrease in
METTL3, YTHDF2/3, ALKBH1, and HNRNPC) in islet samples collected from patients with T2DM. The serum levels of IGF2BP3 were
found to show a U-shaped association with the odds of developing T2DM, which gradually increased when the serum levels were <
0.62 ng/mL. The SNPs, rs 4402960 in the m°®A reader IGF2BP2 and rs 9939609 in the m®A demethylase FTO, have been reported to be
significantly associated with T2DM [59]. Moreover, IGF2BP2 rs11705701 has been shown to be significantly associated with pre-
diabetes in women [60]. The findings of these studies accordingly provide evidence to indicate the involvement of m®A modification in
the risk of developing DM.

The findings of further studies by Xie et al. have revealed elevated levels of m®A methylation and the methyltransferase METTL3 in
the liver tissues of patients with T2DM, which were found to be positively correlated with insulin resistance and negatively correlated
with the functions of pancreatic p-cells [61]. They also demonstrated that by regulating fatty acid synthase expression via m®A
methylation, METTL3 represses hepatic insulin sensitivity [61]. Similarly, Li et al. found that elevated m®A levels and METTL3
expression contribute to exacerbating liver metabolic disorders and insulin resistance induced by a high-fat diet. By prolonging the
half-life of metabolism-related genes via METTL3 depletion-mediated m°A loss, hepatocyte-specific knockout of METTL3 was found to
markedly enhance insulin sensitivity and ameliorate metabolic disorders [62]. The findings of these two studies thus provide evidence
to indicate that METTL3-mediated m®A methylation plays an important role in the development of hepatogenous diabetes.

A key contributory factor associated with the development of DM is B-cell dysfunction, which can lead to impaired glucose
metabolism [63,64]. m®A modification has been established to be closely associated with the survival and function of p-cells, and
m®A-sequencing analyses have revealed reductions in the overall m®A methylation of transcripts involved in insulin secretion,
cell-cycle progression, and the insulin/IGF1-AKT-PDX1 pathway in human T2DM islets. Furthermore, a depletion of m°A levels in
EndoC-pH1 has been demonstrated to result in a reduction in PDX1 expression and AKT phosphorylation, thereby impairing insulin
secretion and inducing cell-cycle arrest [65], whereas specific knock-out of p-cell METTL14 in mice results in a reduction in m®A levels
and early diabetes onset, as well as mortality secondary to a reduction in p-cell proliferation and insulin degranulation [65]. By
influencing the expression of transcripts involved in cell death and inflammation, similar manipulation was found to promote glucose
intolerance, reductions in p-cell mass and proliferation, and lower levels of insulin secretion [66]. METTL3 and METTL14 have been
established to specifically modulate the mass expansion and functional maturation of neonatal p-cells, and their deletion in Ngn®*
endocrine progenitors causes hypoinsulinemia and hyperglycemia in 2-week-old mice. Mechanically, METTL3/14 regulates fp-cell
differentiation by regulating the mRNA stability of MafA in an m®A-dependent manner [67]. In patients with T2DM and diabetic db/db
mice, reductions have been detected in the expression of p-cell METTL3/14, thereby indicating their potential roles in T2DM [67].
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METTL3-deficient islet p cells have been found to be associated with islet p-cell failure and hyperglycemia, which could be attributed to
areduction in m®A levels mediated by METTL3 deficiency and reductions in the expression of genes involved in insulin secretion [68].
Furthermore, by modulating the stability and expression of MafA through m®A methylation, the expression of METTL3 has been shown
to alleviate the impairment of methylglyoxal-induced insulin in p cells [69]. In addition to METTL3/14, other m®A regulators have also
been implicated in DM. For example, under high-glucose conditions, lower levels of m®A methylation and enhanced ALKBH5 mRNA
expression have been observed in pancreatic p Min6 cells [70]. Moreover, in mouse and human islets, gene deletion and pharmaco-
logical inhibition of FTO have been demonstrated to enhance glucose-stimulated insulin secretion, thereby indicating that FTO may
play a negative regulatory role in insulin secretion [70]. In T2DM, chronic inflammation and lipotoxicity have been found to be
associated with the downregulated expression of YTHDC1 in islet f cells, and the specific deletion of f-cell YTHDC1 was established to
promote reductions in the expression of transcription factors specific to p-cells and genes involved in insulin secretion, thus
contributing to p-cell failure and diabetes [71]. Collectively, these findings emphasize the important role played by m°A regulators in
the etiology of DM, and accordingly identify these factors as potential targets for the prevention and treatment of DM.

3.3. Hyperlipidemia

It has been established that there is a complex association between dyslipidemia and the risk of stroke. Elevated levels of high-
density lipoprotein cholesterol (HDL-C) are associated with a reduced risk of ischemic stroke, whereas high remnant cholesterol
levels have been linked to a heightened risk of ischemic stroke, with an adjusted hazard ratio of 1.99 for patients having >1.5 mmol/L
(58 mg/dL) remnant cholesterol, compared with those with <0.5 mmoL/1 (19 mg/dL) [72]. Low-density lipoprotein cholesterol
(LDL-C) is considered the most useful serum lipid marker indicative of the risk of stroke and has long been believed to be one of the
primary pathogenic risk factors for stroke. LDL-C-lowering therapy or medications, such as statins, can be administered to reduce the
risk of stroke, and recent guidelines have emphasized the application of “high-intensity statins” and “low LDL-C target” strategies in
patients with stroke [73]. However, although LDL-C-lowering therapy appears to be beneficial in preventing large-artery athero-
sclerosis, it may have little effect in preventing small-artery occlusion and cardioembolic stroke [74]. Accordingly, the prevention and
control of dyslipidemia are advocated to ease the burden of stroke [75].

Based on their large-scale genome-wide association studies, Mo et al. [76] identified 22 m®A-SNPs that are significantly associated
with lipid levels. HDL-C and triglycerides, which can serve as indicators of elevated levels of remnant cholesterol particles, were found
to be markedly enriched concerning m®A methylation, with m®A-SNP rs6859 in the 3'-untranslated region of PVRL2 being found to be
associated with the levels of total cholesterol, HDL-C, LDL-C, and triglycerides [76].

The m®A methylation of genes involved in lipogenesis plays an important role in lipid metabolism. It has been demonstrated that
the knockdown of YTHDF2 or METTL3 enhances mRNA stability and the expression of peroxisome proliferator-activator o, which
contribute to reductions in the accumulation of lipids [77]. Compared with those in standard-fed mice, elevated levels of mPA
methylated RNAs and METTL3 have been detected in mice that were fed a high-fat diet, whereas by promoting reductions in m®A
methylation and total mRNA levels of fatty acid synthetase, METTL3 knockout contributed to reducing fatty acid synthesis in these
mice [61]. The expression of YTHDC2 has been established to be downregulated in the livers of obese mice and patients with
non-alcoholic fatty liver disease, and its dysregulation has been demonstrated to modulate triglyceride accumulation, liver steatosis,
and insulin resistance by influencing binding to the m®A-modified transcripts of lipogenic genes (such as stearoyl-CoA desaturase 1,
fatty acid synthase, element-binding protein 1c, and acetyl-CoA carboxylase 1), thereby regulating the expression of these lipogenic
genes [78]. Moreover, by regulating m®A methylation levels, the demethylase FTO has been shown to modulate the expression of
several genes, including PPARy, CEBPq, stearoyl-CoA desaturase, and sterol regulatory element-binding protein-1, which have been
implicated in the syntheses of cholesterol and triacylglycerol [79,80]. For example, Sun et al. have reported that the overexpression of
FTO resulted in fat accumulation, elevated levels of triglycerides and total cholesterol, increased expression of PPARy and CEBPa, and
areduction in m®A levels. Additionally, it is reported that the knockdown of FTO is associated with anti-lipogenic activity, as indicated
by reductions in the levels of triglycerides and total cholesterol and the downregulated expression of PPARy and CEBPa [80].

3.4. Obesity

Obesity is a well-documented risk factor for stroke. Even after adjusting for other cardiovascular risk factors, being overweight,
obese, or having abdominal obesity (determined by waist-to-hip ratio), obesity has been identified as an independent risk factor of
stroke in young adults [81,82]. Evidence indicates that obesity heightens the risk of an initial ischemic stroke, which is assumed to be
dependent on the metabolic abnormalities caused by obesity rather than obesity per se [83]. Conversely, weight loss can substantially
reduce the risks of hypertension, DM, and stroke. Obesity is also associated with the outcomes of stroke. Regarding this, an obesity
paradox appears to exist, in which patients who are overweight or obese show better outcomes and reduced mortality rates than those
with normal-weight or who are underweight, although opinions on this remain divided. Nevertheless, it is speculated that insulin
resistance and inflammation might be plausible mechanisms underlying this “obesity paradox” in stroke [84,85]. However, these
findings highlight the importance of weight control in patients with stroke.

FTO, the first of the two m®A demethylases to be identified, has been implicated in obesity, with genetic variants of the FTO gene
(rs9939609, rs9930333, 159928094, and rs9935401) being found to be positively associated with the risk of obesity, while rs8061518
is characterized by an inverse association [86]. In addition to obesity risk, the FTO rs9939609 polymorphism has been shown to be
associated with a preference for high dietary fat intake [87]. Furthermore, the rs1421085 (T-to-C) SNP in FTO has been found to
disrupt the conserved motif of the ARID5B repressor, which in turn promotes the de-repression of a potent preadipocyte enhancer and
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causes a twofold increase in the expression of IRX3 and IRX5 during early adipocyte differentiation. Manipulation of these pathways
has been found to contribute to significant anti-obesity and pro-obesity activities [88].

As a demethylase that regulates m®A-dependent alternative splicing, FTO has been established to be associated with obesity via the
regulation of pre-adipocyte differentiation and adipogenesis [89]. In a 3T3-L1 pre-adipocyte model, FTO knockdown was found to
repress pre-adipocyte differentiation, which could be reversed in response to the overexpression of FTO. During this process, the
demethylase activity of FTO becomes apparent, as reflected by the impedance of pre-adipocyte differentiation following the over-
expression of R96Q, an FTO missense mutant lacking demethylase activity [90]. Similarly, Zhao et al. [91] have indicated that FTO
knockdown hampers adipogenesis, and that adipogenesis can be restored only in the presence of catalytically activity FTO. This
FTO-mediated differentiation of preadipocytes was achieved by controlling the splicing of RUNX1T1 (a dipogenic regulatory factor)
via the modulation of m®A levels in the vicinity of splice sites.

Jiang et al. [92] identified mitochondrial carrier homology 2 (MTCH2) as a key gene involved in adipogenesis, the expression of
which was found to be positively associated with m®A levels. Further analyses revealed that the m®A reader YTHDF1 is involved in
MTCH2-mediated adipogenesis by regulating MTCH2 expression through specific binding to the m®A-modified transcripts of MTCH2.
Furthermore, Wang et al. [93] have found that by regulating adipogenesis, UCP2 and PNPLA2 play important roles in the development
of obesity, and that the expression of these two genes is mediated via m®A methylation. Interestingly, the m°®A reader YTHDF1 has been
established to influence the translation of PNPLA2 by binding to m®A-modified transcripts of PNPLA2, whereas UCP2 was not a target
of YTHDF1. The findings of a further study have indicated that the m®A methyltransferase complex (METTL3, METTL14, and WTAP)
positively modulates adipogenesis by enhancing cell cycle transition during mitotic clonal expansion [94]. Moreover, the deletion of
METTL3 in brown adipose tissue, and consequently the loss of m®A modification, has been demonstrated to perturb the maturation of
brown adipose tissue by mediating the transcriptional expression of PRDM16, PPARG, and UCP1, which further promotes high-fat
diet-induced obesity and insulin resistance [95]. These findings thus indicate that targeting m°A regulators and their activities in
adipogenesis may represent a novel strategy for combating obesity.

3.5. Heart diseases

Heart diseases are recognized as a probable source of a range of embolic materials leading to cerebral infarction, which is regarded
as an underlying cause of between 15 % and 30 % ischemic strokes and a putative cause of 30 % of cryptogenic ischemic strokes. Heart
disease is the leading cause of strokes in children, accounting for 30 % of pediatric arterial ischemic strokes, and an eightfold higher
risk of hemorrhagic strokes than in healthy controls [96]. Cardioembolic stroke is mainly attributed to atrial fibrillation and diseases,
such as acute myocardial infarction and rheumatic heart disease, along with the implantation of prosthetic heart valves. Patients with
mitral stenosis and atrial fibrillation have been established to have an absolute stroke risk of 4.5 per 100 patient-years [97].

In their study of the pathogenesis of atrial fibrillation, Huang et al. [98] identified 105 m®A-SNPs significantly associated with atrial
fibrillation, the associations of two of which (rs1047564 and rs35648226) were found to be linked to their influence on mPA modi-
fication. Compared with the expression in normal controls, expression of the m®A regulators YTHDF1, IGFBP2, and IGFBP3 was found

Table 1
The roles of m6A regulators in ischemic strokes.
m6A Function Mechanism Targets References
regulators
FTO alleviate cerebral I/R injury Inhibit oxidative stress and cell apoptosis Nrf2 111
FTO alleviate neuronal injury in ischemic stroke decrease mitochondrial dysfunction Drpl 120
FTO post-stroke vascular repair alleviate endothelial dysfunction phospholipid 132
phosphatase 3
FTO decrease poststroke gray and white matter damage and / / 156
improve motor function recovery, cognition, and
depression-like behavior
METTL3 alleviate excessive sympathetic neural remodeling post- Reduce reactive oxygen species 113
myocardial infarction
METTL3 modulate the fate of damaged neurons in ischemic stroke formation of stress granule miR-335 147
METTL3 attenuate OGD/R-induced neuronal cytotoxicity inhibit neuronal cell death and apoptosis Lnc-D63785 148
METTL3 neuroprotection in ischemic stroke inhibit the migration of T lymphocytes to 154
the ischemic brain and reduce neuronal
damage
METTL14 alleviates atherosclerosis development macrophage inflammatory responses Matr3 142
ALKBH5/ attenuate cerebral ischemia-reperfusion injury weaken primary neuronal apoptosis Bcl-2 149
FTO
ALKBH5 maintain angiogenesis of endothelial cells after acute endothelial cells dysfunction SPHK1 127
ischemic treatment
YTHDC1 potentiate neuronal survival enhance anti-apoptotic protein Bcl-2 and PTEN 150
decrease cleaved caspase 3
YTHDF1 attenuate cerebral stroke facilitate cell viability and inhibit apoptosis =~ PTEN 151
of H/R-treated cells
YTHDF1 cerebral I/R injury microglial inflammation NF-«B 140

I/R, ischemia/reperfusion; OGD/R, oxygen-glucose deprivation/reperfusion.
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to be elevated in atrial fibrillation samples, and reductions were detected in the expression of ZC3H13 and HNRNPA2B1. Moreover, a
model established based on these five m°A regulators was able to effectively predict the incidence of atrial fibrillation [99]. In further
studies using an acute myocardial infarction model, m®A eraser ALKBH5 inhibitor-loaded targeted ferritin nanocages were demon-
strated to effectively improve cardiac function and reduce infarct size [100]. By enhancing the m®A modification of RNAs, the
downregulation of FTO has also been observed to reduce cardiomyocyte contractile function [101], whereas cardiac-specific condi-
tional depletion of the m®A reader YTHDC1 has been observed to promote dilated cardiomyopathy in mice, as indicated by systolic
dysfunction, left ventricular enlargement, reduced cardiomyocyte contractility, and aberrant splicing of titin [102]. Markedly elevated
levels of m®A methyltransferase activity and METTL14 expression have also been reported in patients with coronary heart disease,
with high levels of METTL14 being significantly correlated with the Gensini score [103]. Furthermore, Zheng et al. [104] established
that by modulating Myd88 mRNA stability, a depletion of METTL14 had the effects of reducing the development of atherosclerotic
plaques and macrophage inflammation in a mouse model. In addition, during myocardial ischemia/reperfusion (I/R) remodeling, an
increase has been detected in the m®A-modified RNAs and METTL14 expression. Cardiac-specific depletion of METTL14 was found to
attenuate acute I/R injury and cardiac dysfunction [105].

4. The roles of m®A modification in the pathophysiology of stroke

Poststroke cerebral injury is a consequence of a complex series of pathophysiological events, including oxidative stress, neuro-
inflammation, mitochondrial dysfunction, endothelial dysfunction, and cell death, in which m®A modification have been established to
play a number of important regulatory roles, as summarized in Table 1.

4.1. Oxidative stress

Oxidative stress is closely associated with ischemic stroke, with accumulating evidence indicating that the formation of reactive
oxygen species (ROS) increases rapidly after ischemic stroke. Oxidative stress occurs when free radical production exceeds the
endogenous scavenging capacity of the body’s antioxidant defense system, thereby causing cerebral tissue damage [106-108].
Moreover, by elevating tissue oxygenation levels, a subsequent rapid recovery of blood flow can also lead to a massive generation of
ROS, thereby resulting in reperfusion injury [109]. Unsurprisingly, oxidative stress has been proposed as a promising target for the
prevention and treatment of ischemic stroke [110].

Numerous studies have demonstrated associations between m°A modification and oxidative stress. For example, Hou et al. [111]
observed reductions in the expression of FTO and Nrf2 and an increase in the m®A modification of Nrf2 mRNA in both the
OGD/R-induced cell and MCAO/R-induced rat models. In the OGD/R-induced SH-SY5Y cell model, oxidative stress injury was
ameliorated in response to FTO blockage mediated via the addition of the methyltransferases METTL3/14. It was also demonstrated
that FTO can inhibit oxidative stress and alleviate cerebral I/R injury by enhancing Nrf2 expression via modulation of the m®A
demethylation of Nrf2 transcripts [111]. The activities of both METTL3 and METTL14 have been found to promote the generation of
ROS [112,113]. For example, Qi et al. established that the ameliorative effects of METTL3 downregulation on excessive sympathetic
neural remodeling post-myocardial infarction is associated with a reduction in ROS production [113]. Peroxiredoxin 3 (PRDX3) is a
major regulator of mitochondrial oxidative stress, and it has been found that m®A-modified transcripts of PRDX3 can bind to the m®A
readers YTHDF1/2/3, although only YTHDF3 directly modulates the expression and translation of PRDX3 in an m®A-dependent
manner [114]. ALKBH5 has been established to function as an important modulator that protects cells against DNA damage and
apoptosis induced by oxidative stress [115]. The demethylase activity of ALKBH5 can be markedly inhibited under conditions of
oxidative stress. Elevated levels of ROS induce the SUMOylation of ALKBH5 and activation of the ERK/JNK pathway. This process
efficiently inhibits m®A methylation at the whole-mRNA level, leading to the rapid and effective induction of an array of genes
involved in multiple biological processes, including DNA damage repair [115].

4.2. Mitochondrial dysfunction

Mitochondria are not only affected by stroke but also modulate the development of poststroke injury [116]. As a hallmark of
ischemic stroke, interrupted blood flow to the brain leads to a cerebral depletion of oxygen and glucose, which eventually lead to
mitochondrial dysfunction. In response, this dysfunction triggers cascades of other adverse events, such as neuronal death, disruption
of the blood-brain barrier, and neuroinflammation [116,117]. Accordingly, regulation of mitochondrial quality control has been
widely proposed as a possible therapeutic target for both hemorrhagic and ischemic strokes [116].

A perturbation of mitochondrial dynamics (such as fusion and fission) may cause mitochondrial dysfunction [118]. Mitochondrial
fusion is modulated by mitochondria-associated mitofusins 1 and 2 and optical atrophy 1, whereas mitochondrial fission is regulated
by dynamin-related protein 1 (Drpl), mitochondrial fission factor, and fission 1 (FIS1). These mitochondria-associated genes are
modulated by m®A regulators, which accordingly play roles in mitochondrial dynamics and dysfunction. Ischemia-induced Drpl
activation can impair the formation of autophagosomes in vascular tissues and induce cell apoptosis, which in turn contributes to a
reduction in mitochondrial glutathione levels and ultimately causes an increase in ROS generation, thereby exacerbating mitochon-
drial dysfunction [119]. The m®A demethylase FTO serves as a key target of exosomal KLF4, which inhibits m®A methylation in Drp1
mRNA, thereby contributing to a reduction mitochondrial dysfunction and alleviating the neuronal injury incurred in ischemic stroke
[120]. By regulating Drp1 expression via the demethylation of m®A-modified Drp1 mRNA, FTO has also been demonstrated to mitigate
Drpl-mediated mitochondrial fragmentation and oxidative stress in cases of hepatic I/R injury [121]. Additionally, it has been



F. Han Heliyon 10 (2024) e25192

established that ALKBHS5 is involved in mitochondrial fission by modulating m®A demethylation in the 3'-untranslated regions of Drp1
transcripts and promoting the translation of Drpl in an m®A-YTHDF1-dependent manner [122]. Furthermore, by promoting an in-
crease in m®A levels in the transcripts of FIS1, METTL14 enhances FIS1 expression and mitochondrial fission, and this regulation has
been implicated in chronic cadmium-induced mitochondrial dysfunction [123]. In conjunction with YTHDF2, METTL3 modulates
mitochondrial dysfunction by synergistically modifying PGC-1a mRNA, thereby reducing the protein expression of PGC-1a, a coac-
tivator that modulates mitochondrial biogenesis and energy metabolism [124].

4.3. Endothelial dysfunction

As a key step in the development of vascular diseases, endothelial dysfunction plays prominent roles associated with the phys-
iopathology, subtypes, clinical severity, and prognosis of stroke [125,126]. In this context, it has been established that the m®A
demethylase ALKBHS5 is upregulated in endothelial cells (ECs) subjected to ischemic insults and contributes to the maintenance of
angiogenesis in ECs after acute ischemic treatment by reducing eNOS phosphorylation and SPHK1 m®A methylation [127]. Under
high-glucose conditions, elevated expression of the m®A reader IGF2BP1 is detected in vascular ECs, and by interacting with the
m6A-modified mRNA of HMGB1, IGF2BP1 promotes the proliferation and apoptosis of vascular ECs [128]. In T2DM, an established
risk factor for stroke, three m°A regulators, namely the m®A writers RBM15B and ZC3H13 and the m®A reader HNRNPC, have been
found to be upregulated and associated with vascular EC function. Among these regulators, the activity of HNRNPC can promote
endothelial dysfunction and enhance vascular complications by targeting PSEN1-dependent Notch signaling [129]. Pathological tis-
sues of cerebral arteriovenous malformation, a cerebrovascular disease, are characterized by reductions in the expression of both
WTAP and METTL3 [130,131], two m6A writers that modulate EC angiogenesis in an m®A-dependent manner, with METTL3 acti-
vating the Notch pathway by regulating the expression of DTX3L [130], and WTAP regulating the expression of desmoplakin [131].
Moreover, m®A modification is associated with the functional modulation of vascular repair, a restorative measure that contributes to
improving the long-term outcomes postischemic stroke. Similarly, FTO has been shown to be involved in poststroke vascular repair by
m®A-dependently enhancing the expression of phospholipid phosphatase 3 in ECs [132].

4.4. Neuroinflammation

Neuroinflammation has been established to play a dual role in the progression of cerebral ischemic injury. Cerebral ischemia
triggers strong neuroinflammatory responses to clear damaged tissue, and subsequently promote tissue repair and functional recovery.
In contrast, neuroinflammatory cascades in the acute phase are linked to an impaired blood-brain barrier function, neuronal injury,
apoptosis, and poor neurological outcomes [133,134]. Stroke-related neuroinflammation is a unique therapeutic target that con-
tributes to the inhibition of secondary cell death and improves patient outcomes [135]. Microglia and infiltrated macrophages have
been established to play important roles in the inflammatory processes postischemic stroke [136], which can be modulated by m°A
regulators [137].

In their study examining the roles of m®A modification in the regulation of inflammatory responses in microglia, Li et al. [138]
observed largescale alterations in m®A modification patterns among different microglial phenotypes (resting, proinflammatory, and
anti-inflammatory phenotypes). The differentially m®A-modified transcripts between pro- and anti-inflammatory microglial pheno-
types were established to be involved in several pathophysiological processes, including signal transduction, the immune system, and
protein degradation, which tends to indicate that these modulate microglia-mediated inflammatory responses by regulating signal
transduction and immune system function. Similarly, using a lipopolysaccharide-activated model of microglial inflammation, Ding
etal. [139] identified a unique m®A methylation pattern. Among the different m®A regulators, the m®A reader, IGF2BP1, was identified
as the most significantly regulated, which, by promoting an increase in the levels of m®A in the mRNAs of guanylate-binding protein 11
and ceruloplasmin, acts as a vital mediator in lipopolysaccharide-induced m®A modification and the inflammatory response in
microglia [139]. As an established proinflammatory pathway, the NF-kB pathway plays important regulatory roles in both inflam-
mation and immunity. YTHDF1 is implicated in inflammatory responses associated with cerebral I/R injury by m®A-dependently
mediating the protein expression and nuclear translocation of NF-kB p65 in BV2 microglia cells [140]. In a
lipopolysaccharide-mediated model of microglial inflammation, which is characterized by the elevated expression of METTL3, in-
flammatory proteins (TRAF6 and NF-kB), and cytokines (interleukin 13/6/18 and tumor necrosis factor o), the increase in METTL3
expression has been shown to contribute to microglial inflammation by activating TRAF6-NF-kB signaling in an m®A-dependent
manner [141].

In their investigation of the roles of m®A modification in macrophage-mediated inflammatory responses during atherosclerosis, Sun
et al. [142] detected an increase in the expression of the methyltransferases METTL3 and METTL14, as well as reduced whole mPA
methylation levels in macrophages, in response to oxidized low-density lipoprotein stimulation. In addition to its role in mRNA decay,
by repressing the activation of MAPK signaling, the METTL3-METTL14 heterodimer plays a key role in the protective function of
matrin-3 against oxidized low-density lipoprotein-mediated macrophage inflammatory responses [142]. Similarly, Zheng et al. [104]
observed not only upregulated METTL3 and METTL14 expression but also upregulated METTL16 and WTAP and downregulated
ALKBHS5 and FTO expression in inflammatory macrophages. Moreover, METTL14 has been identified as a target for the modulation of
macrophage inflammation in atherosclerosis mediated via the NF-kB/IL-6 signaling pathway. By influencing the stability of Myd88
mRNA via m®A modification, METTL14 has been established to regulate the expression of Myd88, and the dysregulation Myd88 in turn
modulates the transcription of IL-16 by modifying the nuclear distribution of p65. In contrast, by promoting macrophage polarization
toward an anti-inflammatory M2 phenotype and inhibiting NF-kB signaling, the knockdown of METTL14 has been demonstrated to
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inhibit the inflammatory responses of macrophages [104]. Furthermore, METTL3 has been found to inhibit
lipopolysaccharide-induced inflammation by m®A-dependently inhibiting the NF-xB pathway [143] or the NOD1 pathway [144]. By
promoting a reduction in the secretion of inflammatory factors that regulate macrophage-mediated inflammatory responses, YTHDF1
has been found to play a key role in the pathogenesis of Treponema pallidum infection, which can be attributed to the binding of this
reader protein to the m®A-modified transcripts of SOCS3 and subsequent promotion of SOCS3 translation, thereby inhibiting the
JAK2/STAT3 pathway [145]. IGF2BP2 modulates macrophage inflammatory responses by promoting the polarization of the proin-
flammatory M1 phenotype toward a pro-healing M2 phenotype. Moreover, by stabilizing the m®A-methylated mRNAs of TSC1 and
PPARY, the deletion of IGF2BP2 in macrophages has been found to promote and suppress the activation of proinflammatory M1 and
pro-healing M2 phenotypes [146].

4.5. Cell death processes

In strokes, damage caused by oxidative stress and mitochondrial dysfunction can induce multiple cell signaling cascades, which can
in turn lead to programmed or unprogrammed nerve cell death [117]. A growing body of evidence indicates a close association be-
tween m®A regulators and neuronal cell death processes. For example, Si et al. [147] have detected an increase in the levels of
apoptosis during stress granule formation, whereas reductions in METTL3 expression and m°A levels were observed during the
reperfusion period, following 2 h of ischemia in a MCAO rat model, primary cortical neurons, and PC12 cell OGD/R models. In oxygen-
and glucose-deprived PC12 cells, the knockdown or overexpression of METTL3 was found to regulate apoptosis and stress granule
formation by mediating the functional maturation of miR-335 in an m®A-dependent manner. Stress granule formation was found to be
negatively associated with apoptosis. These findings thus provided evidence to indicate that METTL3-mediated m®A methylation
modulates the fate of damaged neurons in ischemic stroke. In this regard, OGD/R stimulation has been found to promote the
downregulated expression of IncRNA, Inc-D63785, by inducing METTL3-dependent Lnc-D63785 m®A methylation in neuronal cells,
thereby leading to neuronal cell death and apoptosis. METTL3 silencing has been reported to attenuate OGD/R-induced neuronal
cytotoxicity [148].

FTO has been established to play an important role in cerebral I/R injury. In OGD/R SH-SY5Y cells, FTO has been demonstrated to
modulate apoptosis by mediating the mSA-methylation of Nrf2 mRNA, thereby regulating its expression, whereas in a rat model of
MCAO/R, the overexpression of FTO was found to reduce the area of cerebral ischemia infarction and the rate of cell apoptosis [111].
Furthermore, in both a MCAO rat model and OGD/R-treated neurons, Xu et al. observed elevated levels of méA modification, which
were mainly attributable to the activities of the demethylases ALKBH5 and FTO, with ALKBH5 promoting the expression of
cleaved-caspase-3 and neuronal apoptosis following OGD/R treatment. The overexpression of FTO was found to attenuate primary
neuronal apoptosis. Both ALKBH5 and FTO have been shown to regulate I/R-induced neuronal apoptosis by selectively demethylating
Bcl2 mRNA to enhance Bel2 expression [149]. In ischemic stroke, induction of the binding protein, YTHDC1, in neurons contributes to
potentiating neuronal survival by promoting the degradation of PTEN mRNA and enhancing Akt phosphorylation. The silencing of
YTHDC]1 has been shown to render neurons more susceptible to OGD-induced cell death. In addition, a decrease and an increase in the
expression of the antiapoptotic protein Bcl2 and cleaved caspase-3, respectively, have been detected in neurons after the silencing of
YTHDC1. Contrastingly, neurons overexpressing YTHDCI are characterized by elevated levels of Bcl2 expression, a reduction in the
expression of cleaved caspase-3, and a more substantial resistance to OGD-induced cell death. This indicates that YTHDC1 plays a
protective role against OGD-induced neuronal death [150]. Elevated levels of YTHDF1 expression have been reported in
hypoxia/reoxygenation-treated cells, as well as in the brain tissues of MCAO mice. YTHDF1 depletion maintained cell viability and
inhibited the apoptosis of H/R-treated cells by binding to PTEN to increase the stability of the PTEN transcript. Moreover, the changes
in viability and apoptosis induced by YTHDF1 depletion was reversed in cell overexpressing PTEN [151].

5. Diagnostic and therapeutic potential

The research findings outlined in this review highlight the close association between m°A regulators and their regulatory role in the
pathogenesis of stroke. This accordingly emphasizes the importance of identifying potential biomarkers and m®A-based therapeutic
strategies for stroke management.

5.1. Diagnostic potential

Zhu et al. [152] discovered 305 m®A-SNPs associated with ischemic stroke, of which 158 had eQTL effects on local genes. A total of
84 local genes were found to be differentially expressed in patients with ischemic stroke and were implicated in biological processes
and pathways associated with the pathogenesis of ischemic stroke, thereby indicating that these functional m®A-SNPs could serve as
potential genetic biomarkers of ischemic stroke. Furthermore, based on an analysis of the gene expression profiles of peripheral blood
from patients with strokes, Jia et al. [153] identified 11 dysregulated m°A regulators, three of which (METTL16, LRPPRC, and RBM15)
effectively predicted the occurrence of stroke, with area under the curve values of >0.8.

5.2. Therapeutic potential

Several approaches have been adopted to modulate m®A with a view to investigate its therapeutic potential in stroke, including the
use of CRISPR-Cas9 gene-editing system, lentivirus vectors, and adeno-associated viral vectors (AAV).
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5.2.1. In vitro investigations

In a study of the effects of demethylases on the regulation of cerebral I/R injury, Xu et al. [149] found that FTO expression was
reduced, whereas ALKBH5 expression was elevated, in the brain tissues of a MCAO rat model and in OGD/R-treated primary neurons.
To investigate the therapeutic potential of FTO and ALKBHS in cerebral I/R injury, lentivirus-ALKBH5 shRNA was used to inhibit
ALKBHS5 expression, and lentivirus-FTO was used to overexpress FTO in primary neurons. Knockdown of ALKBH5 was accordingly
found to exacerbate neuronal damage and death, whereas by attenuating neuronal damage and death after OGD/R treatment, the
overexpression of FTO conferred a protective effect. Moreover, following OGD/R treatment, an increase in neuronal death was
observed following treatment with betaine (a m®A methylation drug that enhances global m®A levels), whereas a reduction in cell
death was detected following treatment with CL (a demethylation drug that reduces global m°A levels). Collectively, these findings
indicate that ALKBH5 and FTO have potential value as therapeutic targets in the treatment of cerebral I/R injury. Based on an analysis
of acute ischemic stroke, Si et al. [147] established that METTL3 expression is elevated during the early stage (reperfusion for 0 h) and
reduced during the later stages of acute ischemic stroke injury (reperfusion for 24 h) after 2 h of ischemia. The CRISPR-Cas9 gene
editing system was used to knockdown METTL3. Transformation was performed using METTL3 plasmids to facilitate the over-
expression of METTL3 in PC12 cells, which were subsequently subjected to OGD. The overexpression of METTL3 in these treated cells
was found to promote the formation of stress granules and attenuate apoptosis. Opposite effects were observed following METTL3
knockdown. Similarly, Liu et al. inhibited and overexpressed METTL3 using METTL3-shRNA and METTL3 plasmids, respectively, in
OGD/R-treated primary cortical neurons. They found that METTL3 protected against neuronal damage in ischemic stroke [154]. These
findings accordingly identify METTL3 as a potential therapeutic target for the treatment of strokes.

5.2.2. In vivo investigations

Using a MCAO rat model, Zhang et al. detected a significant elevation in YTHDC1 expression in the ipsilateral cortex of the rat after
3-12 h of reoxygenation. This elevation subsequently declined when measured at 24 h post-reoxygenation. In response to the ste-
reotaxic injection of lentiviral YTHDC1-shRNA or lentiviral YTHDCI into the cortex of MCAO rats, a reduction in infarct volume and an
amelioration of neurological deficits in rats injected with lentiviral YTHDC1 was detected. Conversely, ischemic brain injury was
exacerbated in rats injected with lentiviral YTHDC1-shRNA, thereby indicating that YTHDCI can contribute to an alleviation of the
symptoms of ischemic stroke [150]. Similarly, Li et al. have reported a significant increase in the expression of YTHDF1 in the brain
tissues of MCAO rat models. To investigate the potential therapeutic effects of YTHDF1 in vivo, lentiviral YTHDF1-shRNA or lentiviral
YTHDF1 was injected into the cortex and hippocampus of rats. Reductions in infarct volume, neurological score, and cell apoptosis in
the brain tissues of rats following the knockdown of YTHDF1 was detected. Opposite effects were observed in response to over-
expression of YTHDF1. These findings thus provided evidence to indicate the therapeutic potential of YTHDF1 in the treatment of
strokes [151]. AAV has been established as a powerful tool for delivering therapeutic genes to ischemic stroke lesions [155]. To
investigate the potential therapeutic efficacy of FTO in the treatment of strokes, Chokkalla et al. [156] constructed AAV9-FTO plasmids
to overexpress FTO in the brains of adult mice. They accordingly found that compared with the observations in sex-matched control
mice, FTO AAV9-treated mice were characterized by smaller infarcts, and significantly reduced brain atrophy and depression-like
behavior poststroke. Furthermore, both male and female mice receiving this treatment were found to show an enhancement in
memory retention. These findings thus indicate that FTO-AAV9 treatment can attenuate motor and cognitive dysfunction as well as
depression-like phenotypes in mice poststroke, irrespective of sex.

6. Conclusions and prospects

m®A modification is the most common internal modification of eukaryotic RNAs. The levels of RNA are regulated by both meth-
ylated and demethylated transferases, which further influences RNA metabolism mediated by the action of RNA-binding proteins. In
this review, we summarize the established and/or putative roles of m®A regulators in the development and progression of modifiable
risk factors for stroke, including hypertension, DM, hyperlipidemia, and obesity. Targeting the regulators of m®A modification and
their functions, to control the development and progression of these risk factors, may represent an effective primary prevention
strategy for the treatment of strokes. We also describe the roles of m®A modification regulators and their functional regulation with
respect to the pathophysiological injury mechanisms associated with strokes, namely oxidative stress, mitochondrial dysfunctions,
endothelial dysfunction, neuroinflammation, and cell death processes. The findings of the studies conducted to date highlight the
important role of m®A-modified protein dysregulation, mediated via the modulation of targeted m®A-modified mRNA levels, in the
pathogenesis of stroke. This should provide an incentive for researchers to focus on identifying m®A-based therapeutic strategies that
could be adopted in the treatment of strokes.

However, despite considerable recent progress in elucidating the associations between m®A modifications and stroke, the current
therapeutic exploitation of these molecular processes remains limited. Recently, several techniques for investigating the contribution
of individual m®A modifications have been reported. Among them, programmable dPspCas13b-m6A reader proteins [157] have been
assessed for the regulatory effects of specific m6A readers on single transcripts. In addition, CRISPR-Cas9-based engineered m®A
“editing” [158] and CRISPR-Casl3-based targeted RNA methylation systems [159] have been employed to assess the effects and
functional roles of individual m®A modifications. It is anticipated that these and similar novel techniques will make significant con-
tributions to elucidating the functions and underlying mechanisms of specific m°®A regulators in the context of stroke pathophysiology,
thereby providing a basis for the development of m®A-based therapies for the prevention and clinical treatment of strokes.
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