Bzl SPANDIDOS
7] ,§, PUBLICATIONS

MOLECULAR MEDICINE REPORTS 34: 213, 2026

Regulatory mechanisms and therapeutic potential of
N6-methyladenosine modification in retinal diseases (Review)

WENYAO ZHANG, JINYING CHEN and JINGXIANG ZHONG

Department of Ophthalmology, The First Affiliated Hospital of Jinan University, Guangzhou, Guangdong 510630, P.R. China

Received January 13, 2026; Accepted April 23, 2026

DOI: 10.3892/mmr.2026.13923

Abstract. N6-Methyladenosine (m6A) modification, the
most abundant internal chemical modification in eukaryotic
messenger RNA, plays a central role in gene expression by
dynamically regulating RNA metabolism. The present review
systematically summarizes the regulatory mechanisms and
pathological significance of m6A modification in major retinal
diseases, including diabetic retinopathy, age-related macular
degeneration, retinoblastoma, uveitis and retinitis pigmentosa.
Studies indicate that m6A methyltransferases (METTL3),
demethylases (FTO and ALKBHS) and reader proteins (the
YTH domain-containing family of proteins) participate in
pathological processes such as angiogenesis, inflammatory
responses, pyroptosis and photoreceptor degeneration by
modulating the stability, translation efficiency and degradation
of key gene mRNAs. Furthermore, this review explores the
therapeutic potential of targeting m6A-modifying enzymes
(for example, small-molecule inhibitors STM2457 and FB23-2)
and highlights challenges in tissue specificity, delivery systems
and clinical translation. Future research should integrate
multi-omics technologies and precision intervention strate-
gies to advance the application of m6A modification in the
diagnosis and treatment of retinal diseases.
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1. Introduction

The modification of N6-methyladenosine (m6A) is the most
prevalent internal chemical modification in eukaryotic
messenger RNA and it is a core component of epitranscrip-
tomic regulation. By dynamically modulating RNA splicing,
stability, translation and degradation, m6A modification
participates in the regulation of gene expression and the main-
tenance of cellular function (1). This reversible modification
network, orchestrated by methyltransferases (for example,
the METTL3 complex), demethylases (for example FTO
and ALKBHS5) and reader proteins [for example the YTH
domain-containing family (YTHDF) of proteins], plays a
critical role in development, metabolism and disease patho-
genesis (2). The reversible nature of m6A modification was
first established by the discovery of FTO as an m6A demeth-
ylase in 2011, followed by the identification of ALKBHS.
Concurrently, transcriptome-wide m6A mapping revealed its
widespread distribution and conserved sequence motifs. These
seminal studies transformed m6A from a static mark into a
dynamic and reversible regulatory mechanism, sparking the
field of epitranscriptomics. Recent studies have revealed that
aberrant m6A modification is closely associated with various
diseases, including cancer, neurodegenerative disorders
and metabolic dysregulation, underscoring its potential as a
biomarker and therapeutic target (3-5).

Retinal diseases, such as diabetic retinopathy (DR),
age-related macular degeneration (AMD) and inherited
retinal dystrophies, such as retinitis pigmentosa (RP), are
leading causes of irreversible vision loss, with their pathogen-
esis closely linked to genetic and environmental factors (6).
Epigenetic mechanisms, including DNA methylation, histone
modification and RNA modification, play significant roles
in retinal physiology and pathology (7). Among these, m6A
modification has emerged as a novel regulatory mechanism
that is highly enriched in retinal cells, which participates in
processes such as angiogenesis, inflammation and neuronal
survival (8). For instance, in DR, hyperglycemia induces


https://www.spandidos-publications.com/10.3892/mmr.2026.13923

2 ZHANG et al: ROLE OF m6A MODIFICATION IN RETINAL DISEASES

alterations in the m6A modification profile, thereby affecting
the expression of key molecules such as vascular endo-
thelial growth factor and exacerbating retinal damage (9).
Additionally, m6A modification is implicated in degenerative
conditions such as AMD, suggesting its broad relevance in
ophthalmic diseases (10,11).

The present review comprehensively summarizes the
mechanisms and clinical implications of m6A modification
in retinal diseases. It begins by outlining the fundamental
regulatory network of m6A modification and its expression
characteristics in retinal cells (12) It then analyzes its specific
regulatory roles in diseases such as DR and AMD (13),
discusses therapeutic strategies targeting the m6A pathway
and their prospects (14), and finally addresses current research
limitations and future directions, including the integration
of multi-omics technologies and the potential of artificial
intelligence in personalized medicine (15). By synthesizing
advances in m6A research in retinal diseases, the present
review aims to provide a theoretical foundation for under-
standing disease mechanisms and for developing therapeutic
strategies (16,17).

Search strategy. A systematic literature search was
performed using the PubMed(https://pubmed.ncbi.nlm.
nih.gov/) and Web of Science databases(https://www.
webofscience.com), covering the period from database
inception to October 2025. The search strategy combined
terms related to m6A modification and retinal diseases.
For m6A modification, the following keywords were used:
‘N6-methyladenosine’, ‘m6A’, ‘METTL3’, ‘METTLI14’,
‘WTAP’, ‘FTO’, ‘ALKBHYS’, ‘YTHDF1’, ‘YTHDF2’ and
‘YTHDCY’. For search of retinal diseases, full list search
terms used included ‘diabetic retinopathy’, ‘age-related
macular degeneration’, ‘retinoblastoma’, ‘uveitis’ and ‘reti-
nitis pigmentosa’. Boolean operators (AND/OR) were applied
to combine these term groups. Additional relevant studies
were identified by manually screening the reference lists of
retrieved articles and previous reviews. Inclusion and exclu-
sion criteria: Only peer-reviewed, original research articles
and review papers published in English were included. The
final reference list was selected based on relevance to the
regulatory roles, pathological implications and therapeutic
targeting of m6A modification in the retina.

Physiology and clinical management of the normal retina.
The vertebrate retina is a highly organized layered structure
comprising multiple cell types that work in concert to process
visual information. Neuronal components include photorecep-
tors (rods and cones), bipolar cells, ganglion cells, horizontal
cells and amacrine cells, with over 60 distinct neuronal
subtypes identified in mammals (18). In addition to these
neurons, Miiller glial cells provide structural and metabolic
support, and the retinal pigment epithelium (RPE) forms
the outer blood-retinal barrier and maintains photoreceptor
homeostasis (19). Rod photoreceptors dominate in number
and mediate dim-light vision, whereas cones enable color and
high-acuity vision. The cone output is decomposed into ~12
parallel channels via distinct bipolar cell types, which then
relay specific visual features to different subsets of retinal
ganglion cells (18). Amacrine cells, of which nearly 30 types

exist, refine these signals through lateral and crossover inhibi-
tion, generating diverse encodings such as direction selectivity
and motion detection (18).

From a clinical perspective, standard therapeutic
approaches for common retinal diseases have been well estab-
lished. For DR and neovascular AMD, intravitreal anti-vascular
endothelial growth factor (anti-VEGF) agents represent
first-line therapy; laser photocoagulation and corticosteroids
are also used as adjunctive or alternative treatments (19). In
early and intermediate AMD, lifestyle modifications (smoking
cessation) and nutritional supplementation with the AREDS2
formulation (lutein, zeaxanthin, vitamins C and E, and zinc)
are recommended to reduce the risk of progression (19). For RP,
no curative therapy exists for most genetic subtypes, but gene
replacement therapy has been approved for RPE65-associated
RP, and optogenetic strategies are under investigation (20).
Autoimmune retinopathy, a rare inflammatory condition,
is diagnosed based on clinical, imaging and electrophysi-
ological criteria, and treatment primarily aims to prevent
progression (21). Understanding normal retinal physiology
and the existing treatment landscape provides a foundation for
exploring emerging epitranscriptomic regulators, such as m6A
modification, in retinal diseases.

2. Role of m6A modification in DR

DR is a common microvascular complication of diabetes that
represents a leading cause of blindness worldwide (22). Its
pathological features include increased vascular permeability,
neovascularization, inflammatory responses and neurode-
generation, ultimately leading to retinal dysfunction (23).
Hyperglycemia drives DR progression through mechanisms
such as oxidative stress, inflammatory activation and dysregu-
lation of the VEGF and hypoxia induced factor la signaling
pathway. A recent study indicated that m6A modification
participates in the pathogenesis of DR, providing new insights
into its molecular mechanisms (24).

METTL3, a key methyltransferase, shows upregulated
expression in DR and regulates downstream genes via m6A
modification. For instance, METTL3-mediated m6A modifi-
cation enhances the stability of piezo-type mechanosensitive
ion channel component 1 (PIEZO1) mRNA, yet promotes its
degradation via YTHDF?2, thereby exacerbating the inflamma-
tory response in Miiller cells (25). METTL3 also cooperates
with YTH domain-containing protein 1 (YTHDC1) to upregu-
late the long non-coding RNA OGRU, activating oxidative
stress pathways and contributing to Miiller cell injury (26).
The reader protein YTHDF2 plays a significant role in DR as
well. Downregulation of circular RNA circFAT1 influences
autophagy and pyroptosis in RPE cells by interacting with
YTHDEF2, aggravating cellular damage (27). The demethylase
ALKBHS, which is downregulated in DR, may suppress ferrop-
tosis through YTHDF1-mediated degradation of acyl-CoA
synthetase long chain family member 4 (ACSL4) mRNA,
potentially delaying disease progression (28). These findings
suggest that m6A modification participates in multi-level
regulation of gene networks associated with DR, such as
modulating the VEGF signaling pathway and inflammatory
factor expression, serving as a central regulatory mechanism
in the hyperglycemic microenvironment (29,30).
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Figure 1. Proposed mechanism of m6A modification in the pathogenesis
of DR. A schematic model depicting how hyperglycemia induces aber-
rant m6A modification in retinal cells. The model outlines a cascade from
altered expression of m6A regulators (for example upregulation of METTL3,
downregulation of ALKBHS) to the post-transcriptional regulation of key
target genes (for example PIEZO1, ACSL4 and VEGF), subsequently driving
cellular responses such as inflammation and ferroptosis, and ultimately
leading to DR pathologies. Potential therapeutic interventions targeting m6A
modifiers are indicated. DR, diabetic retinopathy; m6A, N6-methyladenosine;
PIEZOL, piezo-type mechanosensitive ion channel component 1; ACSL4,
acyl-CoA synthetase long chain family member 4; VEGF, vascular endothe-
lial growth factor.

Experimental studies further support the functional role of
m6A modification in DR. Elevated global m6A levels, along
with increased expression of METTL3 and YTHDF2, have
been observed in human RPE cells (ARPE-19) and Miiller
cells under high-glucose conditions. Knockdown of METTL3
alleviates high glucose-induced cellular injury (31). In diabetic
mouse models, abnormal retinal m6A modification levels have
been reported, and interference with METTL3 expression
ameliorates vascular leakage and neurodegeneration (29).
Analysis of clinical samples reveals reduced ALKBHS expres-
sion in the retinas of patients with DR, which correlates with
disease severity (32). Collectively, these data underscore the
critical involvement of m6A modification in the pathogenesis
of DR and provide a rationale for its targeting as a therapeutic
strategy (Fig. 1).

3. Role of m6A modification in AMD

AMD is a leading cause of vision loss in the elderly, char-
acterized by RPE atrophy and choroidal neovascularization
(CNV) (33). Its pathogenesis involves oxidative stress,
inflammatory responses, VEGF signaling dysregulation and
epigenetic disturbances (34). A previous study has identified
m6A modification as a significant contributor to RPE degen-
eration and CNV formation (35).

enhances high mobility group AT-hook 2 mRNA stability
through m6A modification, thereby activating the epithe-
lial-mesenchymal transition (EMT) pathway and promoting
fibrosis (33). The demethylase ALKBHS, which is elevated in
wet AMD, stabilizes DNA binding 2 (ID2) mRNA to facilitate
migration and angiogenesis of retinal microvascular endo-
thelial cells (36). Downregulated circular RNA circSPECCI1
affects the miR-145-5p/CDKNIA axis via the m6A-YTHDC1
pathway, inhibiting oxidative stress-induced ferroptosis (37).
Furthermore, FTO activates the NLR family pyrin
domain-containing 3 (NLRP3) inflammasome by modulating
mO6A modification of the long non-coding RNA Neatl, contrib-
uting to RPE pyroptosis (38,39). These mechanisms illustrate
the multi-level regulatory role of m6A in AMD pathogenesis.
Experimental evidence further supports its functional
significance. In a laser-induced CNV model, knockdown of
WTl-associated protein (WTAP) suppressed pathological
angiogenesis (40). Intervention in METTL3 or ALKBHS
expression in RPE cells influenced EMT and angiogenic
processes, respectively (33,36). Clinical sample analyses
suggest that m6A-related factors such as METTL3 are asso-
ciated with AMD risk (41), while FTO inhibitors exhibit
anti-inflammatory effects in experimental models (38).
Collectively, these studies demonstrate the critical regulatory
function of m6A modification in AMD development.

4. Role of m6A modification in RB and uveitis: Current
evidence and limitations

Although RB (a malignant tumor) and uveitis (an autoimmune
inflammatory disease) differ fundamentally in etiology and
pathology, they share a common challenge in m6A research:
Direct evidence remains extremely scarce. The majority of
our current understanding of m6A modification in these two
conditions is extrapolated from studies on other cancers (for
RB) or other inflammatory/autoimmune diseases (for uveitis).
While such extrapolations offer valuable mechanistic insights
and potential therapeutic directions, they also carry a high risk
of overgeneralization. Therefore, the present review reports the
current knowledge on m6A in RB and uveitis in the following
two subsections, followed by a consolidated discussion of
limitations and future priorities.

m6A in RB and uveitis. RB is the most common intraocular
malignancy in children, primarily caused by biallelic mutations
in the RBI1 gene. Clinical manifestations include leukocoria,
strabismus or visual impairment, with potential metastasis
and poor treatment outcomes in advanced cases (42,43).
Recent research has highlighted the role of m6A modification
in tumor progression, as it regulates gene expression at the
post-transcriptional level and may contribute to the malignant
progression of RB (44).

Although studies on m6A in RB remain limited,
mechanisms observed in other cancers may provide insights.
METTL3-mediated m6A modification enhances the stability
and translation efficiency of oncogenic transcripts, promoting
tumor progression (45). YTHDF2 recognizes m6A marks


https://www.spandidos-publications.com/10.3892/mmr.2026.13923

4 ZHANG et al: ROLE OF m6A MODIFICATION IN RETINAL DISEASES

to facilitate the degradation of target mRNAs, affecting
genes related to cell cycle and apoptosis (46). FTO regulates
signaling pathways such as MYC through demethylation (47).
These mechanisms suggest potential analogous functions of
m6A modification in RB.

Indirect experimental evidence supports its potential role.
In lung cancer, METTL3 knockdown suppresses the expres-
sion of genes such as cyclin-dependent kinase 6 (CDK6) and
matrix metalloproteinase-2, delaying tumor progression (48).
In hepatocellular carcinoma, ALKBHS influences malignant
phenotypes by regulating signal transducer and activator
of transcription 1 mRNA stability (49). In bladder cancer,
YTHDEF?2 promotes tumor growth by degrading period circa-
dian regulator 1 mRNA (50). These findings offer a reference
for understanding the role of m6A in RB.

Therapeutic strategies targeting the m6A regulatory
network show promising potential. The METTL3 inhibitor
STM2457 suppresses acute myeloid leukemia cell prolifera-
tion (51). The FTO inhibitor FB23-2 induces cell differentiation
and apoptosis (52). The YTHDF1 inhibitor ebselen exhibits
antitumor effects in breast cancer (53). These discoveries
provide new directions for RB treatment.

Uveitis is an inflammatory disease involving the iris,
ciliary body and choroid that is frequently associated with
autoimmune dysregulation. Characterized by immune cell
infiltration and breakdown of the blood-retinal barrier, it
represents a significant cause of vision impairment in young
and middle-aged adults (54). m6A modification, which is
critically involved in immunoregulation, may contribute to
the development of uveitis. METTL3-mediated m6A modifi-
cation promotes the stability of T cell immunoreceptor with
Ig and ITIM domains (TIGIT) mRNA, thereby regulating T
cell function. During T-cell exhaustion, METTL3 upregulates
TIGIT expression by enhancing its mRNA stability, leading
to T-cell dysfunction. T cell-mediated autoimmune responses
play a central role in its pathogenesis (55). This suggests that
m6A modification may influence immune homeostasis in
uveitis by modulating immune checkpoint molecules.

Furthermore, m6A modification participates in innate
immune regulation. In conditions such as juvenile idiopathic
arthritis, decreased expression of FTO and ALKBHS in
monocytes at inflammatory sites leads to elevated m6A levels,
promoting aberrant monocyte activation (56). Given that
monocyte/macrophage infiltration is a key feature of uveitis,
m6A may influence the inflammatory process by regulating
their activation state.

An experimental study indicated that METTL3 knock-
down ameliorates T cell exhaustion (57), and peripheral blood
mo6A levels correlate with disease activity in autoimmune
disorders. Although direct evidence in uveitis is limited,
these findings imply that m6A may participate in disease
pathogenesis through its regulation of T cells and monocytes/
macrophages.

Therapeutic targeting of m6A regulators, such as the
METTL3 inhibitor STM2457, have demonstrated anti-inflam-
matory effects in various models, offering new avenues for
immunotherapy in uveitis

Limitations and future directions. Due to the scarcity of
direct studies on m6A modification in RB and uveitis, the

above discussion partly relies on findings from other cancers
or inflammatory diseases. These extrapolations should be
interpreted with caution, and future work using RB-specific
and uveitis-specific models (for example patient-derived xeno-
grafts for RB, experimental autoimmune uveitis models) is
urgently needed to validate the proposed mechanisms and to
explore the therapeutic potential of targeting m6A regulators
in these conditions.

5. Role of m6A modification in RP

RP is an inherited retinal degenerative disorder characterized
primarily by photoreceptor cell apoptosis. It is frequently
caused by mutations in genes such as RP GTPase regulator
(RPGR), and effective treatments are currently lacking (58,59).

A study has shown that m6A modification contributes
to the progression of RP by dynamically regulating gene
expression. METTL14 expression is reduced in patients, and it
regulates microtubule-associated protein 2 (MAP2) expression
via m6A modification, influencing phagocytosis, proliferation
and apoptosis in retinal pigment epithelial cells. YTHDF2
recognizes m6A marks on MAP2 mRNA, affecting its
stability and subsequently modulating factors such as neuronal
differentiation 1, thereby playing a role in maintaining cellular
function (60).

Additionally, circular RNAs derived from the RPGR gene
locus contain m6A modification motifs, which may participate
in the regulation of RPGR pre-mRNA and influence photo-
receptor cell survival (61). A study has demonstrated that
METTLI14 knockdown impairs phagocytosis and increases
apoptosis in ARPE-19 cells, with MAP2 identified as a key
target (60). In animal models, METTLI14 deficiency exacer-
bates retinal degeneration, and m6A modification of circular
RNAs may be involved in translational regulation (61),
supporting the functional relevance of mo6A in this disease.

mo6A modification may also influence disease progression
by regulating oxidative stress and inflammatory responses.
Targeted strategies such as METTL3 inhibitors have shown
protective effects in glaucoma models (62), and FTO/ALKBHS
inhibitors have exhibited efficacy in other retinal disorders,
suggesting their therapeutic potential for RP.

6. Discussion and future perspectives

Critical synthesis of contradictory findings. The m6A regula-
tory network exhibits marked context-dependent functions
across different retinal diseases. An example is ALKBHS, a
mo6A demethylase. In DR, ALKBHS exerts protective effects
by reducing ferroptosis through YTHDF1-mediated degrada-
tion of ACSL4 mRNA (28). Conversely, in AMD, ALKBHS5
promotes choroidal neovascularization and subretinal fibrosis
by stabilizing ID2 mRNA (36). Such opposing roles highlight
that the therapeutic outcome of targeting a single m6A regulator
may vary dramatically depending on disease context, cell type
and microenvironment. Similarly, METTL3 has been consis-
tently reported as pathogenic in both DR and AMD, driving
inflammation in the former and fibrosis in the latter (33,63).
However, functional redundancy among methyltransferases
(for example METTL3 and METTL14) may complicate the
interpretation of single-enzyme inhibition studies. These
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Figure 2. Central role of m6A modification in retinal diseases. This graphical abstract illustrates m6A RNA modification as a dynamic regulatory hub, orches-
trated by writers (methyltransferases), erasers (demethylases) and readers (binding proteins), in the pathogenesis of major retinal diseases, including DR, AMD,
retinoblastoma, uveitis and retinitis pigmentosa. Although the figure presents disease-specific pathways, several m6A-regulated pathological modules-such
as inflammation (DR, uveitis and AMD), angiogenesis (DR and AMD) and cell death, including ferroptosis and pyroptosis (DR, AMD and RP) - recur across
multiple diseases, representing shared mechanisms. Arrows indicate the dysregulation of key m6A-modifying enzymes (for example METTL3 and ALKBHS)
and their influence on disease-specific pathological processes. The lower section highlights the therapeutic potential of targeting the m6A pathway with
small-molecule inhibitors. m6A, N6-methyladenosine; DR, diabetic retinopathy; AMD, age-related macular degeneration; RPE, retinal pigment epithelium;

CNYV, choroidal neovascularization.

discrepancies underscore the need for cell-type-specific and
disease-stage-specific investigations before clinical transla-
tion (41).

Common m6A-regulated modules across retinal diseases.
Despite disease-specific differences, several common
m6A-regulated pathological modules recur across DR, AMD,
RP and other retinal disorders. First, inflammation is a contrib-
uting factor. METTL3-mediated m6A modification enhances
PIEZO1 mRNA stability in DR (25) and activates the NLRP3
inflammasome in AMD (38), both leading to inflammatory
damage. Second, angiogenesis represents another conver-
gent module. ALKBHS5-driven ID2 upregulation promotes
choroidal neovascularization in AMD (36), while METTL3
influences VEGF expression in DR (29). Third, cell death
pathways including ferroptosis, pyroptosis and autophagy are
commonly regulated by m6A. For instance, ALKBHS protects
against ferroptosis in DR via ACSL4 (28), whereas FTO
promotes pyroptosis in AMD via Neatl (38), and METTL3
modulates autophagy in retinal ganglion cells (64). These
shared modules suggest that targeting a single m6A regulator
may have pleiotropic effects across multiple diseases, but also
raises concerns about off-target outcomes.

Positioning of m6A-targeted therapy relative to current
treatments. Current standard therapies for major retinal

diseases include anti-VEGF agents (for DR and neovascular
AMD), laser photocoagulation, corticosteroids and, for
selected RP cases, gene replacement therapy (65,66). While
these treatments have proven efficacy, limitations such as
frequent intravitreal injections, non-response in a subset of
patients (for example anti-VEGF resistance in DR), and lack
of curative options for degenerative conditions persist. In this
context, m6A-targeted agents could be positioned in several
ways: 1) As adjunctive therapy combined with anti-VEGF to
enhance efficacy or reduce injection frequency; ii) as an alter-
native or add-on for anti-VEGF-resistant patients, particularly
those with persistent inflammation or ferroptosis-driven
pathology; and iii) for early-stage intervention, targeting m6A
modules before irreversible vascular or neuronal damage
occurs. For RP and uveitis, where anti-VEGF is not the
mainstay, m6A modulators may complement gene therapy (by
stabilizing photoreceptor transcripts) or immunosuppressants
(by fine-tuning T cell responses) (67).

Delivery and safety challenges. Systemic administration of
mo6A-targeting small molecules (for example STM?2457 and
FB23-2) poses a risk of off-target effects due to the ubiquitous
expression of m6A machinery across tissues. However, the
eye offers unique advantages for local delivery. Intravitreal
injection can achieve high retinal drug concentrations while
minimizing systemic exposure (68). Nevertheless, several
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Figure 3. Schematic representation of the m6A regulatory network in retinal
pathophysiology. This model illustrates the central role of m6A RNA modifi-
cation, mediated by writers (W), erasers (E) and readers (R), in coordinating
key biological processes within the retina. The dynamic interplay of these
regulatory proteins influences a network of downstream pathways, including
epitranscriptomic regulation, inflammatory response, angiogenesis and
cell survival, which collectively contribute to retinal disease pathogenesis.
The convergence of these pathways highlights the potential of targeting the
mOA machinery for therapeutic intervention. m6A, N6-methyladenosine; W,
writers; E, erasers; R, readers; WTAP, WTl-associated protein; YTHDCI,
YTH domain-containing protein 1.

challenges remain. First, current inhibitors lack long-term
safety data in large animal models; non-human primate
studies are urgently needed. Second, retinal cell-type
specificity is difficult to achieve with small molecules alone.
Emerging delivery strategies include adeno-associated virus
(AAV) vectors for targeted expression of m6A enzyme modu-
lators (41), nanoparticle-based carriers to enhance retinal
penetration (69), and biodegradable hydrogels for sustained
release. Third, potential immune responses against viral
vectors or repeated injections must be addressed. These safety
and delivery considerations are critical for clinical translation.

Future perspectives. Future research should prioritize the
development of tissue-specific regulatory tools, such as AAV
vectors for precise editing of m6A enzymes (41). Mapping
m6A epitranscriptomes across disease stages via single-cell
sequencing will help elucidate their dynamic changes (70).
Concurrently, deeper investigation into the interplay between
m6A and other epigenetic mechanisms such as histone modi-
fications and DNA methylation is warranted (71). Optimizing
nanoparticle-based delivery systems may enhance retinal drug
accumulation and reduce systemic toxicity (72). Establishing
non-human primate models will be crucial for evaluating
long-term safety and efficacy. Furthermore, advancing the
clinical translation of m6A-related biomarkers (for example
blood METTL14 levels) could support personalized treatment
strategies (73).

Notably, m6A-targeted agents may synergize with conven-
tional therapies. In diabetic retinopathy, combining m6A
regulators with anti-VEGF drugs could enhance efficacy, while
in RP, integrating gene therapy with m6A modulation may yield
synergistic protective effects. Artificial intelligence-driven
multi-omics analyses hold promise for uncovering novel m6A
regulatory networks, providing a theoretical foundation for
combination therapies. Progress in these areas will require

interdisciplinary collaboration across epigenetics, bioinfor-
matics, materials science and clinical medicine.

In summary, m6A modification serves as a critical epitran-
scriptomic regulatory mechanism in retinal diseases (Fig. 2).
Although m6A-targeted therapies face multiple challenges,
advancing mechanistic studies, developing precise regulatory
tools and promoting clinical validation may offer new hope for
patients. Future efforts should focus on multi-omics integra-
tion, delivery system optimization, and rigorous clinical trial
design to accelerate the translation of m6A-based treatments
into clinical practice.

7. Conclusion

Collectively, the present review delineates the critical involve-
ment of m6A modification in the pathogenesis of various
retinal diseases, including diabetic retinopathy, age-related
macular degeneration, RB, uveitis and RP. The dynamic
and reversible nature of m6A modification, governed by
methyltransferases, demethylases and reader proteins, exerts
multifaceted control over key pathological processes such
as aberrant angiogenesis, inflammation, cellular death and
photoreceptor degeneration. Emerging evidence highlights
the therapeutic potential of targeting specific m6A regulators,
exemplified by small-molecule inhibitors like STM2457 and
FB23-2 in preclinical models (Fig. 3).

However, translating these findings into clinical applications
faces challenges, primarily concerning cell-type specificity,
efficient retinal drug delivery and functional redundancy
within the m6A network. Future research should prioritize
the integration of multi-omics approaches, the development
of targeted delivery systems and rigorous validation in physi-
ologically relevant models. Overcoming these hurdles will be
instrumental in harnessing the epitranscriptome for novel
diagnostic and therapeutic strategies against retinal diseases,
ultimately aiming to preserve vision in affected patients.
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