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Abstract

Ophthalmic diseases, including inherited retinal dystrophies, age-related macular degen-
eration (AMD), and glaucomatous neuropathies, are often driven by the expression of
pathogenic proteins or dysfunctional non-coding RNAs that are currently considered
‘undruggable’ with conventional small-molecule therapeutics. The emerging strategy of
Ribonuclease-Targeting Chimeras (RIBOTACs) offers a revolutionary approach to address
this therapeutic gap. RIBOTACs are heterobifunctional small molecules designed to bind a
specific target RNA with one moiety and recruit a latent endogenous ribonuclease, such as
RNase L, with the other, thereby catalyzing the RNA’s degradation. This targeted degrada-
tion can potentially halt the production of mutant proteins, eliminate toxic gain-of-function
RNAs, or modulate key regulatory pathways involved in angiogenesis, inflammation, and
apoptosis—core processes in many blinding diseases. This review explores the immense
potential of applying RIBOTAC technology to ophthalmology, discussing prospective
targets such as mutant alleles in retinitis pigmentosa, VEGF transcripts in neovascular
AMD, and inflammatory mediators in uveitis. We will also address the unique challenges
and opportunities for RIBOTAC development in the eye, including delivery strategies to
overcome ocular barriers, the need for high specificity to avoid off-target RNA degradation,
and the optimization of pharmacokinetic properties for intraocular administration. With
continued innovation, RIBOTACs are poised to evolve into a robust therapeutic platform,
expanding the druggable genome and enabling precise, durable treatments for a range of
currently intractable ophthalmic conditions.

Keywords: RIBOTACS; RNA degradation; RNA-based strategy; ribonuclease; ocular
diseases; blindness

1. Introduction
Over the past decade, the importance of RNA species in ocular biology and disease

has become increasingly evident. MicroRNAs (miRNAs), long noncoding RNAs (lncR-
NAs), and messenger RNAs (mRNAs) contribute to key pathological processes in the
eye—including inflammation, aberrant angiogenesis, fibrosis, and neurodegeneration—
through highly interconnected regulatory networks. Numerous lncRNAs are differentially
expressed in ocular tissues in conditions such as diabetic retinopathy, glaucoma, and age-
related macular degeneration (AMD), suggesting their potential as therapeutic targets [1].
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In diabetic retinopathy (DR), dysregulated noncoding RNAs influence vascular leak-
age, inflammation, and cell death [2,3] miRNAs modulate signaling pathways in endothelial
cells, pericytes, and Müller glia, while lncRNAs contribute via epigenetic regulation and
scaffolding of molecular complexes, fine-tuning pathological responses [4]. In AMD, inte-
grative transcriptomic analyses have identified lncRNAs that are differentially expressed
in the retinal pigment epithelium (RPE) and neural retina, implicating them in senescence,
immune dysregulation, and complement activation [5].

Dysregulation of noncoding RNAs is also implicated in other proliferative retinopathies.
In retinopathy of prematurity (ROP), miR-146a, miR-21, and miR-210 are downregulated
in affected infants, with altered expression believed to influence angiogenic signaling [6].
Functional studies demonstrate that miR-126 suppresses VEGF expression and limits
pathological neovascularization in the retina, providing mechanistic support for RNA
dysregulation as a driver of disease phenotype [7]. Circular RNAs (circRNAs), acting as
molecular “sponges” for miRNAs, add another regulatory layer: altered circRNA profiles
have been documented in peripheral blood mononuclear cells of infants with ROP [8].
It has also been reported that circRNA RSU1 promotes retinal vascular dysfunction by
regulating miR-345-3p/TAZ under diabetic conditions [9], illustrating the complexity of
noncoding RNA networks in ocular disease.

Collectively, these findings underscore the central role of diverse RNA species in
the molecular pathology of ophthalmic diseases, positioning them simultaneously as
biomarkers and as promising therapeutic targets.

Despite this strong rationale, translating RNA-based therapies into the eye has been
challenging. Small interfering RNAs (siRNAs), antisense oligonucleotides (ASOs), and
miRNA mimics or inhibitors have shown promise in preclinical and early clinical studies,
yet their impact is often limited by issues of delivery, stability, off-target effects, and
immunogenicity. The eye’s compartmentalized anatomy facilitates local delivery. However,
siRNA and ASO therapies still face significant challenges, including poor tissue penetration
and transient pharmacological effects. ASOs have been especially explored in inherited
retinal diseases: clinical trials for Leber congenital amaurosis associated with CEP290
mutations have demonstrated acceptable safety and early signs of efficacy [10,11]. However,
the chemical nature of ASOs imposes significant drawbacks, including susceptibility to
degradation, limited intracellular uptake, and potential immune activation. Improved
chemistries, bio-conjugation strategies, and delivery platforms are needed to overcome
these barriers [12,13].

The limitations of earlier RNA modalities are evident in the development of iCo-007, a
second-generation ASO designed to downregulate multiple pro-angiogenic growth factors
in DR. Although it exhibited an extended half-life, nuclease resistance, and a favorable
safety profile, concerns persisted regarding dosing frequency, long-term durability, and the
efficiency of retinal delivery [14]. Thus, despite significant progress in RNA therapeutics, a
clear unmet need remains for approaches that are more potent, specific, and long-lasting.

In this landscape, Ribonuclease-Targeting Chimeras (RIBOTACs) have emerged as
a highly compelling therapeutic modality (Table 1). RIBOTACs are bifunctional small
molecules that bind a structured RNA target and simultaneously recruit an endogenous
ribonuclease—typically RNase L—to catalyze its degradation [15]. By bringing RNase L
into proximity with the target RNA, RIBOTACs trigger localized dimerization and acti-
vation of the enzyme, producing site-specific cleavage. This mechanism enables catalytic,
rather than stoichiometric, target turnover: a single RIBOTAC molecule (differently from
ASOs) can degrade multiple RNA copies. Moreover, because RIBOTACs rely on small-
molecule recognition of RNA structural motifs rather than Watson–Crick base pairing,
they can exploit unique three-dimensional RNA folds, offering the potential for enhanced
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specificity and reduced off-target interactions. Altogether, the RIBOTAC strategy directly
addresses many of the longstanding challenges of RNA therapeutics and has the potential
to deliver more durable and selective interventions for ocular disease [16,17]. This review
discusses RIBOTACs’ mechanism of action, therapeutic potential, and challenges for ocular
applications, while integrating recent advances in the field, thus providing a rationale
for RIBOTACs’ use in ophthalmology. Importantly, RIBOTACs should not be viewed as
competitors to established RNA-targeting platforms such as antisense oligonucleotides or
RNA interference, which remain the most universal and clinically advanced approaches.
Rather, RIBOTACs represent a mechanistically distinct, complementary strategy that may
be advantageous in selected scenarios—particularly for structured RNAs that are poorly ac-
cessible to Watson–Crick base pairing or for applications where catalytic RNA degradation
could offer enhanced potency or durability.

Table 1. Comparison of antisense oligonucleotides (ASOs) and RIBOTACs. The table highlights
mechanistic and developmental differences between the two platforms; these approaches should be
considered complementary rather than mutually exclusive.

Feature Antisense Oligonucleotides (ASOs) RIBOTACs

Mechanism Base pairing; recruits RNase H or
steric block

Bifunctional chimera; recruits cellular
ribonuclease (e.g., RNase L)

Specificity High (sequence-based) Very high/theoretically higher
(dual-recognition)

Potency Stoichiometric (1:1 ratio) Catalytic (highly potent,
amplifies effect)

Delivery Mature (chemical modifications,
approved drugs)

Nascent/challenging
(pre-clinical stage)

Clinical Status Multiple FDA-approved drugs Research-stage, no approved drugs

Major Advantage Proven platform, predictable design High specificity and potency, can
target undruggable RNAs

Major Disadvantage Off-target effects, delivery limitations Difficulty finding RNA-binding
molecules, unproven delivery

2. Mechanism of RIBOTACs
Over recent years, the mechanism of Ribonuclease-Targeting Chimeras (RIBOTACs)

has been clarified, revealing a modular small-molecule architecture designed to achieve
selective RNA degradation. RIBOTACs consist of three coordinated components: (i) an
RNA-binding moiety that recognizes a specific structured RNA element, (ii) a recruiter
module that engages an endogenous ribonuclease—most commonly RNase L—and (iii) a
chemical linker optimized to permit simultaneous binding of both modules. The RNA-
binding domain often derives from small molecules known to associate with defined RNA
motifs; for example, dovitinib has been reprogrammed to bind the hairpin of pre-miR-21
and employed as a scaffold for RIBOTAC construction [18–20]. The recruiter module
typically incorporates small-molecule RNase L activators. Early generations relied on
2′–5′ oligoadenylate analogs, whereas more recent designs use synthetic heterocycles
identified through targeted screening [19,21,22]. Linker composition is critical: variations
in length, rigidity, and permeability strongly influence ternary-complex formation and
overall potency [20].

A central feature of RIBOTAC activity is RNase L biochemistry. RNase L is ordi-
narily a latent monomer, but upon recruitment it dimerizes and becomes catalytically
active [23]. RIBOTACs promote this oligomerization by positioning an RNase L activa-
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tor adjacent to the RNA-binding module. This proximity-driven assembly produces an
RNase L–RNA–RIBOTAC ternary complex, enabling precise cleavage of the target RNA in
cis [19,20,23]. Multiple experimental systems—such as saturation transfer difference (STD)
NMR, recombinant RNase L assays, and cellular knockdowns—have been used to validate
each mechanistic step from recruiter binding to RNA cleavage and degradation in living
cells [23].

Selectivity arises from the ability of RIBOTACs to exploit the three-dimensional struc-
ture of RNA. Unlike oligonucleotide therapeutics, which rely on Watson–Crick complemen-
tarity, RIBOTACs recognize folded RNA motifs including hairpins, bulges, and internal
loops [21,22]. Transcriptome-wide analyses show that only a subset of small-molecule-
associated RNAs are efficiently cleaved, indicating that productive degradation requires
both stable secondary structure and an accessible RNase L cleavage site adjacent to the
binding motif [20]. Strategic placement of the recruiter module relative to natural RNase L
cut sites is therefore essential (Figure 1). Degradation efficacy also varies with transcript
abundance and with cell- or tissue-specific levels of RNase L, emphasizing the need to
consider expression patterns and baseline enzymatic activity when selecting ocular RNA
targets [20].

Figure 1. Mechanism of catalytic RNA degradation by RIBOTACs (left) and a schematic diagram
of the eye and RIBOTAC delivery in the retina (right) highlighting the feasibility of application
of this technology. RIBOTACs bind selectively to a target RNA through an RNA-binding moiety
(Step 1), recruit and activate RNase L by inducing dimerization of inactive monomers (Step 2), and
promote catalytic cleavage of bound RNA followed by exonucleolytic degradation and RIBOTAC
turnover (Step 3). This may represent a novel way to target and degrade candidate RNAs involved in
ocular diseases.

3. State of the Art: RIBOTACs in Other Diseases
Over the last few years, RIBOTACs have progressed rapidly from proof-of-concept

molecules to therapeutically relevant agents across oncology, neurodegeneration, and other
disease areas, demonstrating their versatility in targeting structured pathological RNAs.
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3.1. Oncology Applications

One of the earliest and most extensively studied applications focuses on the oncogenic
miRNA precursor pre-miR-21. Dovitinib, originally developed as a protein kinase inhibitor,
was repurposed to bind the structured hairpin of pre-miR-21 and converted into a RIB-
OTAC by attaching an RNase L recruiter. This chimera selectively degraded pre-miR-21
in cells and exhibited markedly reduced activity against dovitinib’s native protein target,
achieving a substantial shift in molecular specificity [18]. In mouse cancer models, systemic
administration lowered miR-21 levels, restored tumor suppressor proteins such as PDCD4
and PTEN, and reduced metastatic progression [21].

To further refine precision, tumor-activated RIBOTACs (TaRiboTACs) have been de-
veloped to function only within the tumor microenvironment. A notable example is a
dual-responsive TaRiboTAC engineered to degrade pre-miR-21 specifically in acidic and
oxidative conditions. In this design, the RNase recruiter is masked with a phenylboronic
acid group that is removed upon exposure to elevated hydrogen peroxide, thereby acti-
vating RNase L only in tumors [24]. Incorporation of an RGD peptide for tumor targeting
and a fluorophore for imaging enabled both spatial selectivity and real-time tracking. In
lung adenocarcinoma xenograft models, this molecule degraded pre-miR-21, enhanced
radiosensitivity, and suppressed tumor growth [24].

RIBOTACs have also been extended to structured mRNAs and noncoding RNAs
beyond miRNAs. Inducible RIBOTACs (iRIBOTACs), activated only in response to cell-
specific triggers, have been developed to selectively degrade G-quadruplex (G4)-containing
mRNAs, demonstrating the potential for precise spatial and temporal control in cancer
therapy [25].

3.2. Neurodegenerative Diseases

RIBOTACs also show promise in neurodegenerative disorders in which aberrant
RNA transcripts contribute directly to pathology. In Parkinson’s disease, pathological
accumulation of α-synuclein is driven by elevated or dysregulated α-synuclein (SNCA)
mRNA. Because the SNCA 5′ untranslated region contains a structured element, small
molecules have been identified that bind this region and inhibit translation [26]. Building on
this scaffold, researchers developed a RIBOTAC (“Syn-RiboTAC”) that selectively recruits
RNase L to the SNCA transcript. In neuronal cultures, Syn-RiboTAC degraded SNCA
mRNA, reduced SNCA protein levels, and restored expression of genes dysregulated
in patient-derived neurons [26]. This illustrates how RIBOTACs can target transcripts
underlying “undruggable” proteinopathies (Table 2).

Another important neurodegenerative target is the expanded G4C2 repeat in C9orf72,
the most common genetic cause of amyotrophic lateral sclerosis (ALS) and frontotemporal
dementia (FTD). Although peer-reviewed details remain limited, research reports and
patent literature describe RIBOTACs designed to fold into the G-rich expanded RNA,
recruit RNase L, and selectively degrade the pathogenic transcript [27]. Such strategies
could simultaneously reduce nuclear RNA foci and the toxic dipeptide repeat proteins
produced by repeat-associated non-AUG translation.
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Table 2. Overview of key RIBOTAC molecules developed to date. For each, the table illustrates how
RIBOTACs can degrade diverse RNA classes in different pathological contexts with high selectivity
and efficacy.

RIBOTAC
Name/Type Target Disease Model/Context Key Findings/Results

TGP-21 RIBOTAC pre-miR-21
(oncogenic miRNA)

Triple-negative breast
cancer cells

Degraded pre-miR-21 with high potency,
shifted selectivity away from the parent
protein target, reduced mature miR-21,

and was effective in mouse cancer
models [18,19,21]

DEL-screened RNase
L-recruiting RIBOTAC pre-miR-21 Cancer cell lines

Identified a novel RNase L recruiter via
DNA-encoded library (DEL) and

combined it with an RNA-binding
moiety to induce RNase L activation and

pre-miR-21 cleavage [19]

TaRiboTAC
(tumor-activated) pre-miR-21

Tumor
microenvironment,

in vivo

A RIBOTAC activated by tumor-specific
conditions (low pH, high H2O2) that
selectively degrades pre-miR-21 in

tumors, enhances radiosensitivity, and
shows minimal systemic toxicity [16]

iRIBOTAC (inducible) G-quadruplex (G4)
RNAs

Cancer
(in vitro/in vivo)

Designed for stimulus-dependent
activation; upon triggering, it degrades
G4-containing RNAs, induces apoptosis,

and suppresses tumor growth in
mice [25]

Syn-RiboTAC SNCA mRNA
(α-synuclein)

Parkinson’s disease
(cell models,

iPSC-derived neurons)

Selectively degrades SNCA mRNA,
reduces α-synuclein protein, and rescues

dysregulated gene expression in
patient-derived neurons [26]

TERRA-RIBOTAC lncRNA TERRA
(G-quadruplex) ALT cancer cell lines

Targets the G-quadruplex structure of
TERRA, recruits RNase L, degrades

TERRA, disrupts telomere maintenance,
and reduces clonogenic survival in

cancer cells [28]

3.3. Other RNA Structures

Beyond mRNAs and miRNAs, RIBOTACs are being engineered against structurally
complex long noncoding RNAs. A prime cancer target is the lncRNA TERRA, which
forms G-quadruplex structures crucial for telomere maintenance in tumors that rely on the
Alternative Lengthening of Telomeres (ALT) pathway. By designing RIBOTACs that bind
TERRA’s G-quadruplexes and recruit RNase L, researchers can induce its degradation. This
strategy directly impairs telomere maintenance, leading to significantly reduced clonogenic
survival in ALT cancer models [28].

In parallel with therapeutic development, new tools have been introduced to visualize
and quantify RNase L activity in real time. Fluorescent RNase L probes that emit a signal
upon binding allow live-cell imaging of enzyme activation, trafficking, and localization [29].
These tools also facilitate high-throughput screening of recruiter modules and provide a
platform for optimizing RIBOTAC chemistry and mechanism in diverse cellular systems.
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4. Potential Ophthalmic Applications of RIBOTACs
The demonstrated utility of RIBOTACs in oncology and neurodegeneration highlights

a strong opportunity to translate this platform into ophthalmology. The eye—particularly
the retina—is increasingly recognized as a site of profound RNA dysregulation, with
mounting evidence implicating RNA mis-splicing, aberrant noncoding RNA activity, and
pathological RNA–protein interactions in diseases such as age-related macular degenera-
tion (AMD) [30]. This expanding understanding of RNA-centric mechanisms provides a
compelling rationale for applying targeted RNA degradation strategies such as RIBOTACs.

4.1. Candidate RNA Targets in Eye Diseases

A broad range of regulatory RNAs contribute to ocular pathology, making them
strong candidates for targeted degradation. Among microRNAs, miR-21 is one of the most
extensively implicated in diabetic retinopathy. Elevated miR-21 correlates with disease
severity in patient plasma [31,32], and functionally it suppresses PPARα, promoting vascu-
lar dysfunction; inhibition of miR-21 ameliorates microvascular damage in experimental
models [33]. Another key regulator, miR-146a, plays an anti-inflammatory role in reti-
nal endothelial cells under hyperglycemic stress, reducing IL-6, STAT3 phosphorylation,
and VEGF expression [34]. Multiple additional miRNAs—including miR-200b, miR-126,
miR-195, and miR-29b—are involved in angiogenesis and regulated cell death pathways
in DR [32], while miR-34a, miR-27a, miR-23a, and miR-155 have been associated with
degeneration and immune dysregulation in AMD [35]. In inherited conditions, miR-184 is
strongly implicated in keratoconus and cataract, reflecting its essential role in corneal and
aqueous humor homeostasis [36–39].

Long noncoding RNAs also play prominent roles in retinal vascular disease. Among
them, MALAT1 has emerged as a particularly relevant therapeutic target. MALAT1 con-
tributes to oxidative stress, angiogenesis, and inflammation in DR [40,41], and its knock-
down reduces pericyte loss, capillary degeneration, vascular leakage, and inflammatory
cytokine expression [42]. Mechanistically, MALAT1 functions as a competing endogenous
RNA—binding miR-124 to promote MCP-1-mediated inflammation [43] and sequestering
miR-125b to enhance VE-cadherin expression and angiogenesis [44]. Under high-glucose
stress, MALAT1 is transcriptionally upregulated via Sp1, suppressing Nrf2 signaling and
increasing oxidative damage [40]. It also modulates the miR-320a/HIF-1α axis and influ-
ences endothelial–mesenchymal transition via miR-205-5p/VEGF-A [42,45]. Alongside
MALAT1, the lncRNA XIST is another candidate target given its documented expression
and regulatory activity in retinal cells [46,47].

Together, these RNAs represent central nodes in the pathogenic networks driving
retinal inflammation, oxidative stress, and neovascularization. Strategic degradation of
key transcripts such as miR-21 or MALAT1 could modulate multiple disease pathways
simultaneously. However, optimal therapeutic benefit will depend on aligning target
selection with disease stage and cell-type-specific expression—for example, enhancing
miR-146a activity early in DR to suppress inflammation versus targeting MALAT1 in later
proliferative stages to curb neovascular growth.

4.2. Design Strategies for Ocular RIBOTACs

Adapting RIBOTACs for ophthalmic use requires careful attention to molecular design
and delivery. The RNA-binding module must recognize native folded structures—such as
miRNA hairpins or lncRNA loop domains—within retinal cells. This domain must then be
linked to an RNase L–recruiting moiety via a linker optimized for stability, cell permeability,
and productive ternary-complex formation. Because RNase L expression and activation
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thresholds differ across retinal endothelial cells, Müller cells, and RPE, recruiter potency
may need to be tuned to the specific cellular environment.

Conditional activation strategies, such as masked recruiters that respond to oxida-
tive stress or inflammatory signals, may enhance local specificity by initiating RNase L
activation only within diseased tissue. This approach mirrors successful tumor-activated
RIBOTAC designs and could reduce off-target degradation in healthy retinal regions [24].

Delivery remains a central challenge due to the blood–retinal barrier and the viscoelas-
tic vitreous. Non-viral nanocarriers—including solid lipid nanoparticles (SLNs), liposomes,
and hydrogels—can increase stability, enable sustained release, and improve posterior-
segment penetration. Lipid nanoparticles (LNPs), in particular, have demonstrated efficient
retinal delivery after intravitreal injection, supporting mRNA expression in mouse and
human retina without acute inflammation [48]. Reviews of ocular nanocarrier systems
highlight SLNs and nanostructured lipid carriers (NLCs) as promising vehicles due to
their biocompatibility, sustained release properties, and favorable biodistribution [49,50].
Additional control over specificity may come from “activation-upon-disease” paradigms,
in which linkers or recruiters respond to pathological microenvironment cues such as
oxidative stress or inflammatory mediators [51].

Of note, targeted protein degradation strategies have already been explored in ophthal-
mology. The proteolysis-targeting chimera (PROTAC), known as dBET6, actually inhibits
the Bromodomain and ExtraTerminal domain (BET) proteins while reducing light-induced
retinal degeneration and suppressing the cGAS–STING pathway of inflammation in mi-
croglia and macrophages [52], illustrating the feasibility of deploying heterobifunctional
small-molecule degraders in retinal disease and providing an encouraging precedent for
RIBOTAC-based therapies.

5. Challenges and Limitations
Although RIBOTACs offer a powerful and elegant strategy for targeted RNA degrada-

tion, they currently lag behind RNAi and ASO therapeutics in clinical maturity, delivery
optimization, and breadth of applicable targets. Their translation to ocular therapy, fur-
thermore, poses substantial scientific, safety, and regulatory challenges. Multiple layers
of complexity must be addressed to ensure that RIBOTACs can be deployed safely and
effectively within the highly specialized and immune-sensitive environment of the eye.

5.1. Safety and Toxicity

A central concern is the risk of excessive or dysregulated RNase L activation. Strong
or prolonged recruitment of RNase L may cause cleavage of unintended bystander RNAs,
generating self-RNA fragments that activate pattern-recognition receptors such as RIG-I
and DHX15, thereby amplifying interferon signaling and inflammasome pathways [53,54].
Canonical studies also demonstrate that RNase L–derived self-RNAs can stimulate the RIG-
I/MDA5 axis, potentiating antiviral and inflammatory responses [55]. Overactivation of
RNase L further risks inducing ribotoxic stress: evidence indicates that sustained cleavage
activity can trigger ZAKα-mediated MAPK activation (JNK/p38), producing inflammatory
and cytotoxic outcomes [56].

These responses constitute major safety liabilities for ocular therapy, where inflammation—
even if transient—can cause irreversible structural or functional damage. Because RIBO-
TACs function by enforcing proximity between RNase L and the target RNA, minimizing
off-target cleavage and limiting excessive activation will be essential. Balancing recruitment
strength, tuning linker geometry, and using conditional activation mechanisms will likely
be necessary to maintain therapeutic specificity.

https://doi.org/10.3390/ijms27031493
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A related issue is that RNase L is an integral component of the innate antiviral de-
fense system. Its activation by a RIBOTAC can mimic viral RNA cleavage and generate
potent immune stimuli. RNase L–derived RNA fragments promote antiviral stress granule
formation, boost interferon production via RIG-I and PKR, and induce pro-inflammatory
transcriptional programs [53,54]. In addition, cleavage products can activate the NLRP3
inflammasome, leading to IL-1β release [57]. These findings underscore the need for strict
control of RNase L activation when deploying RIBOTACs in the retina.

Off-target RNA cleavage represents a central safety concern for any ophthalmic RIBO-
TAC therapy. Although RNase L is not a globally destructive nuclease, transcriptome-wide
analyses in mammalian cells have shown that it cleaves a defined but not fully exclusive
subset of cellular RNAs [20,58]. This means that even when a RIBOTAC is designed to
recruit RNase L to a specific pathogenic transcript, bystander RNAs may still be degraded,
particularly those that naturally contain RNase-L–preferred UNˆN motifs or become locally
accessible during stress. For this reason, comprehensive and unbiased off-target profiling is
essential. Techniques such as RNA-seq, PARE/GMUCT, and 5′-end–mapping approaches
can precisely identify all RNA fragments generated after RIBOTAC treatment, allowing
investigators to distinguish intended target cuts from unintended cleavage products [59,60].

5.2. Efficiency of Degradation

Binding to a target RNA does not guarantee efficient degradation. Effective cleavage
requires that the recruiter module be positioned at a conformationally appropriate distance
from accessible RNase L cleavage sites. Transcriptome-wide studies confirm that only a
subset of small-molecule–bound RNAs are efficiently degraded; RNAs with stable local
structures around the binding pocket and proximal RNase L cut sites are more susceptible
to cleavage [20].

Design, therefore, depends on careful structural characterization of the target RNA
using SHAPE, in-line probing, or biochemical footprinting to identify both the structural
binding motif and adjacent cleavage sites [23].

Kinetic factors further influence degradation efficiency. The catalytic cycle relies on
a “bind–cleave–leave” mechanism: RNase L must cleave the RNA efficiently, and the
RIBOTAC must dissociate rapidly enough to recycle to new RNA molecules. Overly
strong binding can decrease turnover, while weak binding reduces on-target engagement.
Modeling of enzyme-recruiting oligonucleotides shows that excessively tight binding
reduces catalytic recycling [61]. Experimental systems demonstrate that optimal designs
allow efficient dissociation and repeated cycles of cleavage [62]. Finally, potent RNase L
activators remain rare [63], highlighting the difficulty of balancing activation strength with
catalytic turnover.

5.3. RNase L Expression and Tissue Specificity

RNase L is a ubiquitously expressed endoribonuclease that functions as a central
effector of the interferon-stimulated antiviral response. Under basal conditions, RNase L
exists predominantly in an inactive monomeric state, and its catalytic activity is tightly
regulated to prevent unintended RNA degradation [52,55]. Both expression levels and
activation thresholds appear to vary across tissues and cell types, reflecting differences in
innate immune tone and stress responsiveness [55,57].

In ocular tissues, direct quantitative mapping of RNase L expression remains limited.
However, transcriptomic datasets and interferon-response studies indicate that RNase
L is broadly expressed in multiple ocular cell populations, including retinal pigment
epithelium and immune-associated cells, consistent with its widespread tissue distribu-
tion [52,55]. Importantly, RNase L expression and responsiveness are inducible and may be
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enhanced under inflammatory or degenerative conditions, including those characterized
by heightened innate immune signaling, such as diabetic retinopathy, uveitis, or retinal
injury [52–54].

To date, RNase L has not been identified as a causative factor in ophthalmic diseases,
nor has its dysregulation alone been linked to retinal pathology. Instead, RNase L should
be viewed as a conditionally activatable enzymatic effector whose activity is normally
constrained and context-dependent [55,57]. This suggests that RNase L recruitment by
RIBOTACs represents a pharmacologically imposed function rather than amplification of
an endogenous disease mechanism.

Nevertheless, variability in RNase L abundance, inducibility, and downstream im-
mune signaling across retinal cell populations may strongly influence both efficacy and
safety. Previous studies demonstrate that RNase L-mediated RNA cleavage can generate
self-RNA fragments capable of activating RIG-I–dependent innate immune pathways,
underscoring the importance of controlled and localized activation [53,54]. Consequently,
systematic characterization of RNase L expression and activation capacity in healthy versus
diseased ocular tissues—using approaches such as single-cell RNA sequencing, spatial
transcriptomics, and activity-based probes—will be essential for the rational development
of ophthalmic RIBOTACs.

5.4. Pharmacokinetics and Pharmacodynamics in the Eye

Achieving therapeutic concentrations of RIBOTACs in the eye presents formidable
pharmacokinetic (PK) and pharmacodynamic (PD) challenges. Small molecules may de-
grade chemically or enzymatically in aqueous and vitreous humor, as shown in ex vivo
vitreous studies of protein and small-molecule therapeutics [64]. Intravitreal models further
indicate that dissolution, instability, and clearance can markedly affect vitreous residence
time [65].

The vitreous itself—a hydrogel composed of collagen fibrils and polyanionic
glycosaminoglycans—imposes selective permeability that varies with molecular size,
charge, and hydrophobicity [66]. PK models demonstrate that the balance between anterior
and posterior elimination pathways, diffusion coefficients, and molecular dimensions gov-
erns intraocular half-life [67]. Both modeling and experimental work show that lipophilicity
and molecular size strongly influence clearance, with small lipophilic molecules exhibit-
ing rapid posterior elimination [67,68]. Preclinical studies confirm that small molecules
typically diffuse rapidly unless stabilized or encapsulated within a delivery system [69].

Optimizing dose and dosing frequency will therefore be essential. Depending on
therapeutic index and RNase L activation kinetics, RIBOTACs may require more fre-
quent low-dose intravitreal injections or sustained-release delivery strategies. Controlled-
release modalities—including PEGylated prodrug conjugates, biodegradable implants,
and nanoparticle depots—can extend intraocular residence time. For example, a 4-arm
PEG–small-molecule conjugate achieved a vitreous half-life of ~7 days in rabbits, with
human simulations predicting monthly dosing intervals [70]. PEG-PCL-TMC nanocar-
riers provide retention for 4–30+ days in rabbits [71], and multiple preclinical systems
demonstrate months-long release of small molecules from ocular implants [72]. A recent
review highlights the potential of biodegradable nanocarriers to reduce injection burden
and improve PK profiles [73].

5.5. Translational and Regulatory Hurdles

Translational development will depend heavily on selecting appropriate disease mod-
els. Many rodent models of diabetic retinopathy exhibit delayed or incomplete phenotypes,
limiting the evaluation of chronic vascular and neuroinflammatory changes [74]. Species
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differences in retinal architecture and RNase L regulation may also affect translational
extrapolation, increasing the importance of large-animal or primate models [75].

Manufacturing RIBOTACs introduces additional complexity. These heterobifunctional
molecules integrate an RNA-binding module, a recruiter, and a linker; scaling production
requires precise control of stereochemistry, linker composition, and impurity profile. Regu-
latory agencies will expect rigorous characterization of batch reproducibility, stability, and
chemical identity.

As a novel therapeutic modality, RIBOTACs will likely undergo heightened regulatory
scrutiny. Given their catalytic mechanism and potential immune activation, safety packages
must include comprehensive tissue-specific activation data, immunogenicity assessments,
and unbiased off-target profiling. Regulatory frameworks for oligonucleotide therapeutics
provide partial guidance: clinical pharmacology programs must evaluate immunogenic
risk, characterize biodistribution, and monitor unintended immune activation [76]. Im-
munogenicity evaluation for nucleic acid conjugates often requires validated anti-drug
assays and risk-based strategies tailored to molecular design [77].

6. Future Directions and Perspectives
Translating RIBOTACs into ophthalmic therapeutics will require a structured preclini-

cal roadmap (Table 3). Rigorous target validation is the first essential step: once candidate
miRNAs or lncRNAs are identified, their susceptibility to RIBOTAC-mediated RNase L
recruitment must be confirmed in vitro using disease-relevant ocular cell types such as
retinal pigment epithelium (RPE), Müller glia, and retinal endothelial cells. Subsequent
in vivo studies in appropriate disease models—such as diabetic retinopathy or AMD—will
be crucial. These experiments must be accompanied by detailed mapping of RNase L
expression and activation potential in retinal tissues to ensure that the enzyme is present
and capable of mediating catalytic RNA degradation.

RIBOTACs also hold promise for combination therapy. A RIBOTAC targeting a pro-
angiogenic miRNA could complement anti-VEGF treatments, potentially reducing injection
frequency or dose. Likewise, combination with gene therapies represents a synergistic
opportunity: for example, in a porcine neovascular AMD model, AAV-delivered shRNA
targeting VEGFA produced robust anti-angiogenic effects [78]. Pairing the catalytic action
of a RIBOTAC with the durability of AAV-mediated gene suppression could provide
multi-layered therapeutic benefit.

The emerging relevance of personalized medicine further strengthens the case for
precision RNA-targeting strategies. Noncoding RNA signatures vary substantially between
individuals—circulating miRNA profiles differ among patients with diabetic retinopa-
thy [79] and AMD [80], while lncRNA expression patterns, such as LINC00276 in AMD,
show patient-specific variability [5]. RIBOTACs could therefore be tailored to the dominant
pathological RNA species in each patient, enhancing both therapeutic efficacy and safety.

Technological innovation will play a key role in the next generation of ocular RIB-
OTACs. Conditional or prodrug RIBOTACs—such as “caged” designs that remain inert
until a physiological trigger removes a protective group—have recently been demonstrated
using a bioorthogonal RNase L recruiter system [51]. Stimulus-responsive strategies, in-
cluding light-activated RIBOTACs, could enable precise spatial or temporal control of
RNase L activation in diseased retinal regions. Advances in live-cell RNA imaging are
similarly transformative: split-aptamer and split-protein fluorescent systems now permit
visualization of RNA interactions in real time [81], providing a platform for monitoring
RIBOTAC engagement, activation, and activity in living tissue.
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Table 3. Key risks and mitigation strategies for ocular RIBOTAC development. This table summarizes
potential safety, efficacy, pharmacokinetic, and translational risks associated with using RIBOTACs in
the eye—such as uncontrolled RNase L activation, off-target RNA cleavage, poor ocular retention,
and manufacturing hurdles—along with proposed strategies to minimize them, including conditional
activation, structural optimization, controlled-release delivery, and rigorous preclinical evaluation.

Risk/Challenge Potential Consequences Mitigation Strategy

Safety/Toxicity

Excessive or uncontrolled RNase
L activation → unintended

degradation of non-target RNAs,
cytotoxicity, and inflammation

- Titrate recruiter strength; use weak-to-intermediate-affinity
recruiters—perform transcriptome-wide RNA-seq after
treatment to identify off-target cleavage—engineer
“conditional” activation (e.g., masked recruiter that only
activates under oxidative stress or inflammation)—test
immune activation (e.g., interferon response) in ocular cell
lines or animal models

Immune Responses

RNase L activation mimicking
antiviral response →

cytokine/IFN induction,
immune damage

- Monitor cytokine/interferon-stimulated gene
induction—use inducible RIBOTACs that are only activated
in diseased tissue—evaluate local (intraocular) immune
effects in preclinical models

Off-Target Cleavage
Unintended cleavage of

unrelated RNAs → disruption of
important cellular RNAs

- Map RNase L cleavage preferences around the target (e.g.,
via structural mapping)—use high-resolution profiling
(RNA-seq, cleavage assays)—optimize RIBOTAC design
(linker length, binding module) to favor on-target cleavage

Variable Degradation
Efficiency

Some target RNAs may bind but
not be efficiently cleaved

- Use structural probing (e.g., SHAPE, in-line probing) to
identify favorable binding/cleavage sites—optimize linker
design and recruiter geometry to maximize proximity to
cleavage sites—measure RIBOTAC turnover and recycling
kinetics in cells

Kinetics/Recycling
Limited “recycling” of RIBOTAC

or slow cleavage →
reduced potency

- Quantify binding/dissociation kinetics—modify chemical
moieties to improve dissociation rate or recurrence—design
RIBOTACs with favorable off-rates and then test long-term
cellular exposure

Stability in
Intraocular Fluids

Degradation, aggregation, or
inactivation of RIBOTAC in
vitreous or aqueous humor

- Evaluate chemical stability in vitro in simulated
vitreous/aqueous environments—use protective
formulations (e.g., encapsulation in nanoparticles)—stabilize
molecule via chemical modification (PEGylation, prodrugs)

Retention/Clearance
in the Eye

Rapid clearance → insufficient
exposure or accumulation

→ toxicity

- Measure pharmacokinetics (PK) in ocular compartments
(vitreous, retina)—use sustained-release delivery systems
(e.g., biodegradable implants, injectable depots)—optimize
dosing frequency based on PK/PD data

Dose Optimization Too high → toxicity;
too low → inefficacy

- Carefully titrate dose in preclinical models (both normal
and disease)—conduct dose–response studies—use
controlled-release delivery to smooth out exposure

Translational/Animal
Model Relevance

Animal models may not reflect
human RNase L expression

or activation

- Quantify RNase L expression and activity in animal
retina/RPE—use humanized or disease-relevant
models—validate RIBOTAC activity in ex vivo human ocular
tissues if possible

Manufacturing/
Scale-Up

Difficulty in synthesizing
complex bifunctional molecules

at scale

- Develop robust synthetic routes, use modular
synthesis—characterize batch-to-batch consistency (purity,
activity)—work with CMC (chemistry, manufacturing,
controls) experts early

Regulatory Hurdles
Novel modality → extensive

safety, off-target, immunogenicity
data required

- Design preclinical safety studies that include transcriptome
profiling, cytokine assays, immunogenicity—provide data on
tissue-specific activation—engage regulatory agencies early
to define acceptable safety margins
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In parallel with small-molecule RNA degraders, CRISPR–Cas13-based systems have
emerged as a highly programmable platform for RNA targeting, including messenger
RNAs and long noncoding RNAs. Cas13 enzymes enable sequence-specific RNA cleavage
or editing guided by customizable CRISPR RNAs, offering broad versatility and strong
knockdown efficiency across diverse RNA species [82,83]. In the context of ophthalmology,
recent studies have demonstrated the feasibility of delivering compact Cas13 variants to the
retina using viral vectors, achieving efficient RNA modulation with functional and struc-
tural preservation in preclinical models [84]. These findings support the potential of Cas13
systems as a gene-therapy-like approach for selected inherited or acquired ocular disorders.

However, important challenges remain, particularly for chronic retinal diseases. Cas13-
based strategies typically require sustained expression of a bacterial nuclease, raising con-
cerns related to immunogenicity, long-term safety, and limited reversibility. In addition,
certain Cas13 orthologs have been shown to induce collateral RNA cleavage in human
cells, with temporal dynamics that may complicate precise control of RNA degradation
and increase the risk of unintended transcriptome perturbation [85]. Consequently, while
CRISPR–Cas13 represents a powerful and versatile RNA-targeting modality, its transla-
tional profile differs fundamentally from that of RIBOTACs. Cas13 approaches may be best
suited for durable, gene-therapy–style interventions, whereas RIBOTACs offer a pharma-
cologically tunable and potentially reversible alternative that exploits endogenous RNA
decay machinery rather than permanent nuclease expression.

In summary, the integration of rigorous target validation, optimized preclinical mod-
eling, rational molecular design, and next-generation activation or imaging technologies
provides a clear roadmap for translating RIBOTACs into ophthalmic therapy. If these
components can be successfully aligned, RIBOTACs have the potential to inaugurate a new
class of catalytic RNA-degrading therapeutics for retinal disease.

7. Conclusions
RIBOTACs represent a compelling new strategy for selectively targeting pathogenic

RNAs in ocular disease. By recruiting the endogenous endoribonuclease RNase L, they
enable catalytic degradation of disease-driving transcripts, potentially achieving greater
potency and durability than traditional antisense or small-molecule approaches. Their
bifunctional architecture—combining structure-specific RNA binding with localized en-
zyme recruitment—provides the basis for high specificity in selected, structurally de-
fined RNA targets, complementing the broader versatility of sequence-based RNAi and
antisense approaches.

However, translating RIBOTACs into ophthalmic therapeutics will require overcoming
substantial barriers, including delivery challenges, pharmacokinetic constraints, off-target
risks, and the need for tight control of RNase L activity. Progress will depend on rig-
orous target validation, careful molecular design, innovative activation strategies, and
comprehensive preclinical testing. Despite these hurdles, the potential impact of ocular
RIBOTACs is significant: the ability to catalytically degrade pathologic RNAs positions
them as a fundamentally new modality for treating retinal diseases driven by complex
RNA dysregulation.

Over the next decade, translation is likely to follow a staged developmental roadmap.
In the near term, optimized RIBOTAC candidates directed against validated retinal miRNAs
or lncRNAs will undergo systematic evaluation in rodent and large-animal models to
define pharmacokinetics, biodistribution, and safety. As formulation approaches mature,
sustained-release or conditionally activated RIBOTACs may enter early-phase clinical
trials for diabetic retinopathy or neovascular AMD—potentially in combination with anti-
VEGF agents to reduce treatment burden. Personalized applications may also emerge,
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leveraging patient-specific RNA signatures in vitreous or blood to guide target selection
and stratify therapy.

Concurrently, advances in chemical biology—such as inducible or “caged” RIBOTACs
and light-activated recruit-and-degrade systems—may enable precise spatial or temporal
control in retinal tissue, improving safety and minimizing off-target effects. The devel-
opment of noninvasive imaging probes capable of tracking RNase L activation in vivo
could provide real-time pharmacodynamic biomarkers, accelerating dose optimization
and clinical monitoring. Last, different experimental strategies such as the use of ocular
implants or gene editing vectors, in combination with the administration of RIBOTACs
in the retina, may also be of clinical relevance in the treatment of eye disorders. Another
safety consideration is that novel chemical- and stimulus-responsive approaches, as well
as the optimization of RIBOTAC design, might be important to mitigate the cleavage of
unintended RNAs, thus minimizing the potential undesired impact of this strategy.

If these scientific and technological developments converge, RIBOTACs could inaugurate
a transformative class of RNA-degrading therapeutics in ophthalmology, offering disease-
modifying treatments for conditions that currently rely on symptomatic management.

Author Contributions: D.R.: conceptualization, supervision, writing—original draft, writing—review
& editing. C.G.: supervision, writing—review & editing. A.A.: software, writing—review & editing.
J.F.M.-V.: supervision, writing—original draft, writing—review & editing. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: No new data were created/analyzed in this study. Data sharing is not
applicable to this manuscript.

Acknowledgments: Figures were created using “Biorender” at the following link: http://www.
biorender.com/ (accessed on 11 January 2026).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Zhang, L.; Dong, Y.; Wang, Y.; Gao, J.; Lv, J.; Sun, J.; Li, M.; Wang, M.; Zhao, Z.; Wang, J.; et al. Long non-coding RNAs in ocular

diseases: New and potential therapeutic targets. FEBS J. 2019, 286, 2261–2272. [CrossRef]
2. Zhang, Y.; Cai, S.; Jia, Y.; Qi, C.; Sun, J.; Zhang, H.; Wang, F.; Cao, Y.; Li, X. Decoding Noncoding RNAs: Role of MicroRNAs and

Long Noncoding RNAs in Ocular Neovascularization. Theranostics 2017, 7, 3155–3167. [CrossRef] [PubMed]
3. Sharma, A.; Singh, N.K. Long Non-Coding RNAs and Proliferative Retinal Diseases. Pharmaceutics 2023, 15, 1454. [CrossRef]
4. Xiao, J.; Xu, Z. Roles of noncoding RNAs in diabetic retinopathy: Mechanisms and therapeutic implications. Life Sci. 2024, 357,

123092. [CrossRef]
5. Ji, Y.; Zuo, C.; Liao, N.; Yao, L.; Yang, R.; Chen, H.; Wen, F. Identification of key lncRNAs in age-related macular degeneration

through integrated bioinformatics and experimental validation. Aging 2024, 16, 5435–5451. [CrossRef]
6. Ovali, F.; Hakbilen, M.; Akalin, I.; Celik, G.; Yildirim, S. The association of microRNAs in the development of retinopathy of

prematurity. J. Neonatal-Perinat. Med. 2024, 17, 49–55. [CrossRef]
7. Fan, Y.Y.; Liu, C.H.; Wu, A.L.; Chen, H.C.; Hsueh, Y.J.; Chen, K.J.; Lai, C.C.; Huang, C.Y.; Wu, W.C. MicroRNA-126 inhibits

pathological retinal neovascularization via suppressing vascular endothelial growth factor expression in a rat model of retinopathy
of prematurity. Eur. J. Pharmacol. 2021, 900, 174035. [CrossRef] [PubMed]

8. Li, Y.; Zhou, H.; Huang, Q.; Tan, W.; Cai, Y.; Wang, Z.; Zou, J.; Li, B.; Yoshida, S.; Zhou, Y. Potential biomarkers for retinopathy
of prematurity identified by circular RNA profiling in peripheral blood mononuclear cells. Front. Immunol. 2022, 13, 953812.
[CrossRef]

9. Zhang, Y.; Hu, J.; Qu, X.; Hu, K. Circular RNA RSU1 promotes retinal vascular dysfunction by regulating miR-345-3p/TAZ.
Commun. Biol. 2023, 6, 719. [CrossRef]

10. Ferenchak, K.; Deitch, I.; Huckfeldt, R. Antisense Oligonucleotide Therapy for Ophthalmic Conditions. Semin. Ophthalmol. 2021,
36, 452–457. [CrossRef] [PubMed]

https://doi.org/10.3390/ijms27031493

http://www.biorender.com/
http://www.biorender.com/
https://doi.org/10.1111/febs.14827
https://doi.org/10.7150/thno.19646
https://www.ncbi.nlm.nih.gov/pubmed/28839470
https://doi.org/10.3390/pharmaceutics15051454
https://doi.org/10.1016/j.lfs.2024.123092
https://doi.org/10.18632/aging.205656
https://doi.org/10.3233/NPM-230029
https://doi.org/10.1016/j.ejphar.2021.174035
https://www.ncbi.nlm.nih.gov/pubmed/33727052
https://doi.org/10.3389/fimmu.2022.953812
https://doi.org/10.1038/s42003-023-05064-x
https://doi.org/10.1080/08820538.2021.1914116
https://www.ncbi.nlm.nih.gov/pubmed/34010086
https://doi.org/10.3390/ijms27031493


Int. J. Mol. Sci. 2026, 27, 1493 15 of 17

11. Gupta, A.; Kafetzis, K.N.; Tagalakis, A.D.; Yu-Wai-Man, C. RNA therapeutics in ophthalmology—Translation to clinical trials.
Exp. Eye Res. 2021, 205, 108482. [CrossRef]

12. Collotta, D.; Bertocchi, I.; Chiapello, E.; Collino, M. Antisense oligonucleotides: A novel Frontier in pharmacological strategy.
Front. Pharmacol. 2023, 14, 1304342. [CrossRef]

13. Kim, Y. Drug Discovery Perspectives of Antisense Oligonucleotides. Biomol. Ther. 2023, 31, 241–252. [CrossRef]
14. Hnik, P.; Boyer, D.S.; Grillone, L.R.; Clement, J.G.; Henry, S.P.; Green, E.A. Antisense oligonucleotide therapy in diabetic

retinopathy. J. Diabetes Sci. Technol. 2009, 3, 924–930. [CrossRef]
15. Haj-Yahia, S.; Nandi, A.; Benhamou, R.I. Targeted Degradation of Structured RNAs via Ribonuclease-Targeting Chimeras

(RiboTacs). Expert Opin. Drug Discov. 2023, 18, 929–942. [CrossRef]
16. Komachankandy, S.; Lee, Y. Targeted RNA Degradation as a Promising Therapeutic Strategy. Int. J. Mol. Sci. 2025, 26, 10767.

[CrossRef]
17. Zhou, W.; Jin, J.; Chen, H.; Zhang, W.; Luan, X. Fueling the revolution: RIBOTACs manipulating RNA decay. Trends Cancer 2025,

11, 1141–1144. [CrossRef] [PubMed]
18. Zhang, P.; Liu, X.; Abegg, D.; Tanaka, T.; Tong, Y.; Benhamou, R.I.; Baisden, J.; Crynen, G.; Meyer, S.M.; Cameron, M.D.; et al.

Reprogramming of Protein-Targeted Small-Molecule Medicines to RNA by Ribonuclease Recruitment. J. Am. Chem. Soc. 2021,
143, 13044–13055. [CrossRef] [PubMed]

19. Meyer, S.M.; Tanaka, T.; Zanon, P.R.A.; Baisden, J.T.; Abegg, D.; Yang, X.; Akahori, Y.; Alshakarchi, Z.; Cameron, M.D.; Adibekian,
A.; et al. DNA-Encoded Library Screening To Inform Design of a Ribonuclease Targeting Chimera (RiboTAC). J. Am. Chem. Soc.
2022, 144, 21096–21102. [CrossRef] [PubMed]

20. Tong, Y.; Su, X.; Rouse, W.; Childs-Disney, J.L.; Taghavi, A.; Zanon, P.R.A.; Kovachka, S.; Wang, T.; Moss, W.N.; Disney, M.D.
Transcriptome-Wide, Unbiased Profiling of Ribonuclease Targeting Chimeras. J. Am. Chem. Soc. 2024, 146, 21525–21534. [CrossRef]

21. Meyer, S.M.; Williams, C.C.; Akahori, Y.; Tanaka, T.; Aikawa, H.; Tong, Y.; Childs-Disney, J.L.; Disney, M.D. Small molecule
recognition of disease-relevant RNA structures. Chem. Soc. Rev. 2020, 49, 7167–7199. [CrossRef] [PubMed]

22. Ursu, A.; Childs-Disney, J.L.; Andrews, R.J.; O’Leary, C.A.; Meyer, S.M.; Angelbello, A.J.; Moss, W.N.; Disney, M.D. Design of
small molecules targeting RNA structure from sequence. Chem. Soc. Rev. 2020, 49, 7252–7270. [CrossRef]

23. Springer, N.A.; Meyer, S.M.; Taghavi, A.; Benhamou, R.I.; Tong, Y.; Childs-Disney, J.L.; Disney, M.D. Methods for the study of
ribonuclease targeting chimeras (RiboTACs). Methods Enzymol. 2023, 692, 249–298.

24. Zhang, Y.; Zhu, J.; Qiu, L.; Lv, Z.; Zhao, Z.; Ren, X.; Guo, Y.; Chen, Y.; Li, M.; Fan, Y.; et al. Stimulus-activated ribonuclease
targeting chimeras for tumor microenvironment activated cancer therapy. Nat. Commun. 2025, 16, 1288. [CrossRef] [PubMed]

25. Zhang, Y.; Wang, L.; Wang, F.; Chu, X.; Jiang, J.H. G-Quadruplex mRNAs Silencing with Inducible Ribonuclease Targeting
Chimera for Precision Tumor Therapy. J. Am. Chem. Soc. 2024, 146, 15815–15824. [CrossRef]

26. Tong, Y.; Zhang, P.; Yang, X.; Liu, X.; Zhang, J.; Grudniewska, M.; Jung, I.; Abegg, D.; Liu, J.; Childs-Disney, J.L.; et al. Decreasing
the intrinsically disordered protein alpha-synuclein levels by targeting its structured mRNA with a ribonuclease-targeting
chimera. Proc. Natl. Acad. Sci. USA 2024, 121, e2306682120. [CrossRef]

27. Cully, M. Degrading disease-causing RNA in ALS. Nat. Rev. Drug Discov. 2021, 20, 897. [CrossRef]
28. Khaskia, E.; Dahatonde, D.; Benhamou, R.I. RNA G-Quadruplex RIBOTAC-Mediated Targeted Degradation of lncRNA TERRA.

Adv. Sci. 2025, 12, e12715. [CrossRef]
29. Khaskia, E.; Benhamou, R.I. Leveraging RIBOTAC technology: Fluorescent RNase L probes for live-cell imaging and function

analysis. Heliyon 2025, 11, e41295. [PubMed]
30. Bottos, J.M.; Soares, E.S.; CG, M.Z.; VV, C.S.; CB, Q.S.L.; JM, F.S. RNA dysfunction in age-related macular degeneration: The role

of U1 snRNP complex and neurodegenerative diseases. Int. J. Retin. Vitr. 2025, 11, 110.
31. Jiang, Q.; Lyu, X.M.; Yuan, Y.; Wang, L. Plasma miR-21 expression: An indicator for the severity of Type 2 diabetes with diabetic

retinopathy. Biosci. Rep. 2017, 37, BSR20160589. [CrossRef] [PubMed]
32. Lampsas, S.; Agapitou, C.; Chatzirallis, A.; Papavasileiou, G.; Poulakis, D.; Pegka, S.; Theodossiadis, P.; Lambadiari, V.; Chatziralli,

I. MicroRNA (miRNA) in the Pathogenesis of Diabetic Retinopathy: A Narrative Review. Genes 2025, 16, 1060.
33. Chen, Q.; Qiu, F.; Zhou, K.; Matlock, H.G.; Takahashi, Y.; Rajala, R.V.S.; Yang, Y.; Moran, E.; Ma, J.X. Pathogenic Role of

microRNA-21 in Diabetic Retinopathy Through Downregulation of PPARalpha. Diabetes 2017, 66, 1671–1682. [CrossRef]
34. Ye, E.A.; Steinle, J.J. miR-146a suppresses STAT3/VEGF pathways and reduces apoptosis through IL-6 signaling in primary

human retinal microvascular endothelial cells in high glucose conditions. Vis. Res. 2017, 139, 15–22. [CrossRef]
35. Liu, C.H.; Huang, S.; Britton, W.R.; Chen, J. MicroRNAs in Vascular Eye Diseases. Int. J. Mol. Sci. 2020, 21, 649. [CrossRef]
36. Bykhovskaya, Y.; Caiado Canedo, A.L.; Wright, K.W.; Rabinowitz, Y.S. C.57 C > T Mutation in MIR 184 is Responsible for

Congenital Cataracts and Corneal Abnormalities in a Five-generation Family from Galicia, Spain. Ophthalmic Genet. 2015, 36,
244–247. [CrossRef]

37. Grimaldo, S.; Yuen, D.; Theis, J.; Ng, M.; Ecoiffier, T.; Chen, L. MicroRNA-184 Regulates Corneal Lymphangiogenesis. Investig.
Ophthalmol. Vis. Sci. 2015, 56, 7209–7213. [CrossRef] [PubMed]

https://doi.org/10.3390/ijms27031493

https://doi.org/10.1016/j.exer.2021.108482
https://doi.org/10.3389/fphar.2023.1304342
https://doi.org/10.4062/biomolther.2023.001
https://doi.org/10.1177/193229680900300440
https://doi.org/10.1080/17460441.2023.2224960
https://doi.org/10.3390/ijms262110767
https://doi.org/10.1016/j.trecan.2025.08.011
https://www.ncbi.nlm.nih.gov/pubmed/40946046
https://doi.org/10.1021/jacs.1c02248
https://www.ncbi.nlm.nih.gov/pubmed/34387474
https://doi.org/10.1021/jacs.2c07217
https://www.ncbi.nlm.nih.gov/pubmed/36342850
https://doi.org/10.1021/jacs.4c04717
https://doi.org/10.1039/D0CS00560F
https://www.ncbi.nlm.nih.gov/pubmed/32975549
https://doi.org/10.1039/d0cs00455c
https://doi.org/10.1038/s41467-025-56691-3
https://www.ncbi.nlm.nih.gov/pubmed/39900602
https://doi.org/10.1021/jacs.4c02091
https://doi.org/10.1073/pnas.2306682120
https://doi.org/10.1038/d41573-021-00189-2
https://doi.org/10.1002/advs.202512715
https://www.ncbi.nlm.nih.gov/pubmed/39831163
https://doi.org/10.1042/BSR20160589
https://www.ncbi.nlm.nih.gov/pubmed/28108673
https://doi.org/10.2337/db16-1246
https://doi.org/10.1016/j.visres.2017.03.009
https://doi.org/10.3390/ijms21020649
https://doi.org/10.3109/13816810.2013.848908
https://doi.org/10.1167/iovs.15-17733
https://www.ncbi.nlm.nih.gov/pubmed/26540659
https://doi.org/10.3390/ijms27031493


Int. J. Mol. Sci. 2026, 27, 1493 16 of 17

38. Yang, J.M.; Kim, S.J.; Park, S.; Son, W.; Kim, A.; Lee, J. Exosomal miR-184 in the aqueous humor of patients with central serous
chorioretinopathy: A potential diagnostic and prognostic biomarker. J. Nanobiotechnol. 2023, 21, 242. [CrossRef] [PubMed]

39. Abreu Costa, M.; Sadan, A.N.; Bhattacharyya, N.; Chai, N.; Zarouchlioti, C.; Liu, S.; Szabo, A.; Murphy, C.; Dudakova, L.;
Muthusamy, K.; et al. Rare variants in MIR184 are a novel genetic cause of Fuchs endothelial corneal dystrophy. Genet. Med. Off.
J. Am. Coll. Med. Genet. 2025, 27, 101562. [CrossRef]

40. Radhakrishnan, R.; Kowluru, R.A. Long Noncoding RNA MALAT1 and Regulation of the Antioxidant Defense System in Diabetic
Retinopathy. Diabetes 2021, 70, 227–239. [CrossRef]

41. Chen, Z.; Yang, J.; Gao, Y.; Jiang, S.; Li, Z.; Wang, Y.; Hu, Z.; Han, F.; Ni, N. LncRNA MALAT1 aggravates the retinal angiogenesis
via miR-320a/HIF-1alpha axis in diabetic retinopathy. Exp. Eye Res. 2022, 218, 108984. [CrossRef] [PubMed]

42. Gandhi, P.; Wang, Y.; Li, G.; Wang, S. The role of long noncoding RNAs in ocular angiogenesis and vascular oculopathy. Cell
Biosci. 2024, 14, 39. [CrossRef]

43. Dong, N.; Xu, B.; Shi, H. Long noncoding RNA MALAT1 acts as a competing endogenous RNA to regulate Amadori-glycated
albumin-induced MCP-1 expression in retinal microglia by a microRNA-124-dependent mechanism. Inflamm. Res. Off. J. Eur.
Histamine Res. Soc. 2018, 67, 913–925.

44. Liu, P.; Jia, S.B.; Shi, J.M.; Li, W.J.; Tang, L.S.; Zhu, X.H.; Tong, P. LncRNA-MALAT1 promotes neovascularization in diabetic
retinopathy through regulating miR-125b/VE-cadherin axis. Biosci. Rep. 2019, 39, BSR20181469. [CrossRef]

45. Tan, A.; Li, T.; Ruan, L.; Yang, J.; Luo, Y.; Li, L.; Wu, X. Knockdown of Malat1 alleviates high-glucose-induced angiogenesis
through regulating miR-205-5p/VEGF-A axis. Exp. Eye Res. 2021, 207, 108585. [PubMed]

46. Zhang, J.; Chen, C.; Zhang, S.; Chen, J.; Wu, L.; Chen, Z. LncRNA XIST restrains the activation of Muller cells and inflammation
in diabetic retinopathy via stabilizing SIRT1. Autoimmunity 2021, 54, 504–513. [CrossRef]

47. Fu, W.; Ye, Y.; Hu, F. LncRNA XIST promotes neovascularization in diabetic retinopathy by regulating miR-101-3p/VEGFA. Arch.
Endocrinol. Metab. 2024, 68, e230097. [CrossRef] [PubMed]

48. Chambers, C.Z.; Soo, G.L.; Engel, A.L.; Glass, I.A.; Frassetto, A.; Martini, P.G.V.; Cherry, T.J. Lipid Nanoparticle-Mediated Delivery
of mRNA Into the Mouse and Human Retina and Other Ocular Tissues. Transl. Vis. Sci. Technol. 2024, 13, 7.

49. Gugleva, V.; Andonova, V. Recent Progress of Solid Lipid Nanoparticles and Nanostructured Lipid Carriers as Ocular Drug
Delivery Platforms. Pharmaceuticals 2023, 16, 474. [CrossRef]

50. Baig, M.S.; Karade, S.K.; Ahmad, A.; Khan, M.A.; Haque, A.; Webster, T.J.; Faiyazuddin, M.; Al-Qahtani, N.H. Lipid-based
nanoparticles: Innovations in ocular drug delivery. Front. Mol. Biosci. 2024, 11, 1421959. [CrossRef]

51. Xiong, W.; Liu, X.; Qi, Q.; Li, Y.; Huang, S.; Zou, W.; Dai, M.; Ning, Y.; Min, Y.; Zhou, X.; et al. Bioorthogonal RNase L Recruitment
Enables Targeted Inducible Degradation of SARS-CoV-2 RNA. Angew. Chem. Int. Ed. Engl. 2025, 64, e202515064.

52. Zhu, X.; Liu, W.; Tang, X.; Chen, Y.; Ge, X.; Ke, Q.; Liang, X.; Gan, Y.; Zheng, Y.; Zou, M.; et al. The BET PROTAC inhibitor dBET6
protects against retinal degeneration and inhibits the cGAS-STING in response to light damage. J. Neuroinflamm. 2023, 20, 119.

53. Manivannan, P.; Siddiqui, M.A.; Malathi, K. RNase L Amplifies Interferon Signaling by Inducing Protein Kinase R-Mediated
Antiviral Stress Granules. J. Virol. 2020, 94, e00205–e00220. [CrossRef] [PubMed]

54. Ramnani, B.; Devale, T.; Manivannan, P.; Haridas, A.; Malathi, K. DHX15 and Rig-I Coordinate Apoptosis and Innate Immune
Signaling by Antiviral RNase L. Viruses 2024, 16, 1913. [CrossRef]

55. Malathi, K.; Dong, B.; Gale, M., Jr.; Silverman, R.H. Small self-RNA generated by RNase L amplifies antiviral innate immunity.
Nature 2007, 448, 816–819. [CrossRef]

56. Karasik, A.; Guydosh, N.R. The Unusual Role of Ribonuclease L in Innate Immunity. Wiley Interdiscip. Rev. RNA 2024, 15, e1878.
[CrossRef] [PubMed]

57. Chakrabarti, A.; Banerjee, S.; Franchi, L.; Loo, Y.M.; Gale, M., Jr.; Nunez, G.; Silverman, R.H. RNase L activates the NLRP3
inflammasome during viral infections. Cell Host Microbe 2015, 17, 466–477. [CrossRef]

58. Rath, S.; Donovan, J.; Whitney, G.; Chitrakar, A.; Wang, W.; Korennykh, A. Human RNase L tunes gene expression by selectively
destabilizing the microRNA-regulated transcriptome. Proc. Natl. Acad. Sci. USA 2015, 112, 15916–15921.

59. Gaglia, M.M.; Rycroft, C.H.; Glaunsinger, B.A. Transcriptome-Wide Cleavage Site Mapping on Cellular mRNAs Reveals Features
Underlying Sequence-Specific Cleavage by the Viral Ribonuclease SOX. PLoS Pathog. 2015, 11, e1005305. [CrossRef]

60. Won, J.I.; Shin, J.; Park, S.Y.; Yoon, J.; Jeong, D.H. Global Analysis of the Human RNA Degradome Reveals Widespread Decapped
and Endonucleolytic Cleaved Transcripts. Int. J. Mol. Sci. 2020, 21, 6452. [CrossRef]

61. Pedersen, L.; Hagedorn, P.H.; Lindholm, M.W.; Lindow, M. A Kinetic Model Explains Why Shorter and Less Affine Enzyme-
recruiting Oligonucleotides Can Be More Potent. Mol. Ther. Nucleic Acids 2014, 3, e149. [CrossRef]

62. Amirloo, B.; Staroseletz, Y.; Yousaf, S.; Clarke, D.J.; Brown, T.; Aojula, H.; Zenkova, M.A.; Bichenkova, E.V. “Bind, cleave and
leave”: Multiple turnover catalysis of RNA cleavage by bulge-loop inducing supramolecular conjugates. Nucleic Acids Res. 2022,
50, 651–673. [CrossRef] [PubMed]

63. Borgelt, L.; Haacke, N.; Lampe, P.; Qiu, X.; Gasper, R.; Schiller, D.; Hwang, J.; Sievers, S.; Wu, P. Small-molecule screening of
ribonuclease L binders for RNA degradation. Biomed. Pharmacother. 2022, 154, 113589. [CrossRef] [PubMed]

https://doi.org/10.3390/ijms27031493

https://doi.org/10.1186/s12951-023-02019-6
https://www.ncbi.nlm.nih.gov/pubmed/37507708
https://doi.org/10.1016/j.gim.2025.101562
https://doi.org/10.2337/db20-0375
https://doi.org/10.1016/j.exer.2022.108984
https://www.ncbi.nlm.nih.gov/pubmed/35202706
https://doi.org/10.1186/s13578-024-01217-5
https://doi.org/10.1042/BSR20181469
https://www.ncbi.nlm.nih.gov/pubmed/33887222
https://doi.org/10.1080/08916934.2021.1969551
https://doi.org/10.20945/2359-4292-2023-0097
https://www.ncbi.nlm.nih.gov/pubmed/38739522
https://doi.org/10.3390/ph16030474
https://doi.org/10.3389/fmolb.2024.1421959
https://doi.org/10.1128/JVI.00205-20
https://www.ncbi.nlm.nih.gov/pubmed/32295917
https://doi.org/10.3390/v16121913
https://doi.org/10.1038/nature06042
https://doi.org/10.1002/wrna.1878
https://www.ncbi.nlm.nih.gov/pubmed/39727035
https://doi.org/10.1016/j.chom.2015.02.010
https://doi.org/10.1371/journal.ppat.1005305
https://doi.org/10.3390/ijms21186452
https://doi.org/10.1038/mtna.2013.72
https://doi.org/10.1093/nar/gkab1273
https://www.ncbi.nlm.nih.gov/pubmed/34967410
https://doi.org/10.1016/j.biopha.2022.113589
https://www.ncbi.nlm.nih.gov/pubmed/36029542
https://doi.org/10.3390/ijms27031493


Int. J. Mol. Sci. 2026, 27, 1493 17 of 17

64. Patel, S.; Muller, G.; Stracke, J.O.; Altenburger, U.; Mahler, H.C.; Jere, D. Evaluation of protein drug stability with vitreous humor
in a novel ex-vivo intraocular model. Eur. J. Pharm. Biopharm. 2015, 95, 407–417. [CrossRef]

65. Sorsa, T.; Del Amo, E.M.; Sadeghi, A.; Laitinen, J.; Pilipenko, I.; Urtti, A.; Subrizi, A. Novel in vitro model for intravitreal drug
dissolution and release studies of small molecules and their long-acting formulations. J. Control. Release 2025, 383, 113823.
[CrossRef]

66. Kasdorf, B.T.; Arends, F.; Lieleg, O. Diffusion Regulation in the Vitreous Humor. Biophys. J. 2015, 109, 2171–2181. [CrossRef]
67. Rimpela, A.K.; Kiiski, I.; Deng, F.; Kidron, H.; Urtti, A. Pharmacokinetic Simulations of Intravitreal Biologicals: Aspects of Drug

Delivery to the Posterior and Anterior Segments. Pharmaceutics 2018, 11, 9. [CrossRef]
68. Chacin Ruiz, E.A.; Swindle-Reilly, K.E.; Ford Versypt, A.N. Experimental and mathematical approaches for drug delivery for the

treatment of wet age-related macular degeneration. J. Control. Release 2023, 363, 464–483. [CrossRef] [PubMed]
69. Jang, M.; Kang, M.; Lee, E.; Shin, D. Ocular and Plasma Pharmacokinetics of Enavogliflozin Ophthalmic Solution in Preclinical

Species. Pharmaceuticals 2024, 17, 111. [CrossRef]
70. Machinaga, N.; Ashley, G.W.; Reid, R.; Yamasaki, A.; Tanaka, K.; Nakamura, K.; Yabe, Y.; Yoshigae, Y.; Santi, D.V. A Controlled

Release System for Long-Acting Intravitreal Delivery of Small Molecules. Transl. Vis. Sci. Technol. 2018, 7, 21. [CrossRef]
71. Junnuthula, V.; Sadeghi Boroujeni, A.; Cao, S.; Tavakoli, S.; Ridolfo, R.; Toropainen, E.; Ruponen, M.; van Hest, J.C.M.; Urtti, A.

Intravitreal Polymeric Nanocarriers with Long Ocular Retention and Targeted Delivery to the Retina and Optic Nerve Head
Region. Pharmaceutics 2021, 13, 445. [CrossRef] [PubMed]

72. Cao, Y.; Samy, K.E.; Bernards, D.A.; Desai, T.A. Recent advances in intraocular sustained-release drug delivery devices. Drug
Discov. Today 2019, 24, 1694–1700. [CrossRef]

73. Liu, L.C.; Chen, Y.H.; Lu, D.W. Overview of Recent Advances in Nano-Based Ocular Drug Delivery. Int. J. Mol. Sci. 2023, 24,
15352. [CrossRef]

74. Cubillos, S.; Kazlauskas, A. Manifestation of Pathology in Animal Models of Diabetic Retinopathy Is Delayed from the Onset of
Diabetes. Int. J. Mol. Sci. 2024, 25, 1610. [CrossRef] [PubMed]

75. Quiroz, J.; Yazdanyar, A. Animal models of diabetic retinopathy. Ann. Transl. Med. 2021, 9, 1272. [CrossRef]
76. Food and Drug Administration. Clinical Pharmacology Considerations for the Development of Oligonucleotide Therapeutics: Guidance for

Industry; Food and Drug Administration: Silver Spring, MD, USA, 2024.
77. Bano, N.; Ehlinger, C.; Yang, T.Y.; Swanson, M.; Allen, S. Considerations in the Immunogenicity Assessment Strategy for

Oligonucleotide Therapeutics (ONTs). AAPS J. 2022, 24, 93. [CrossRef]
78. Haldrup, S.H.; Fabian-Jessing, B.K.; Jakobsen, T.S.; Lindholm, A.B.; Adsersen, R.L.; Aagaard, L.; Bek, T.; Askou, A.L.; Corydon, T.J.

Subretinal AAV delivery of RNAi-therapeutics targeting VEGFA reduces choroidal neovascularization in a large animal model.
Mol. Ther. Methods Clin. Dev. 2024, 32, 101242. [CrossRef]

79. Wang, Y.; Hu, T.; Gu, W.; Cai, B.; Lei, M.; Luo, Y.; Liu, C.; Zhang, N. Potential diagnostic value of microRNAs in vascular
complications of diabetes: A systematic review and meta-analysis. J. Endocrinol. Investig. 2025, 48, 2979–2995. [CrossRef]

80. ElShelmani, H.; Brennan, I.; Kelly, D.J.; Keegan, D. Differential Circulating MicroRNA Expression in Age-Related Macular
Degeneration. Int. J. Mol. Sci. 2021, 22, 12321. [CrossRef]

81. Peng, Y.; Li, M.; Gong, F.; Liu, X.; Xiong, J.; Wang, K. In situ imaging of mRNA transcripts based on split-aptamer and split
protein in living cells. RSC Adv. 2024, 14, 10146–10151. [CrossRef]

82. Kumar, S.; Fry, L.E.; Wang, J.H.; Martin, K.R.; Hewitt, A.W.; Chen, F.K.; Liu, G.S. RNA-targeting strategies as a platform for ocular
gene therapy. Prog. Retin. Eye Res. 2023, 92, 101110. [CrossRef] [PubMed]

83. Zhu, G.; Zhou, X.; Wen, M.; Qiao, J.; Li, G.; Yao, Y. CRISPR-Cas13: Pioneering RNA Editing for Nucleic Acid Therapeutics.
BioDesign Res. 2024, 6, 0041. [CrossRef] [PubMed]

84. Kumar, S.; Hsiao, Y.W.; Wong, V.H.Y.; Aubin, D.; Wang, J.H.; Lisowski, L.; Rakoczy, E.P.; Li, F.; Alarcon-Martinez, L.; Gonzalez-
Cordero, A.; et al. Characterization of RNA editing and gene therapy with a compact CRISPR-Cas13 in the retina. Proc. Natl.
Acad. Sci. USA 2024, 121, e2408345121. [CrossRef] [PubMed]

85. Bot, J.F.; Zhao, Z.; Li, M.; Kammeron, D.; Shang, P.; Geijsen, N. Temporal dynamics of collateral RNA cleavage by LbuCas13a in
human cells. Commun. Biol. 2026. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms27031493

https://doi.org/10.1016/j.ejpb.2015.04.033
https://doi.org/10.1016/j.jconrel.2025.113823
https://doi.org/10.1016/j.bpj.2015.10.002
https://doi.org/10.3390/pharmaceutics11010009
https://doi.org/10.1016/j.jconrel.2023.09.021
https://www.ncbi.nlm.nih.gov/pubmed/37774953
https://doi.org/10.3390/ph17010111
https://doi.org/10.1167/tvst.7.4.21
https://doi.org/10.3390/pharmaceutics13040445
https://www.ncbi.nlm.nih.gov/pubmed/33810242
https://doi.org/10.1016/j.drudis.2019.05.031
https://doi.org/10.3390/ijms242015352
https://doi.org/10.3390/ijms25031610
https://www.ncbi.nlm.nih.gov/pubmed/38338889
https://doi.org/10.21037/atm-20-6737
https://doi.org/10.1208/s12248-022-00741-x
https://doi.org/10.1016/j.omtm.2024.101242
https://doi.org/10.1007/s40618-025-02680-8
https://doi.org/10.3390/ijms222212321
https://doi.org/10.1039/D3RA08475B
https://doi.org/10.1016/j.preteyeres.2022.101110
https://www.ncbi.nlm.nih.gov/pubmed/35840489
https://doi.org/10.34133/bdr.0041
https://www.ncbi.nlm.nih.gov/pubmed/39228750
https://doi.org/10.1073/pnas.2408345121
https://www.ncbi.nlm.nih.gov/pubmed/39475642
https://doi.org/10.1038/s42003-026-09511-3
https://doi.org/10.3390/ijms27031493

	Introduction 
	Mechanism of RIBOTACs 
	State of the Art: RIBOTACs in Other Diseases 
	Oncology Applications 
	Neurodegenerative Diseases 
	Other RNA Structures 

	Potential Ophthalmic Applications of RIBOTACs 
	Candidate RNA Targets in Eye Diseases 
	Design Strategies for Ocular RIBOTACs 

	Challenges and Limitations 
	Safety and Toxicity 
	Efficiency of Degradation 
	RNase L Expression and Tissue Specificity 
	Pharmacokinetics and Pharmacodynamics in the Eye 
	Translational and Regulatory Hurdles 

	Future Directions and Perspectives 
	Conclusions 
	References

