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Abstract

Background: Inherited retinal degenerations (IRDs) represent a diverse group of genetic disorders that
often lead to significant visual impairment and were historically considered untreatable. Recent
advancements in molecular biology have spurred the development of gene therapies, notably the FDA-
approved voretigene neparvovec-rzyl, which targets RPE65-associated Leber congenital amaurosis (LCA).

Methods: This review examines various therapeutic strategies currently in clinical trials for IRDs,
including gene augmentation, gene editing, optogenetics, neuroprotection, and stem cell therapies. The
efficacy of these methods is assessed through a comprehensive analysis of ongoing interventional clinical
trials and preclinical investigations.

Results: Over 60 active clinical trials are exploring gene therapies for different IRDs, with promising
results indicating potential improvements in visual function. Notably, gene augmentation therapies using
adeno-associated viruses (AAVs) have shown efficacy in restoring vision in patients with specific genetic
mutations. Emerging techniques such as RNA interference and CRISPR/Cas9 gene editing are also being
evaluated for their ability to address a wider range of genetic mutations associated with retinal diseases.

Conclusion: The field of gene therapy in ophthalmology is rapidly evolving, offering new hope for
patients with inherited retinal diseases. Ongoing research and clinical trials are critical for establishing
the safety and long-term efficacy of these innovative therapies. The future of ophthalmologic treatments is
likely to see a shift towards personalized medicine that targets the underlying genetic causes of visual
impairment.
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1. Introduction

Inherited retinal degenerations (IRDs) are a genetically and clinically diverse category of illnesses often
marked by significant visual impairment. Historically deemed untreatable, current progress in molecular
biology has resulted in the first FDA-approved gene therapy for retinal dystrophy, voretigene neparvovec-
rzyl (LUXTURNA), targeting RPE65-associated Leber congenital amaurosis (LCA). Presently, several
medicines for various illnesses are under assessment in more than 60 active interventional clinical trials
and preclinical investigations. Numerous medicines under research aim to address inherited retinal
diseases (IRDs) linked to particular genotypes; nevertheless, the field is progressively concentrating on
universal therapy techniques applicable to a wide array of retinal dystrophies and degenerations. This
study will examine several tactics used in clinical research for the treatment of inherited retinal diseases
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(IRDs), emphasizing neuroprotection, gene augmentation, gene editing, optogenetics, and stem or
precursor cell treatments.

Researchers in vision science have led advancements in gene therapy and regenerative medicine. This is
not coincidental, since the eye provides several benefits for the research and advancement of these
technologies. These ocular investigations provide structural benefits due to the eye's compartmentalized
architecture, enabling precise targeted delivery of cell and molecular treatments, including viral vectors,
to the target tissue under direct view [1]. The eye is regarded as an immune-privileged organ, which may
mitigate the inflammatory response linked to gene therapy administration [2-4]. Although antibodies
against viral vectors have been observed after treating one eye [5], the treatment of the contralateral eye
has demonstrated safety and efficacy [6]. Nonetheless, monitoring the eye for inflammation after viral-
mediated gene therapy is a crucial issue. The contralateral eye may function as the untreated control in
clinical studies to assess the effectiveness of the medication under evaluation, which is essential due to
the variability in disease development among patients with retinal dystrophies [3]. Furthermore, there
exists an extensive array of non-invasive techniques to assess the visual system using objective functional
metrics (electroretinography, ERG), structural metrics (retinal imaging), and psychophysical evaluations
(visual fields, microperimetry) to monitor alterations post-therapy. Advanced multimodal imaging
methods including optical coherence tomography (OCT), fundus autofluorescence, and color fundus
photography. Nonetheless, significant advancements in therapeutic therapy would have been unattainable
without diverse experimental animal models for hereditary retinal degenerations, which have accelerated
our comprehension of the pathobiology of vision loss. These models have facilitated the development of
novel experimental therapeutics and proof-of-concept studies that demonstrated their therapeutic
efficacy in decelerating retinal degeneration and perhaps restoring eyesight.

2. Genomics of Hereditary Retinal Disorders

Progress in molecular genetics during the last three decades has enabled the identification of mutations in
over 300 distinct genes responsible for hereditary retinal degenerations [7,8]. Although some reported
mutations are few, recent research estimated that almost 2.7 billion individuals globally, or over one-third
of the human population, are healthy carriers of a mutation in a gene linked to an autosomal recessive
inherited retinal disease (IRD) [7]. This may represent the greatest prevalence among all Mendelian
disorders in humans. Most hereditary retinal dystrophies are monogenic illnesses that adhere to standard
Mendelian inheritance patterns, including autosomal dominant, autosomal recessive, and X-linked
transmission. Primarily thanks to advancements in next-generation sequencing (NGS) technology, clinical
genetic testing is becoming more accessible and cost-effective, enabling many individuals diagnosed with
clinical retinal dystrophy to get a molecular diagnosis [8-10].

Current estimations indicate that 90% of individuals with an inherited retinal disease (IRD) possess a
mutation in one of the identified causal genes [11]. To reduce expenses and enhance accessibility to
genetic testing, retinal dystrophy gene panels and clinical syndrome-specific gene panels (e.g., for macular
dystrophies) have been developed and are used at academic medical facilities and clinical labs. These
methodologies enable the identification of the causal mutation in roughly 70% of cases, with variable
contingent upon the clinical condition or population examined [12,13]. For patients whose underlying
mutation remains unidentified via these approaches, whole exome and whole genome sequencing may be
conducted, and it is anticipated that this will become more commonplace as the cost and accessibility of
genetic sequencing increase. The domain of ocular genetics is enhanced by genetic sequencing data-
sharing networks via worldwide databases like ClinVar and the Leiden Open Variation Database [14,15].
By using enhanced patient sequencing and genetic analysis, we will find more genes implicated in retinal
dystrophies and discern complicated variations that influence both coding and noncoding regulatory
areas responsible for these conditions.

Due to the enhanced accessibility and precision of genetic sequencing technology, several IRD experts
have proposed sequencing all patients and substituting traditional clinical diagnostic nomenclature for
syndromes with a molecular-based classification for these diseases [16]. This proposal recognizes the
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genetic diversity of clinical inherited retinal disease syndromes, such as retinitis pigmentosa (RP), which
is attributable to mutations in more than 75 genes, and Leber Congenital Amaurosis (LCA), resulting from
mutations in over 24 genes. It underscores the significance of identifying these mutations. This is
particularly pertinent in an age when an increasing number of gene treatments are under development.

A further benefit of accessible genetic testing is its contribution to estimating the incidence of certain
causal gene mutations and particular alleles, so enhancing our ability to allocate resources for the
development of future medicines. Although allele frequency varies among populations, collectively,
mutations in the ABCA4 gene (Stargardt disease), EYS (linked to non-syndromic RP, cone-rod dystrophy,
and LCA), USH2A (associated with Usher syndrome type 2 and non-syndromic RP), CEP290 (related to
LCA type 10), and MYO7A (connected to Usher syndrome type 1) constitute over one third of all instances
of inherited retinal diseases (IRDs) [7,18-20]. These genes have emerged as leading prospects for the
development of novel gene treatments. Nonetheless, the treatment of common variations in each of these
genes presents distinct molecular problems.

3. Neuroprotection

The shared characteristic of retinal dystrophies is the premature degeneration of photoreceptor cells [21-
26]. The retina contains light-responsive cells, namely high-sensitivity rods and cones, which are triggered
by strong light of various hues based on the photopigments they express. Cones are densely located in the
macula, while rods are distributed over the macula and peripheral retina [27-33]. Photoreceptors are
terminally differentiated neurons that do not recover after degeneration or damage in adult animals [34-
38]. Autosomal recessive dystrophies mostly result from mutations in genes expressed by photoreceptors
and retinal pigmented epithelium (RPE) cells, which are essential for the proper development, function,
and survival of photoreceptor cells [8,38,39]. Considering the extensive array of mutations associated
with inherited retinal diseases (IRDs) and the widespread occurrence of acquired retinal degenerations,
including age-related macular degeneration (AMD) and diabetic retinopathy, there is a strong impetus to
devise treatment strategies independent of the molecular mechanisms of the underlying conditions.

4. Gene Replacement Therapies: Initial Achievements and Prospective Obstacles

Progress in molecular biology and a comprehensive knowledge of the pathogenesis of retinal illness
facilitated the creation of the first FDA-approved gene therapy for biallelic RPE65-associated Leber
congenital amaurosis (LCA), voretigene neparvovec-rzyl (LUXTURNA). RPE65 is an isomerase essential
for the visual pigment cycle, functioning inside retinal pigment epithelium (RPE) cells. Prior to the
development of gene treatments for retinal diseases, researchers created animal models in many species,
including rats and Briard dogs, which facilitated the comprehension of the physiological function of the
RPE65 enzyme in vision and pathology. Subsequently, these models served as the foundation for the
creation and validation of experimental gene treatments aimed at restoring the function of mutant RPE65
[39-41]. Although tiny animal models were advantageous in laboratory settings for investigating the cell
biology of illness, owing to their genetic manipulability and abbreviated life spans, bigger animal models
were essential for the preclinical advancement of surgical techniques pertinent to vector administration
in humans. Concurrent natural history investigations of disease development in RPE65-associated retinal
dystrophy revealed that these patients had a slower anatomical progression regarding photoreceptor cell
loss compared to other types of LCA [42-44]. This notable structure-function separation creates an
environment conducive for enough cells to act as a substrate for gene substitution. Three distinct clinical
investigations used various vectors derived from adeno-associated virus (AAV)-2 to provide a functional
copy of the RPE65 coding sequence to participants [45-47].

A crucial insight gained from the successful RPE65 gene therapy research is the need for creativity in
assessing enhancements in visual function among a low-vision patient group [16]. Outcome
measurements must extend beyond central visual acuity to include both physiologically significant
responses and those pertinent to the limits patients encounter in their everyday activities. Metrics used in
the RPEG65 trials included pupillometry [99], full-field sensitivity testing [100], microperimetry [101],
dark-adapted sensitivity [102], and visual mobility testing [6,48-52]. The multi-luminance mobility test
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(MLMT), developed and validated for these research, effectively evaluates the functional difficulties
patients encounter with low-luminance vision [53]. MLMT was a significant endpoint for assessing
treatment response in the Phase 3 effectiveness study of voretigene neparvovec-rzyl [54]. Variants of this
test are now used in more interventional studies for inherited retinal diseases (IRDs).

The efficacy of voretigene neparvovec-rzyl has initiated an exploration to discover more retinal
dystrophies amenable to gene augmentation, namely the use of a viral vector to provide a functional copy
of the defective gene. This procedure is applicable for treating loss-of-function mutations, and several
ongoing Phase 1/2 clinical studies are using this method for certain inherited retinal diseases (IRDs)
[16,55]. Adeno-associated viruses (AAVs) have been the preferred gene delivery vector for inherited
retinal disease (IRD) therapies for the last three decades. The AAV2 and AAV8 vectors have proven
effective in delivering genetic material to photoreceptor cells in the outer retina. Vectors are designed to
provide a standard copy of the target gene to photoreceptors or retinal pigment epithelium (RPE) cells,
often administered surgically by subretinal injection or, in some instances, via intravitreal injection [55].
In 1998, an AAV vector was initially shown as effective in treating a preclinical model of inherited retinal
degeneration (IRD) by restoring visual function in the retinal degeneration slow (rds) mouse by the
restoration of a wild-type copy of the PRPH2 gene [56].

Additional clinical studies investigating the use of AAV vectors for the treatment of various IRD targets are
included in Table 1. The quantity of simultaneous funded investigations spanning many inherited retinal
diseases indicates the potential of gene therapy methods for treatment. Several, but not all, of these first
studies are demonstrating encouraging outcomes and progressing to more advanced phases [57]. Ongoing
research include Phase 1/2 trials for CNGA3- and CNGB3-associated achromatopsia (Sponsors: AGTC;
MeiraGTx; STZ eyetrial). The findings from a Phase 1 trial assessing the delivery of CNGA3 via an AAV8
vector (NCT02610582, Sponsor: STZ Eyetrial) were published in 2020, indicating the therapy's safety and
enhancements in contrast sensitivity (mean 0.33 log) and visual acuity (mean 2.9 letters) among nine
participants. Active Phase 1/2 studies are now in progress for RS1-mediated X-linked retinoschisis,
sponsored by AGTC and the National Eye Institute (NEI). The NEI's Phase 1 experiments using an AAV8
vector for RS1 delivery (NCT02317887; Sponsor: NIH/NEI) did not exhibit a significant improvement in
visual acuity, retinal sensitivity, or electroretinography (ERG) outcomes. Adverse effects related to the
medication included intraocular inflammation in four of the nine subjects [58].

Phase 1/2 studies (Sponsors: AGTC; MeiraGTx; 4D Molecular Therapeutics) and Phase 2/3 trials
(Sponsor: Biogen/NightstaRx Therapeutics) are now in progress for RPGR-associated X-linked retinitis
pigmentosa (XLRP). The outcomes of the Phase 1/2 trial employing an AAV8 vector to administer a
codon-optimized variant of RPGR (NCT03116113, Sponsor: Biogen/NightstaRx) were published in 2020,
revealing the therapy's safety, with the exception of mild subretinal inflammation (at the injection site)
observed in patients receiving elevated doses of the therapy (up to 5 x 10”12 genomic particles (gp)/mL),
which responded to oral steroids [59]. The research revealed enhanced retinal sensitivity and restoration
of visual field loss in seven of the 18 patients (doses ranging from 5 x 10711 to 5 x 10712 gp/mL),
sustained during the 6-month follow-up period [59]. In May 2021, it was revealed that the following
Biogen-sponsored Phase 2/3 trial did not achieve its main goals of a 27 dB improvement from baseline in
=5 of the 16 central loci in the 10-2 grid evaluated by microperimetry at 12 months post-treatment.
Nonetheless, favorable developments were seen in several secondary clinical goals. The MeiraGTx-
sponsored Phase 1/2 study for RPGR-associated XLRP demonstrated that the AAV5-RPGR product met
safety endpoints and exhibited significant enhancements in secondary functional endpoints at three
months, with sustained or improved effects observed at the six-month follow-up for low and intermediate
doses. The data were evaluated using static perimetry and microperimetry, revealing substantial
differences in mean retinal sensitivity and central visual field progression between treated and untreated
eyes. MeiraGTx is advancing to a funded Phase 3 trial for this vector.

Additional significant RP studies are a Phase 1/2 study for PDE6B-associated autosomal recessive (ar) RP
(Sponsor: Horama S.A.), a Phase 1/2 trial for RLBP1-associated arRP (Sponsor: Novartis), and a Phase 1/2
trial for MERTK-associated arRP (Sponsor: King Khaled Eye Hospital). The Phase 1 study findings using an
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AAV?2 vector for MERTK delivery (NCT01482195, Sponsor: King Khaled Eye Specialist Hospital) indicated
the safety of subretinal vector administration throughout a two-year follow-up period. The authors found
enhanced visual acuity in the treated eye in three of the six eyes that underwent the treatment; however,
the improvements diminished within two years in two of the treated eyes [60]. The outcomes of a Phase 1
trial employing an AAV5 vector for GUCY2D delivery in patients with LCA1 (NCT03920007; Sponsor:
Atsena Therapeutics) are accessible, revealing safety in the treatment of one eye in three patients over a
nine-month follow-up, along with indications of visual enhancement [62]. Two patients exhibited
enhancement in rod photoreceptor functionality as assessed by full-field stimulus testing; one patient
showed enhanced pupillary responses, while another patient had a gain of 0.3 logMAR in best-corrected
visual acuity [62]. Currently, Phase 1 and Phase 2 studies are in progress for choroideremia associated
with CHM, sponsored by 4D Molecular Therapeutics, Spark Therapeutics, STZ Eyetrial, the University of
Oxford, Bascom Palmer/U of Miami, the University of Alberta, and Biogen/Nightstar Therapeutics. Biogen
recently disclosed the preliminary findings of their Phase 3 gene therapy trial for choroideremia (STAR
study, NCT03496012) with timrepigeneemparvovec (BIIB111/AAV2-REP1). The trial failed to achieve its
main goal of the proportion of individuals exhibiting an improvement above 15 letters from baseline Best-
Corrected Visual Acuity (BCVA) as measured by the Early Treatment of Diabetic Retinopathy (ETDRS)
chart at the 12-month follow-up. The trial did not indicate effectiveness on secondary endpoints;
nevertheless, more long-term analysis is expected.

significant drawback of the AAV vector in IRD gene therapy is its limited size, restricting the delivered
coding sequence to roughly 4.7 kilobases (kb) [63]. This has hindered its prompt use in treating prevalent
retinopathies attributed to genes with extended coding sequences, such as the ABCA4 gene (6.8-kb), the
predominant cause of hereditary macular dystrophy. Consequently, alternative viral vectors like
lentiviruses, capable of delivering coding sequences up to 8 kb in length, have been engineered with the
expectation that they would enable the transfer of bigger genetic payloads and ensure stable integration
into the genomes of transduced cells. Nonetheless, lentiviruses possess inherent limitations, such as their
suboptimal efficacy in transfecting photoreceptor cells and the potential danger of tumorigenicity due to
the random integration of their coding sequences into the cellular genome. A lentiviral approach
administering a wild-type variant of ABCA4 for Stargardt disease and MYO7A for Usher syndrome type 1B
was evaluated in Phase 1/2 clinical trials; however, these studies were terminated by the sponsor (ABCA4,
NCT01736592, NCT01367444; MYO7A, NCT01505062 Sanofi) [64]. Subsequent research on these
methodologies has not yet been disclosed.

Alternative methods being investigated for the delivery of big genes to the retina include split-gene
strategies, whereby the coding sequence of a substantial gene is divided and then encapsulated into
distinct vectors for delivery. Numerous laboratories have successfully employed this split vector
methodology in preclinical models, initially for the delivery of the erythropoietin genomic locus [65], and
subsequently for retinal disease genes associated with variants in the MYO7A gene (Usher syndrome, type
1B) and the ABCA4 gene (Stargardt disease) [66]. This method depends on the recombination of the two
vectors inside co-infected cells to produce the complete coding sequence of the gene. The efficacy of this
method in clinical investigations has yet to be determined.

CEP290 is a substantial gene (8-kb) that has garnered considerable interest for gene therapy strategies.
Mutations in CEP290 are the predominant contributors of LCA, representing about 25% of clinical
instances. The clinical condition exhibits characteristics of structure-function dissociation, similar to
RPE65-associated illness, making it a compelling candidate for gene augmentation treatment. This
encompasses the extended maintenance of the outer retinal architecture in the fovea and central macula,
the region of the retina accountable for optimal vision acuity. Researchers are exploring methods using a
partial gene product, termed the “miniCEP290” fragment, which has shown the ability to restore function
in a mouse model of CEP290-LCA and is sufficiently tiny for delivery via an AAV vector [67]. A further
significant clinical experiment is under underway, using gene-editing technology to restore a wild-type
copy of CEP290 in a patient's photoreceptor cells for the first time in humans. These technologies will be
elaborated upon further in this study.
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The safety of AAV vectors in the ocular region is corroborated by the lack of significant adverse effects in
follow-up studies, which currently exceed 10 years for patients treated with RPE65. Functional tests to
identify neutralizing antibodies were conducted throughout these studies, revealing that a subgroup of
patients produced antibodies against the AAV2 capsid [5,44,45]. Notably, these reactions were less
compared to those seen in people administered systemically injected AAVs, perhaps attributable, in part,
to the reduced quantities of virus necessary in the ocular region [68,69]. Comparable investigations used
an enzyme-linked immunosorbent spot test (ELISPOT) to demonstrate that antibodies were not produced
against RPE65, with two exceptions deemed artifactual [70]. Comparable outcomes were seen in the NEI-
sponsored X-linked retinoschisis experiment, where ocular inflammation was identified as the primary
adverse event post-treatment, and the patients' sera exhibited positive findings for neutralizing
antibodies against the AAV8 capsid, but not against the RS1 protein [59]. Significantly, the AAV delivery in
this experiment was administered intravitreally. Antibodies targeting AAV2 were also identified in the
Phase 1 study for MERTK-associated arRP [61]. The quantifiable humoral response to AAV capsids has
prompted concerns over the timing of therapy for the contralateral eye, with animal studies indicating
that neutralizing antibodies produced after treatment of the first eye may diminish the effectiveness of
treatment in the contralateral eye [71].

The level of antibody presence may depend on the ocular compartment into which the AAV is
administered. Neutralizing antibodies have been seen after intravitreal injection in animal models and
human trials, however the sub-retinal compartment seems to function as an immune-privileged location
[72,73]. The eye exhibits immunological modulation capabilities via processes such anterior chamber-
associated immune deviation (ACAID), which depend on the stimulation of Tregs, anti-inflammatory M2
macrophages, and the production of cytokines that foster immune tolerance [71]. A mechanism analogous
to ACAID has been proposed to explain the immunological tolerance seen in the subretinal area after AAV
treatment [74]. Localized inflammation was seen in individuals with subretinal injections of large doses of
the AAV8-coRPGR construct (5 x 10712 gp/mL); nevertheless, the inflammation responded to oral drugs
[50].

Ultimately, while the use of AAV vectors in ocular treatments has resulted in little detrimental effects, its
utilization for systemic genetic illnesses has presented more difficulties. The administration of elevated
systemic dosages was associated with liver failure, sepsis, and the fatalities of two people in an Audentes
Therapeutics Phase 2 gene therapy trial for X-linked myotubular myopathy [75]. It is noteworthy that
none of the patients given a reduced dosage of the medication had liver-related side effects. Other
significant instances of high-dose systemic trials of AAV therapies (minimum 2 x 10"14 vector genomes
(vg)/kg) with documented toxicities primarily associated with immune responses encompass
AveXis'sZolgensma (onasemnogeneabeparvovec) for spinal muscular atrophy, alongside Solid
Biosciences’ SGT-001 and Pfizer’s PF-06939926 for Duchenne muscular dystrophy [76].

5. RNA-Modification Therapies for Hereditary Retinal Degenerations

The aforementioned gene augmentation procedures are effective for retinal degenerations produced by
loss-of-function mutations or dominant haploinsufficiency, but they are unsuitable for addressing
dominant mutations arising from gain-of-function or dominant-negative alleles. A crucial technique to
regulate the expression of these harmful alleles involves the degradation of messenger RNA (mRNA) prior
to its translation into protein. Among them, RNA interference (RNAi) has the most comprehensive history
of research as a possible treatment for inherited retinal diseases (IRDs). RNA interference (RNAIi)
functions via the post-transcriptional silencing of messenger RNA (mRNA). The technologies include
ribozymes, short-interfering RNA (siRNA), short-hairpin RNA (shRNA), and antisense oligonucleotides
(AONs) [77]. Ribozymes are naturally occurring RNAs inside the RNase-P complex that catalyze the
conversion of precursor tRNA into its active form. Ribozymes can be artificially designed to cleave specific
mRNAs, thereby inhibiting their translation into proteins; however, their limited in vivo catalytic activity
has constrained their use in treating inherited retinal diseases (IRDs). Nevertheless, ongoing
improvements in kinetic activity are being pursued to facilitate clinical applications. siRNA and shRNA are
double-stranded RNAs that, upon expression in a cell, are converted into single-strand antisense guides,
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which are integrated into the RNA-induced silencing complex (RISC) to destroy corresponding mRNA
[78]. siRNA may be enclosed in lipid delivery systems, whereas shRNA is packed in viral vectors. shRNA
may be administered concurrently with a wild-type coding sequence for the target gene, wherein the
codon usage has been altered to confer resistance to the RNAi approach, thereby facilitating "knockdown-
and-replace" strategies for autosomal dominant diseases, such as dominant RHO-associated retinitis
pigmentosa [79]. This resulted in the creation of a dual AAV vector treatment, RhoNova (Roche), although
there has been no update on its clinical progression as of this publication. A single AAV2/5 vector that
expresses both the shRNA and a normal copy of the RHO gene has been generated and is now undergoing
a Phase 1/2 clinical study with IVERIC bio.

Additional innovative RNA-based therapeutics use antisense oligonucleotides (AONs or ASOs), which are
synthetic single-stranded RNA or DNA that hybridize with complementary mRNA transcripts. AONs can
alter gene expression through various mechanisms, including the inhibition of translation, the cleavage
and degradation of mRNA transcripts, or the modification of pre-mRNA splicing, resulting in the inclusion
or exclusion of splice sites in frameshift alleles that would typically cause premature termination or
transcript degradation [80]. Nucleic acid fragments may be administered to retinal cells by intravitreal
injection, eliminating the need for viral or lipid vectors, so making them appealing for the treatment of
inherited retinal diseases (IRDs). AONs may be administered with less invasiveness; but they will
probably need repeated injections throughout the individual's lifespan.

Presently, Phase 2/3 studies funded by ProQR Therapeutics (NCT03913143, ILLUMINATE, and
NCT04855045, BRIGHTEN) are evaluating the effectiveness of an AONs-based medication, sepofarsen, for
treating the predominant mutation in the most often implicated gene for LCA, CEP290 [81]. This allele is
defined by a point mutation that creates a cryptic splice donor site, resulting in the insertion of an early
stop codon. The findings of the Phase 1/2 study (NCT03140969) were released in 2019, indicating that
data from ten of the eleven patients who underwent this therapy demonstrated a clinically significant
enhancement in visual acuity, with treated eyes exhibiting a measurement of 0.54 log10 MAR (26 letters)
superior to untreated eyes three months post-initial dose [82]. Treated eyes exhibited superior
performance in full-field stimulus testing (FST) for blue light, in comparison to untreated eyes [82].
CEP290 is a transition zone protein that regulates the proper transport of proteins from the inner
segments to the outer segments, and the surviving cone photoreceptors in affected individuals are often
anatomically aberrant [83].

Sepofarsen treatment seems to enhance imaging indicators of normal photoreceptor architecture at the
junction of the inner and outer segments in two individuals [82]. At three months, ten of the eleven
participants got a second injection. The eleventh patient in the experiment declined several injections to
prevent early cataracts, and a recent case report documented improvements in visual acuity, FST light
sensitivity, mobility assessment, and pupil constriction latency in the treated eye after a single injection.
The peak advantage was seen around two months, although he exhibited prolonged benefit for a
minimum of fifteen months [83]. The authors noted a temporary rise in OCT reflectivity around the
photoreceptor ciliary transition zone between the third and fifth month, which corresponded with the
patient's enhancement in visual function. This observation may indicate an imaging correlation between
structural and functional improvements resulting from the therapy [83]. ProQR Therapeutics announced
the conclusion of recruitment for their Phase 2/3 study (Illuminate) and expects to provide top-line
findings in the first half of 2022.

6. Conclusions

Advancements in molecular biology, stem cell biology, and visual science have further enhanced our
resources for addressing vision impairment caused by retinal dystrophies. A multitude of these novel
methodologies are now being evaluation in clinical trials and are anticipated to provide efficacious
medicines that may either avert more vision deterioration or rehabilitate eyesight in an increasing cohort
of sufferers. Motivated by the efficacy of gene augmentation procedures, several currently investigated
treatments promise to address the whole range of causal mutations associated with inherited retinal
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diseases (IRDs). The first gene-editing experiment using CRISPR-Cas9 for the treatment of CEP290 illness
is now under progress, and we will shortly ascertain the safety and effectiveness of this promising method
in people. Advancements in the efficacy and safety of gene-editing techniques are anticipated to broaden
the range of treatable illnesses and alleviate apprehensions about off-target genetic impacts. Additional
promising prospects include the efficacy of neuroprotection, optogenetics, or regenerative cell-based
treatments that are potentially mutation-agnostic. Certain methodologies may have the potential to
restore vision in people with advanced illness or other acquired retinal degenerations. The efficacy of any
of these methods would significantly influence the future of ophthalmology and medicine.
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