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ABSTRACT

Hereditary retinal diseases (HRDs) are a group of disorders caused by
genetic mutations leading to vision impairment and blindness. Recent
advancements in gene editing technologies, particularly CRISPR-Cas?,
have opened new therapeutic possibilities for these diseases. This review
explores the potential of gene editing in the treatment of HRDs,
discussing the various gene editing methods, including CRISPR-Cas?,
TALENSs, and ZFNs. We examine the successes achieved in experimental
models and the translation of these methods to clinical practice. Key
issues such as efficacy, delivery methods, off-target effects, and ethical
considerations are also addressed, the article also addresses the
prospects for gene editing in ophthalmology and how it may impact the
way HRDs are treated by providing unique and efficient therapy choices.
This study highlights the transformational potential of gene editing
technologies in the management and treatment of inherited retinal
disorders by offering a comprehensive overview.

Keywords: Gene editing, Hereditary retinal diseases, CRISPR-Cas9, Genetic
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© 2024 European Society of Medicine 1


https://doi.org/10.18103/mra.v12i8.5584
https://doi.org/10.18103/mra.v12i8.5584
https://doi.org/10.18103/mra.v12i8.5584
https://doi.org/10.18103/mra.v12i8.5584

1.Introduction

Hereditary retinal diseases are a group of diseases
that are genetically inherited and manifest in
progressive vision decline and in some cases loss
of vision at night. Contemporary studies indicate
promising results in the last two decades
concerning the discovery of genes responsible for
| Retinal diseases like retinitis pigmentosa. A direct
outcome of this development is that the present
relationship between genes, mutations and clinical
presentation can best be described as complex. The
positive outcomes of searching for the origins of
IRDs are numerous; among them, the improved
understanding of both the developmental
mechanisms and changes that underlie vision, as
well as the pathophysiologic processes of diseases
of the retina®#>¢

Among hereditary retinal diseases, retinitis
pigmentosa and Leber congenital amaurosis are
well known; these diseases are also accompanied
by the loss of photoreceptor cells, which results in
a decrease in visual acuity. For instance, retinitis
pigmentosa is an extremely diverse disease and is
associated with more than eighty genes through
which it reveals quite diverse clinical pattern.
Likewise, Leber congenital amaurosis is a disabling
disease that affects vision in the early childhood due

to mutations in at least twenty seven genes’®’.

Gene augmentation and gene editing are now
considered viable options in the management of
monogenic inherited retinal diseases. While there
are gene augmentation treatments for inherited
retinal diseases that are on the commercial market,
there are a lot of limitations to them such as
progressive retinal degeneration and waning
effectiveness in the long run. This article also
reviews the uses, advantages, and limitations of
traditional gene supplementation or gene addition
strategies, new precise genomes in the retina
editing tech-nologies, and potential preclinical
research to enhance the genome editing therapy in

human patients''?.

These diseases are due to genetic changes in the
components participating in phototransduction,

cellular metabolism, and cytoskeletal structures of
retinal cells. For example, mutation in the RPE&5
gene affects visual cycle leading to Leber
congenital amaurosis and defects in the RPGR
gene, which is involved in ciliogenesis are a cause
of  X-linked
developments in genetic sequencing techniques

retinitis  pigmentosa’,  New
have made research into these disorder more
productive as we have been able to discover new
disease causing genes and a little more about the
underlying pathogenesis of these diseases14, With
emergence of new technologies in gene editing it
appears that in the future doctors will be able to
create therapies and curates to stop or reverse
vision loss. This review shall review the potentials as
well as future obstacles in genome editing for
hereditary retinal diseases with a focus on lately
published data.

1.1 OVERVIEW OF COMMON HEREDITARY RETINAL
DISEASES

High is the potential of gene editing technologies,
including those based on the CRISPR/Cas9 system,
to treat the disorders resulting from inherited
mutations that, until recent years, never had a
treatment at all. This is because it may be possible
for the above technologies to fix the gene that
leads to the genetic disease15 Still, in the present-
day scenario, one of the most employed utilizations
deals with modalities regarding the insertion of
corrected transgenes alone, and these practices
have been proving rather effective16. Thus,
therapeutic success at the medium and long-term
might entail the use of induced pluripotent stem
cell technology alongside gene editing at the
donor stage with the subsequent ophthalmic
application of corrected retinal cells or their by-
product. Further progresses in basic science research
as well basic or clinical research confirmation are
needed to offer the scientific evidence with regard
to the safety and efficacy of the utilization of gene
editing for the treatment of hereditary retinal
diseases18, It is useful to assess the maximum
therapeutic effectiveness of gene therapy strategies,
where the development of a number of optical

examination methods is useful for the evaluation of
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the retinofugal system as a whole19. Therapeutic
success will go hand in hand with the potential of
affordably medicinal treatment in several countries

and especially, in low-income areas”’.

1.1.1. Retinitis Pigmentosa (RP)

Retinitis Pigmentosa is one of the most common
hereditary diseases affecting the retina is a disease
charac- terized by the gradual degeneration of the
photoreceptor layer of the retina, but mostly rods,
which causes a decrease in the ability to see at night
and a gradual loss of peripheral vision. Cone
photoreceptors are affected over time and patients
develop central vision loss. RP is rather
heterogeneous, as more than 80 genes are
associated with the corresponding pathology™.

1.1.2. Leber Congenital Amaurosis (LCA)

Leber Congenital Amaurosis is considered to be
retinal dystrophy of the most severe degree, which
develops at birth or during the first few months of
the baby’s life. LCA has features of very poor vision,
inability to fixate on objects and light, nystagmus
in infants. LCA is caused by disease-causing
variants in at least 38 different genes: that shows
the genetic diversity of LCAZ2"-

1.2 CURRENT UNDERSTANDING OF GENETIC
CAUSES AND THEIR IMPACT ON VISION

Indeed, it was not until the identification of a gene
responsible for this disease in 1993, namely the
RPE65 gene in autosomal recessive Leber’s congenital
amaurosis type 2 (LCA2), the number of genetic
lesions associated with sight-limiting disease has
risen considerably??, Furthermore, LCA2 is frequently
employed as a model disease to assess the
effectiveness of the prospective genetic treatments.
Specific to the estimations of individual retinal gene
disorders the problems relating to the scope
regarding mutation which essentially causes identical
visual phenotypes cannot be overstated. In addition,
a large proportion of the pathogenic cause
variations contributing to RP are localized in the
coding region. Following the reported finding of
RPE65 as a cause of LCA2, more than 23 genes have
been confirmed regarding theirimpact on the onset

of LCA phenotype and the severity of the

disease23.

Hereditary retinal dystrophies is a class of
genetically transmitted diseases that are usually
diagnosed after chronic signs making references to
photoreceptor degeneration and low vision
beginning from juvenile amaurosis to congenital
blindness24, Due to the recent development in
ophthalmic genetic test and deep phenotyping,
inherited genes as well as mutations contributing to
IRs have been increasingly being identified. These
causative genes vary with respect to the incidence
and relation with symptoms of the retinal disease.
With further utilization of NGS technologies, the
number of known genetic roots of the retinal
dystrophies has grown to over 300 genetic loci at
present, and viewing the issue from the present, itis
considered that no more than 45% of all
monogenic retinal diseases are multigenic25.

2.Current Treatment Landscape

Although numerous therapeutic approaches have
been developed in the last 25 years to treat many
de- generative and inherited congenital retinal
diseases. It consists of dietary supplements, Non-
steroidal anti- inflammatory drugs, anti-VEGF
agents, stem cell grafts, Gene transfer. Gene
transfer is the rehabilitation approach used for
RPE&5-linked diseases with a corrective vector for
the augmentation of gene or gene expression
regulation. Post-surgery, patients do not undergo
any therapy but undergo only ophthalmic tests and
certain immunologic treatment checkups, because,
with the grafting of DNA-modified cells into the
host retina and the minimum necessity of further
DNA adjustments. The mostly common possible
risk is related to the standard procedure of
phacoemulsification with lens implants where it
could contribute to the degeneration of the
retina26. Data collected from a number of recent
studies conducted in models of old dry AMD and
GA-like diseases enabled the identification of new
potential therapeutic targets as well as new
alternative treatments like the use of mitochondria-
targeting molecules or RCD inhibitors for AMD.
These results give reason to believe that in the future
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a range of gene transfer therapeutic strategies can
be proposed as alternatives to or combinations with
Alda-protective or mitochondria-channel targeting
drugs. With regard to PTSs induced by ET, the
deletion of cell-specific genes instead of overall
inhibiting a cell cycle pathway, or performing gene
modifications with the use of PT-targeting gene
editing techniques seems to be promising therapeutic
tactics. Although the use of restricted CRISPR/Cas?
in vivo is still not as clinically advanced as the
methods listed above, gene therapy trends indicate
that gene manipulation and precision modifications
of the mutated genes or mutated regulators
responsible for the occurrence of selected
progressive RTS diseases will soon become standards

in the treatment of various clinical symptoms?’ -

2.1 TRADITIONAL APPROACHES AND THEIR
LIMITATIONS

The experiences of other coalitions and associations
and the problems of the traditional way of working.

In their inheritance form, some diseases such as
retinitis pigmentosa (RP) and Leber congenital
amaurosis (LCA) are difficult to treat because of
their genes. The previous methods of addressing
the illness have en- tailed more of a focus on
treating the symptoms and reducing the growth of
the disease instead of correcting the genetic
abnormalities that are the root cause of the disease.

The first attempts to prevent photoreceptors’
degeneration concerned high-dose vitamin A; it
emerged that this technique could slow down the
decline in retinal function in some RP patients.
However, vitamin A does not arrest the disease and
is associated with side effects such as hepatotoxic
effects in the long-term use of the supplement.
Other treatments have also been used in retinal
inflammations and prevention of degeneration and
such include corticosteroids and neuroprotective
agents. Although they help control inflammation
and halt exacerbation of the vision decline, these
treatments do not alter the genetic fundamentals
and come with a range of side effects;
corticosteroids, which are widely administered in

OA treatment regimens, lead to the development

of cataracts and glaucoma®*®.

Thus, present retinal prosthesis systems including
Argus Il are significant advances in the field of
ophthal- mology as the patient with end-stage
retinal degeneration is capable of seeing partially
again. These devices work through electrical
impulses to the remaining part of the retina. But
they have a poor visual resolution and are very

expensive and are inserted surgically®'¥.

Gene augmentation therapy including the use of
voretigene neparvovec (Luxturna) in LCA due
RPE65 mutation has been found to be very
promising. This therapy puts a functional copy of
the RPE&65 gene into retinal cells with an adeno-
associated virus, or AAV, providing great
improvements in vision for many patients.
However, this approach is only for people with
known changes in their DNA and does not reverse
the mutation. It only creates an additional functional
gene copy; it can be helpful when the mutated
gene produces a dominant negative effect®.

However, traditional approaches have the
following demerits: Instantiation of my per- thesisis
as fol- lows: However, traditional approaches have
the following disadvantages: Many are confined to
dealing with the manifestations of the sickness
rather than the sickness itself. For gene modifications
like augmentation, they can only be administered
to particular mutations and thus a majority of

people with the diseases receive no treatment.

Whether administered for short-term or for long-
term, the treatment therapies like high-dose
vitamin A or corticosteroids are seen to have
serious complications. In addition, current therapy
can only possibly result in a partial or temporary
recovery of visual acuity and does not ensure the
patient’s vision is normalized or the progression of
the disease is stopped.

New technologies including CRISPR/Cas? has an
unusually promising potential to eliminate these
restric- tions since they use gene editing to treat the
source of the hereditary retinal diseases. It may also
lead to new “cures”, and more targeted and longer

lasting ones that can correct more than just a small
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sample of mutated genes without harming the

patient’™®,

2.2 EMERGING THERAPIES AND RECENT
ADVANCEMENTS

The new approaches towards the management of
hereditary diseases of the retina have presented
the novel forms of treatment which are aimed at the
genetic level. By doing so, the molecular
compounds, especially the gene-editing tools such
as CRISPR/Cas? possess possibilities by rectifying
the genetic malaise that causes RP and LCA. 15
They are under research for their efficacy for use
and the side effects.

Yes, optogenetics involves the use of light-sensitive
proteins to reconstruct vision by converting retinal
cells into light-sensitive cells as highlighted by the
research finding with the partial vision restoration in
patients with advanced RP Stem cell therapy targeting
the replacement of retinal cells lost to the disease

by using iPSCs; early trials are encouraging®*.

Pharmacological approaches are aimed at the
certain pathways which are implicated in the
pathogenesis of retinal degeneration, and new
therapeutic  strategies can be based on
neuroprotective agents and anti- inflammatory
drugs36. Gene augmentation much as in the case of
Luxturna for RPEé5-related LCA delivers the
functional copy of the gene and has been marked by
an improvement37. They are also involved in
adapting RNA based therapies for altering gene
expression levels with a view to rectifying abnormal

working of genes®’.

Such progress gives promise of better treatments
pointing to a larger number of genetic mutations,
and fewer side effects with which hereditary retinal

diseases will be cared for in the future.

3.Overview of Gene Editing

Technologies

Gene editing is described as the process by which
specific strand of DNA is altered within a cell. Most
of the early methods targeted the disease-causing
mutation at the DNA level that has drastically
changed with improvements in technologies.

These new technologies make it possible to directly
alter the patients’ DNA, with some application of
therapeutic nature. They are rigid, economical, not
very intricate and can eliminate both autosomal
recessive and autosomal dominant mutations.
Therefore, gene editing tools are fascinating when
undertaking the correction or alteration of the
genome within the cellular as well as the
organismal levels. All the above tools are being a
subject of extensive research in regenerative fields;
specifically; they have been applied in
ophthalmology. Gene replacement therapy which
has been applied in clinical trials for inherited retinal
diseases has led to the development of gene

editing favourable over gene addition®®¥.

3.1 EXPLANATION OF CRISPR-CAS9, TALENS,
AND OTHER GENE-EDITING TOOLS

Genetic engineering tools are now rapidly
developing at a very high rate and can be used to
very accurately manipulate the DNA. Among these,
CRISPR-Cas? and TALENs are more widely used
while other popular scRNA-seq techniques are
ZFNs and base editors.

CRISPR-Cas9
CRISPR-Cas? is
technology taken from the bacterial immune

revolutionary gene editing
system. In this approach, a guide RNA (gRNA)
helps Cas? to locate a target DNA sequence and
Cas9 then cuts the DNA at the targeted place. This
break can be repaired by the cell’s non homologous
end joining (NHEJ) which typically results in small
insertions or deletions or homology directed repair
(HDR) which requires a template to be used for
repair. CRISPR-Cas? is highly efficient, versatile and
comparatively uncomplicated in design and
therefore widely used for genome engineering in

several organisms including human'™*,

TALENSs

TALENS are site specific endonucleases that can be
constructed so as to have affinity to specific DNA
sequences with a view of causing DSBs. They exist
of a DNA binding domain taken from transcription
activator-like effector proteins (TALEs) and of a
Fokl endonuclease domain. TALENs are highly
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specific because each target DNA sequence is
encoded by the TALE repeats and essentially any
sequence can be programmed. The Fokl domains
ensnarl with the target DNA strand and then
undergo a conformation change to cleave the DNA
at the site of homology and a second site both of
which are recognized by the Fokl domains Two
parallel cuts on opposite strands of the helix allow
the cell repair machinery to process the double
strand break. TALENS are highly specific and there
have been successful uses of TALENSs in different

areas such as plants, animals and human cells*243.,

Zinc Finger Nucleases (ZFNs)

ZFNs are another type of engineered nucleases
that comprise a DNA-binding zinc finger and the
Fok | nucalse domain. a zinc finger domain can
distinguish a particular triplet in the DNA sequence,
and therefore, design and construct unique ZFNs
that selectively target required segments of DNA.
Likewise to TALENSs, Fokl domains of TARGEts also
form a covalently linked dimer that will cause
double-strand breaks at the target site. ZFNs also
have been applied in many gene-editing processes
although they are relatively more difficult to
construct and optimize compared with CRISPR-
Cas9 and TALENs**,

Base Editors

Base editors are one of the newest tools in the field
of gene editing and work by directly changing one
base to another without the creation of double-
strand breaks. This technology incorporates a
deaminase enzyme with a CRISPR-Cas9 or TALE
protein which recognises the target DNA sequence
for binding but does not cleave it. Base editors
have been applied in the treatment of the following
point mutation in a variety of genetic diseases,
whereby they can be considered more efficient and

safer than other methods of gene editing**’.

3.2 POTENTIAL APPLICATIONS IN MEDICINE

They are another field with great potential for
treatment of many genetic diseases through direct
modification of the mutated gene. It was used
effectively in the treatment of the Duke’s muscular

dystrophy for example. Recently, applying CRISPR-

Cas9 technique researchers have managed to edit
the dystrophin gene in animals to regain normal
function and it can be speculated that it can be
applied to other genetic disorders. This discovery
may lead to helping a number of conditions which
were believed to have no cure or treatment, In
particular, in cancer therapy, gene editing can be
used to alter the patient’s immune cells, increasing
the efficiency of their interaction with cancer cells
for their destruction. A classic example of this is the
CAR - T cell therapy in which T cells are genetically
engineered to express chimeric antigen receptors
that directly target cancer cells. Technological
advancement, for example, CRISPR functional
genomics can increase the rate of making these
changes, and enhance the general effectiveness of

the cancer therapy*®*.

It also presents fresh tactics to fight diseases that are
caused by pathogens; Gene editing also makes it
possible to get new approaches of preventing new
diseases That are caused by pathogens;. For
example, CRISPR-Cas? has been considered as a
tool to guide modifications and destroy the viral
DNA in infections such as HIV. It could thus result in
finding new cures for viral diseases that for instance,
are almost impossible to treat with current
treatment modalities giving fresh hope to the
patients with chronic viral diseases50.

Some of the advances of gene editing include;
gene editing in ophthalmology for the treatment of
inherited retinal diseases. Gene editing has been
applied to fix mutations impacting on retinitis
pigmentosa and Leber congenital amaurosis genes
in vitro with the use of CRISPR-Cas?. These research
integrations could possibly result in potential cures
for many genetic eye diseases, for which there are
no current cure also, gene editing has been utilized
in the treatment of other ailments through the
manipulation of hematopoietic stem cells intended
for the treatment of blood diseases like sickle cell
disease and beta-thalassemia. This property makes
it possible to produce normal red blood cells, and
thus treat these disorders, using gene correction in

these cells. Clinical trials are being conducted at
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this time to determine the effectiveness of these
unique methods, giving hope to the patient’s

diagnosed with these crippling diseases °'>?

4.Gene Editing in Ophthalmology

Some of these gene editing technologies include
CRISPR-Cas9, TALENs, and base editors, in
inheriting Retinal Diseases Treatment. They allow
specific corrections on genetic mutations that
cause ailments such as retinitis pigmentosa, Leber
congenital amaurosis, and age related macular

degeneration.

Retinitis Pigmentosa (RP)

RP which is described as a degenerative process
involving the steady decline in the number of
photoreceptors. The vectors based on the
technology like CRISPR-Cas9 system have been
employed in reaching out and fixing errors in the
RPGR gene which is more frequent in RP. Avoiding
correction of the defective gene is impossible as the
goal of the scientific community is to slow down or
even reverse the degeneration processes and save
vision. Laboratory experiments performed on
animals have indicated positive outcomes and
current clinical trials which have been conducted
on people indicate that these approaches are safe

and effective®>40,

Leber Congenital Amaurosis (LCA)

LCA is considered as a severe retinal dystrophy and
usually the disease begins in infancy. LCA is known
to be often associated with the mutation of the
RPE65 gene. With CRISPR-Cas9 systems, animal
studies have shown that RPE65 gene mutations
could be treated with gene therapy and wanted
results have been witnessed on the visual acuity.
The only FDA approved gene therapy until date is
called Luxturna, where an AAV vector delivers an
RPE65 functional gene as the ready reckoner for
any future therapy based on CRISPR strategy that
aims at rectifying genetic mutations53.

Age-Related Macular Degeneration (AMD)
AMD is known to be the leading cause of blindness
in the elderly. The advances in gene editing

provide the reprieve of therapeutic intervention

since the genes that participate in the
pathogenesis of AMD can be manipulated. For
instance, gene therapy based on CRISPR-Cas? can
correct the genes that are responsible for
inflammation and the formation of new blood
vessels which lead to AMD and might reverse

retinal dysfunction®*>®.

Stargardt Disease

Stargardt disease — this is a condition that is
hereditary and characterized by degeneration of
the vision. ABCA4 is
development and is said to involve mutations

responsible for its

within the gene. Autosomal dominant disorders are
being researched with an intention to delete these
mutations with the help of gene editing tools such
as cas9- crispr technique as the primary step to
revert the protein function to normal and stop the
further onset of this ailment. Initial proof exists,
although experiments are still in their infancy, and
the primary aim is to refine the delivery system and
be certain that the areas targeted are specific56.

4.1 SPECIFIC APPLICATIONS OF GENE EDITING
IN RETINAL DISEASES

At the present, education on the genetic makeup of
inherited retinal degeneration is extensive to a great
extent. Diagnosis of inherited retinal dystrophies
have enhanced so much in our abilities. Thus gene
therapies of today are only the promising figure of
a new start in genetic medicine that was potentially
possible for the last fifty years at least; Gene
therapy however has certain limitations. Not only
ichHL is clinically and genetically very variable both
between different genes/allelic mutations and
between patients who have the same mutation, but
also phenotypically ICDs. While biotechnology has
continued to grow, the three types of zinc finger
nucleases, the TALENs and the CRISPR-Cas9 have
been used in both, cell culture and animal
experiments on retinal diseases. While these
activities are targeting at providing gene
replacement through homologous recombination,
it also provides one-step point mutation based on
specific endogenous gene, activation or inactivation

of endogenous gene for tissue-specific, over-
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expression or knock-down purpose or directly
knock-down on function of transcriptional repressor
in cis- or trans- elements. New gene editing
technologies expand knowledge about the retinal
pathophysiology due to the initial genetic
mutations and to allow a real-time evaluation of the
impact of certain gene editing approaches as well
as to offer more gene correction contexts in the
future, Here, we will provide the literature review of

the major papers in this field>"®.

Originally, the CRISPR-Cas? system was identified as
bacteria’'s immune defence mechanism against
viruses. In 2012, three groups with independency
stressed that the type of the CRISPR array can be
adopted as sgRNA to guide the nuclease.
Additionally, Cas9 nuclesae from Streptococcus
pyogenes is programmable to carry out a double
strand break at a particular locus. SSO sequence
preferences can be created as well as the sgRNA to
be used for the editing of various organisms in the
genome. After that, public approval and utilization
of the CRISPR-Cas9 system have grown very quickly
and are now present in many aspects of research
and development in numerous scientific disciplines.
This is a case where there has been a great
emphasis on the use of CRISPR, lots of progresses
made and even successful efforts to achieve the
goal of disease modeling and treatment. It is
difficult in such investigations to get a precise
estimation of the sgRNA sequence along with the
most suitable Cas9 on/off-target, Currently, editing
either with the geminivirus derived system (BE3), or
nuclease deficient dCas? fusions with Pol Il or
Catalytically Inactive dCas9 Effector fusions that
have TET or APOBEC cytidine deaminase activity is
used. Versatile fusion constructs have been
developed to enhance laminated targeting to
genetic components, with and without the use of a
separate linker. Recent large-scale knockout studies
conducted in mice also indicated the experimental
delivery of the CRISPR has a high either mutation, or
unintended insertion/deletion and target-trapping
and editing studies have indicated targeted
chromosomal translocations with limited genotoxicity.

Compared to the more traditional zinc finger

nucleases and the pair of frequently truncated
TALE proteins or lentiviruses, the CRISPR-Cas9
system is of particularly significant benefit due to
the lower cost and relatively fast throughput,

enabling potentially easier scale-up®7%¢’.

4.2 CASE STUDIES AND EARLY-STAGE CLINICAL
TRIALS

The genome-invading technologies such as
CRISPR-Cas? are considered to have great
potentials in treating the inherited eye diseases.
Here are detailed explanations of some significant
case studies and early-stage clinical trials:Here are
detailed explanations of some significant case
studies and early-stage clinical trials: QR-1123 for
LCA10: The first human trials involving CRISPR was
conducted on animals back in 2017 and the first in
vivo human CRISPR study on Leber Congenital
Amaurosis type 10 (LCA10) begun in 2020. The
company known as ProQR Therapeutics brought
into the market QR-1123 which is an investigational
therapeutic with focus on CEP290 LCA10
mutation. This trial means that the participants
are divided randomly into different categories with
different levels of doses, and the study involves
about 18 patients. The major purpose is to
determine whether QR-1123 delivered to the
subretinal space in a single or double cycle is safe
and well-tolerated. That is, the trial will also
compare the degree of decrease in CEP290 mRNA
that will occur in the treated eyes with the
untreated ones. Primary outcomes will be assessed
for patients six months after receiving the treatment
and main outcome measures will be measured at
one, two, and five years after the last session62.

EDIT-101 for LCA10: Another significant trial that
uses CRISPR is EDIT-101 derived from Editas
Medicine in partnership with Allergan. This
intravitreal trial started in November 2019 and is for
the CEP290 mutation. In EDIT-101, there are two
guide RNAs that target the mutation and ensure
modification of the particular gene within the area
of the retina. The trial aims for the FDA approval,
with the human dosing started during the earlier
part of 2020. The objectives of this study are to
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evaluate the safety profile, tolerability, and the
initial therapeutic efficacy of EDIT-101 which will
help to set the stage for gene editing alternative
treatment to inherited retinal dystrophiesé3.

Clinical trials in this area are being carried out with
the aim of applying CRISPR-Cas9 to counter genetic
disorders that involve mutations in the RPGR gene
in X-linked RP. These trials are at the primary stage
where safety has been tested; the CRISPR
components are administered via subretinal
injections to target the RPGR mutation within the
retinal cells. The main goals include assessment of
the risks associated with this approach and its
ability to stop or even revert part of photoreceptor
loss and save vision. These clinical trials are important
for evaluating how practicable and beneficial the
Genetic modification is in treating RP64.

In Age-related macular degeneration (AMD) the
gene editing trials have focused on the genes that
have roles to play in inflammation and angiogenesis
these are most procession in the development of
AMD. These genes are being targeted with CRISPR-
Cas9, in a bid to decrease pathological
neovascularization and inflammation in the retina.
These trials are still at the phase 1/2, where the
emphasis is on safety, and the first signs of efficacy
in delivering intravitreal CRISPR injections. If such
studies are successful, then they could help
develop new treatment methodologies for AMD,
which affects a significant number of elderly
persons. Currently, there are three clinical trials of
early phases for the treatment of AMD using
CRISPR-based therapies. One of the experimental
studies is the application of Cas? ribonucleoprotein
to reduce VEGF-A and HIF-1 in a murine model;
this result suppressed choroidal neovascularization.
This is the promising evidence for AMD treatments
that was also followed by human trials to treat or, at
least, stop the progression of the disease and

consequently, vision loss®¢¢7,

Some of the most targeted mutations for gene
editing are the ones causing Stargardt disease
associated with ABCA4 gene. Stargardt disease is
an autosomal recessive inherited disease which

affects the retina and begins in childhood with
gradual worsening of vision. Innovations are
worked out to treat the genetic basis of ABM with
CRISPR-Cas? in the late stage experimental trials.
Such studies hope to retain normal protein
functioning and decrease the formation of toxic
metabolites which cause photoreceptor cell
deathé8, Scientists are also fine-tuning the delivery
systems including viral vector and nanoparticle to
get the best result of gene editing in the retinal
cells. For instance, a submitted study plan was to
use CRISPR/Cas? delivered with an adeno-associated
viral (AAV) vector for subretinal delivery in a
Stargardt disease mouse model. This strategy seeks
to prove the efficiency of the CRISPR/Cas9 system in
the gene-editing process of ABCA4 mutation and
the reduction of the disease manifestationsé9.

Also, there is Ascidian Therapeutics which recently
revealed that the agency has given the green light
to its investigational new drug application for
ACDN-01, an RNA-editing drug for Stargardt
disease. This trial will serve to determine if ACDN-
01 is safe and effective at editing ABCA4 RNA to
generate mutation-free, functional protein and
could have remarkable therapeutic advantage over
other hereditary disorders that permanently alter
the patient’s DNA without the danger of doing so
in the ABCA4 gene70.

The condition that has been targeted by the gene
editing of the USH2A gene is uproar being a
combined disorder of hearing and vision
impairment. Researchers in earlier experiments have
demonstrated that USH2A can be repaired by
CRISPR-Cas? in animal models. Such protocols are
now being designed to determine the safety of the
procedures in human patients for therapeutic
efficacy. These trials will seek to bring in CRISPR
components to the needed location of the retinal
tissue and evaluate the return to normal of hearing

and vision in the care of this intricate syndrome’"”2,

5.Delivery Methods

Transducing gene-editing tools into retinal cells

has its problem because of the sensitivity and
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structure of the retina. This is due to difficulties in
addressing the desired cell type in the retina like the
photoreceptor or the retinal pigment epithelial
cells without affecting the other parts of the eye.
Anotherissue is the immune response, for example,
the body may react to the delivery vectors or gene
editing tools as a form of infection and react
negatively to it. Thisimmune response is capable of
lowering the efficiency of the therapy offered and
leading to the potential destruction of the retinal
tissue. Furthermore, the delivery and expression of
the gene-editing tools are also important because
of the histological structure of the eye; it is small,
well- circumscribed, and surrounded by sclera.
Another important factor that governs the outcome
of the therapy is that the dose of the therapeutic
agent, which is taken to the target cells, should be
adequate. Reversibility is also an issue, because
when using the gene-editing tools, there could be
an issue with off-target effects where other
unwanted parts of the genome can be edited
leading to negative consequences that must be
avoided at all costs¥.

That is why recent achievements in the delivery
methods have been aimed at addressing these
challenges for enhanced safety and efficiency of
gene-editing drugs for retina disorders. AAVs are
the most utilized viral vectors in the present day to
deliver gene-editing technologies to the affected
retinal cells. AAVs are preferred for their high
tropism to the retinal cells and low, if any, immune
response in their host. Subsequent research has
unpacked AAV vectors to improve their tropism
and efficiency of transduction, with AAV8/9 being
demonstrated to deliver CRISPR components to

photoreceptors and/mixed RPE cells”747>

That is why non-viral systems, including
nanoparticles, are considered to be very hopeful in
gene delivery. The gene-editing tools can be
embedded in nanoparticles that will help in the
delivery of gene therapies to the retinal cells. Such
particles can be made in a way that they shield the
genetic material from being damaged, help the

particles enter the target cells and assist in the

controlled release of the therapeutic modules.
Besides, lipid-based nanoparticles and gold
nanoparticles have been demonstrated to have
efficient gene delivery in preclinical studies with

acceptable biocompatibility”>’¢"".

Another more recent attempted is the use of
electroporation to deliver electrical pulses that
cause temporary opening of the cell membrane to
let in the gene editing tools. It has been studied for
the application in retinal gene therapy, which helps
deliver the components of CRISPR directly to the
target cells. Thus, electroporation seems to be a very
effective method of gene delivery with low toxicity
on cells, which makes it suitable for the treatment

of retina’®?,

6.Safety and Ethical Considerations

The successful use of AAV vectors or other viral and
non-viral vectors to deliver CRISPR/Cas? gene
editing reagents is another step forward in treating
hereditary diseases affecting the retinal tissue.
However, there are several large scale challenges
that need to be solved in order for these recombinant
viruses to be utilized to deliver gene editing
cargoes to human retina. Consequently, there
exists a very limited packaging capacity in AAV,
which will need efficient cloaking and de-cloaking
methods. Non-specific cleavage and on target
mutation rates higher than zero or even using two-
plasmid, two-step system are still practical issues, as
well as the immune response that might occur with

repeated doses of the encoded endonuclease®®'.

Several of these off-target points can be dismissed
by using the ELVIS (Endonuclease-Liability via In
Vivo Screening) assay which can help identify the
safest engineered variant relatively easily. Even in
the future, other challenges will emerge
concerning other vital genetic controlling elements
which will be discovered from the rest 70% of the
human genome that is not contained in the exome.
Despite the fact that effective treatments for
blinding

development, several translational challenges need

retinal diseases are still under

to be overcome to allow the application of gene
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editing technologies as a routine clinical practice.

These gene-editing techniques are still evolving
innovative techniques and diagnostics are going to
advance with these as a consequence high
throughput assays will be cheaper and quicker.
There are several start-up firms trying to find and
launch the standard, best-in-class CRISPR/Cas9
gene editing types for clinical use. In the longer
term, other new treatments, including the SOMA
therapy that restarts the molecular clock or the
prevention of the secondary loss of cones by
averting this process, can be added to the gene

treatment to increase therapeutic time82.

The fact that Tsinghua University SC side recently
brought vision back to a large animal model of
RPE65-associated Leber's congenital amaurosis
shows that the next level of gene-editing
advancement would be relatively easy. Though,
biosecurity and biosafety of these accelerating
technologies must enhance and boost up. They
include balancing patients’ best interest in these
projects, and an assurance that technological
dependencies are not necessarily the most rapid,
but the surest®.

6.1 POTENTIAL RISKS AND UNINTENDED
CONSEQUENCES OF GENE EDITING

Nevertheless, it is a great advance and has many
applications, introducing double-stranded breaks
with CRISPR/Cas9 in eukaryotic genomes brings
ethical and regulatory concern, including off-target
effects which are risk factors for people undergoing
gene therapy. The CRISPR guide might have
constrained complementarity with a single-
nucleotide mismatch recognition, in positions from
12 to 15 in protospacer sequence. However, it
should be noted that the most relevant off-target
effect is highly dependent on the gRNA design;
nevertheless, comprehensive high-throughput
screening of genome-wide patient and control cell
lines is a key step. Other testable modulator factors
of off-target effects are the proteins’ expression
vectors where too high expression of Cas9 might
chock competitive access of the endogenous

targeting factor CDCK and DNA repair pathways.

The biodistribution of the CRISPR components may
also have other effects due to an immune
interaction, for example, possible Cas? T-cell
mediated immune responses. To reduce the
immune response in the context of gene therapy, it
has been tried to engineer organisms that will
express the enzyme or vector in one patient dose.
Also, using a single AAV serotype with a cell type-
specific promoter to transduce the patient’s retinal
cells while restricting the transgene expression may
be useful in enhancing the treatment's safety.
Another ethical issue is the subject of the germline
interventions which brings question of safety to the
clinicians and raises the point on genetics that can
be altered on genes the child will pass on to
offspring. However, two papers have demonstrated
that, indeed, with a specific human oocyte, an off-
target effect resulting from CRISPR-induced double-
strand breaks is fully healed through two pathways
so as to create healthy embryos®®,

/.Future Prospects

While there are many attractions and possible use of
the gene editing technologies, the delivery and
introduc- tion of double-stranded breaks in
eukaryotic genomes by CRISPR/Cas? system has
some ethical and several regulatory issues such as
off-targets that has confronting risks for patients
with gene therapies. Thus, the CRISPR guide can
have a complementarity with a single-nucleotide
mismatch recognition within positions between the
12th and 15th in the protospacer sequence. As
already mentioned, the most critical aspect to
reduce off-target effects is the proper design of the
gRNA; however, high-throughput GWAS in patient
and control cell lines is essential. Other factors that
influence the possibility of off target effects that can
be tested include the vectors used in expressing the
protein of interest and the level of protein that is
expressed where darn high levels of cas? may
chime out the access of the endogenous targeting
factor CDCK and the DNA repair machinery84.

The biodistribution of the CRISPR components is
also likely to have side effects because of immune

reac- tions, for example, Cas%-specific T-cell
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immunity reactions might be experienced. To
reduce the immune response in regards to gene
therapy regulating the enzyme or vector to be
expressed in one patient dose has also been
proposed. Furthermore, performing the transduction
of the patient’s retinal cells with a single Serotype
AAV and cell type selective promoter that controls
the transgene expression may be useful in raising
the safety levels. Another ethical concern is the
question of the germline interventions which
present questions of clinical efficacy as well as a
potential access to tomorrow’s generations,
changing genes that are inherited from the parents.
Butthere are two studies in a human oocyte that has
demonstrated that it can repair a double-stranded
break induced by CRISPR and gives healthy
embryos through two pathways®®.

8.Conclusion

Over the last 40 years, there has been significant
progress in molecular genetics hence depicting
comprehen- sive views on the causes of retinal
diseases. Molecular genetics of most inherited
retinal diseases has been deciphered and there is
research  work

progressing  regarding  to

understanding the mechanisms of retinal
degeneration. In the last six years, there has been
an enhanced advancement of new technologies for
gene editing like CRISPR/cas? making it possible to
treat diseases associated with genes. Several papers
published in 2012 are regarded as the beginning of
editing by the CRISPR/Cas? system as a perspective
technological approach. After that, this technology
has been applied to the germline manipulation of
Eukaryotic model organisms. This has drastically
changed the course of how perspectives on
delivering the gene editing tools in the eye have
been viewed due to the simplicity rendered by the
CRISPR/Cas9 system. Thus, with regard to gene
editing therapies, the therapeutic value s
associated with comparatively lesser risks to
genomic stability. However, the application of
gene editing in the treatment of Hereditary Retinal
dystrophies has future problems. From a moral

aspect, therefore, tighter regulations are placed on

germline editing. The concentration of this review
is on the treatment of mutations in the retina via
somatic cells and other separate therapies. The risk
that exists with CRISPR/Cas? or another comparable
system is off-target effects that have not yet been
countered to the fullest. However, the
developments of the technique in the recent past
have enhanced the use of the in research activities.
However, for gene editing to go to trials, there is a
need for large-scale, systemic safety assessments
other than technological advancements. Future
research should try to focus on these and other
disadvantages of therapy. As gene editing appears
to treat mutations of both monogenic forms of
hereditary retinal disease, it is predicted to be a
very effective remedy and decrease current

limitations®788:89.90
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