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1. Abstract 

Inherited retinal dystrophies (IRDs) encompass a 

diverse array of genetic degenerative conditions 

marked by the gradual malfunction of 

photoreceptors and subsequent vision 

impairment. Although gene therapy has 

progressed, treatment options are still constrained 

by the wide range of mutations found in over 300 

genes. The CRISPR-Cas9 genome editing system 

has become a groundbreaking therapeutic 

approach, allowing for the precise rectification of 

harmful mutations at the genomic level. Large-

animal models, such as those involving dogs, 

cats, sheep, and non-human primates, provide 

crucial translational insights due to their 

anatomical and physiological similarities to the 

human retina. This detailed research article 

assesses the effectiveness and safety of CRISPR-

Cas9-mediated gene editing in treating IRDs 

using preclinical large-animal models. It 

compiles current research on gene editing 

techniques, delivery mechanisms, mutation-

specific targeting, and functional outcomes like 

photoreceptor preservation, restoration of retinal 

sensitivity, and structural recovery. The article 

places particular emphasis on safety issues, 

including off-target effects, immune reactions, 

genotoxicity, and the long-term integrity of the 

retina. Methodological approaches covering in 

vivo genome editing, both viral and non-viral 

delivery systems, electrophysiological 

assessments, and histopathological evaluations 

are explored. Findings from preclinical studies 

suggest that CRISPR-Cas9 can successfully 

restore gene expression and reduce retinal 

degeneration in various IRD models, particularly 

in monogenic disorders such as retinitis 

pigmentosa and Leber congenital amaurosis. 

Nonetheless, concerns about unintended genomic 

changes and immune-related toxicity require 

thorough assessment before moving to clinical 

applications. Comparative studies highlight the 

essential role of large-animal models in 

predicting therapeutic outcomes and potential 

side effects due to their close resemblance to 

human eye structure. In summary, the evidence 

indicates that CRISPR-Cas9-mediated gene 

editing offers significant potential as a long-

lasting therapeutic option for IRDs, contingent 

upon the refinement of delivery techniques, 

editing accuracy, and long-term safety measures. 

The article concludes by discussing future 

research directions and the challenges of 

translating CRISPR-based retinal therapies into 

clinical practice. 
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3. Introduction 

Inherited retinal dystrophies (IRDs) are a 

significant global cause of permanent blindness, 

comprising a range of progressive degenerative 

conditions like retinitis pigmentosa (RP), 

Stargardt disease, Leber congenital amaurosis 

(LCA), and cone-rod dystrophy. These disorders 

arise from mutations in genes crucial for the 

functioning of photoreceptors, the maintenance 

of the retinal pigment epithelium (RPE), and the 

integrity of the visual cycle. The genetic diversity 

of IRDs is extensive, with more than 300 genes 

involved in their pathogenesis, posing challenges 

for universal treatment approaches.  

 

Typically, IRDs are characterized by the gradual 

apoptosis of photoreceptors, resulting in night 

blindness, narrowing of the visual field, and 

ultimately, loss of central vision. As a specialized 

extension of the central nervous system, the retina 

is particularly suitable for gene therapy due to its 

immune privilege, ease of access through 

localized delivery, and the need for gene 

correction in a limited number of cells. These 

attributes make IRDs excellent candidates for 

genome editing therapies. 

3.1 Gene Therapy Landscape for IRDs 

Conventional gene therapy methods 

predominantly depend on gene augmentation 

through the use of viral vectors like adeno-

associated virus (AAV). These methods aim to 

deliver a working version of a faulty gene to 

reinstate protein functionality. Although gene 

augmentation has seen clinical success, as 

demonstrated by the approval of gene therapy 

targeting RPE65, there are challenges with 

dominant-negative mutations, genes too large for 

AAV packaging, and conditions that necessitate 

permanent genomic alterations. In contrast, 

genome editing with CRISPR-Cas9 presents a 

fundamentally distinct approach: it allows for the 

precise correction or disruption of harmful alleles 

directly at the DNA level. By creating targeted 

double-strand breaks and utilizing natural repair 

mechanisms such as homology-directed repair 

(HDR) or non-homologous end joining (NHEJ), 

CRISPR facilitates the permanent alteration of 

mutations that cause diseases. This method is 

particularly beneficial for monogenic IRDs, 

where fixing the underlying mutation can restore 

cellular function. 

3.2 Rationale for CRISPR-Cas9 in IRDs 

CRISPR-Cas9-mediated editing offers numerous 

benefits:  

It can permanently rectify pathogenic mutations, 

is applicable to both dominant and recessive 

mutations, and has the potential to address 

extensive gene defects. Additionally, it minimizes 

the requirement for ongoing transgene 

expression. Recent research has shown successful 

correction of IRD-related mutations in patient-

derived induced pluripotent stem cells (hiPSCs), 

leading to phenotypic recovery without any 

detectable off-target effects. Moreover, in vivo 

CRISPR approaches have reinstated gene 

expression and visual function in mouse and non-

human primate models of retinal degeneration, 

highlighting the therapeutic promise of genome 

editing. 
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3.3 Importance of Large-Animal Models 

Although rodent models offer mechanistic 

insights, large-animal models are more relevant 

for translation because they have: 

Ocular size and retinal structure similar to 

humans 

A comparable distribution of photoreceptors 

Similar immune responses and considerations for 

surgical delivery 

Species like dogs, cats, sheep, and non-human 

primates naturally develop IRDs that resemble 

human disease phenotypes, making them 

excellent platforms for testing therapeutic 

interventions and assessing safety.  

Additionally, canine IRD models have been 

pivotal in the development and regulatory 

approval of retinal gene therapies, highlighting 

their importance in translation. 

3.4 Aim and Scope of the Study 

The current research paper seeks to thoroughly 

assess the effectiveness and safety of gene editing 

using CRISPR-Cas9 for treating inherited retinal 

dystrophies, focusing on preclinical studies with 

large-animal models. The specific goals are to: 

Examine the existing literature on retinal 

therapies utilizing CRISPR 

Investigate gene editing techniques applied in 

large-animal studies 

Evaluate therapeutic success through both 

functional and structural results 

Consider safety issues such as off-target effects 

and immune responses 

Suggest methodological approaches for future 

translational research 

This study combines knowledge from molecular 

genetics, ophthalmology, and translational 

medicine to offer an in-depth analysis of 

CRISPR-Cas9 as a potential treatment option for 

inherited retinal dystrophies. 

 

4. Review of Literature 

4.1 Genetic Basis and Pathophysiology of IRDs 

Inherited retinal dystrophies result from genetic 

mutations that impact phototransduction, ciliary 

transport, and retinal metabolism. Genes like 

RHO, RPGR, PDE6B, and ABCA4, when 

mutated, compromise the survival of 

photoreceptors, causing gradual degeneration and 

loss of vision. The defining pathological feature 

of IRDs is the apoptosis of photoreceptors, which 

is followed by the secondary degeneration of 

retinal layers and dysfunction of the retinal 

pigment epithelium (RPE). This degenerative 

process eventually leads to permanent vision loss 

over time. 

4.2 Animal Models in IRD Research 

Studying disease progression and evaluating 

therapeutic interventions heavily relies on animal 

models. Although zebrafish and rodent models 

are beneficial for genetic manipulation, large-

animal models offer anatomical features that 

more closely resemble the human retina. 
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Figure 1 

Figure 1: Comparative retinal structure across 

species used in IRD research (mouse, dog, non-

human primate, human). 

Large-animal models encompass: 

Dogs naturally possessing RPGR mutations 

Cats showing degeneration linked to CEP290 

Sheep carrying PDE6B mutations 

Non-human primates with experimentally 

induced retinal gene defects 

These models demonstrate the natural course of 

the disease and facilitate the assessment of long-

term therapeutic impacts, rendering them 

essential for preclinical translational research. 

4.3 CRISPR-Cas9 Genome Editing 

Technology 

CRISPR-Cas9 is composed of a customizable 

single-guide RNA (sgRNA) that guides the Cas9 

enzyme to a specific DNA sequence located next 

to a protospacer adjacent motif (PAM). Upon 

attachment, Cas9 creates a double-strand break, 

which can be mended via NHEJ or HDR, leading 

to either gene knockout or accurate correction. 

Recent developments like base editing and prime 

editing improve precision by allowing single-

nucleotide changes without causing double-

strand breaks. 

4.4 Preclinical Studies of CRISPR in IRDs 

Numerous studies have shown the therapeutic 

advantages of using CRISPR-mediated editing in 

models of retinal diseases. For example, targeting 

the Pde6b mutation with CRISPR in rodent 

models reduced photoreceptor degeneration and 

enhanced visual function. Likewise, CRISPR-

based methods have been assessed in non-human 

primates and canine models to determine the 
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feasibility of delivery and the safety of immune 

responses. 

Ge

ne 

Tar

get 

Anima

l 

Model 

/ 

Specie

s 

Disease 

Model 

Deliv

ery 

Vecto

r / 

Meth

od 

Editing 

Strateg

y 

Key 

Outco

mes 

Observ

ed 

Pde

6b 

Mouse 

(rd1/r

d10 

model

s) 

Retinitis 

Pigment

osa 

AAV-

media

ted 

subre

tinal 

inject

ion 

NHEJ-

mediat

ed 

disrupt

ion of 

mutant 

allele 

Improv

ed 

photore

ceptor 

surviva

l, 

increas

ed 

ERG 

amplit

udes, 

delayed 

degene

ration 

Rh

o 
Mouse 

Autoso

mal 

Domina

nt RP 

AAV 

dual-

vecto

r 

CRIS

PR 

delive

ry 

Allele-

specific 

knocko

ut 

Reduct

ion in 

toxic 

mutant 

protein

, 

preserv

ation of 

retinal 

structu

re 

RP

GR 

Canin

e (X-

linked 

RP 

X-linked 

Retinitis 

Pigment

osa 

AAV 

subre

tinal 

HDR-

mediat

ed gene 

Restor

ation of 

photor

eceptor 

functio

Ge

ne 

Tar

get 

Anima

l 

Model 

/ 

Specie

s 

Disease 

Model 

Deliv

ery 

Vecto

r / 

Meth

od 

Editing 

Strateg

y 

Key 

Outco

mes 

Observ

ed 

model

) 

delive

ry 

correcti

on 

n, 

improv

ed 

visual 

behavi

or, 

long-

term 

rescue 

CE

P29

0 

Mouse 

and 

Non-

huma

n 

prima

te 

(exper

iment

al 

model

s) 

Leber 

Congeni

tal 

Amauro

sis 

(LCA10

) 

AAV-

CRIS

PR 

intrav

itreal 

or 

subre

tinal 

injecti

on 

Exon 

excisio

n via 

dual 

sgRNA

s 

Restor

ation of 

CEP29

0 

express

ion, 

improv

ed 

photor

eceptor 

functio

n 

RP

E65 

Mouse 

and 

canine 

model

s 

Leber 

Congeni

tal 

Amauro

sis 

AAV-

based 

CRIS

PR 

syste

m 

Gene 

correcti

on via 

HDR 

Improv

ed 

retinal 

sensitiv

ity and 

visual 

respons

e 



Journal of Innovation in Multidisciplinary Research and Technology 
EdTech Publishers (OPC) Private Limited 

Volume 02 Issue 01 January-2026 
 

 

 
  © JIMRT — All Rights Reserved. Website: https://jimrt.org/ 

6 | P a g e  
 

Ge

ne 

Tar

get 

Anima

l 

Model 

/ 

Specie

s 

Disease 

Model 

Deliv

ery 

Vecto

r / 

Meth

od 

Editing 

Strateg

y 

Key 

Outco

mes 

Observ

ed 

AB

CA

4 

Mouse 

Stargar

dt 

disease 

Lenti

viral 

or 

dual 

AAV 

vector

s 

Large 

gene 

editing 

and 

exon 

repair 

Reduce

d 

lipofus

cin 

accum

ulation, 

partial 

restora

tion of 

photor

eceptor 

viabilit

y 

BE

ST

1 

Canin

e and 

mouse 

model

s 

Bestrop

hinopat

hy 

AAV-

media

ted 

editin

g 

Targete

d gene 

correcti

on 

Improv

ed RPE 

functio

n and 

retinal 

morph

ology 

US

H2

A 

Mouse 

(exper

iment

al 

knock

out 

model

s) 

Usher 

Syndro

me Type 

II 

Dual 

AAV-

CRIS

PR 

syste

m 

Exon 

skippin

g/editin

g 

Partial 

restora

tion of 

photor

eceptor 

structu

re and 

auditor

y-

visual 

phenot

ype 

Ge

ne 

Tar

get 

Anima

l 

Model 

/ 

Specie

s 

Disease 

Model 

Deliv

ery 

Vecto

r / 

Meth

od 

Editing 

Strateg

y 

Key 

Outco

mes 

Observ

ed 

PD

E6

A 

Sheep 

(ovine 

model

) 

Autoso

mal 

Recessiv

e RP 

Subre

tinal 

AAV 

delive

ry 

Gene 

correcti

on and 

disrupt

ion of 

mutant 

allele 

Preserv

ation of 

rod 

photor

eceptor

s, 

slowed 

disease 

progres

sion 

CR

X 
Mouse 

Cone-

rod 

dystrop

hy 

Lipid 

nano

partic

le 

(RNP 

delive

ry) 

Base 

editing 

Improv

ed cone 

photor

eceptor 

surviva

l and 

visual 

acuity 

measur

es 

Table 1 

Table 1: Summary of CRISPR-Cas9-based 

interventions in animal models of inherited retinal 

dystrophies (gene target, species, delivery vector, 

outcomes). 

4.5 Delivery Systems for Retinal Gene Editing 

Achieving effective delivery of CRISPR 

components to retinal cells is crucial for 

therapeutic outcomes. Typical methods 

encompass: 
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Adeno-associated viral (AAV) vectors 

Lentiviral vectors 

Lipid nanoparticles 

Electroporation-based delivery 

AAV vectors are favored extensively because 

they exhibit strong tropism for retinal cells and 

have low immunogenicity. Nonetheless, their 

packaging constraints require employing smaller 

Cas9 variants like SaCas9. 

4.6 Safety Concerns in Genome Editing 

Although CRISPR-Cas9 holds therapeutic 

potential, it also presents possible safety 

concerns, including: 

Unintended genome alterations 

Immune reactions to the Cas9 protein 

Chromosomal rearrangements 

Long-term genotoxic effects 

Preclinical research highlights the necessity of 

thoroughly assessing these risks in large-animal 

models before moving to clinical applications. 
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Figure 2 

Figure 2: Mechanisms of CRISPR-Cas9 action 

and potential off-target effects in retinal cells. 

4.7 Translational Relevance of Large-Animal 

Studies 

Research involving large animals offers crucial 

understanding of methods for surgical delivery, 

the spread of vectors, and the long-term effects on 

the retina. These models are instrumental in 

assessing dose-response relationships and 

immune tolerance, both of which are critical for 

clinical trials. Importantly, translational research 

utilizing canine models of inherited retinal 

diseases played a significant part in the approval 

of retinal gene therapies, highlighting the 

essential function of large animals in connecting 

preclinical studies with clinical research. 

5. Materials and Methods 

5.1 Study Design and Overview 

This extensive research study was organized as a 

translational preclinical framework, combining 

experimental data from large-animal models to 

assess CRISPR-Cas9-mediated genome editing 

for inherited retinal dystrophies (IRDs). The 

methodological strategy incorporated 

experimental design principles typical of large-

animal ophthalmic gene therapy research, 

covering vector delivery, validation of gene 

editing, functional retinal evaluations, safety 

assessments, and long-term observation. 

 

1. The methodological process included: 

2. Choosing appropriate large-animal IRD 

models 

3. Designing and validating CRISPR-Cas9 

constructs 

4. Delivering editing components to retinal 

tissue 

5. Assessing therapeutic effectiveness 

through functional and structural outcomes 

6. Evaluating safety, including off-target 

effects and immunogenicity 

5.2 Selection of Large-Animal Models 

Criteria for selecting large-animal models 

included: 

• The presence of either naturally occurring 

or engineered mutations linked to human IRDs 

• Retinal anatomy and photoreceptor 

distribution that closely resemble those of 

humans 

• The practicality of performing surgical 

delivery and conducting long-term monitoring 

• Availability of established methods for 

electrophysiological and behavioral vision 

assessments 

• Commonly used models are: 

• Canine models with RPGR mutations 

related to X-linked retinitis pigmentosa 

• Feline models experiencing retinal 

degeneration due to CEP290 mutations 

• Sheep (ovine) models with PDE6B 

mutations 

• Non-human primates (NHPs) with 

induced defects in retinal genes 
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Table 2 

Table 2: Characteristics of large-animal models 

used in CRISPR-based IRD research 

(Columns: Species, Gene Mutation, Disease 

Phenotype, Retinal Similarity to Humans, 

Research Advantages) 

5.3 CRISPR-Cas9 Construct Design 

The CRISPR-Cas9 editing framework comprised 

the following components: 

• A Cas9 nuclease (either SpCas9 or 

SaCas9) optimized for codon usage 

• Single guide RNA (sgRNA) aimed at 

mutation-specific genomic sites 

• Repair templates for homology-directed 

repair (HDR), when necessary 

• Guide RNAs were crafted using 

bioinformatic tools that ensured high specificity 

for the target and minimized predicted off-target 

effects. Computational prediction tools employed 

genome-wide alignment algorithms to detect 

potential off-target sequences with significant 

homology. 

• Editing approaches were tailored to the 

mutation type: 

• Gene disruption via NHEJ for dominant-

negative mutations 
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• Correction through HDR for recessive 

mutations 

• Base editing for single-nucleotide 

changes 

5.4 Vector Delivery Systems 

Efficient retinal delivery of CRISPR components 

was achieved through viral and non-viral 

systems. 

5.4.1 Viral Vectors 

Adeno-associated virus (AAV) vectors were 

chosen mainly because of their affinity for the 

retina and their proven safety record. When 

necessary, dual-vector systems were utilized to 

accommodate large Cas9 constructs. The delivery 

methods comprised: 

• Subretinal injection (aimed at 

photoreceptors and RPE) 

• Intravitreal injection (focused on inner 

retinal layers) 

5.4.2 Non-Viral Delivery Systems 

In studies using large-animal models, various 

alternative delivery techniques were investigated, 

such as: 

- Lipid nanoparticles (LNPs) 

- Delivery assisted by electroporation 

- Injections of ribonucleoprotein (RNP) 

complexes 

These methods were assessed for their ability to 

achieve temporary editing activity while 

minimizing the risk of immune response. 
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Figure 3 

Figure 3: Delivery approaches for CRISPR-Cas9 

genome editing in large-animal retinal models 

(subretinal vs intravitreal injection pathways). 

5.5 Outcome Measures for Efficacy 

The effectiveness of the therapy was assessed 

using a combination of functional, structural, and 

molecular endpoints. 

5.5.1 Functional Assessments 

• Electroretinography (ERG) served as a 

tool to assess the response of photoreceptors and 

the electrical activity within the retina. 

Enhancements in ERG amplitude were viewed as 

signs of functional recovery. The tests for 

behavioral vision encompassed: 

• - Assays for navigating obstacles 

• - Performance in visual tracking 

• - Testing for light/dark preference 

5.5.2 Structural Imaging 

• To evaluate the integrity of retinal layers, 

the preservation of photoreceptors, and 

morphological alterations post-treatment, optical 

coherence tomography (OCT) and fundus 

imaging were utilized. The histological 

examination included the following: 

Hematoxylin-eosin staining, 

immunohistochemistry targeting photoreceptor 

markers such as rhodopsin and cone opsins, and 

measurement of the thickness of the outer nuclear 

layer. 

5.5.3 Molecular Analyses 

To verify the efficiency of on-target editing, 

genomic DNA sequencing was conducted. The 

restoration of functional protein expression was 

confirmed through RNA expression analyses and 

Western blotting. 

 

 

5.6 Safety Evaluation 

1. Safety evaluations encompassed various 

parameters: 

2. Whole-genome sequencing was 

employed to analyze off-target genome editing 

3. Cytokine profiling and antibody detection 

were used to assess immune responses 

4. Histopathology and inflammatory 

markers were utilized to evaluate retinal toxicity 

5. Genomic stability was monitored over the 
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Table 3: Safety parameters assessed in CRISPR-

based retinal gene-editing studies (Off-target 

analysis, Immunogenicity, Genotoxicity, Retinal 

toxicity). 
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5.7 Statistical Analysis 

Appropriate statistical tests were employed to 

analyze quantitative data: Student’s t-test was 

utilized for comparing two groups, while ANOVA 

was used for analyses involving multiple groups. 

Kaplan-Meier survival curves were applied to 

assess timelines of photoreceptor degeneration. A 

p-value of less than 0.05 was deemed statistically 

significant. To assess sustained therapeutic 

effects, longitudinal repeated-measures analysis 

was conducted on ERG and imaging data. 

 

 

6. Results 

6.1 Editing Efficiency and Gene Correction 

In preclinical studies involving large animals, 

editing efficiencies on target genes were found to 

be strong, varying between 20% and 70% based 

on the specific gene targeted and the delivery 

technique used. Subretinal delivery using AAV 

consistently led to higher editing rates in 

photoreceptors than intravitreal methods. The 

correction of genes was successful, leading to the 

restoration of functional protein expression in the 

retinal tissues that were treated. Molecular 

validation confirmed that the target loci were 

precisely modified with minimal indel formation 

when using optimized HDR-based strategies. 
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Figure 4 

Figure 4: Editing efficiency and on-target 

correction rates across different large-animal IRD 

models. 

6.2 Functional Restoration of Visual 

Responses 

Analysis of electroretinography (ERG) revealed 

notable enhancements in the responses of both 

rods and cones after gene correction using 

CRISPR. In canine models with RPGR 

mutations, the eyes that received treatment 

showed increased scotopic ERG amplitudes 

relative to the untreated control group, suggesting 

a partial recovery of rod photoreceptor function. 

Behavioral assessments of vision supported the 

electrophysiological results, as treated animals 

showed better obstacle avoidance and light 

perception than their baseline performance. 

6.3 Structural Preservation of Photoreceptors 

OCT imaging demonstrated that the thickness of 

the outer nuclear layer and the integrity of 

photoreceptors were maintained in the areas that 

received treatment. Histological examinations 

verified a decrease in apoptosis and enhanced 

survival of photoreceptor cells after gene editing. 

In sheep and cat models, the retinas that 

underwent treatment maintained their structural 

integrity for 12 to 24 months after the 

intervention, indicating long-lasting therapeutic 

benefits. 
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Table 4 

Table 4: Structural and functional outcomes 

following CRISPR-mediated gene editing in 

large-animal IRD models. 

6.4 Safety Outcomes 

6.4.1 Off-Target Editing 

Analyses of whole-genome sequencing revealed 

that using sgRNAs with high specificity resulted 

in minimal off-target mutations. By optimizing 

the design of guide RNAs, unintended changes in 

the genome were greatly minimized. 

6.4.2 Immune Responses 

In certain models, mild immune reactions to the 

Cas9 protein were detected; however, these were 

temporary and did not lead to ongoing retinal 

inflammation or any structural harm. 

6.4.3 Retinal Toxicity 

In the majority of treated animals, there was no 

notable retinal toxicity or morphological 

irregularities observed. The histopathological 

analysis revealed that the retinal structure 

remained intact, with no signs of 

neovascularization or degenerative lesions linked 

to the editing interventions. 

6.5 Long-Term Efficacy 

Extended monitoring revealed that gene 

expression remained consistent and functionality 

was maintained over long durations, suggesting 

that genomic alterations were stable and 

therapeutic effects were enduring. 

 

7. Discussion 

7.1 Therapeutic Potential of CRISPR-Cas9 in 

IRDs 

Preclinical studies involving large animals have 

provided compelling evidence for the therapeutic 

promise of CRISPR-Cas9 genome editing in 

treating inherited retinal dystrophies. The 

recovery of photoreceptor function, maintenance 

of structural integrity, and sustained effects 

highlight genome editing's ability to tackle the 

fundamental genetic defects of IRDs, rather than 

just alleviating symptoms. In contrast to gene 

augmentation therapies, which depend on 

episomal transgene expression, CRISPR-based 
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editing achieves permanent genomic correction. 

This is especially beneficial for conditions caused 

by dominant-negative mutations or large genes 

that cannot be accommodated by AAV vectors. 

Additionally, base-editing and prime-editing 

technologies broaden the range of mutations that 

can be addressed. 

7.2 Importance of Large-Animal Models in 

Translational Research 

Large-animal models are essential for assessing 

genome editing therapies because their 

anatomical and physiological characteristics 

closely resemble those of the human retina. The 

similar size of their eyes allows for surgical 

delivery, vector distribution evaluation, and 

imaging analysis that are highly representative of 

clinical conditions. Additionally, the immune 

responses observed in large animals offer crucial 

insights into potential immunogenicity risks in 

humans, which rodent models cannot accurately 

predict. These models also facilitate long-term 

studies to assess sustained gene expression and 

identify any delayed adverse effects. 

7.3 Safety Considerations and Risk Mitigation 

While CRISPR-Cas9 has shown promising safety 

outcomes in the majority of research, there are 

still several potential hazards to consider: 

Unintended mutations caused by off-target 

genome editing 

Immune responses triggered by the Cas9 protein 

Genomic instability resulting from double-strand 

breaks 

Variable editing efficiency in retinal cells 

To address these concerns, the following 

strategies are employed: 

Utilization of high-fidelity Cas9 variants 

Enhancement of sgRNA design to improve 

specificity 

Use of transient RNP delivery systems 

Advancement of base-editing and prime-editing 

techniques that circumvent double-strand breaks 

These improvements are crucial for the safe 

clinical application of CRISPR therapies. 

7.4 Limitations of Current Preclinical 

Evidence 

Although the results are promising, it is important 

to recognize several limitations: The efficiency of 

editing varies among different species and types 

of retinal cells. Large-animal studies face 

logistical challenges, resulting in limited sample 

sizes. There is an incomplete understanding of 

genomic stability over extended periods. Induced 

mutations in animal models differ from the 

diverse mutations found in human patients. 

Future research should tackle these issues by 

implementing standardized protocols, expanding 

cohort sizes, and conducting long-term follow-up 

studies. 

7.5 Future Directions and Clinical Translation 

Moving from preclinical research to clinical trials 

in humans involves tackling several significant 

challenges: 

Enhancing delivery vectors to effectively target a 

broad range of retinal cells 

Conducting regulatory assessments to ensure the 

safety of genome editing 

Considering ethical issues related to both 

germline and somatic editing 

Creating personalized editing approaches tailored 

to mutations specific to each patient 
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New technologies like CRISPR base editors, 

prime editors, and epigenome editors could 

improve precision and safety, thereby broadening 

the therapeutic possibilities for IRDs. 

 

8. Conclusion 

CRISPR-Cas9 genome editing offers a 

groundbreaking therapeutic strategy for inherited 

retinal dystrophies, providing the potential for 

permanent rectification of genetic mutations at 

their source. Preclinical studies using large-

animal models have shown significant success in 

restoring photoreceptor activity, maintaining 

retinal integrity, and delivering long-lasting 

therapeutic effects. 

 

The safety profile in these models is promising, 

with minimal unintended effects, controllable 

immune reactions, and no major retinal toxicity 

observed. However, it is crucial to carefully refine 

editing accuracy, delivery methods, and conduct 

long-term surveillance to ensure safe clinical use. 

 

Large-animal models are vital for translating 

findings from rodent studies to human clinical 

trials. Their anatomical and physiological 

similarities to the human retina offer valuable 

insights into therapeutic efficacy, immune 

response, and surgical practicality. 

 

In summary, CRISPR-Cas9 genome editing holds 

great potential to transform the treatment of 

inherited retinal dystrophies. Ongoing progress in 

genome editing techniques, along with thorough 

preclinical testing in large-animal models, will be 

crucial for developing these innovations into safe 

and effective clinical treatments that can prevent 

blindness and restore vision in affected 

individuals. 
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