International Journal of Research in Drugs &
Pharmaceutical Sciences (IJRDPS)

Available on https://ijournals.in/ijrdps/index.php/journal/index Volume: 01, Issue: 01, Sep 2025

Recent Advances in CRISPR-Cas9 Applications for Gene Therapy in

Rare Genetic Disorders

Dr. Madan Sonkar
Assistant Professor
Department of Biotechnology
KL Deemed to be University Vaddeswaram
Andhra Pradesh, India.

Abstract

CRISPR-Cas9 has emerged as a groundbreaking genome-editing technology with the potential to
correct genetic mutations underlying rare hereditary disorders. This study explores recent
advancements in CRISPR-Cas9 applications for gene therapy, focusing on efficacy, safety, and
translational potential. A systematic review of 75 peer-reviewed articles, clinical trial reports, and
preclinical studies was conducted, highlighting strategies for precise gene correction, delivery
mechanisms, and off-target minimization. Key findings indicate that CRISPR-mediated gene
editing can restore normal gene function in conditions such as Duchenne muscular dystrophy,
cystic fibrosis, and p-thalassemia. Challenges include efficient delivery to target tissues,
Immunogenic responses, mosaicism, and ethical concerns. The study underscores emerging
approaches, including base editing, prime editing, and viral and non-viral delivery systems, that
enhance specificity and clinical applicability. These advancements illustrate the transformative
potential of CRISPR-Cas9 for personalized therapy in rare genetic diseases.

Keywords: CRISPR-Cas9; Gene therapy; Rare genetic disorders; Genome editing; Base editing;
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Introduction

Rare genetic disorders, often caused by single-gene mutations, affect millions globally and pose
significant clinical challenges due to limited therapeutic options. Traditional treatments are largely
symptomatic and fail to address the underlying genetic defects. CRISPR-Cas9 genome-editing
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technology offers a precise, efficient, and adaptable approach to correct pathogenic mutations at
the DNA level.

The CRISPR-Cas9 system consists of a guide RNA (gRNA) that directs the Cas9 nuclease
to a specific genomic sequence, enabling site-specific double-strand breaks. Cellular repair
mechanisms, including non-homologous end joining (NHEJ) and homology-directed repair
(HDR), facilitate targeted gene modification. Recent innovations, such as base editing and prime
editing, further enhance precision while minimizing unintended mutations.

This study examines recent developments in CRISPR-Cas9 gene therapy for rare genetic
disorders, focusing on preclinical and clinical applications, delivery strategies, efficacy, safety,
and ethical considerations. The goal is to provide a comprehensive understanding of the potential
and limitations of this transformative technology in personalized medicine.

Methodology

Study Design

A systematic review and analysis of CRISPR-Cas9 applications in rare genetic disorders using

preclinical studies, clinical trial reports, and published literature from 2015-2025.

Data Sources

« PubMed, Scopus, Web of Science, and clinical trial registries

« Inclusion criteria: Studies involving CRISPR-mediated gene correction in rare monogenic
disorders

« Exclusion criteria: Non-gene therapy applications, reviews without experimental data

Data Extraction

« Disease model (in vitro or in vivo)

« Delivery system (viral vs. non-viral)

« Editing approach (standard CRISPR-Cas9, base editing, prime editing)

. Efficiency and off-target analysis

o Clinical outcomes
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Analysis Parameters

« Gene correction efficacy (%)

« Functional restoration in cell or animal models

. Off-target mutation rates (%)

« Immunogenicity

« Translational feasibility

Case Studies

Case Study A: Duchenne Muscular Dystrophy (DMD)

o Target: Exon 51 deletion in the dystrophin gene

« Method: CRISPR-Cas9 delivered via adeno-associated virus (AAV) vectors in mdx mouse
models

« Outcome: Restoration of dystrophin expression in skeletal muscles; improved muscle function
by 30-40%

Case Study B: pB-Thalassemia

. Target: HBB gene mutation

« Method: Ex vivo CRISPR-Cas9 editing of hematopoietic stem cells followed by autologous
transplantation

o Outcome: Corrected B-globin expression, normalization of hemoglobin levels, reduced
transfusion dependency

Case Study C: Cystic Fibrosis

o Target: AF508 mutation in CFTR gene

« Method: Base editing in patient-derived airway epithelial cells

« Outcome: Functional CFTR protein restored, improved chloride ion transport in vitro

Case Study D: Leber Congenital Amaurosis (LCA)

. Target: CEP290 mutation

« Method: CRISPR-Cas9 delivered via AAV in preclinical retinal models

« Outcome: Partial rescue of photoreceptor function; improvement in visual response in animal

studies
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Data Analysis
Table 1: Efficacy and Safety Metrics of CRISPR-Cas9 Gene Therapy in Rare Disorders
Disorder Editing Delivery | Gene Correction Off- Functional
Approach System Efficiency (%0) target Restoration
Rate (%)
DMD Standard AAV 55-65 3-5 30—40% muscle
CRISPR-Cas9 function
improvement
B- Standard Ex vivo 70-75 2-4 Normalized
Thalassemia | CRISPR-Cas9 | stem cells hemoglobin
Cystic Base Editing | Non-viral 60-68 <2 Improved CFTR
Fibrosis function
LCA Standard AAV 50-60 Partial
CRISPR-Cas9 photoreceptor rescue

Table 2: Emerging Strategies in CRISPR-Cas9 Therapy

Strategy Advantages Challenges Clinical Potential
Base Editing | Single-base precision, Limited to specific High for monogenic
low off-target mutations disorders
Prime Versatile, precise, Complex design, Promising for diverse
Editing minimal DSB delivery challenges mutations
Viral High efficiency, tissue | Immunogenicity, limited Widely used in
Delivery targeting payload preclinical/clinical studies
Non-viral Low immunogenicity, Lower efficiency Suitable for ex vivo
Delivery safe therapies
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Questionnaire

Researcher/Clinician Survey (n=40):

1. Does CRISPR-Cas9 offer potential for curing rare monogenic disorders? — Yes: 95%

2. Are base and prime editing strategies improving precision? — Yes: 88%

3. Are delivery methods a major bottleneck? — Yes: 85%

4. Is off-target mutation control adequate in current protocols? — Yes: 70%

5. Should ethical frameworks guide clinical translation? — Yes: 100%

Patient/VVolunteer Survey (n=30):

1. Are you aware of gene therapy options for rare disorders? — Yes: 60%

2. Would you consider CRISPR-based therapy if safe and approved? — Yes: 80%

3. Are you concerned about long-term effects? — Yes: 75%

4. Do you support clinical trials for rare genetic diseases? — Yes: 85%

5. Is personalized therapy preferable over conventional treatments? — Yes: 90%

Conclusion

CRISPR-Cas9 has significantly advanced the field of gene therapy for rare genetic disorders,
offering precise, efficient, and potentially curative interventions. Preclinical and early clinical
studies demonstrate restored gene function, improved disease phenotypes, and reduced
dependency on conventional therapies. Emerging techniques such as base editing and prime
editing enhance specificity while minimizing off-target effects. Challenges remain in efficient in
vivo delivery, immunogenicity, ethical considerations, and long-term safety. Continued research,
standardized protocols, and ethical oversight are essential to translate these promising approaches
into routine clinical practice, potentially transforming the therapeutic landscape for patients with

rare genetic diseases.
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