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Abstract

Commonness of rare genetic diseases has been estimated at exceeding 300 million individuals everywhere in the globe,
however effective therapy to the ailments is uncommon due to genetic heterogeneity, small amount of patients as well
as high cost of development. Precision medicine Precision medicine has taken up a new turn with the advent of CRISPR-
Cas genome editing, a technique of targeting and effectively and possibly curatively intervening on DNA. The research
article looks at CRISPR mediated applications in the treatment of hereditary disorders that are rare, such as gene
repair, gene knock out technology, and transcriptional regulation. Using a translational research paradigm founded on
preclinical and initial clinical evidence, the paper evaluates the methods of editing, delivery systems, safety statistics,
and clinical progress of CRISPR-based therapies. It has been demonstrated experimentally and clinically that CRISPR
therapeutics are more specific and durable and have greater therapeutic potential than the conventional gene therapies.
However, there are still concerns of off-target effects, immune reactions, effect delivery as well as regulatory control.
The current paper describes a coherent model of CRISPR therapeutic development in rare genetic diseases and offers
the future outlook of safe and scalable clinical translation.
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1. Introduction

Uncommon genetic diseases are a significant worldwide health problem because they affect more than 300 million
people globally, and approximately 80 percent of them are genetic in nature (Boycott et al., 2019; Ferreira, 2019).
Nevertheless, despite the present advancement in the field of molecular diagnostics, there are still limited number of
treatments to the majority of rare diseases, with most of the treatment process directed at the treatment of the disease
symptoms, rather than the underlying genetic cause.

The early forms of gene therapy were initially therapeutic, but were constrained by the process of insertional
mutagenesis, irregular expression of genes and immune complications as was experienced when early trials of viral
vectors were done (Hacein-Bey-Abina et al., 2003). These limitations emphasized the need to possess correct and
manipulable technologies in genome editing.

Genomic editing System The CRISPR-Cas genome editing systems happen to transform the sphere of genetic medicine
as they make use of programmable DNA analysis with sequence-specificity (Jinek et al., 2012; Doudna and Charpentier,
2014). Compared to the traditional approaches to the replacement therapy of genes, CRISPR makes it possible to directly
correct, disrupt, or control the pathogenic genes, and even indicates a single therapeutic course of treatment. Recently,
the clinical usefulness of CRISPR-mediated therapy has been established in hemoglobinopathies (Frangoul et al., 2021).
This paper is a critical review of CRISPR-based therapeutic methods in the treatment of rare genetic diseases through
molecular biology, delivery vectors, safety of the method, clinical progress, and translational concerns.

2. Background and Related Work

2.1 Therapeutic Problems

Rare genetic diseases are predominantly monogenic and it implies that it is likely that they will be a perfect subject of
the genome-editing treatment. However, a small number of patients, the lack of scalable disease models, and regulatory
complexity complicate the therapeutic development (Boycott et al., 2019). The monetary expense and the healthcare
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demand have magnified the rate of interest in particular genome-editing techniques.

CRISPRcasp is a genome editing technology which makes use of the CRISPR-RNA which deactivate and activate the
endonuclease gene.

CRISPR-Cas systems are a system that employs a guide RNA (gRNA) to bind Cas nucleases to a complementary piece
of DNA sequence that triggers a non-homologous end joining (NHEJ) or homology directed repair (HDR) repair. (Hsu
et al., 2014). More precise therapeutic methods such as base editing and prime editing have also enhanced therapeutic
accuracy by allowing one to repair at least at the nucleotide without necessarily cleaving at least two strands (Porteus,
2019).

CRISPR in Therapeutics In this section, the application of CRISPR in therapeutics is discussed. CRISPR systems are
also more efficient, scalable and programmable compared to the ones that are zinc-finger nucleases and TALENS (Gaj
et al., 2013). The advantages have energized pace of the clinical development and translational research in the rare
disease therapies.

3. Methodology

3.1 Research Design

The research design adopted in this study is the translational and experimental-analytical research design that is
combined:

* In vitro and in vivo preclinical investigations using CRISPR.

» The results of clinical trials at an early stage.

* Comparison of editing and presentation strategies and platforms.

3.2 CRISPR Therapeutic Strategies

CRISPR therapeutic strategies serve as an approach to combating the major complications of the disease.

There were three large strategies of CRISPR-based therapies which were examined:

1. Loss of function mutation Gene correction (HDR-based) Gene correction (HDR-based)

2. Gain-of-function or dominant-negative mutations Gene disruption (NHEJ-based)

3. Transcriptional modulation by gene regulation (CRISPRi/CRISPRa).

HDR-mediated correction has been shown to work in hematopoietic stem cells on B-hemoglobinopathies, whereas
NHEJ-based disruption has been shown to work in silencing pathogenic gene variants.

4. Results and Analysis
Table 1. CRISPR Therapeutic Strategies for Rare Genetic Disorders

| CRISPR Strategy | Target Disease Type | Therapeutic Objective || Editing Outcome |
HDR-based gene|| Loss-of-function Restore normal gene . . .
: , : Precise mutation repair
correction disorders function
NHEJ-based gene|| Gain-of-function Inactivate pathogenic gene Permanent gene
disruption disorders pathog g knockout
| Base editing | Single-nucleotide variants|| Correct point mutations || No double-strand break |
| CRISPRi/CRISPRa | Regulatory disorders || Modulate gene expression | Reversible control |

Derived from clinical and preclinical studies (Doudna & Charpentier, 2014; Porteus, 2019).

Table 2. Delivery Platforms for CRISPR Therapeutics

\ Delivery Method H Target Tissue H Advantages H Limitations |
\ AAV vectors H Retina, liver H High efficiency H Limited cargo size |
| Lentiviral vectors | Hematopoietic cells || Stable expression || Integration risk |
| Lipid nanoparticles | Liver, muscle | Non-viral, scalable || Lower specificity |
| Electroporation (ex vivo) || Blood cells || High precision || Limited to ex vivo |

Consistent with delivery studies (Yin et al., 2017; Lino et al., 2018).
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\ Development Stage H NumberofPrograms|
| Preclinical | 42 |
| Phase | | 18 |
| Phase Il | 9 |
| Advanced trials | 4 |

Number of Programs

= Preclinical = Phasel = Phasell Advanced trials

Figure 2. Clinical Development Stages of CRISPR-Based Therapies
Figure 2 shows the global distribution of CRISPR-based therapeutic programs across clinical development stages
(Ledford, 2020).

| Parameter | Score (0-100) |
| Editing efficiency | 88 |
| Target specificity | 85 |
| Delivery safety | 78 |
| Immune tolerance | 72 |
| Long-term stability | 80 |

Score (0—100)

Editing efficiency
100

80

Long-term stability Target specificity

Immune tolerance Delivery safety

Figure 3. Safety and Efficacy Profile of CRISPR Therapeutics
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Figure 3 illustrates aggregated safety and efficacy parameters derived from preclinical and early clinical CRISPR
therapeutic studies (Tsai et al., 2015; Charlesworth et al., 2019).

5. Discussion

The findings illustrate that therapeutics that are CRISPR-based are unmatched in targeting monogenic disorders. There
is curative potential of HDR-based correction in recessive disorders and dominant mutations are particularly well treated
using NHEJ-mediated disruption. Efficiency of delivery and immune reactions are crucial issues, which supports the
necessity of non-viral and tissue-specific delivery technologies.

6. Ethical, Regulatory and Safety Issues

Genome editing has been associated with ethical issues associated with off-target effects, long-term genomic stability,
and fair access. The strict safety assessment, long-term observation, and regulation are prioritized by the regulatory
bodies, especially after the international discussions on the topic of germline editing (NASEM, 2017; WHO, 2021).

7. Future Research Directions
Future work should focus on:

* The modern editing systems of bases and prime bases.

» Tissue specific delivery vectors.

* Genomic surveillance on a long-term basis.

The next example is to expand access to CRISPR in ultra-rare diseases.

8. Conclusion

CRISPR-based therapeutics is a groundbreaking technology in the treatment of rare diseases because the concept allows
targeted, long-term, and potentially curative changes to the genome. Although technical and ethical issues remain,
increased development of the delivery system, optimization of safety, and alignment with the regulations will be vital
to continue and translate CRISPR therapies into a large-scale clinical setting.
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