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ABSTRACT: 

Significant advances in domains of medicine we have resulted from the quick creation of technologies for genome editing. With this 

development of the CRISPR - associated protein (Cas) nucleases and new uses in the conjunction with other effectors and genome 

alteration toolkit based on short palindromic repeats that are clustered regularly interspaced (CRISPR) has been a significantly grown 

in recent years. Research on the cardiovascular disease (CVD’s) has also been transformed by CRISPR-based gene editing 

technology. Genome editing has demonstrated its worth as potent tool for modelling or perhaps treating a wide range of diseases 

over the last 25 years. After the development of protein-guided systems like as transcription activator-like effector nucleases 

(TALENs) and zinc finger nucleases (ZFNs), which initially made DNA editing possible, RNA-guided techniques have brought about 

a paradigm change. The CRISPR/Cas9 technique, which is based on the bacterial antiphage system and has produced a versatile 

and flexible the DNA-editing system that been able to get past a number of drawbacks of previous approaches and quickly emerging 

as the most widely used tool for both therapeutic research and disease modelling. Prime and Base editing are two newly developed 

CRISPR/Cas9-derived techniques that have expanded the scope and precision of possible genomic alterations in the recent years. 

With an emphasis on models for the investigation and management of cardiac disorders, this review attempts to give a broad an 

overview of the most of recent advancements in field of genome alteration or editing and its uses in the biomedical studies or research. 
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INTRODUCTION: 

Cardiovascular diseases (CVDs) are the continue to be one of the world's most serious health issues and a leading cause of death 

worldwide. Over the past three decades, the prevalence of CVDs has been increased by 93% worldwide, from 271 million in 1990 

to 523 million in 2019. Furthermore, the overall number of the fatalities from CVDs has risen by the roughly 54%, accounting for 

roughly one-third of all the deaths worldwide. It was shown that by 2030, cardiovascular disease (CVD) would account for about 

23 million fatalities globally, or almost 30.5% of all deaths [1]. 

Cardiomyopathy, , hypertensive heart disease, peripheral arterial disease, rheumatic heart disease, cerebrovascular disease, heart 

failure, and several other cardiac issues are the examples of CVDs. Although lifestyle choices and environmental factors have been 

identified as risk factors for the development of the CVDs, they only account for a small portion of the occurrences. In order to 

understand cases that are not clearly linked to the established risk factors for the development of CVDs, it is crucial to investigate 

the underlying molecular processes. Genetic susceptibility has been shown to be a major factor in the development of CVDs [2]. 

The molecular foundation of an increasing in number of heart disorders has been discovered thanks to genetic techniques. Apart 

from the genes that are known to function in the cardiovascular system, investigating additional genes linked to heart conditions could 

yield innovative treatment approaches for the CVDs. One of the best ways to support medicinal efforts is through genome editing 

techniques. Genome editing techniques have drawn a lot of attention as potential therapeutic options for preventing CVDs by either 

deleting particular genes or fixing disease-causing mutations [3]. 

It has been reported that videlicet, mutations that gain function in the pro-protein convertase subtilisin-like kexin type 9 (PCSK9) 

gene, a key regulator of LDL-cholesterol concentrations and LDL-receptor levels, raise LDL-C levels, increasing the risk of a high 

cholesterol level and coronary heart disease (CHD). On the other hand, research on PCSK9 loss-of-function mutations shows that 

PCSK9 inactivation lowers LDL-C levels and lowers CHD, indicating that PCSK9 inhibition is a legitimate therapeutic approach 

for the treatment of hypercholesterolaemia and associated conditions [4]. 
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Function of many intracellular defence and regulatory systems is depended upon on complementary base pairing between the nucleic 

acid species. Clustered Regularly Interspaced Short Palindromic Repeats-CRISPR is related with the proteins (CRISPR-Cas) 

systems use of the base-pairing of nucleic acid to inhibit or to eliminate the genetic targets, in addition to prokaryotic Argonaute-

based systems and eukaryotic RNA interference (RNAi) [5]. These systems are required to maintain and keep flexible the memory 

of the sequence targets that were acquired from prior bacteriophage exposure. A sequence of brief palindromic repeats (i.e. 25–

35 bp each) divide the targeted sequences, which are kept as the spacers of 30–40 base pairs (bp) apiece. The "CRISPR array" is 

made up of the cas genes themselves, these spacers and repeats, Furthermore, proteins necessary for Cas nuclease activity, the 

foreign nucleic acid detection and uptake into CRISPR array, and the recognition of invasive mobile genetic elements are required 

for the activity of the CRISPR-Cas-mediated defences [6,7]. 

Genome alteration is making changes in DNA in various cells and organisms. This can involve adding or removing out pieces of DNA. 

The results significantly, like turning off certain genes, fixing harmful mutations in genes or introducing new traits [8-10]. Lately, 

as life sciences have rapidly progressed, genome editing has become a go- to method for exploring how genes work, uncovering the 

causes of inherited diseases, finding new targets for gene therapy, and even creating new types of crops, among other exciting uses 

[11-14]. 

 

Fig.1.1 Therapeutic genome editing in cardiovascular diseases 

RNA-guided CRISPR (clustered regularly interspaced short palindromic repeats)-Cas (CRISPR-associated) nucleases systems, 

transcription activator-like effector nucleases (TALENs) and zinc finger nucleases (ZFNs) are recently the three widely used genome 

alteration tools in the world [15,16]. CRISPR-Cas systems are now the most used genome editing method in the molecular biology 

labs worldwide because of its quick cycle, high efficiency, low cost, strong repeatability, and simple design [17,18]. This review 

will provide an overview of the CRISPR-Cas systems, covering their advances and applications in gene therapy and human illness 

research, as well as the potential and problems that will arise in their practical use. 

Based on the structure of effector complexes - CRISPR-Cas systems are classified into 2 different classes: Class 1 systems and Class 

2 systems [18,19]. 

Based on variations in Cas protein participation, and CRISPR locus topologies. These classes are further separated into 6 kinds and 

numerous subtypes: 

• Class 1 systems: Cas types I, III, and IV 

• Class 2 systems: Cas types II, V, and VI The two separate processes of 

(i) Immunisation 

(ii) The molecular mechanisms of prokaryotic adaptive immunity based on CRISPR are defence or resistance. 
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Fig. 1.2 Aspect of designed and genetically modified system in genetic engineering 

Alien genetic components have novel spacer sequence called a protospacer. The protospacer sequence needs to be close to a short 

motif called the protospacer-adjacent motif (PAM) for a number of CRISPR-Cas system types. The host CRISPR array is dependably 

shielded from destruction by its own CRISPR-Cas machinery by recognising this pattern. The Cas1 and Cas2 proteins' activity 

determines the adaption process. During the crRNA biogenesis step and transcription of CRISPR array elements produces precursor 

pre-crRNA or crRNAs, which are then processed into mature crRNA [20]. Depending on the specific CRISPR-Cas type, either 

cellular ribonucleases or Cas proteins carry out this maturation. Mature crRNA is incorporated into the Cas protein effector complex. 

This complex uses the crRNA to examine foreign genetic material for sequencing complementarity. If the requirements for 

compatibility and a PAM region are satisfied, the Cas protein nuclease is activated, precisely targeting and destroying the foreign 

genetic code [21,22]. 

The high specificity, productivity, and adaptability of the CRISPR-Cas system have made it a significant genetic modification 

method. This technology has improved our ability to control gene expression that produce new drugs to change genomes and diagnose, 

prevent, to treatment of illnesses. CRISPR-Cas systems used for the management viral infections. 

A double-stranded break (DSB) brought on by sgRNA attracting Cas9 endonuclease to a particular location in the genome during 

genome editing can be repaired by two endogenous self-repair mechanisms: the prone to error non-homologous end joining (NHEJ) 

route and the homology-oriented repair (HDR) pathway. Since NHEJ is the active for over the 90% of the cell cycle and is 

independent of the neighbouring homology donor, it is generally more effective than that of HDR. NHEJ has the ability to introduce 

the random insertions or deletions into the cleavage sites of which can result in premature stop codons or the frameshift alterations 

inside the target genes open reading frame (ORF), the ultimately rendering them inactive [23-28]. 

As an alternative, HDR can use as a homologous DNA repair template to the precisely alter the genome at the target spot. 

Additionally, utilising the several sgRNAs targeting one or more genes could be the result in massive fragment deletions and 

simultaneous knockout of many of genes [27-28]. 
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ADVANCES IN CRISPR EFFICIENCY: 

Base Editing: 

Irreversible and the direct conversion of one DNA base to another without double strand breaks (DSBs) or a donor DNA template are 

possible using our base editors, which provide precision. Ideally they are composed of a catalytically impaired Cas protein (mostly 

dCas9 or a Cas9 nickase) fusion to a DNA modifying enzyme like a cytidine deaminase or an adenosine deaminase. Cytosine base 

editor (CBE) refers to converting CG to TA while adenine base editors (ABE) convert AT to GC within a defined editing window 

[29]. Base editors do not create DSBs, thus not forming insertions/deletions typically seen with non-homologous end joining (NHEJ). 

Therapeutic potential of base editing has been in correcting point mutation of genetic disorders, including familial 

hypercholesterolemia by editing PCSK9 gene [30]. 

Prime Editing: 

A more recent technique, specifically called Versatile Search-and-Replace Prime editing, is a relatively new technique that uses both 

a Cas9 nickase along with a a prime editing guide RNA and reverse transcriptase enzyme and a prime editing guide RNA, or pegRNA. 

A wide variety of precise edits, including all point mutations, small insertions and deletions, are possible without using DSBs or 

donor templates [31]. After the Cas9 nickase makes the cut to one DNA strand a reverse transcriptase builds the planned genomic 

alteration through the pegRNA template. The broad flexibility of prime editing surpasses the targeting limitations of base editors 

because it allows various mutations to be corrected. Prime editing successfully performed cardiac gene corrections in preclinical 

models thereby creating excellent prospects for its application in disease therapy [32]. 

Challenges and Limitations: 

Advancements in CRISPR technologies have not resolved all limitations since they encounter several challenges such as poor edition 

rates in specific cell types together with off-target consequences and complicated delivery approaches. Engineers have developed 

Cas9 variants exhibiting high fidelity together with properly designed guide RNAs to minimize off target effects [33]. Mobile 

CRISPR delivery proves to be a major obstacle for successful deployment in specific tissues such as the heart. Scientists at the 

moment research lipid nanoparticles along with engineered viral vectors to improve delivery systems and their effectiveness [34]. 

CRISPR TECHNOLOGY IN CARDIOVASCULAR RESEARCH: 

Base and Prime Editing Applications: 

Base and prime editing provide accurate molecular methods for treating cardiovascular disease-related genetic defects. Studies of 

gene editing in living organisms reveal that adenine base editing deactivates PCSK9 in liver tissue which produces long-lasting 

LDL cholesterol decrements [29]. Like prime editing, prime editing also corrects point mutations causing cardiomyopahthies in 

human induced pluripotent stem cell derived cardiomyocytes, which provides a possibility for personalize gene therapy. [32]. 

CRISPRi and CRISPRa for Gene Regulation: 

First, CRISPRa and CRISPRi utilize a catalytically dead Cas9 (dCas9) fused to transcriptional repressors or activators, respectively. 

They are reversible, and do not change the underlying DNA sequence. CRISPRi has been used to knock down arrhythmia genes, and 

CRISPRa to boost protective genes to protect the heart against cardiac stress in cardiovascular research [31]. Such tools have 

important value in gene function studies and may represent early therapeutic approaches for temporary gene modulation for 

conditions that benefit from such modulation. 

In Vivo Delivery Strategies: 

The therapeutic achievement depends heavily on proper CRISPR component delivery to cardiac tissue. AAV vectors of serotype 9 

represent effective vectors that deliver components to cardiac muscle according to preclinical models [36]. The long-term activation 

of these delivery agents within the body can initiate immune-related reactions. Other than AAV vectors serotype 9 lipid 

nanoparticles serve as effective delivery vehicles which recently succeeded in delivering base editors to human livers during clinical 

trials. Investigators are using two strategies to improve LNPs' heart-specific targeting capabilities or create replication-specific 

capsids to enhance heart delivery [34]. 
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International Journal of Pharmacy and Pharmaceutical Research (IJPPR) 

Volume 32, Issue 2, February 2026  ijppr.humanjournals.com   ISSN: 2349-7203 

 

 

   Page | 361  
 

APPLICATIONS OF CRISPR IN CARDIOVASCULAR DISEASE 

Cardiovascular diseases have been a major cause of death and even leading to life time medications for an individual for survival. 

The factors that are responsible for cardiovascular disease are obesity, hypertension, unhealthy food, heredity, smoking etc. To 

reduce the deaths caused by the cardiovascular disease and to treat the patient completely and make that person healthy with the help 

of gene editing technology that is CRISPR. CRISPR is a very advanced technique which can be used for altering the genomic material 

of a specific individual. There are various genes that are responsible for various diseases in an individual and thereby making 

alterations in the gene can recover the individual from the disease. It is a very advanced research which is ongoing and can bring a 

great revolution in various cardiovascular diseases and other diseases. It has a wide range of application in cardiovascular disease:  

Genetic disorders and cardiomyopathies: 

These are one of the major ongoing problems for cardiovascular disease. The most common type of cardiomyopathies is hypertrophic 

and dilated cardiomyopathy. There are specific genes which can be targeted and altered for modification to cure the disease. There 

are various studies that have been done on the hypertrophic cardiomyopathy and dilated cardiomyopathy. 

1) Hypertrophic cardiomyopathy: - It is a disorder which is characterized by thickening of heart muscle which can lead to 

failure of heart or arrhythmia [37]. Researches were performed on rats who didn’t express MYBPC3 protein they developed a very 

high thickness of ventricular wall and low functions of cardiac. After this using CRISPR genome editing the researchers saw a 

significant MYBPC3 protein expression and it also gave a conclusion of that CRISPR editing genome tool can be used for treating 

cardiovascular disease [38]. 

2) Dilated cardiomyopathy: - It is a heart disease characterized which occur due to genetic mutation or due to infection and can 

cause weakening of the hearts ventricles. A study on rat was performed to showcase the activity dilated cardiomyopathy. By deletion 

of LMNA gene from rat the researchers saw the reduced life span of the rat and when they inserted the LMNA gene with the help of 

adeno associated virus they a saw a significant increase in life span of rat [39]. CRISPR editing tool can be used to permanently fix 

the problem rather than just temporary symptom management. 

Atherosclerosis and lipid disorders: 

Atherosclerosis can narrow the passage of the blood flow by building up bad fat and can increase the chances of heart attack or 

stroke. Many researches have been performed and from them in one of the research cynomolgus monkey (Macaca fascicularis). A 

specific gene in liver PCSK9 was knockdown by inserting lipid nanoparticles and there was increase in low density lipoprotein 

which led to death by atherosclerotic cardiovascular disease. The other group of monkey were also treated same way by knocking 

out PCSK9. After this the genome modification technology was used which included CRISPR-Cas enzymes [40-42] and CRISPR 

base editors [43,44]. Then by using CRISPR genome editing tool the researchers deactivated PCSK9 which further led to increase 

in the low-density lipoprotein receptor and cholesterol clearance in blood was increased [45]. 

Hypertension and vascular disease: 

By using CRISPR genome editing tool we can treat the high blood pressure in an individual by suppressing the angiotensinogen 

gene which is a precursor for angiotensin peptide II. Angiotensin II increases blood pressure by constricting the blood vessels which 

causes high vascular tension. With the help of CRISPR-Cas 9 it can permanently disable the angiotensinogen gene resulting in 

reduction of blood pressure [46]. 

Myocardial fibrosis gene editing: 

CRISPR genome editing tool has a made a great advancement in treating myocardial infractions, myocardial fibrosis. COL1A1 and 

COL3A1 are major and essential components which are responsible for the fibrotic tissue. By using CRISPR gene editing tool or 

RNAi and directly targeting COL1A1 and COL3A1 to suppress them and reduce the collagen deposition [47]. 

Cardiac regeneration with stem cell therapy: 

After a heart attack there are many damaged heart muscle tissue including cardio myocytes affecting the hearts’ ability  to contract 

effectively. To treat it we can use stem cells because of their great efficacy and they can displace the damaged cell. Modifying an 

individuals genome can significantly enhance survival and potential of the stem cells if a specific gene has been targeted for 

promoting cell survival [48]. 
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ETHICAL, SAFETY AND REGULATORY CHALLENGES 

CRISPR/Cas9 tool is a powerful weapon contributing wide ranging benefits in areas of clinical therapeutics, transgenic animals and 

agriculture [49]. The dark side of this technology appears due to ethical, moral and safety concerns [49]. 

Off-target effects: 

The role of gRNA is to target CRISPR to specific DNA sequence but sometimes the gRNA may malfunction and instead of targeting 

the CRISPR to desired location of genes, it may target to some other regions of DNA causing off-targeting [50]. The root cause lies 

in the size of the guide RNA [51]. Larger the size of guide RNA, more the identical sequences of DNA it will be containing leading 

to more off-targets. To overcome this issue, the size of guide RNA has to be precisely maintained. Guide RNA containing less than 

20 nucleotides gives less off-target effects. At the same time, it should not be smaller than 15 base pairs where it loses its binding 

ability to target site [52]. Off-target mutations may get inherited as such and disturbs the future generation, it occurs via process known 

as gene drive [53,54]. 

Germ-line editing: 

Another ethical concern revolves around germ-line editing, as germ cells are involved in the reproduction process, modification in 

these cells might cause genetic mutation and these genetic defects/mutations get transferred to future generation. It is not possible 

to predict mutations/genetic defects before experiment as these effects appear after sometime in future generation [54]. Also, some 

individuals can misuse it for their own benefits, for example, improving health by changing the genetic make-up of sports person or 

modifying desired phenotypic character [53]. The research of CRISPR is found less in germ-cell due to fear of unpredictable 

mutations thus scientist focus on research involving somatic cell lines [55]. 

Regulatory landscape and clinical trial progress: 

The harmful effects of CRISPR-Cas9 technology such as off-targeting and germ-line editing makes the regulatory procedures a 

complex process [56]. The jurisdiction attempts to minimize the ethical considerations and maximize the scientific potential of 

CRISPR [56]. In some countries, there are less problems for regulatory acceptance with genome edited crops and thus rising a concern 

on safety in public [57,58]. Whereas in countries like Europe, there are stringent regulations for genetic modified organisms thus 

assuring the public safety [59]. The ethical concern of germ-line editing made the World Health Organisation to establish a global 

governance framework which could help stabilize the standards among nation [60]. In United States, more emphasis is given on 

establishing regulations that could balance safety and it has also restrictions for funding on germ-line research [61]. China and Japan 

focus on improving therapeutics by permitting gene editing to a small extent thus leading a concern for public safety [62]. 

Clinical trial progress: 

The vast advantages of CRISPR technology is replacing the old gene editing methods. It has found its applications in gene 

modification for neurological, cardiovascular, renal and genetic disorders [63]. It helps in allowing thorough understanding of 

disorder by development of disease models and making it ready for clinical research [63,64]. 

CONCLUSION: 

New advancement of the life science and medicine has been aided by the new Cas nucleases and the wide range of uses, which have 

significantly increased the CRISPR-based genome editing toolbox and have a wide range of uses. Cardiovascular research has been 

transformed by CRISPR-based genome editing technology, which has sped up the creation of genetically altered models of Cardio 

Vascular Diseases and their use in treating various forms of CVD. To avoid misuse, this technology should be tightly regulated as it 

may also pose serious biological risks and proper care and management should be by regulatory authority. 

FUTURE SCOPE, PERSPECTIVES AND CLINICAL TRANSLATION IN RESEARCH 

Next generation CRISPR techniques: 

Epigenome editing refers to making selected changes in epigenetic aspects mainly DNA methylation, it does not involve change in 

DNA sequence [65]. Thus, it broadens the therapeutic power of CRISPR system in comparison to traditional gene editing methods 

[65]. 
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CRISPR as a tool for personalized cardiovascular medicine: 

CRISPR-Cas9 technology is a powerful tool in treating cardiovascular diseases due to its ability to detect the gene responsible for 

disease and modulate it. It also provides a extra edge to design disease models which helps to understand the cause of disease and 

plan its treatment accordingly [66]. 

Potential for CRISPR based gene therapies to enter mainstream clinical practice: 

CRISPR-Cas9 tool has optimised the way in which genetic disorders can be treated by allowing the necessary modification of genes. 

Although it provides a lot of advantages, its ethical and legal concerns should also be handled with appropriate measures [56]. Being 

easy to use and efficient in action, it has initiated clinical trials in cancer, cardiovascular disorders, neurological disorders, 

immunological disorders, allergy, eye related disorders and viral infection [67]. 

REFERENCES: 

1. Di Cesare M, Perel P, Taylor S, Kabudula C, Bixby H, Gaziano TA, McGhie DV, Mwangi J, Pervan B, Narula J, Pineiro D, 

Pinto FJ. The Heart of the World. Glob Heart. 2024 Jan 25;19(1):11. doi: 10.5334/gh.1288. PMID: 38273998; PMCID: 

PMC10809869. 

2. Olvera Lopez E, Ballard BD, Jan A. Cardiovascular Disease. [Updated 2023 Aug 22]. In: StatPearls [Internet]. Treasure Island 

(FL): StatPearls Publishing; 2025 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK535419/ 

3. Kathiresan S, Srivastava D. Genetics of human cardiovascular disease. Cell. 2012 Mar 16;148(6):1242-57. doi: 

10.1016/j.cell.2012.03.001. PMID: 22424232; PMCID: PMC3319439. 

4. Wu NQ, Li JJ. PCSK9 gene mutations and low-density lipoprotein cholesterol. Clin Chim Acta. 2014 Apr 20;431:148-53. doi: 

10.1016/j.cca.2014.01.043. Epub 2014 Feb 8. PMID: 24518357. 

5. Koonin EV, Makarova KS, Zhang F. Diversity, classification and evolution of CRISPR-Cas systems. Curr Opin Microbiol. 

2017 Jun;37:67-78. doi: 10.1016/j.mib.2017.05.008. Epub 2017 Jun 9. PMID: 28605718; PMCID: PMC5776717. 

6. Ishino Y, Shinagawa H, Makino K, Amemura M, Nakata A.1987.Nucleotide sequence of the iap gene, responsible for alkaline 

phosphatase isozyme conversion in Escherichia coli, and identification of the gene product. J 

Bacteriol169:.https://doi.org/10.1128/jb.169.12.5429-5433.1987 

7. Mojica, F.J., Díez-Villaseñor, C., García-Martínez, J. et al. Intervening Sequences of Regularly Spaced Prokaryotic Repeats 

Derive from Foreign Genetic Elements. J Mol Evol 60, 174–182 (2005). https://doi.org/10.1007/s00239-004-0046-3 

8. Charpentier E, Marraffini LA. Harnessing CRISPR-Cas9 immunity for genetic engineering. Curr Opin Microbiol. 2014 

Jun;19:114-119. doi: 10.1016/j.mib.2014.07.001. Epub 2014 Jul 19. PMID: 25048165; PMCID: PMC4155128. 

9. Hsu PD, Lander ES, Zhang F. Development and applications of CRISPR-Cas9 for genome engineering. Cell. 2014 Jun 

5;157(6):1262-1278. doi: 10.1016/j.cell.2014.05.010. PMID: 24906146; PMCID: PMC4343198. 

10. Knott GJ, Doudna JA. CRISPR-Cas guides the future of genetic engineering. Science. 2018 Aug 31;361(6405):866-869. doi: 

10.1126/science.aat5011. PMID: 30166482; PMCID: PMC6455913. 

11. Cox DB, Platt RJ, Zhang F. Therapeutic genome editing: prospects and challenges. Nat Med. 2015 Feb;21(2):121-31. doi: 

10.1038/nm.3793. PMID: 25654603; PMCID: PMC4492683. 

12. Wang H, La Russa M, Qi LS. CRISPR/Cas9 in Genome Editing and Beyond. Annu Rev Biochem. 2016 Jun 2;85:227-64. doi: 

10.1146/annurev-biochem-060815-014607. Epub 2016 Apr 25. PMID: 27145843.  

13. Wright AV, Nuñez JK, Doudna JA. Biology and Applications of CRISPR Systems: Harnessing Nature's Toolbox for Genome 

Engineering. Cell. 2016 Jan 14;164(1-2):29-44. doi: 10.1016/j.cell.2015.12.035. PMID: 26771484. 

14. Langner T, Kamoun S, Belhaj K. CRISPR Crops: Plant Genome Editing Toward Disease Resistance. Annu Rev Phytopathol. 

2018 Aug 25;56:479-512. doi: 10.1146/annurev-phyto-080417-050158. Epub 2018 Jul 5. PMID: 29975607. 

15. Miller JC, Holmes MC, Wang J, Guschin DY, Lee YL, Rupniewski I, Beausejour CM, Waite AJ, Wang NS, Kim KA, Gregory 

PD, Pabo CO, Rebar EJ. An improved zinc-finger nuclease architecture for highly specific genome editing. Nat Biotechnol. 2007 

Jul;25(7):778-85. doi: 10.1038/nbt1319. Epub 2007 Jul 

1. PMID: 17603475. 

16. Christian M, Cermak T, Doyle EL, Schmidt C, Zhang F, Hummel A, Bogdanove AJ, Voytas DF. Targeting DNA double-strand 

breaks with TAL effector nucleases. Genetics. 2010 Oct;186(2):757-61. doi: 10.1534/genetics.110.120717. Epub 2010 Jul 26. 

PMID: 20660643; PMCID: PMC2942870. 

17. Komor AC, Badran AH, Liu DR. CRISPR-Based Technologies for the Manipulation of Eukaryotic Genomes. Cell. 2017 Apr 

20;169(3):559. doi: 10.1016/j.cell.2017.04.005. Erratum for: Cell. 2017 Jan 12;168(1-2):20-36. doi: 10.1016/j.cell.2016.10.044. 

PMID: 28431253. 

18. Hille F, Richter H, Wong SP, Bratovič M, Ressel S, Charpentier E. The Biology of CRISPR-Cas: Backward and Forward. 

Cell. 2018 Mar 8;172(6):1239-1259. doi: 10.1016/j.cell.2017.11.032. PMID: 29522745. 

19. Makarova KS, Haft DH, Barrangou R, Brouns SJ, Charpentier E, Horvath P, Moineau S, Mojica FJ, Wolf YI, Yakunin AF, van 

http://www.ncbi.nlm.nih.gov/books/NBK535419/


International Journal of Pharmacy and Pharmaceutical Research (IJPPR) 

Volume 32, Issue 2, February 2026  ijppr.humanjournals.com   ISSN: 2349-7203 

 

 

   Page | 364  
 

der Oost J, Koonin EV. Evolution and classification of the CRISPR-Cas systems. Nat Rev Microbiol. 2011 Jun;9(6):467-77. doi: 

10.1038/nrmicro2577. Epub 2011 May 9. PMID: 21552286; PMCID: PMC3380444. 

20. Chen H, Choi J, Bailey S. Cut site selection by the two nuclease domains of the Cas9 RNA-guided endonuclease. J Biol Chem. 

2014 May 9;289(19):13284-94. doi: 10.1074/jbc.M113.539726. Epub 2014 Mar 14. PMID: 24634220; PMCID: PMC4036338. 

21. Deltcheva E, Chylinski K, Sharma CM, Gonzales K, Chao Y, Pirzada ZA, Eckert MR, Vogel J, Charpentier E. CRISPR RNA 

maturation by trans-encoded small RNA and host factor RNase III. Nature. 2011 Mar 31;471(7340):602-7. doi: 

10.1038/nature09886. PMID: 21455174; PMCID: PMC3070239. 

22. Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpentier E. A programmable dual-RNA- guided DNA endonuclease 

in adaptive bacterial immunity. Science. 2012 Aug 17;337(6096):816-21. doi: 10.1126/science.1225829. Epub 2012 Jun 28. PMID: 

22745249; PMCID: PMC6286148. 

23. Lieber MR. The mechanism of double-strand DNA break repair by the nonhomologous DNA end-joining pathway. Annu Rev 

Biochem. 2010;79:181-211. doi: 10.1146/annurev.biochem.052308.093131. PMID: 20192759; PMCID: PMC3079308. 

24. Weterings E, Chen DJ. The endless tale of non-homologous end-joining. Cell Res. 2008 Jan;18(1):114- 

24. doi: 10.1038/cr.2008.3. PMID: 18166980. 

25. Minkenberg B, Wheatley M, Yang Y. CRISPR/Cas9-Enabled Multiplex Genome Editing and Its Application. Prog Mol Biol 

Transl Sci. 2017;149:111-132. doi: 10.1016/bs.pmbts.2017.05.003. Epub 2017 Jun 20. PMID: 28712493. 

26. Minkenberg B, Wheatley M, Yang Y. CRISPR/Cas9-Enabled Multiplex Genome Editing and Its Application. Prog Mol Biol 

Transl Sci. 2017;149:111-132. doi: 10.1016/bs.pmbts.2017.05.003. Epub 2017 Jun 20. PMID: 28712493. 

27. San Filippo J, Sung P, Klein H. Mechanism of eukaryotic homologous recombination. Annu Rev Biochem. 2008;77:229-57. 

doi: 10.1146/annurev.biochem.77.061306.125255. PMID: 18275380. 

28. Cong L, Ran FA, Cox D, Lin S, Barretto R, Habib N, Hsu PD, Wu X, Jiang W, Marraffini LA, Zhang F. Multiplex genome 

engineering using CRISPR/Cas systems. Science. 2013 Feb 15;339(6121):819-23. doi: 10.1126/science.1231143. Epub 2013 Jan 

3. PMID: 23287718; PMCID: PMC3795411. 

29. Komor, A. C., Kim, Y. B., Packer, M. S., Zuris, J. A., & Liu, D. R., "Programmable editing of a target base in genomic DNA 

without double-stranded DNA cleavage," Nature, vol. 533, no. 7603, pp. 420– 424, 2016. 

30. Musunuru, K., Chadwick, A. C., Mizoguchi, T., Garcia, S. P., DeNizio, J. E., Reiss, C. W., ... & Kathiresan, S., "In vivo 

CRISPR base editing of PCSK9 durably lowers cholesterol in primates," Nature, vol. 593, no. 7859, pp. 429–434, 2021. 

31. Anzalone, A. V., Randolph, P. B., Davis, J. R., Sousa, A. A., Koblan, L. W., Levy, J. M., ... & Liu, D. R., "Search-and-replace 

genome editing without double-strand breaks or donor DNA," Nature, vol. 576, no. 7785, pp. 149–157, 2019. 

32. Chemello, F., Chai, A. C., Li, H., Rodriguez-Caycedo, C., Sanchez-Ortiz, E., Atmanli, A., ... & Bassel- Duby, R., "Precise 

correction of Duchenne muscular dystrophy exon deletion mutations by prime editing," Nature Communications, vol. 12, no. 1, pp. 

1–13, 2021. 

33. Slaymaker, I. M., Gao, L., Zetsche, B., Scott, D. A., Yan, W. X., & Zhang, F., "Rationally engineered Cas9 nucleases with 

improved specificity," Science, vol. 351, no. 6268, pp. 84–88, 2016. 

34. Wei, J., Wagner, A. M., MacDougall, D. R., Diehl, M. R., & Anderson, D. G., "Non-viral delivery of CRISPR/Cas9 systems: 

The state of the art and future perspectives," Nano Today, vol. 36, p. 101024, 2021. 

35. Kiani, S., Chavez, A., Tuttle, M., Hall, R. N., Chari, R., Ter-Ovanesyan, D., ... & Collins, J. J., "Cas9 gRNA engineering for 

genome editing, activation and repression," Nature Methods, vol. 12, no. 11, pp. 1051–1054, 2015. 

36. Nelson, C. E., Hakim, C. H., Ousterout, D. G., Thakore, P. I., Moreb, E. A., Castellanos Rivera, R. M.,... & Gersbach, C. A., 

"In vivo genome editing improves muscle function in a mouse model of Duchenne muscular dystrophy," Science, vol. 351, no. 6271, 

pp. 403–407, 2016. 

37. Marian AJ, & Braunwald E (2017). Hypertrophic Cardiomyopathy: Genetics, Pathogenesis, Clinical Manifestations, Diagnosis, 

and Therapy. Circulation research, 121(7), 749–770. [DOI] [PMC free article] [PubMed] [Google Scholar] 

38. Nie J, Han Y, Jin Z, Hang W, Shu H, Wen Z, Ni L, Wang DW. Homology-directed repair of an MYBPC3 gene mutation in a rat 

model of hypertrophic cardiomyopathy. Gene Ther. 2023 Jun;30(6):520-527. doi: 10.1038/s41434-023-00384-3. Epub 2023 Feb 

10. PMID: 36765144. 

39. Hershberger RE, Jordan E. LMNA-Related Dilated Cardiomyopathy. 2008 Jun 12 [Updated 2022 Mar 17]. In: Adam MP, 

Feldman J, Mirzaa GM, et al., editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2025. 

Available from: https://www.ncbi.nlm.nih.gov/books/NBK1674/ 

40. Jinek, M. et al. A programmable dual-RNA-guided DNA endonuclease in adaptive bacterial immunity. Science 337, 816–821 

(2012). Article ADS CAS PubMed PubMed Central Google Scholar 

41. Zetsche, B. et al. Cpf1 is a single RNA-guided endonuclease of a class 2 CRISPR-Cas system. Cell 163, 759–771 (2015). 

Article CAS PubMed PubMed Central Google Scholar 

42. Strecker, J. et al. Engineering of CRISPR–Cas12b for human genome editing. Nat. Commun. 10, 212 (2019). Article ADS 

CAS PubMed PubMed Central Google Scholar 

43. Komor, A. C., Kim, Y. B., Packer, M. S., Zuris, J. A. & Liu, D. R. Programmable editing of a target base in genomic DNA 

without double-stranded DNA cleavage. Nature 533, 420–424 (2016). Article ADS CAS PubMed PubMed Central Google Scholar 

44. Gaudelli, N. M. et al. Programmable base editing of A•T to G•C in genomic DNA without DNA cleavage. Nature 551, 464–471 

http://www.ncbi.nlm.nih.gov/books/NBK1674/


International Journal of Pharmacy and Pharmaceutical Research (IJPPR) 

Volume 32, Issue 2, February 2026  ijppr.humanjournals.com   ISSN: 2349-7203 

 

 

   Page | 365  
 

(2017). Article ADS CAS PubMed PubMed Central Google Scholar 

45. Musunuru, K., Chadwick, A.C., Mizoguchi, T. et al. In vivo CRISPR base editing of PCSK9 durably lowers cholesterol in 

primates. Nature 593, 429–434 (2021). https://doi.org/10.1038/s41586-021-03534- y 

46. Sun H, Hodgkinson CP, Pratt RE, Dzau VJ. CRISPR/Cas9 Mediated Deletion of the Angiotensinogen Gene Reduces 

Hypertension: A Potential for Cure? Hypertension. 2021 Jun;77(6):1990-2000. doi: 10.1161/HYPERTENSIONAHA.120.16870. 

Epub 2021 Apr 5. PMID: 33813849; PMCID: PMC9896968. 

47. Wang Q, Peng Z, Xiao S, Geng S, Yuan J, Li Z. RNAi-mediated inhibition of COL1A1 and COL3A1 in human skin fibroblasts. 

Exp Dermatol. 2007 Jul;16(7):611-7. doi: 10.1111/j.1600-0625.2007.00574.x. PMID: 17576241. 

48. Pan A, Weintraub NL, Tang Y. Enhancing stem cell survival in an ischemic heart by CRISPR-dCas9- based gene regulation. 

Med Hypotheses. 2014 Dec;83(6):702-5. doi: 10.1016/j.mehy.2014.09.022. Epub 2014 Oct 13. PMID: 25459138; PMCID: 

PMC4314450. 

49. Shinwari ZK, Tanveer F, Khalil AT. Ethical Issues Regarding CRISPR Mediated Genome Editing. Curr Issues Mol Biol. 

2018;26:103-110. doi: 10.21775/cimb.026.103. Epub 2017 Sep 7. PMID: 28879860. 

50. Kang S-H, Lee W-j, An J-H, Lee J-H, Kim Y-H, Kim H, et al. Prediction-based highly sensitive CRISPR off-target validation 

using target-specific DNA enrichment. Nat Commun. 2020;11(1):3596. 

51. Rodriguez E (2016) Ethical Issues in Genome Editing using Crispr/Cas9 System. J Clin Res Bioeth 7: 

266. doi: 10.4172/2155-9627.1000266. 

52. Lv J, Wu S, Wei R, Li Y, Jin J, Mu Y, et al. The length of guide RNA and target DNA heteroduplex effects on CRISPR/Cas9 

mediated genome editing efficiency in porcine cells. J Vet Sci. 2019;20(3):e23-e. 

53. Zabta Khan Shinwari1,2*, Faouzia Tanveer1 and Ali Talha Khalil1. Ethical Issues Regarding CRISPR- mediated Genome 

Editing Curr. Issues Mol. Biol. Vol. 26 Pg no.103 to 110. 

54. C. Brokowski, M. Adli, CRISPR Ethics: Moral Considerations for Applications of a Powerful Tool, J. Mol. Biol. (2018), 

https://doi.org/10.1016/j.jmb.2018.05.044. 

55. Lanphier, E., Urnov, F., Haecker, S. et al. Don’t edit the human germ line. Nature 519, 410–411 (2015). 

https://doi.org/10.1038/519410a. 

56. Ethical Implications And Molecular Mechanisms Of CRISPR-Cas9 In Modern Biology. (2024). African Journal of Biomedical 

Research, 27(4S), 1520-1529. https://doi.org/10.53555/AJBR.v27i4S.3874. 

57. Bogatyreva, N.V., Sokolov, A., Moiseeva, Y., Gusev, Y., & Chumakov, M., 2021. Regulatory status of genome-editing 

plants: perspectives for Russian Federation. Ecol Genet, DOI:10.17816/ECOGEN42532. 

58. Kumar, S., Rymarquis, L.A., Ezura, H., & Nekrasov, V., 2021. Editorial: CRISPR-Cas in Agriculture: Opportunities and 

Challenges. Frontiers in Plant Science, DOI:10.3389/fpls.2021.672329. 

59. Hughes, S.M., 2021. CRISPR-Cas9 and Food in the European Union: An Organic Solution to an Undetectable Problem 

for Food Business Operators. European Review, DOI:10.1017/err.2021.54.44. 

60. Kamwendo, T. & Shozi, B., 2021. Is South Africa ready for the future of human germline genome editing? Comparing 

South African law and recent proposals for global governance. South African Journal of Bioethics and Law, 

DOI:10.7196/sajbl.2021.v14i3.761.45. 

61. Stasi, A., & David, T.W.C., 2023. An Introduction to Legal, Regulatory and Intellectual Property Rights Issues in 

Biotechnology. Regulatory Insights, DOI:10.2174/97898150806291230101. 

62. Zhou, L. & Yao, S., 2023. Recent advances in therapeutic CRISPR-Cas9 genome editing: mechanisms and applications. 

Frontiers in Cell and Developmental Biology, DOI:10.1186/s43556- 023-00115-5. 

63. Morshedzadeh, F., Ghanei, M., Lotfi, M. et al. An Update on the Application of CRISPR Technology in Clinical Practice. Mol 

Biotechnol 66, 179–197 (2024). https://doi.org/10.1007/s12033-023-00724-z. 

64. Zhang D, Hussain A, Manghwar H, Xie K, Xie S, Zhao S, Larkin RM, Qing P, Jin S, Ding F. Genome editing with the CRISPR-

Cas system: an art, ethics and global regulatory perspective. Plant Biotechnol 

J. 2020 Aug;18(8):1651-1669. doi: 10.1111/pbi.13383. Epub 2020 Apr 30. PMID: 32271968; PMCID: PMC7336378. 

65. Sarkar Sardar Azeez, Rahin Shareef Hamad, Bahra Kakamin Hamad, Mudhir Sabir Shekha, Peter Bergsten. Advances in 

CRISPR-Cas technology and its applications: revolutionising precision medicine Sec.  Genome  Editing  in  Human  

Health  and  DiseaseVolume  6   -  2024 

| https://doi.org/10.3389/fgeed.2024.1509924 

66. Bonowicz K, Jerka D, Piekarska K, Olagbaju J, Stapleton L, Shobowale M, Bartosiński A, Łapot M, Bai Y, Gagat M. CRISPR-

Cas9 in Cardiovascular Medicine: Unlocking New Potential for Treatment. Cells. 2025 Jan 17;14(2):131. doi: 

10.3390/cells14020131. PMID: 39851560; PMCID: PMC11763404. 

67. Sharma G, Sharma AR, Bhattacharya M, Lee SS, Chakraborty C. CRISPR-Cas9: A Preclinical and Clinical Perspective for 

the Treatment of Human Diseases. Mol Ther. 2021 Feb 3;29(2):571-586. doi: 10.1016/j.ymthe.2020.09.028. Epub 2020 Sep 20. 

PMID: 33238136; PMCID: PMC7854284 

 

 

https://doi.org/10.1016/j.jmb.2018.05.044
https://doi.org/10.1038/519410a
https://doi.org/10.53555/AJBR.v27i4S.3874
https://doi.org/10.1007/s12033-023-00724-z
https://doi.org/10.3389/fgeed.2024.1509924


International Journal of Pharmacy and Pharmaceutical Research (IJPPR) 

Volume 32, Issue 2, February 2026  ijppr.humanjournals.com   ISSN: 2349-7203 

 

 

   Page | 366  
 

 

How to cite this article:  

Mr. Suresh P. Choudhary et al. Ijppr.Human, 2026; Vol. 32 (2): 356-366. 

Conflict of Interest Statement: All authors have nothing else to disclose. 

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which 

permits use and distribution in any medium, provided the original work is properly cited, the use is non‐commercial and no 

modifications or adaptations are made. 

 

 

 


