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ABSTRACT

CRISPR/Cas9 technology emerged as a critical tool in cardiovascular medicine to
enable genome editing and engineer novel therapies. Use of CRISPR for correct-
ing mutations has transformed the research on dyslipidemia, atherosclerosis, and
cardiomyopathies. The synergism between CRISPR and artificial intelligence (Al)
enhance accuracy by optimizing guide RNA design, minimizing off-target effects,
and maximizing delivery strategies. Additionally, CRISPR editing systems like
CRISPRoff/CRISPRon enable modulation of gene expression without genome chang-
es, hence offer therapeutic intervention. Its uses in cardiovascular systems biology
have also solved precise disease modeling, enabled high-resolution decomposition
of mechanisms, and drug discovery. Although its potential is great, its clinical
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translation is foiled by safety, long-term efficacy, ethical, and equal accessibility
issues. Expanding the CRISPR platform with base and prime editing has potential
to circumvent these limitations, positioning CRISPR as a keystone technology in
driving cardiovascular medicine.

1. INTRODUCTION: TRANSFORMING
CARDIOVASCULAR MEDICINE THROUGH CRISPR

Cardiovascular diseases (CVDs) still dominate morbidity and mortality burdens
worldwide, and their treatment requires much more than the conventional risk
factor-based approach. Accelerating this transition from the conventional treatment
model to precision cardiovascular medicine are major breakthroughs in genome
engineering, especially the CRISPR/Cas9 system (Velayuthaprabhu & Archunan,
2005; Velayuthaprabhu et al., 2007; Alagendran et al., 2010; Velayuthaprabhu et
al., 2011; Velayuthaprabhu et al., 2013; Velayuthaprabhu et al., 2016; Kuchi Bhotla
et al., 2020; Meyyazhagan et al., 2020; Arumugam et al., 2020; Mohd et al., 2021;
Bhotla et al., 2021; Mohd et al., 2021; Lee et al., 2021; Pushparaj et al., 2022; San-
geetha et al., 2022; Gundappa et al., 2022; Sangeetha et al., 2022; Meyyazhagan
et al., 2022; Ramya et al., 2023; Paranitharan et al., 2025). Using genome editing
technologies, one can interrogate and modify disease-associated loci with unprec-
edented accuracy. These provide insight into the mechanisms of dyslipidemias,
atherosclerosis, cardiomyopathies, arrhythmias, and hypertensive disorders. Such
innovations will bridge the gap between fundamental cardiovascular genetics and
individualized therapeutic design beyond the classical risk factors of hypertension
and diabetes toward genotype-driven prediction and intervention (Chen et al., 2022).

Epigenetic modulation, the analysis of rare variants, and polygenic risk scores
(PRS) all further stratify cardiovascular risk in a granular manner and provide
important additional insights into heritable and regulatory mechanisms in disease
inception and progression (Costantino et al., 2018; Tada et al., 2021). Clinical
translation will require responsible consideration of safety, off-target mutagenesis,
delivery efficiency, and long-term efficacy, with multiple bioethical considerations
(Dzilic et al., 2018).

Among genome editing systems, CRISPR/Cas9 represents the most transfor-
mative technology capable of correcting pathogenic variants implicated in both
monogenic and polygenic CVDs (Figure 1). The majority of preclinical research
using atherosclerosis, inherited arrhythmias, hypertrophic and dilated cardiomyop-
athies, and Duchenne muscular dystrophy (DMD) models has indeed documented
that mutation-specific repair improved cardiac function (Bonowicz et al., 2025;
Wilton-Clark & Yokota, 2023). Moreover, functional non-coding RNAs, includ-

108



38 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/chapter/crispr-cas9-technology-for-precision-

cardiovascular-medicine/399093

Related Content

The Geometry of the Structure of Nucleic Acids With Regard to the Higher
Dimension of the Components

(2019). Attractors and Higher Dimensions in Population and Molecular Biology:
Emerging Research and Opportunities (pp. 203-218).
www.irma-international.org/chapter/the-geometry-of-the-structure-of-nucleic-acids-with-regard-

to-the-higher-dimension-of-the-components/230419

Deep Learning Approach Leveraging Optimized Residual Neural Networks
for Robust and Early-Stage Alzheimer's Disease Clarification

K. Ramalakshmi, M. Uvaneshwari, L. Krishna Kumari, B. Mohan, N. Ismayil Kani, M.
Ashok Kumarand R. Santhana Krishnan (2026). Interdisciplinary Perspectives on
Genetic Syndromes and Human Development (pp. 231-262).
www.irma-international.org/chapter/deep-learning-approach-leveraging-optimized-residual-

neural-networks-for-robust-and-early-stage-alzheimers-disease-clarification/411076

Building Workplace Resilience Insights From Employee Engagement and
Technological Enhancements

Medha Gupta, Rupali Aroraand Dixit Kalra (2024). Embracing Transhumanism and
Genomics in Human Resources Management (pp. 327-338).
www.irma-international.org/chapter/building-workplace-resilience-insights-from-employee-

engagement-and-technological-enhancements/355104

Genomic Testing in Workplace Wellness: Employee Perspectives, HRM
Approaches, and Insights

Harwinder Singhand Aparna Saluja (2024). Embracing Transhumanism and
Genomics in Human Resources Management (pp. 135-160).
www.irma-international.org/chapter/genomic-testing-in-workplace-wellness/355095



http://www.igi-global.com/chapter/crispr-cas9-technology-for-precision-cardiovascular-medicine/399093
http://www.igi-global.com/chapter/crispr-cas9-technology-for-precision-cardiovascular-medicine/399093
http://www.igi-global.com/chapter/crispr-cas9-technology-for-precision-cardiovascular-medicine/399093
http://www.irma-international.org/chapter/the-geometry-of-the-structure-of-nucleic-acids-with-regard-to-the-higher-dimension-of-the-components/230419
http://www.irma-international.org/chapter/the-geometry-of-the-structure-of-nucleic-acids-with-regard-to-the-higher-dimension-of-the-components/230419
http://www.irma-international.org/chapter/deep-learning-approach-leveraging-optimized-residual-neural-networks-for-robust-and-early-stage-alzheimers-disease-clarification/411076
http://www.irma-international.org/chapter/deep-learning-approach-leveraging-optimized-residual-neural-networks-for-robust-and-early-stage-alzheimers-disease-clarification/411076
http://www.irma-international.org/chapter/building-workplace-resilience-insights-from-employee-engagement-and-technological-enhancements/355104
http://www.irma-international.org/chapter/building-workplace-resilience-insights-from-employee-engagement-and-technological-enhancements/355104
http://www.irma-international.org/chapter/genomic-testing-in-workplace-wellness/355095

Genome Editing Technologies in Precision Medicine: Recent Innovations
and Challenges

Kazi Asraf Ali, Rideb Chakraborty, Naureen Afrose, Chowdhury Mobaswar Hossain,
Amit Kotaland Sourav Samanta (2026). CRISPR-Cas9 Technology for Precision
Medicine (pp. 1-34).

www.irma-international.org/chapter/genome-editing-technologies-in-precision-medicine/399090



http://www.irma-international.org/chapter/genome-editing-technologies-in-precision-medicine/399090

