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Abstract 

Cardiovascular diseases (CVDs) are among the leading causes of death worldwide. 

Traditional treatment options such as pharmacological interventions and surgical procedures 

often do not fully address the underlying issue of heart tissue damage and loss of function. In 

recent years, advancements in regenerative medicine, particularly stem cell therapy and gene 

editing technologies, have shown promising potential to revolutionize heart regeneration. 

This paper explores the current state of stem cell-based therapies and gene editing techniques, 

such as CRISPR-Cas9, in the context of cardiovascular medicine. It discusses their 

mechanisms, clinical applications, challenges, and potential future developments in the field. 

While these technologies offer hope for patients suffering from heart diseases, several 

technical, ethical, and regulatory challenges remain that must be addressed to realize their full 

potential. 
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1. Introduction 

Cardiovascular diseases (CVDs) are responsible for approximately 32% of global deaths, 

with heart failure being one of the most debilitating conditions (World Health Organization 

[WHO], 2020). Despite significant advances in medical treatment, current interventions focus 

primarily on managing symptoms and preventing further deterioration, rather than addressing 

the root cause of heart damage. This highlights the need for innovative approaches to 

regenerate heart tissue and restore its function. Stem cell therapy and gene editing represent 

two such cutting-edge technologies that have the potential to revolutionize the treatment of 

heart disease by promoting heart regeneration at the cellular and molecular levels. 
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Stem cell therapy involves the use of pluripotent or multipotent stem cells to replace damaged 

tissues and stimulate tissue repair. Meanwhile, gene editing techniques, particularly CRISPR-

Cas9, offer precise alterations to the genetic makeup of cells, providing opportunities for the 

correction of genetic defects that contribute to heart disease. These technologies, although 

still in the experimental stages, show great promise in addressing the unmet needs in 

cardiovascular medicine. 

This paper aims to review the current progress in stem cell therapy and gene editing for heart 

regeneration, explore the underlying mechanisms of these therapies, and examine their 

clinical applications, challenges, and potential future directions in cardiovascular medicine. 

2. Stem Cell Therapy in Heart Regeneration 

Stem cell therapy in heart regeneration is a promising approach aimed at repairing and 

restoring heart tissue damaged due to various cardiovascular diseases (CVDs), including 

heart failure, myocardial infarction (heart attack), and cardiomyopathies. The underlying 

principle of stem cell therapy is the use of stem cells to regenerate lost or damaged heart 

tissue by either promoting the differentiation of stem cells into heart muscle cells 

(cardiomyocytes) or stimulating the body’s endogenous repair mechanisms. 

Stem cell-based approaches have the potential to not only improve the contractile function of 

the heart but also reduce the extent of fibrosis (scar tissue formation), which is a common 

consequence of heart injury. There are various types of stem cells with different potential for 

heart regeneration, each with distinct characteristics and therapeutic advantages. 

2.1 Types of Stem Cells Used in Heart Regeneration 

 Embryonic Stem Cells (ESCs): Embryonic stem cells are pluripotent, meaning they 

have the capacity to differentiate into any cell type, including cardiomyocytes. This 

makes them an ideal candidate for heart regeneration. ESCs can potentially generate large 

numbers of functional cardiomyocytes, offering a robust source for heart repair. However, 

the use of ESCs raises ethical concerns as they are derived from human embryos. 

Additionally, there is a risk of tumor formation (teratoma development) if ESCs are not 

properly controlled after transplantation (Zhao et al., 2018). 
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 Induced Pluripotent Stem Cells (iPSCs): Induced pluripotent stem cells are adult 

somatic cells (e.g., skin or blood cells) that are reprogrammed back to a pluripotent state 

through the introduction of specific genes. These cells have the ability to differentiate into 

any cell type, including cardiomyocytes. iPSCs offer a significant advantage over ESCs 

as they do not involve the ethical concerns related to embryonic tissue. Furthermore, 

iPSCs can be derived from a patient’s own cells, reducing the risk of immune rejection 

after transplantation (Takahashi & Yamanaka, 2006). 

 Mesenchymal Stem Cells (MSCs): Mesenchymal stem cells, typically derived from 

sources such as bone marrow, adipose tissue, or umbilical cord blood, have shown 

promise in heart regeneration. MSCs are multipotent, meaning they can differentiate into 

a limited range of cell types, including endothelial cells and smooth muscle cells, which 

can contribute to the repair of blood vessels and the structural integrity of the heart. In 

addition, MSCs secrete paracrine factors that promote tissue repair, reduce inflammation, 

and prevent fibrosis in the heart (Li et al., 2016). 

 Cardiac Stem Cells (CSCs): Cardiac stem cells are a type of stem cell found naturally 

within the heart tissue. These cells have the ability to differentiate into cardiomyocytes, 

endothelial cells, and smooth muscle cells. While the heart has a limited regenerative 

capacity, CSCs have been shown to contribute to heart repair after injury. However, the 

number of these stem cells in the heart is limited, and they are often insufficient to fully 

regenerate the damaged tissue, which necessitates the use of additional external stem cell 

sources (Loffredo et al., 2011). 

2.2 Mechanisms of Action in Heart Regeneration 

Stem cell therapy can promote heart regeneration through multiple mechanisms: 

 Direct Differentiation into Cardiomyocytes: One of the most direct mechanisms of 

heart regeneration is the differentiation of stem cells into functional cardiomyocytes, the 

contractile cells of the heart. Stem cells that differentiate into cardiomyocytes can 

integrate into the heart tissue, replacing damaged or non-functional cells, thereby 

improving the heart’s contractile ability. 
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 Paracrine Signaling: Even if stem cells do not directly differentiate into heart cells, they 

can secrete a variety of growth factors, cytokines, and other signaling molecules that 

promote tissue repair. This includes stimulating endogenous heart cells to proliferate, 

improving blood flow, and preventing the formation of excessive scar tissue (fibrosis) 

after heart injury (Pompilio et al., 2014). MSCs, in particular, are known for their ability 

to secrete beneficial factors that help in tissue regeneration and inflammation control. 

 Angiogenesis: Stem cells can also promote angiogenesis, the formation of new blood 

vessels, which is essential for delivering oxygen and nutrients to the regenerating tissue. 

This is especially important in heart regeneration, as damaged heart tissue often suffers 

from reduced blood supply, leading to further tissue death. Stem cells, particularly MSCs 

and CSCs, have been shown to enhance angiogenesis through the secretion of pro-

angiogenic factors (Iyer et al., 2017). 

 Reduction of Inflammation and Fibrosis: In the aftermath of a heart injury, the body 

responds with inflammation and the deposition of scar tissue, which can impair the 

heart’s function. Stem cells have been shown to modulate the immune response, reducing 

inflammation and limiting fibrosis. By suppressing the excessive formation of scar tissue, 

stem cells may help preserve the structure and function of the heart muscle (Nussbaum et 

al., 2016). 

2.3 Clinical Applications and Challenges 

While stem cell therapy for heart regeneration has shown promising results in animal models, 

its clinical application remains an area of active research and development. Several clinical 

trials have been conducted to test the safety and efficacy of stem cell therapies in patients 

with heart failure or myocardial infarction. For instance, trials involving the infusion of 

autologous (patient-derived) bone marrow-derived stem cells or iPSCs have demonstrated 

some improvements in heart function, though results have been mixed (Chong et al., 2017). 

Challenges include: 

 Engraftment and Survival: One major obstacle is ensuring that transplanted stem cells 

survive, integrate properly, and maintain function over time. Many transplanted stem cells 
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die shortly after being administered due to the hostile environment of the damaged heart 

tissue (Zhao et al., 2018). 

 Differentiation and Functional Integration: Even if stem cells survive, ensuring they 

differentiate into the correct type of heart cells and integrate seamlessly into the existing 

tissue remains difficult. Stem cells must develop into functional cardiomyocytes that can 

contract in sync with the rest of the heart tissue. 

 Tumor Formation: Stem cells, especially ESCs and iPSCs, carry the risk of uncontrolled 

growth and tumor formation. This risk must be carefully managed to ensure the safety of 

patients receiving stem cell treatments. 

 Immunogenicity: While iPSCs derived from a patient’s own cells reduce the risk of 

immune rejection, other types of stem cells, such as ESCs or MSCs from unrelated 

donors, may still pose immunological risks. 

2.4 Future Directions 

Future advances in stem cell therapy for heart regeneration will likely focus on improving the 

delivery and integration of stem cells into the heart. Techniques such as using biomaterial 

scaffolds, enhancing stem cell homing to the injured site, and pre-conditioning stem cells 

(e.g., using genetic modification to increase their survival and differentiation potential) may 

improve outcomes. 

Furthermore, combining stem cell therapy with gene editing technologies like CRISPR-Cas9 

could allow for more precise control over the fate of stem cells, potentially enhancing their 

ability to repair heart tissue. For example, gene editing could be used to introduce specific 

genes that promote cardiomyocyte differentiation or prevent apoptosis (cell death) in stem 

cells after transplantation (Zhu et al., 2020). 

Stem cell therapy holds great promise for heart regeneration and could offer a transformative 

solution to patients suffering from heart disease. While significant progress has been made in 

preclinical studies and early clinical trials, several challenges remain in optimizing the safety, 

efficacy, and long-term benefits of these therapies. The future of heart regeneration may 

involve a combination of stem cell therapy, gene editing, and advanced biomaterials to create 

personalized, effective treatments for heart disease. 
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3. Gene Editing and Its Role in Heart Regeneration 

Gene editing is a groundbreaking technology that enables scientists to make precise 

alterations to the genetic material of living organisms. The ability to modify genes at specific 

locations in the genome has profound implications for many areas of medicine, including 

cardiovascular diseases. In the context of heart regeneration, gene editing holds the potential 

to repair genetic defects that lead to heart conditions, enhance the regenerative capabilities of 

cardiac cells, and even promote the regeneration of heart tissue following injury. 

The most well-known and widely used gene editing tool is CRISPR-Cas9, a system that 

enables highly specific modifications to DNA with precision and efficiency. By altering the 

genetic code, gene editing can directly impact the cellular behaviors involved in heart 

regeneration, making it a promising avenue for treating cardiovascular diseases (CVDs) and 

improving heart function. 

3.1 CRISPR-Cas9 and Its Mechanism 

CRISPR-Cas9 is a molecular tool derived from bacteria, where it functions as an immune 

defense mechanism against viruses. The system consists of two components: 

 Guide RNA (gRNA): A short RNA sequence that is designed to target a specific DNA 

sequence within the genome. 

 Cas9 Enzyme: A protein that acts as molecular scissors, cutting the DNA at the location 

specified by the guide RNA. 

Once the DNA is cut, the cell’s natural repair mechanisms come into play, and scientists can 

use this opportunity to insert, delete, or correct specific genetic material. This allows 

researchers to alter genes with a level of accuracy and efficiency previously thought 

impossible (Doudna & Charpentier, 2014). 

3.2 Gene Editing Applications in Heart Regeneration 

Gene editing, particularly using CRISPR-Cas9, offers several potential applications for heart 

regeneration. These applications range from correcting genetic mutations that predispose 

individuals to cardiovascular diseases, to enhancing the regenerative potential of heart cells. 

Below are some key areas where gene editing is making an impact: 
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 Correcting Genetic Mutations in Cardiovascular Diseases: Many heart diseases, such 

as familial hypertrophic cardiomyopathy (FHC), dilated cardiomyopathy, and 

arrhythmogenic right ventricular cardiomyopathy, are caused by inherited genetic 

mutations. These mutations often lead to abnormal cardiac function, including impaired 

muscle contraction, arrhythmias, and heart failure. By using CRISPR-Cas9 to correct 

these mutations at the genetic level, researchers aim to prevent or even reverse the 

progression of these diseases. 

1. For example, CRISPR has been used in laboratory models to correct mutations in 

the MYBPC3 gene, which is associated with familial hypertrophic 

cardiomyopathy, and restore normal heart function (Zhu et al., 2020). This 

approach could potentially provide a long-term solution to inherited heart diseases 

that currently require lifelong management. 

 Enhancing Stem Cell Therapy for Heart Regeneration: One of the main challenges of 

stem cell therapy in heart regeneration is ensuring that stem cells differentiate into 

functional cardiomyocytes (heart muscle cells) and integrate seamlessly into the damaged 

heart tissue. Gene editing can be used to optimize stem cells before transplantation. By 

editing genes that promote cardiomyocyte differentiation, improve cell survival, or 

enhance the integration of transplanted cells, gene editing can significantly improve the 

outcomes of stem cell-based therapies. 

1. For example, researchers have used CRISPR to edit the genomes of induced 

pluripotent stem cells (iPSCs) to enhance their ability to differentiate into 

cardiomyocytes (Huang et al., 2019). Additionally, gene editing can increase the 

resistance of stem cells to cell death or stress after transplantation into the heart, 

thereby improving their engraftment and overall efficacy in promoting tissue 

regeneration. 

 Promoting Endogenous Heart Regeneration: In addition to using gene editing to 

enhance stem cell therapies, another promising approach is to edit the genes of 

endogenous cardiac cells (those already present in the heart) to promote their 

regeneration. The heart has a limited ability to regenerate after injury, such as a heart 
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attack, but recent studies suggest that this capacity can be enhanced by manipulating 

specific genes. 

1. Researchers have used CRISPR to induce cardiac fibroblasts (cells that normally 

form scar tissue after heart injury) to transdifferentiate into functional 

cardiomyocytes. This approach aims to replace lost or damaged heart cells with 

new, functional ones by reprogramming the fibroblasts present in the heart itself, a 

process called direct reprogramming (Song et al., 2020). By modifying specific 

genes involved in cell differentiation and proliferation, gene editing could lead to 

significant improvements in the regenerative capacity of the heart. 

 Reducing Fibrosis and Improving Heart Function: Fibrosis, the formation of excess 

scar tissue, is a common consequence of heart injury. Scar tissue can impair heart 

function and contribute to heart failure. Gene editing could be used to inhibit the 

pathways that lead to fibrosis and promote tissue repair. For example, researchers are 

exploring the use of CRISPR to target genes involved in the fibrosis process, such as 

TGF-β (Transforming Growth Factor Beta), which is known to play a key role in the 

development of scar tissue after a heart attack (Ning et al., 2019). 

By reducing fibrosis, gene editing could help preserve the structure and function of the 

heart following an injury, preventing long-term damage and improving heart 

regeneration. 

3.3 Ethical and Technical Challenges 

While the potential of gene editing for heart regeneration is significant, several challenges 

remain, both technical and ethical. 

 Off-target Effects: One of the primary concerns with CRISPR-Cas9 and other gene 

editing techniques is the possibility of off-target effects, where unintended parts of the 

genome are edited. These off-target mutations can lead to harmful consequences, such as 

tumor formation or other genetic abnormalities. Efforts to improve the accuracy and 

precision of CRISPR are ongoing, with new versions of the technology, such as 

CRISPR-Cas12 and base editing, being developed to reduce these risks (Anzalone et al., 

2020). 
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 Ethical Concerns: The potential to modify the human genome, especially in ways that 

could be passed on to future generations (germline editing), raises significant ethical 

concerns. There are debates about whether it is appropriate to make such alterations, 

especially when the long-term consequences are not fully understood. Editing the genome 

in somatic cells (non-reproductive cells) is generally considered more ethically 

acceptable, but there are still concerns about the safety and equity of gene editing 

therapies (Baylis, 2019). 

 Regulatory and Safety Concerns: The clinical application of gene editing for heart 

regeneration will require rigorous safety assessments and regulatory approval. There are 

concerns about the potential for unintended genetic changes, immune responses to edited 

cells, and the long-term effects of gene therapy in patients. As with all new therapies, 

these technologies must undergo extensive testing before they can be widely adopted in 

clinical settings. 

3.4 Future Directions 

The future of gene editing in heart regeneration lies in overcoming the technical, ethical, and 

regulatory challenges that currently limit its clinical use. However, advances in gene editing 

technologies, such as prime editing, base editing, and improved delivery methods (e.g., viral 

vectors or nanoparticles), are rapidly improving the precision and safety of gene editing. 

Additionally, combining gene editing with other regenerative approaches, such as stem cell 

therapy, could offer synergistic benefits for heart regeneration. 

Researchers are also exploring the possibility of editing the genomes of heart cells in vivo, 

directly within the patient’s body, to enhance heart regeneration. This would bypass the need 

for ex vivo stem cell manipulation and could lead to more personalized, efficient treatments 

for heart disease. 

Gene editing has the potential to revolutionize heart regeneration by enabling precise 

modifications to the genome of both stem cells and endogenous heart cells. Whether 

correcting genetic mutations that cause inherited cardiovascular diseases, enhancing stem cell 

therapies, or promoting the regeneration of heart tissue through direct reprogramming, gene 

editing offers unprecedented opportunities to repair and regenerate heart tissue. While 
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technical and ethical challenges remain, ongoing advancements in gene editing technologies 

hold the promise of providing new, effective treatments for heart disease in the near future. 

4. Future Directions and Conclusion 

The future of heart regeneration through stem cell therapy and gene editing holds immense 

promise. Ongoing research aims to optimize the efficiency and safety of these technologies, 

making them viable options for clinical use in treating cardiovascular diseases. However, 

significant challenges, including improving the engraftment and differentiation of stem cells, 

minimizing off-target effects of gene editing, and addressing ethical concerns, must be 

overcome. 

The integration of stem cell therapy with gene editing may offer a synergistic approach to 

heart regeneration. For instance, genetic modification of stem cells before transplantation 

could improve their survival, differentiation, and functional integration into the host heart 

tissue. Additionally, the development of advanced delivery systems, such as nanotechnology 

or 3D bioprinting, could enhance the precision and effectiveness of these therapies. The 

future of gene editing in heart regeneration is an exciting and rapidly evolving field with the 

potential to transform cardiovascular medicine. While significant progress has been made in 

understanding the role of gene editing in repairing and regenerating heart tissue, several 

avenues remain to be explored and developed. Here are some key future directions for gene 

editing in heart regeneration: 

4.1. In Vivo Gene Editing for Heart Regeneration 

One of the most promising future directions is the development of in vivo gene editing 

techniques, where gene editing is performed directly within the patient's body, bypassing the 

need for ex vivo manipulation of cells. Current methods of gene editing, such as CRISPR-

Cas9, typically require cells to be extracted from the patient, edited in the laboratory, and 

then transplanted back into the body. This process is time-consuming and complex. 

In vivo gene editing would involve delivering gene editing tools directly to the heart using 

advanced delivery systems such as viral vectors, lipid nanoparticles, or electroporation. 

This approach would allow for more direct and efficient editing of heart tissue in response to 
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injury, such as following a heart attack, and could promote the regeneration of functional 

cardiac tissue or reduce the formation of scar tissue (fibrosis). 

By targeting specific genes involved in cardiomyocyte regeneration, fibrosis suppression, 

or angiogenesis (formation of new blood vessels), in vivo gene editing could potentially 

enhance the heart's natural ability to heal and regenerate. Researchers are already exploring 

the use of CRISPR and related technologies to edit the genome of cardiac cells in vivo, a 

process that would revolutionize regenerative cardiology (Liang et al., 2021). 

4.2. Prime and Base Editing for Increased Precision 

Although CRISPR-Cas9 has demonstrated considerable promise, it is not without limitations. 

One of the challenges of using CRISPR is the potential for off-target effects, where 

unintended genetic sequences are altered, leading to harmful consequences. In response, 

newer techniques such as prime editing and base editing have been developed to provide 

even greater precision and fewer off-target effects. 

 Prime editing uses a modified version of the CRISPR system to make more precise 

genetic changes, such as small insertions, deletions, or corrections, without causing 

double-strand breaks in the DNA. This technique has shown remarkable accuracy and has 

the potential to reduce unintended genetic alterations, making it highly suitable for 

clinical applications, especially in heart regeneration (Anzalone et al., 2019). 

 Base editing enables the direct conversion of one DNA base pair to another, allowing for 

specific mutations to be corrected with minimal risk of off-target effects. This approach 

could be especially useful in correcting point mutations that cause genetic cardiovascular 

diseases, such as familial hypertrophic cardiomyopathy (FHC) or dilated 

cardiomyopathy, leading to more efficient and targeted treatments for these inherited 

heart conditions. 

The adoption of these more advanced gene-editing techniques will be crucial for improving 

the safety, precision, and efficacy of gene therapies aimed at heart regeneration. 

4.3. Gene Editing Combined with Stem Cell Therapy 

Combining gene editing with stem cell therapy represents a powerful strategy for heart 

regeneration. Stem cells, such as induced pluripotent stem cells (iPSCs) or mesenchymal 
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stem cells (MSCs), have the potential to differentiate into cardiomyocytes (heart muscle 

cells) and contribute to the repair of damaged tissue. However, challenges remain in ensuring 

that these cells integrate properly into the heart tissue and differentiate into functional 

cardiomyocytes. 

Gene editing can enhance the regenerative potential of stem cells by promoting their 

differentiation into heart cells or preventing their premature death. For example, genetic 

modifications could be made to induce stem cells to differentiate more efficiently into 

cardiomyocytes or improve their ability to survive in the hostile environment of an injured 

heart. Researchers are exploring ways to enhance the engraftment of transplanted stem cells 

by editing genes involved in cell adhesion, migration, and survival (Ding et al., 2020). 

Additionally, gene editing could be used to prevent the fibrotic response in the heart after 

injury. By editing the genes of stem cells or the endogenous cardiac cells, it may be possible 

to reduce the formation of scar tissue and improve the heart’s functional recovery. 

4.4. Targeted Gene Editing for Preventing Heart Failure 

Gene editing can also be used to directly target the genes associated with heart failure. 

Heart failure is often caused by genetic mutations that disrupt the normal function of 

cardiomyocytes or lead to maladaptive remodeling of the heart. Using gene editing to correct 

these mutations could potentially halt or reverse the progression of heart failure. 

For example, gene editing could be used to correct mutations in the sarcomere genes, which 

are associated with inherited heart conditions like hypertrophic cardiomyopathy. By fixing 

these genetic defects, gene editing could prevent the development of heart failure or slow its 

progression, offering a new therapeutic approach for individuals at risk. 

Moreover, gene editing could be used to regulate the expression of key signaling molecules 

that control cardiac remodeling, such as beta-adrenergic receptors or natriuretic peptides, 

which play a role in heart function. By modulating the activity of these genes, it may be 

possible to prevent the development of heart failure in patients with early-stage disease. 

4.5. Ethical and Regulatory Advances 

As gene editing technologies evolve, ethical and regulatory considerations will become 

increasingly important. The potential to edit the human genome, particularly in a way that 
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could be passed on to future generations (germline editing), raises significant concerns about 

the unintended consequences of such changes. 

Future developments in gene editing for heart regeneration will need to adhere to ethical 

guidelines that ensure safety, equity, and patient consent. The focus will likely be on somatic 

gene editing, where modifications are made only to the patient’s own cells and tissues, 

avoiding changes that could affect future generations. Regulatory frameworks will need to 

be developed to assess the safety and efficacy of gene-editing treatments, ensuring that they 

undergo rigorous clinical trials before being approved for widespread use. 

Moreover, ethical discussions will center around the equitable distribution of gene therapies. 

Given the potential costs and complexities of gene-editing technologies, ensuring that these 

treatments are accessible to all patients, regardless of socioeconomic status, will be a critical 

challenge. 

4.6. Personalized and Precision Medicine Approaches 

As gene editing technologies become more advanced, the future of heart regeneration may 

move toward personalized and precision medicine. This approach involves tailoring 

treatments based on an individual’s genetic makeup, allowing for highly customized therapies 

that are most likely to be effective for a specific patient. 

For heart regeneration, personalized approaches could involve sequencing the genomes of 

patients to identify specific mutations or genetic predispositions that contribute to heart 

disease. Once these genetic factors are identified, gene editing could be used to target the 

exact mutations that cause disease, providing a more targeted and effective treatment for 

heart conditions. 

Additionally, personalized gene editing may be used in combination with patient-derived 

stem cells (such as iPSCs) to develop tailored therapies that restore the functionality of the 

patient’s own heart tissue. 

5. Conclusion 

The future of gene editing in heart regeneration is full of promise, with the potential to 

revolutionize how cardiovascular diseases are treated. From in vivo gene editing for real-time 

heart repair to the combination of gene editing with stem cell therapy, these innovations hold 
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great potential for improving outcomes in patients with heart disease. However, challenges 

related to precision, off-target effects, and ethical considerations must be addressed to ensure 

that these technologies can be safely and effectively implemented in clinical practice. 

As gene editing technologies continue to evolve, the next few years will likely see significant 

advancements in the use of these tools for heart regeneration, ultimately offering more 

effective, personalized treatments for patients with cardiovascular diseases. 

In conclusion, while the road to clinical application of stem cell therapy and gene editing in 

cardiovascular medicine is still in its early stages, these technologies hold great promise for 

the future of heart regeneration. Continued research and development will likely lead to 

transformative treatments that could not only restore heart function but also provide 

personalized, targeted therapies for patients with heart disease. 
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