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ABSTRACT  

Introduction and purpose 

Gene therapy appears to be a promising treatment for patients with cardiomyopathy and 

innovative therapeutic option. The aim of this review is to present the latest gene therapy 

technologies, innovations, research in the treatment of cardiomyopathy and analysis of the 

ethical issues associated with the use of modern therapies.  

Material and methods 

This review is based on recent articles from the years 2020-2025 found in databases such 

PubMed, Elsevier. 

Results 

Gene editing through CRISPR-Cas technology allows for the modification of genetic material 

by making changes at precise locations what is highly useful in gene therapy. Gene Expression 

Regulation (RNAi) involves preventing the production of proteins by silencing a faulty gene. 

Antisense therapy (ASO) uses antisense oligonucleotides to exclude a particular exon and 

causes the translation process to stop. Gene replacement involves introducing a healthy copy of 

a mutated gene into the genome along with an appropriate vector. 

Conclusions 

Individual technologies in the treatment of cardiomyopathy show potential for treating patients 

in the future. It is also important to remember the ethical issues when using solutions based on 

gene therapy. Clinical trials in the future are necessary to further search for solutions for patients 

with cardiomyopathy. 

Keywords: cardiomyopathy; gene editing; antisense therapy; gene expression; gene 

replacement; ethical issues.  

 

mailto:kinga.dowiercial@gmail.com
https://orcid.org/0009-0000-9132-1026?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBEwVlFRWmRtOTdrMlFUMkdqZwEeK82gzenTQiZ3Tnb9Bq0jtrEEkG1EUBplZXKHTA_Rkd0D5YolH333ElNfn9E_aem_IHyJBIhOprbk52PlFFpEWA


4 

 

 

INTRODUCTION 

Cardiomyopathies are defined as myocardial abnormalities in structure and function 

without hypertension, coronary artery disease, valvular heart disease, and congenital defects 

that could account for the observed myocardial disorders [1]. We classify four main types of 

cardiomyopathy: hypertrophic HCM, dilated DCM, restrictive RCM, and arrhythmogenic right 

ventricular cardiomyopathy ARVC. The most dominant cardiomyopathy all over the world is 

dilated cardiomyopathy (DCM), when the least common is restrictive cardiomyopathy (RCM)- 

prognosis varies depending on the specific type of cardiomyopathy [2]. The total number of 

global cardiomyopathy cases is estimated at 4.44 million; non-alcoholic cardiomyopathy is 

most commonly found in Sub-Saharan East Africa, while alcoholic cardiomyopathy is more 

prevalent in Eastern Europe [3].  

As we know, cardiomyopathies can cause critical cardiovascular consequences [4]. 

Conventional treatment methods, such as a healthy lifestyle, pharmacotherapy or surgical 

interventions, may help manage symptoms but do not resolve the root cause in the presence of 

genetic abnormalities. With the growing understanding of gene mutations associated with 

cardiomyopathies, gene therapy is proving to be a promising treatment strategy [5]. As early as 

the previous century, research began on developing safe and effective methods of genome 

modification for therapeutic purposes in inherited diseases. This approach aims to personalize 

therapy by correcting the mutations responsible for specific disorders, what can potentially 

serve as one of the treatment strategies. The aim of this review is to understand the newest 

developments in gene therapy, present the latest clinical trials and discuss the ethical challenges 

that may occur in the development of technologies. 

 

Material and methods 

This review is based on recent articles from the years 2020-2025 found in databases 

such PubMed, Elsevier. The analysis is grounded in data collected from publicly available 

sources and  was searched in April 2025. The keywords used for literature retrieval were: 

cardiomyopathy, gene editing, antisense therapy, gene expression, gene replacement, ethical 

issue.  

The selection criteria for the articles were based on the content of the publications, 

limiting them to cardiomyopathy, gene therapy and ethical issues. The inclusion criteria applied 

to preclinical and clinical studies. Publications that did not contain information on 

cardiomyopathy, gene therapy, or ethical issues were excluded. 
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DESCRIPTION OF STATE OF KNOWLEDGE 

 

Table 1. Comparative overview of cardiomyopathy types. 
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dominant 
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EMD, PLN, 
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symptoms 

of 
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failure, 
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[4, 5] 
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dyspnea, 

chest pain, 
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[4, 6, 7] 

Restrictive 
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RCM 

2% in 

adults, up 

to 3% in 
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TNNT2, ACTC, 

TTN 

diastolic 

dysfunction 

of heart, 

dyspnea, 

pulmonary 

edema, 

chest pain 

[5, 8, 9] 

Arrhythmo

genic 

Cardio

myopa

thyAR

VC  

1:1000- 

1:5000  

40- 60 % 
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death 

[4, 5, 10, 

11] 

 

 



6 

Gene Therapy Strategies 

Advances in genetics and molecular biology have led to the development of several 

approaches for the potential treatment of inherited diseases, including cardiomyopathies. 

Scientists use genetic material modification for this purpose. Gene therapy applies various 

methods and technologies to serve functions,  such as silencing a defective gene and replacing 

it with a healthy copy. The major techniques include: gene editing using CRISPR/Cas9, 

regulating gene expression through RNAi, exon skipping- antisense therapy, and gene 

replacement [12]. 

 

Gene editing 

Gene editing is performed with the CRISPR-Cas9 technology, discovered as part of the 

bacterial protective system against phages. This tool consists of the Cas nuclease, which is 

guided to a specific place in the genome using a single guide RNA (sgRNA). After reaching the 

intended DNA sequence, the complex binds to the target and creates a double-strand break. 

After this break two major DNA repair mechanisms can be activated.  

The first mechanism is NHEJ (Non-Homologous End Joining), a non-precise repair 

process that ligates the ends of DNA strands, causing insertions and deletions. This approach is 

commonly used to disrupt gene function. The second mechanism is HDR (Homology-Directed 

Repair), which uses externally supplied homologous DNA sequences as a template for accurate 

repair, allowing for precise gene modifications. Thanks to this technology, changes in specific 

locations of the DNA and mutation correction are possible, which is very useful in the treatment 

of genetic disorders [13].  

The CRISPR-Cas9 complex has also been applied in cardiology research. The scientist  

studied mutation involved the MYBPC3 gene, which contributes to hypertrophic 

cardiomyopathy (HCM). It was demonstrated that this technology allows for the correction of 

the mutation [5]. The CRISPR-Cas9 complex is also used to expand our understanding of 

genetic heart diseases. It has been shown that a mutation in the TNNT2 gene leads to structural 

abnormalities in the heart, which are relevant to dilated cardiomyopathy (DCM) [14]. 

Gene editing offers hope for future treatments. Research in this area is still ongoing and 

rapidly evolving. This therapy could become an important tool in the future for treating 

currently incurable diseases. 
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Gene Expression Regulation (RNAi, siRNA, miRNA) 

RNA interference (RNAi) is a method for which the Nobel Prize was awarded in 2006. 

It is a process in which a specific gene is silenced through the degradation of mRNA. Long 

dsRNA strands are cut by the DICER enzyme into characteristic fragments containing 21-23 

nucleotides, after which they are directed to the RISC mechanism, which causes the destruction 

of the given gene [12]. Currently, several types of RNAi are used to block the production of 

proteins produced by the genes we want to silence. These include siRNA and miRNA. This can 

be particularly important in the case of cardiomyopathies, where the cause is sometimes found 

in a mutated gene. It seems that silencing the gene will prevent the production of defective 

protein and improve the heart's structural condition without completely turning off the gene.  

Such studies have been conducted in a mouse model, where it was demonstrated that 

the heart with a mutation causing HCM can be silenced using RNAi.  A particularly significant 

development in gene therapy has been the development of treatments using siRNA in heart 

amyloidosis, which can lead to restrictive cardiomyopathy [15]. The injection of siRNA results 

in reduced production of transthyretin, a factor causing amyloidosis. In the double-blind, 

randomized HELIOS-B trial, patients with ATTR cardiomyopathy received siRNA or placebo. 

In the group of patients receiving siRNA, a decrease in all-cause mortality and a reduction in 

the number of cardiovascular incidents were observed [16]. 

Research is also being conducted on the role of miRNA in treatment. In particular, the 

suppression of miR-199a-3p in a mouse model with hypertrophic cardiomyopathy shows 

therapeutic potential. It was shown that inhibiting the expression of miR-199a-3p is associated 

with reduced cardiac fibrosis and improved heart function [17]. This may indicate potential use 

in future therapies. Other studies have evaluated the association of miRNA in patients with 

hypertrophic cardiomyopathy. It was found that miR-27a, miR-29a i miR-199a-5p caused 

hypertrophy or fibrosis of the heart muscle. It was discovered that miR-29a was the most 

consistent with the features of hypertrophic cardiomyopathy (HCM), making it the most 

promising indicator [18]. 

Antisense therapy (ASO), exon skipping 

This therapy takes advantage of specific regions in genes called exons, which contain 

the instructions needed to produce proteins. In the process of transcription, the pre-mRNA 

consists of exons and introns. In the splicing process, exons are linked together. After the 

removal of specific fragments, the appropriate exons can join together, leading to the formation 

of a protein. The exon skipping method uses antisense oligonucleotides (ASOs) to skip a 
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specific exon during splicing, which changes the mRNA reading frame. This allows the 

production of a functional version of the protein, which can be beneficial in certain diseases 

[19]. 

Cardiomyopathy in Duchenne muscular dystrophy is caused by a mutation in the DMD 

gene, which results in a lack of dystrophin, a protein essential for maintaining the integrity of 

muscle cell membranes. ASO therapy, through exon skipping, allows for the production of a 

shortened but functional form of dystrophin [20]. 

ASO therapy also plays a role in cases of TTN gene mutations, which may cause dilated 

cardiomyopathy. Titin is essential for maintaining the structural integrity of sarcomeres and 

myofibrils in the heart muscle. In the case of mutation, translation can terminate prematurely, 

causing titin to become nonfunctional. ASO therapy enables the mutated exon to be skipped, 

leading to the production of a functional form of titin [21]. 

Antisense therapy has also been used to reduce the levels of phospholamban (PLN) 

protein, which led to improved cardiac function and reduced mortality in mice with PLN 

R14del-related hereditary cardiomyopathy [22]. 

 

Gene replacement 

Gene replacement therapy involves replacing a defective gene that is unable to produce 

a functional protein with a correct copy of the gene. This allows the protein to be produced and 

helps maintain the function. The first stage involves identifying which gene is responsible for 

the disease. The second stage includes delivering a copy of the gene using a carrier for the 

genetic material and introducing it into the appropriate cells. The final stage is the production 

of the protein following gene therapy [23]. 

An example of such therapy was used in a preclinical study on hypertrophic 

cardiomyopathy caused by a mutation in the MYBPC3 gene, which is involved in cardiac 

muscle contraction. During the therapy, a functional copy of the gene was delivered using AAV9 

(TN-201). In mouse models with the MYBPC3 mutation, improvement in cardiac function and 

hemodynamic parameters was confirmed [23].   

The adeno-associated virus (AAV) vector is used in gene therapy due to its affinity for 

cardiomyocytes. The virus itself is not pathogenic, which means it does not cause disease. Since 

AAV efficiently delivers genetic material to target heart muscle cells and also induces a low 

immune response, it is considered a promising therapeutic tool. In cardiology, serotype 9  

performs important functions due to high efficiency [24].  
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Preclinical and Clinical Trials  

There are many studies focused on the various stages of gene therapy in cardiomyopathy. 

Some of them concern the vectors themselves, some focus on the genes and others on the drugs 

used in gene therapy. 

The MyPEAK-1 study concerns adults with hypertrophic cardiomyopathy caused by the 

MYBPC3 mutation. The main objective is to assess the pharmacodynamics, safety and efficacy 

of T-201 (MYBPC3 gene and AAV) and how it affects heart function in individuals with 

cardiomyopathy. The study will evaluate indicators such as the preservation of cardiac muscle 

functionality, quality of life and the presence of concerning symptoms. The results will provide 

information on the adverse effects related to the therapy [6].  

The randomized, double-blind APOLLO-B study focused on patients with transthyretin 

cardiac amyloidosis, a cause of cardiomyopathy. Patients were assigned in a 1:1 ratio to receive 

patisiran (siRNA) or a placebo. It was shown that 12 months of patisiran administration helped 

preserve exercise tolerance in individuals with cardiac amyloidosis [25].  

Danon disease is caused by a mutation in the LAMP2 gene, which is responsible for 

maintaining the proper structure of the lysosomal membrane and preventing the collection of 

cellular debris in cardiac muscle cells what lead to cardiomyopathy. Researchers are attempting 

to demonstrate that AAV9 can deliver a healthy copy of the gene, resulting in improved cardiac 

function [26].  

The effect of administering a copy of the GLA gene and the AAV vector on the treatment 

of Fabry disease is also being studied. This is a lysosomal storage disorder caused by a mutation 

in the GLA gene, leading to a deficiency of the enzyme alpha-galactosidase A and the 

accumulation of glycosphingolipids in various locations, including the heart. Gene therapies 

may help normalize parameters and treat the condition [27].  

Pompe disease is an inherited metabolic disorder caused by a mutation in the GAA gene, 

which is responsible for producing the enzyme acid alpha-glucosidase. This leads to the 

accumulation of glycogen in skeletal and cardiac muscles, potentially causing damage, 

hypertrophy, and heart failure. The FORTIS trial is testing AT845, an AAV8 vector delivering 

the GAA gene, in patients with Pompe disease [28].  

Friedreich's ataxia is a hereditary disease caused by a mutation in the FXN gene and a 

lack of frataxin. It can manifest with symptoms resulting from neurodegeneration, such as 

muscle weakness, loss of sensation, balance disorders, as well as cardiomyopathy, which is a 

cause of death. Scientists are testing the drug AAVrh.10hFXN, which improved cardiac 
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indicators in mice. Intravenous injection leads to an increase in frataxin levels and an 

improvement in ejection fraction [29]. 

Scientists are also conducting research on the treatment of dilated cardiomyopathy. The 

RBM20 mutation affects a region of the cell rich in arginine/serine, which under normal 

conditions enables the accumulation of the protein in the cell nucleus. In the case of mutation, 

the protein accumulates in the cytoplasm, disrupting proper heart function and ultimately 

leading to cardiomyopathy. In a mouse model study, adenine base editing (ABE) and prime 

editing (PE) technologies were used, which restored the localization of RBM20 to the nucleus. 

Improved functional parameters were observed in the treated mice [30]. 

Another disease that can lead to cardiomyopathy is Duchenne muscular dystrophy 

(DMD). In gene therapy, studies are being conducted on a drug combining a micro-dystrophin 

protein with an AAV vector. Researchers are evaluating both adverse effects and therapeutic 

efficacy. One of the trials showed increased levels of dystrophin and stabilization of walking 

ability [31].  

In another study, the safety and effectiveness of the gene therapy PF-06939926- which 

contains an AAV9 vector along with a shortened dystrophin gene- are being analyzed. Adverse 

events are also being monitored, as well as the function and structure of the heart muscle [32].  

Treatment of mutations in the PKP2 gene, which cause arrhythmogenic cardiomyopathy, was 

tested using AAVrh.74-PKP2a, an AAV vector carrying a functional copy of the defective gene, 

in a mouse model. This therapy prevented right ventricular hypertrophy, preserved left 

ventricular function, and alleviated cardiac arrhythmias [33].  

 

Ethical concerns 

Gene therapy represents a revolution in medicine, and despite its many advantages and 

the significant benefits of its use—especially the ability to treat previously incurable diseases—

it is associated with ethical concerns. 

Studies take into account the safety of treatment and the effects of administered drugs, 

both intended and unintended. In gene therapy, it is possible to alter the genome in a way that 

could trigger a mutation, potentially leading to cancer or other disorders in the body. This may 

occur as an unintended consequence of the methods used in gene editing. Unforeseen health 

reactions may also arise from inconsistent genetic modifications across different cells in the 

body. There is a risk that the therapy may not precisely target the intended tissues. Additionally, 

there is a possibility of incomplete or improper functioning of the treatment. It is also important 
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to consider the potential impact of gene therapy on future generations—effects that may only 

become apparent decades from now [34].  

Gene therapy can also trigger an immune response. The immune response against the 

vector carrying the functional copies of the genes may cause inflammation or other adverse 

effects in the body’s tissues. In such cases, the effectiveness of the therapy decreases and the 

reaction itself could pose a threat to the patient's health or life [35].  

Consideration must also be given to fairness in access to therapy. The financial cost of 

treatment is very high and may not be covered by insurance, which limits access to treatment 

for some individuals. The lack of equality in receiving treatment leads to significant medical 

concerns [34].  

Additionally, gene therapy technology seems difficult to understand. In order to receive 

treatment, patients should give their consent in an informed manner. In the case of not 

understanding the process or the terminology related to gene therapy, it is hard to agree to 

procedures in a fully informed way. 

The technology and improvement of gene therapy techniques also carry the risk of abuse 

related to the intentional enhancement of human traits and characteristics. It involves modifying 

fundamental mechanisms in the body, which can have positive or potentially negative effects 

on the individual, as well as future generations. There is also the question of the limits of 

intervention in human nature. 

 

CONCLUSIONS 

Cardiomyopathy is a serious issue that significantly impacts quality of life and life 

expectancy. It poses a major challenge in treatment, which is why research into gene therapy 

remains so important. The latest data analyses from 2020 to 2025 have highlighted the 

challenges associated with the overall framework of gene therapy. 

The mechanism of gene therapy involves advanced technologies. Innovative techniques 

such as genome editing, gene expression regulation, antisense therapy, and gene replacement, 

along with progress in understanding molecular mechanisms, have enabled significant advances 

in research and therapeutic trials. Thanks to both existing and ongoing studies, the information 

gained may lead to the individualization of treatment and an improvement in the quality of life 

for individual patients. 

However, preclinical and clinical studies do not provide answers to all questions. The 

trials conducted do not guarantee long-term safety and effectiveness across different patient 

groups. The mechanisms of cardiomyopathy are often multifactorial and polygenic. Therefore, 
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the approach to gene therapy must be comprehensive and take multiple factors into account, as 

effective treatment of cardiomyopathy will likely require a holistic therapeutic strategy. For all 

these reasons, strong collaboration between researchers and patients is essential to ensure 

continued progress in gene therapy research for cardiomyopathy. 
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