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GENETIC BASIS OF DILATED CARDIOMYOPATHY:  
RECENT EVIDENCE AND FURTHER CHALLENGES
K. Vitanova , R. Tzveova3, T. Yaneva-Sirakova4, M. Shumkova5, I. Dimova , R. Kaneva
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Abstract. Dilated cardiomyopathy (DCM) is a heterogeneous disorder of cardiac mus-
cle leading to a common phenotype, characterized by dilatation of the left or both 
ventricles and reduced contractile function. This type of cardiomyopathy is the most 
common, often leading to clinically manifested heart failure and sudden cardiac death. 
In recent years, a wide range of pathogenic variants in genes related to the pathogen-

groups of genes involved, depending on the functional belonging and cellular compart-
mentalization: genes encoding sarcomeric, cytoskeletal, mitochondrial proteins, and 

is located in the TTN gene, which encodes the large sarcomeric protein titin. Despite 
advances in next-generation sequencing technologies that facilitate extensive genetic 
testing in patients with DCM, challenges exist regarding interpreting genetic variants 
and correlating them with certain phenotypic expression and clinical courses. In addi-
tion, epigenetic factors modify the genetic predisposition and complicate clinical pre-
sentation, highlighting the complexity of DCM and the need for more detailed study of 
genotype-phenotype relationships. Future therapeutic directions in DCM emphasize 
precision medicine approaches, including genome editing technologies, such as CRIS-

molecular causes of disease.
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INTRODUCTION

Cprimary myocardial diseases that can lead to 

-
neous and is divided into several major subgroups, 

-

-

-

-

to genetic or non-genetic causes, as well as their in-

-
-
-

ological mechanisms. It has been reported that these 
genes encode several proteins that are involved in 

-
-

-
-

in ventricular wall stress and end-systolic volumes 

-

-
-

-
elling, along with potential concomitant channelopa-

-
bances and sudden cardiac death.

Early mechanisms that are observed in the cardio-

angiotensin-aldosterone system, and neurohumoral 
stimulation. This leads to an increase in heart rate 

-

Starling mechanism and to the Treppe phenomenon 

In the initial phases, these changes have a com-

myocardium associated with structural and electrical 
-

-

-

conducted by Codd et al. in Minnesota, USA, be-

-

-

-
-
-

-
ease. The Pediatric Cardiomyopathy Registry reports 

des 
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-
-

-

-

incomplete penetrance.

-

develop DCM, and it is assumed that there is a genetic 

patients might slide towards the DCM phenotype.

According to the British Heart Foundation, the most 
common clinical symptoms in patients with DCM are 

-

rhythm disturbances, thromboembolism, and IHD 
-

tomatology associated with DCM can complicate the 
timely and accurate diagnosis.

Genetics of dilated cardiomyopathy

Mendelian inheritance patterns

disease-responsible genes have been described to 
date, with the major inheritance mechanism in mono-

-

DCM have been reported, but they are not prevalent 

The incomplete and age-dependent penetrance, as 

-

Common genes and genetic variants

Due to the growing interest in molecular genetics, 
many genes and genetic variants associated with the 
DCM phenotype have been discovered in recent years 

-

-

The genes associated with the DCM phenotype are 
diverse and can be divided into several broad groups, 

-

overlapping phenotypes with other cardiomyopathies 
-

cardium, and genetic changes that lead to its trunca-

-

by genetic variations in the TTN
missense alterations in the titin gene have been 

Truncating genetic variants in the TTN gene identi-

are more common in patients with DCM compared 
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to controls. Genetic variants in the TTN -
-

-

TTN 
-

ic counseling. This helps to assess the individual 

-
lishing the relationship between variants in the 
TTN

-
agnosis.

variations in LMN LMNA gene 

LMNA 
and LMNC -

LMNA 
-
-

by changes in lamin genes may be due to several 
-

Dilated cardiomyopathy associated with the pres-
LMNA

by a severe phenotype, a predisposition to ventricu-
lar arrhythmias, and cardiac conduction abnormali-

-
ants in LMNA
clinical progression, arrhythmic, and non-arrhythmic 

LMNA -
etrance concerning age, with onset between the 3rd 

and 4th decades. By the 7th decade, penetrance is 

Pathogenic genetic variants in genes encoding cy-

and des

The FLNC gene encodes

plasma membrane. It has been reported that auto-
somal dominant inheritance is associated with very 

the FLNAC gene that caused sudden cardiac death 

The DES gene encodes the protein desmin, which is 

DES have been report-

and cardiovascular diseases with overlapping pheno-

dilated cardiomyopathy, restrictive cardiomyopathy, 

Next-generation sequencing

-
-

establish genotype-phenotype relationships, which in 

-

Table 1. 

Gene Estimated contribution to DCM References

TTN (Titin)

LMNA (Lamin A/C)

3-4%

BAG3
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-

-
date genetic diagnosis in the pediatric population is 

adult individuals ranges between 22%-57% depend-

There are some advantages and disadvantages re-
garding the strategies based on NGS. They are di-

-

-
yse non-coding regions and detect structural variants 

important genetic variants being missed. The report-
-

-

Therapeutic aspects in the treatment of patients 
with DCM

prolongation. Emerging therapeutic approaches aim 
to address the underlying causes leading to the dis-

interventions.

-
-

vidual patients, and new therapies, such as stem cell 
therapy and CFTR enhancers, represent promising 

Genetic and personalized approaches

-

-

-

Stem cell therapy, especially with mesenchymal stem 

-

However, studies have not had the des

Pharmacological interventions

-

used according to current recommendations include: 
-

prilysin inhibitor in combination with an angiotensin 
-

Novel pharmacological therapies, such as CFTR en-
hancers, have shown potential in preclinical models 

Table 2. 

Sample size Diagnostic yield Testing type

15 39%
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-
-

-
tions are still under investigation.

Myosin modulators are pharmaceutical drugs that 
have shown promising results in recent years in 

thereby being able to modulate muscle contractions 
-

-

-

Dilated cardiomyopathy and hypertrophic cardio-

-

-
-

Myosin activators that enhance ATPase activity have 

myosin activators have been shown to treat the hypo-
-

Multidisciplinary and follow-up care of patients  
with DCM

A comprehensive multidisciplinary approach, includ-
-

des 

testing to monitor disease progression and tailor 

aimed at controlling symptoms and preventing com-

-

translating these advances into widespread clinical 

Personalised medicine and target therapies

-
proving outcomes and reducing unnecessary inter-

Cas9 gene editing, antisense therapies, and RNA 
-

-
-

netic variants associated with DCM. However, there 
remain challenges associated with reaching the tar-

-

miR-208, has been associated with adverse clini-
cal outcomes in DCM, suggesting potential targets 

-

-

-

Gene therapy is emerging as a promising approach 

strategy aims to address genetic alterations in DCM, 

interventions compared to traditional therapies. Re-
cent studies have investigated various gene therapy 

-
ing, and RNA-targeted therapies, to improve cardiac 

DCM are presented below.

Gene replacement and editing

Gene therapy with PHGDH: Gene therapy with phos-
PHGDH -

the PHGDH
-
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PHGDH 
gene therapy improves serine biosynthesis and one-

and repair processes. This metabolic rewiring is car-
dioprotective, as it improves glucose metabolism in 
the heart, thereby increasing energy production and 
reducing stress on cardiac cells. Therapy prevents 

-
myocyte hypertrophy, which are common pathologi-

related to the metabolic changes induced by PHGDH 

Gene therapy with : Gene therapy with c  

has shown promising results in improving overall he-
-

-
recting the underlying molecular abnormalities, par-

 gene us-
ing an adeno-associated viral vector, which has been 

-

in the  gene. Studies have shown that system-

-
plication. This therapy aims to address the genetic 

-

by des -
-

RNA-targeted therapies

are emerging as a promising approach to address 
-

particularly using the CRISPR-Cas13 system, have 

DCM by targeting aberrant RNA transcripts. The goal 

-

genetic variant in transgenic DCM mice, resulting in 
-

Innovative methods using viral vectors

variants and metabolic pathways associated with 
the disease. Adeno-associated vectors can deliver 
therapeutic genes directly into the heart, potentially 
altering disease progression and improving cardiac 

-
volves various strategies, including gene addition 
and metabolic modulation, which have shown prom-
ising results in preclinical models. Adeno-associated 
viral vectors are commonly used to deliver therapeu-
tic genes, including PHGDH, c , and Cas13b, 

Although gene therapy holds considerable promise 
-

variations. Precision medicine approaches that tai-

-
-

Translational medicine in DCM

aims to bridge the gap between molecular research 

DCM to develop targeted therapies and improve out-
-

es in genomic medicine, stem cell technology, and 
precision medicine are central to these translational 

-

DCM patients, potentially changing the management 
-
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Genetic and molecular insights into DCM

-

genes has provided insights into the molecular 
-

cium and protein homeostasis in cardiomyocytes 

Innovative research models

used to model inherited cardiomyopathies, allowing 
-
-

-

CONCLUSION

-
-

-

therapy. Due to the development and advancement 
-

diomyopathy, genotype-phenotype correlations are 
being demonstrated to help scientists and clinicians 

-

major challenge.

Abbreviations: DCM (dilated cardiomyopathy), HF (heart 

failure), SCD (sudden cardiac death), NGS (next-genera-

tion sequencing), HCMP (hypertrophic cardiomyopathy), 

WGS (whole-genome sequencing), WES (whole-exome 

sequencing ) CFTR Enhancers, ACE Inhibitors, Adenoas-

sociated Virus (AAV), Human Inducible Pluripotent Stem 

Cells (hiPSC)
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