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ABSTRACT 

Arrhythmogenic cardiomyopathy is an inherited myocardial disease frequently associated with variants in 

desmosomal genes. DSC2 encodes desmocollin-2, a cadherin involved in cardiomyocyte adhesion at the 

intercalated disc; disruption of desmosomal integrity may contribute to myocardial remodeling and 

arrhythmogenic susceptibility. We describe a Panamanian family in which the DSC2 splice-site variant c.354+1G>T 

(NM_024422.6) was identified during evaluation for suspected inherited cardiac disease. The proband was a 66-

year-old woman with hypertrophic cardiomyopathy, concentric hypertrophy on echocardiography, and high-risk 

syncope. Her 86-year-old mother had cardiac conduction disease requiring pacemaker implantation, and the 

proband’s daughter was identified as a carrier. The variant affects the canonical +1 donor splice site and is 

predicted to alter pre-mRNA splicing, with SpliceAI donor-loss score of 0.96, Pangolin splice-loss score of 0.64, 

CADD PHRED score of 33, and PhyloP score of 8.87. ClinVar classifies the variant as likely pathogenic. These findings 

support genetic counseling, cascade testing, and cardiovascular surveillance. However, the current clinical and 

segregation data do not establish definitive causality for hypertrophic cardiomyopathy or conduction disease.  
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Introduction 

Arrhythmogenic cardiomyopathy is an inherited myocardial disease characterized by structural 

remodeling, ventricular arrhythmias, and an increased risk of sudden cardiac death. According to McNally, 

et al. (2023), the classic form, arrhythmogenic right ventricular cardiomyopathy, is associated with 

progressive myocardial replacement by fibrofatty tissue, predominantly affecting the right ventricle. 

However, Costa, et al. (2021) emphasized that left-dominant and biventricular forms are increasingly 

recognized, expanding the clinical spectrum of arrhythmogenic cardiomyopathy beyond the traditional 

right ventricular phenotype. 

The molecular basis of arrhythmogenic cardiomyopathy is strongly linked to variants in genes 

encoding desmosomal proteins, including PKP2, DSP, DSG2, DSC2, and JUP. These proteins are essential 

components of the cardiac intercalated disc, where they contribute to mechanical adhesion between 

cardiomyocytes and to the maintenance of electrical stability during repeated myocardial contraction. 

DSC2 encodes desmocollin-2, a calcium-dependent cadherin located in the desmosome. Disruption of 

desmocollin-2 may impair cell-to-cell adhesion, alter desmosomal integrity, and contribute to myocardial 

remodeling, ventricular arrhythmias, and cardiomyopathic phenotypes. 

Goudal, et al. (2022) reported that rare variants in arrhythmogenic cardiomyopathy genes 

contribute to the genetic burden of disease. However, interpretation of rare desmosomal variants remains 

complex, particularly when the clinical phenotype does not fulfill classical criteria for arrhythmogenic 

cardiomyopathy. Wu, et al. (2022) described deleterious rare desmosomal variants in patients with 

hypertrophic cardiomyopathy, suggesting that desmosomal genes may occasionally appear in overlapping 

or non-classical cardiomyopathy phenotypes. Similarly, Lin, et al. (2021) reported overlapping 

hypertrophic cardiomyopathy and left ventricular noncompaction associated with a DSC2 variant. These 

observations support the need for cautious genotype-phenotype interpretation, because the presence of a 

desmosomal variant does not automatically establish causality for hypertrophic remodeling or conduction 

disease. 

A broader Panamanian cohort of hereditary cardiomyopathies previously reported pathogenic and 

likely pathogenic variants, including DSC2, in patients evaluated by targeted next-generation sequencing 

(Cedeño-Escudero et al., 2026). The present report focuses on the familial characterization of the DSC2 

c.354+1G>T splice-site variant identified in a Panamanian family with heterogeneous inherited cardiac 

disease. 
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The aim of this article is to describe the clinical, familial, and molecular features associated with the 

DSC2 c.354+1G>T variant, while emphasizing the limitations of genotype-phenotype correlation and the 

need for expanded cardiovascular phenotyping and family segregation analysis. 

Case Presentation and Family Study 

Case Presentation 

A Panamanian family with cardiovascular disease across multiple generations was evaluated in the 

context of suspected inherited heart disease. The proband was a 66-year-old woman with hypothyroidism, 

chronic pulmonary emphysema, and a clinical diagnosis of hypertrophic cardiomyopathy. She presented 

with high-risk syncope, and echocardiography showed concentric hypertrophy. 

Family history documented that the proband’s mother, aged 86 years, had a cardiac conduction 

disorder requiring pacemaker implantation. Targeted family testing identified the DSC2 c.354+1G>T 

variant in the proband, her mother, and her daughter. The daughter was reported as a carrier during family 

evaluation. No definitive arrhythmogenic right ventricular cardiomyopathy phenotype was documented in 

the available data for the family members included in this report. 

 

Figure 1: Four-generation pedigree of the family carrying the DSC2 c.354+1G>T variant. Shaded symbols indicate individuals 

with reported cardiovascular phenotype; central black dots indicate confirmed carriers of the DSC2 variant; open symbols 

indicate individuals without reported phenotype or not genetically tested. The arrow indicates the proband. HCM, hypertrophic 

cardiomyopathy; CCD, cardiac conduction disorder. 
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Sequencing, Bioinformatic Analysis, and Variant Interpretation 

Genetic analysis in the proband was performed using next-generation sequencing with a capture-

based cardiovascular gene panel designed for cardiomyopathies and inherited arrhythmias. The panel 

included 128 clinically relevant genes covering coding regions and splice-site boundaries, with an 

approximate target region of 470 kb. Library preparation was performed according to the validated 

laboratory protocol, and sequencing was carried out using a benchtop next-generation sequencing 

platform. 

Sequencing reads were aligned to GRCh37/hg19. Variant filtering, annotation, and interpretation 

were performed using validated bioinformatic pipelines and public clinical and population databases, 

including ClinVar and gnomAD. Splicing impact was assessed using SpliceAI and Pangolin. Variant-level 

classification was performed according to ACMG/AMP criteria, while separating variant pathogenicity from 

disease causality in this specific family. 

Molecular Analysis 

Next-generation sequencing identified a heterozygous DSC2 variant, c.354+1G>T (NM_024422.6), 

located at the +1 position of the canonical donor splice site. The variant is rare or absent in population 

databases and is listed in ClinVar as likely pathogenic, Variation ID 1182317 (Landrum et al., 2018). 

In silico prediction supported an effect on splicing, with SpliceAI predicting donor loss, delta score 

0.96 (Jaganathan et al., 2019), and Pangolin predicting splice loss, score 0.64 (Zeng and Li, 2022). The 

variant also showed a CADD PHRED score of 33 and a PhyloP score of 8.87, consistent with high predicted 

deleteriousness and conservation of the affected region. 

Family testing confirmed the presence of the DSC2 c.354+1G>T variant in the proband, her mother, 

and her daughter, indicating vertical transmission across three generations. The proband had hypertrophic 

cardiomyopathy and syncope, while her mother had a cardiac conduction disorder requiring pacemaker 

implantation. The daughter was identified as a carrier; no definite arrhythmogenic cardiomyopathy 

phenotype was documented in the available clinical data. 

At the variant level, the main ACMG/AMP evidence includes PVS1, due to disruption of a canonical 

splice donor site in a gene associated with inherited cardiomyopathy, and PM2_supporting, due to absence 

or extreme rarity in population databases (Richards et al., 2015; Karczewski et al., 2020). External clinical 

database support is limited because ClinVar reports the variant as likely pathogenic based on a single-
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submitter entry (Landrum et al., 2018). Segregation evidence remains limited and should be interpreted 

cautiously because of the small number of informative carriers and the heterogeneous phenotypes 

observed in the family. 

Table 1: Molecular and functional characterization of the DSC2 c.354+1G>T germline variant. 

Parameter Description Source/Reference 

Gene DSC2, desmocollin-2 McNally, et al. (2023); Costa, et al. 
(2021) 

Chromosomal location 18q12.1; canonical donor splice site (+1) ClinVar (Landrum et al., 2018) 

Reference transcript NM_024422.6 ClinVar (Landrum et al., 2018) 

Nucleotide change c.354+1G>T ClinVar (Landrum et al., 2018) 

Protein change Not applicable; predicted splice-site effect ClinVar (Landrum et al., 2018); 
Richards, et al. (2015) 

Variant type Donor splice-site variant; predicted loss of function Richards, et al. (2015); Jaganathan, et al. 
(2019); Zeng and Li, (2022) 

dbSNP rs764016208 ClinVar (Landrum et al., 2018) 

Population frequency Absent or extremely rare in gnomAD; no 
homozygotes reported 

Karczewski, et al. (2020); gnomAD 
database 

Splicing prediction SpliceAI donor loss: 0.96; Pangolin splice loss: 0.64 Jaganathan, et al. (2019); Zeng and Lim, 
(2022) 

Deleteriousness/conser
vation 

CADD PHRED ≈ 33; PhyloP 8.87 Variant annotation databases 

Clinical database 
classification 

ClinVar: likely pathogenic, Variation ID 1182317, 
single submitter 

Landrum, et al. (2018); ClinVar 

Conservative 
interpretation in this 
manuscript 

Likely pathogenic splice-site variant; causality for the 
observed HCM/CCD phenotype remains unproven 

Richards, et al. (2015); McNally, et al. 
(2023) 

Associated condition DSC2-related arrhythmogenic cardiomyopathy 
spectrum 

McNally, et al. (2023); Costa, et al. 
(2021); Chen, et al. (2025); Ren, et al. 
(2025) 

Abbreviations: HCM, hypertrophic cardiomyopathy; CCD, cardiac conduction disorder; ACMG/AMP, American College of Medical 

Genetics and Genomics/Association for Molecular Pathology. 

Discussion 

This report describes the familial characterization of the DSC2 c.354+1G>T splice-site variant in a 

Panamanian family evaluated for suspected inherited cardiac disease. The index case was a 66-year-old 

woman with a clinical diagnosis of hypertrophic cardiomyopathy, concentric hypertrophy on 

echocardiography, and high-risk syncope. Her mother, aged 86 years, had cardiac conduction disease 

requiring pacemaker implantation. At the molecular level, the variant is located at the canonical +1 donor 

splice site of DSC2, a gene encoding desmocollin-2, a desmosomal cadherin involved in cardiomyocyte 

adhesion at the intercalated disc. Disruption of desmosomal proteins has been associated with 

arrhythmogenic cardiomyopathy and related inherited cardiac phenotypes. In this family, the variant 

showed a SpliceAI donor-loss score of 0.96, a Pangolin splice-loss score of 0.64, a CADD PHRED score of 33, 
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and a PhyloP conservation score of 8.87. ClinVar classifies the variant as likely pathogenic, and ACMG/AMP 

interpretation supports a likely pathogenic classification mainly based on PVS1 and PM2_supporting. 

The available clinical data support cardiovascular surveillance in relatives carrying or at risk of 

carrying the variant. However, the available records did not document a definitive arrhythmogenic right 

ventricular cardiomyopathy phenotype in the proband or relatives. Specifically, there were no available 

data confirming characteristic electrocardiographic abnormalities, documented ventricular arrhythmias, 

right ventricular structural abnormalities, or cardiac magnetic resonance findings compatible with 

fibrofatty replacement or myocardial fibrosis in a typical distribution. Therefore, the observed phenotype 

should be described as heterogeneous inherited cardiac disease rather than confirmed arrhythmogenic 

cardiomyopathy. 

The observation of vertical transmission provides useful information for family counseling and 

cascade testing. Nevertheless, segregation evidence remains limited because only a small number of 

informative relatives were available, and the clinical manifestations differed among family members. For 

this reason, the variant should be interpreted as likely pathogenic at the molecular level, while its role as 

the sole cause of hypertrophic cardiomyopathy or conduction disease in this family remains unproven. 

Recent studies have emphasized the clinical relevance of desmosomal genes in inherited cardiac 

disease. Chen, et al. (2025) reported that variants in DSG2 and DSC2 are associated with right ventricular 

or biventricular disease and adverse outcomes in arrhythmogenic cardiomyopathy cohorts. Ren, et al. 

(2025) further highlighted the role of desmocollin-2 in desmosomal remodeling in arrhythmogenic 

cardiomyopathy. In addition, Wu, et al. (2022) and Lin, et al. (2021) described rare desmosomal variants 

in patients with hypertrophic or overlapping cardiomyopathy phenotypes. These findings support the 

relevance of DSC2 in inherited cardiac disease, but they also indicate that additional genetic, epigenetic, or 

environmental contributors should be considered when the phenotype is atypical. 

The same variant was previously reported in a broader Panamanian cohort of hereditary 

cardiomyopathies (Cedeño-Escudero et al., 2026). The added value of the present report is the family-

oriented characterization of the variant, the conservative interpretation of genotype-phenotype 

correlation, and the emphasis on expanded phenotyping and longitudinal follow-up rather than a claim of 

a definitive arrhythmogenic cardiomyopathy family. 

From a clinical perspective, the identification of this variant supports genetic counseling, cascade 

testing, and cardiological surveillance in carriers and at-risk relatives. Recommended phenotyping should 
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include detailed electrocardiography, Holter monitoring, echocardiography, exercise testing when 

appropriate, and cardiac magnetic resonance imaging to evaluate right ventricular involvement, 

biventricular disease, myocardial fibrosis, and arrhythmic risk. These data would be essential to strengthen 

genotype-phenotype correlation in future studies. 

Limitations 

This study has several limitations. First, the number of genetically informative family members is 

small, limiting segregation analysis. Second, the available clinical information does not establish a definite 

diagnosis of arrhythmogenic right ventricular cardiomyopathy in the proband or relatives. Third, detailed 

electrocardiography, Holter monitoring, cardiac magnetic resonance imaging, and longitudinal follow-up 

data were not available for all carriers. Fourth, no functional RNA or protein study was performed to 

confirm the predicted splicing defect. Finally, additional genetic contributors cannot be excluded, 

particularly given the hypertrophic cardiomyopathy phenotype in the proband and the conduction 

disorder in the mother. 

Conclusions 

The DSC2 c.354+1G>T variant is a rare canonical splice-site variant with strong computational 

evidence for altered splicing and relevance to the desmosomal cardiomyopathy spectrum. In this 

Panamanian family, the variant was observed across three generations, supporting cascade testing and 

clinical surveillance. However, the currently available data do not prove that this variant is the sole cause 

of the hypertrophic cardiomyopathy and conduction disease observed in the family. Expanded phenotyping 

and family testing are required to clarify its clinical significance. 
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