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Introduction: Cardiac laminopathies are caused by mutations in the LMNA gene
and include a wide range of clinical manifestations involving electrical and
mechanical changes in cardiomyocytes. In Ecuador, cardiovascular diseases
were the primary cause of death in 2019, accounting for 26.5% of total deaths.
Cardiac laminopathy-associated mutations involve genes coding for structural
proteins with functions related to heart development and physiology.

Family description: Two Ecuadorian siblings, self-identified as mestizos, were
diagnosed with cardiac laminopathies and suffered embolic strokes. Moreover,
by performing Next-Generation Sequencing, a pathogenic variant
(NM_170707.3:c.1526del) was found in the gene LMNA.

Discussion and conclusion: Currently, genetic tests are an essential step for
disease genetic counseling, including cardiovascular disease diagnosis.
Identification of a genetic cause that may explain the risk of cardiac
laminopathies in a family can help the post-test counseling and
recommendations from the cardiologist. In the present report, a pathogenic
variant ((NM_170707.3:c.1526del) has been identified in two Ecuadorian siblings
with cardiac laminopathies. The LMNA gene codes for A-type laminar proteins
that are associated with gene transcription regulation. Mutations in the LMNA
gene cause laminopathies, disorders with diverse phenotypic manifestations.
Moreover, understanding the molecular biology of the disease-causing
mutations is essential in deciding the correct type of treatment.

KEYWORDS

cardiovascular disease, genome, precision medicine, NGS, LMNA

Introduction

The lamin A/C gene (LMNA), located on chromosome 1922, encodes two proteins on
the inner face of the nuclear membrane: lamins A and C. Lamins A/C are expressed in
almost all cell types, including cardiomyocytes (1, 2). Thus, several mutations in the
LMNA gene have been associated with cardiac phenotypes characterized by different
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clinical manifestations, including structural abnormalities and
electrical and mechanical instability of cardiomyocytes (3). As a
result, dilated cardiomyopathy (DCM) is the most common
phenotype, as well as other clinical manifestations such as
atrioventricular conduction abnormalities, including atrial and
ventricular tachyarrhythmias. In addition, severe heart failure or
sudden cardiac death may occur in several cases (2).

The epidemiology of cardiac laminopathies is still unknown in
Ecuador; however, cardiovascular diseases were the first cause of
death in 2019, accounting for 26.5% of total deaths in the country (4).

Cardiac laminopathies are associated with mutations in the
LMNA gene, including nonsense and splice mutations, insertions,
and deletions. In the present case report, a frameshift mutation
caused by a deletion was found in the LMNA gene (Figure 1), the
most mutated gene in cardiac laminopathies. The LMNA is
composed of 12 exons. Lamin A and C are synthesized by
alternative splicing of exon 10. Lamins are V-type intermediate
filaments located exclusively in the nucleus of cells (5). Lamin A is
translated as a precursor, prelamin A, and requires extensive C-
terminal processing to mature, whereas lamin C is translated as a
mature protein. The lamina joined to nuclear envelope spanning
proteins via the linker of nucleoskeleton and cytoskeleton
complex is critical for whole-cell mechanics and mechano-
transduction to the nucleus (6). Other mutations associated
with cardiac laminopathies involve genes coding for structural
proteins of the cardiac cytoskeleton, sarcomere components,
intercellular junctions, ion channels, mitochondrial proteins,
nuclear lamina proteins, intermediate filaments, and the
dystrophin-associated glycoprotein complex (3, 7).

This case report presents two Ecuadorian siblings diagnosed
with cardiac laminopathies who had embolic strokes. Clinical,
genomic, protein-protein interaction (PPI) network, and gene
ontology enrichment (GO) analyses were performed to provide
evidence of the cardiac pathology, associated phenotypes, and
molecular aspects. The information collected by Next-Generation
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Sequencing (NGS) could be a key aspect in cardiovascular
disease diagnosis and treatment.

Family description

The subjects presented in this case report are two siblings, self-
identified as mestizos, from Sigchos in Cotopaxi, Ecuador. Subject
A is a 58-year-old woman who, seven years ago, had an embolic
stroke that left her with a 46% physical disability and with
walking and speaking difficulties. Four years ago, she underwent
that
compatible with cardiac laminopathies. In the last year, she
and defibrillator
congestive heart failure, which increased the risk of sudden

a cardiac catheterization showed myocardial fibrosis

underwent pacemaker surgeries due to
death. Subject A takes warfarin to prevent blood clots.

Subject B is a 5l-year-old man diagnosed with cardiac
laminopathies 12 ago after cardiac catheterization. Six years later, the
subject suffered a right-sided embolic stroke, and five years later, he
suffered a left-sided embolic stroke, leaving him with a 60% physical
disability, including speaking and walking difficulties, similar to his
sister. Moreover, he has suffered from severe arrhythmic attacks,
which led to a pacemaker surgery to control the heartbeat and a
second pacemaker surgery to replace the device’s batteries. Subject B
takes warfarin for blood clot prevention. A timeline with the relevant
points of care episodes is depicted in Figure 2.

Furthermore, their family tree is depicted in Figure 3. Subjects
II-1 to II-9 suffered from cardiac malformations, heart attacks, and
thrombosis that due to the health care system conditions at the
time, could not be distinctly diagnosed. Subjects II-5, III-1, III-3,
III-4, IV-15, and IV-16 died from embolic strokes when they
were under 60. Subject IV-2 has undergone pacemaker surgery
because she showed an atrioventricular block, thrombosis, and
arrhythmias. Subject V-10 presents a cardiac valve malformation;

however, further testing is required.
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Schematic structure of LMNA. In the upper panel, a heart is depicted, zooming in on the cardiomyocytes and the cellular location of the Lamin A/C
proteins. The LMNA gene is represented in the lower panel, and each filled box indicates the exons of the gene. The LMNA pathogenic variant
NM_170707.3:c.1526del is located at exon 9 (Created with BioRender.com).
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Likewise, two of the family members underwent pacemaker implantation
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Family pedigree of reported subjects with hereditary cardiac laminopathies. Subjects (arrow) carry a pathogenic variant, NM_170707.3:c.1526del, in the
LMNA gene. Furthermore, multiple family members presented thrombosis, heart attacks, thick blood, atrioventricular blocks, and cardiac malformations.

Results

NGS was performed using the TruSight Cardio Kit from
Ilumina®; this panel includes 174 genes associated with 17
inherited cardiac disorders (Supplementary Table S1). In
subjects A and B, 98% of the targets had 50 times or more
Both patients exhibited variants,
categorized as benign, likely benign, variant of unknown
significance  (VUS), to BSKN
(BaseSpace Knowledge Network, Illumina ®, San Diego, CA)
(Supplementary Table S2). For the analyses, the VUS and

coverage. which  were

and pathogenic, according

pathogenic variants were taken into consideration. Variants of
unknown significance were detected in the genes KCNH2,
PRDM16, and HCN4. Moreover, a pathogenic variant
(NM_170707.3:c.1526del) was found in the gene LMNA of
subjects A and B. Furthermore, NGS was performed on Subject
V-2, and no pathogenic mutations were identified. The 3D
structures of the native and the mutant LMNA protein were
drawn using the PyMol molecular graphics system to provide a
clear image of the deletion in Figure 4.

A STRING protein-protein interaction network analysis was
performed, as presented in Supplementary Figure S1. The
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chosen proteins have been reported to have a role in cardiac
laminopathies. Furthermore, the Biological Process (Gene
Ontology) on which the proteins coded by LMNA had a role
and an association with heart development and physiology were
selected. The network type was the Full STRING, the thickness
of the edges indicates the confidence, and the minimum required
interaction score was high confidence (0.700). The chosen
biological processes were regulation of muscle system process,
muscle organ development, muscle structure development, heart
development, cardiac muscle cell development, mitotic nuclear
envelope reassembly, cardiac muscle tissue development, striated
muscle cell development, cardiac muscle cell differentiation, and
striated muscle cell differentiation. Moreover, a functional
analysis was carried out to identify different molecular function
processes, KEGG pathways, and phenotypes with which LMNA
has been associated, as presented in Supplementary Figure S2.
Each term has been marked with an ID. The significance
threshold was calculated using the g:SCS method, where the
lower the p,q; value, the more significant the association. The
terms with the highest significance associated with LMNA were
dilated
ventricular arrhythmia,

cardiomyopathy, sudden cardiac death, myopathy,

abnormal left ventricular function,
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FIGURE 4

3D structure of the native and mutant LMNA protein models. (A) Native, (B) mutant model.

abnormal cardiovascular system physiology, arrhythmia, heart
block, abnormality of cardiovascular system morphology, and
cardiac conduction abnormality.

Discussion

Currently, genetic tests are an essential step for disease genetic
counseling (8, 9). For example, different studies suggest that genetic
testing can identify a disease-causing variant in approximately
15%-25% of patients with sporadic dilated cardiomyopathy
(DCM) and about 20%-40% of patients with familial DCM (5,
10-12). However, NGS has limitations; for instance, the need for
bioinformatic tools for data analysis or the limited information
regarding variants of uncertain significance. Similarly, although
NGS costs have decreased over the last few years, they are still
unreachable to most of the population. The problem is
exacerbated in regions with a high percentage of inequality, such
as Latin America, where access to healthcare systems is limited
even today (13).

Identification of a genetic cause that may explain the risk of
cardiac laminopathies in a family can help the post-test
counseling and recommendations from the cardiologist.
Wilsbacher suggests four benefits of genetic testing: (1) it can
provide a diagnosis; (2) it can identify family members at risk for
developing cardiomyopathy; (3) genetic test results can be used
for prenatal genetic counseling and preimplantation genetic
diagnosis; and (4) medical treatment can change. For example,
patients with LMNA mutations have a high burden of
ventricular tachycardia, so exercise must be restricted and an
implantable cardioverter defibrillator (ICD) is recommended (14).

The LMNA gene codes for A-type laminar proteins, mainly
Lamin A and C (3, 15); these are key factors in gene
transcription regulation by modulating DNA replication, signal
transduction, and chromatin organization (7). Mutations in the
LMNA gene cause laminopathies (3), and the heart is one of the
most affected organs when an LMNA mutation is present. Fatkin
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et al. (1999) were among the first to describe the role of LMNA
mutations in cardiovascular disorders; since then, several other
mutations in the LMNA gene have been associated with
laminopathies (3, 16-20). Moreover, mutations in the LMNA
gene result in severe nuclear abnormalities and a higher risk of
thromboembolic complications (18, 19). Patients carrying LMNA
mutations present more aggressive laminopathies and have
higher rates of life-threatening arrhythmias and end-stage heart
failure (21-23).

In the present case report, a pathogenic variant (NM_170707.3:
c.1526del) in the LMNA gene was successfully identified; this is the
first report of the pathogenic variant in the LMNA gene in
Ecuadorian subjects with cardiac laminopathies. Similarly, Pasotti
M. et al. (2008) found the same deletion in a patient with
atrioventricular block, dilated cardiomyopathy, and Emery-
Dreifuss muscular dystrophy type 2. The subjects described in
this case report did not have any Emery-Dreifuss muscular
dystrophy-related symptoms; however, their cardiac phenotype
was similar to the phenotype of the patients diagnosed with
dilated cardiomyopathy.

The 3D structure of the native and mutant protein, as
presented in Figure 4, reflects the impact of the nonsense
mutation on the final protein conformation. Additionally, the
reduction of the LMNA expression level could be increased by
the nonsense-mediated mRNA decay control mechanisms
(24-26). During this process, the incomplete aberrant mRNA
was eliminated to maintain the integrity of gene expression and
to avoid the accumulation of these mRNAs (26). Furthermore,
the STRING network, seen in Supplementary Figure S1,
represents genes associated with cardiac laminopathies based on
the biological process (Gene Ontology) (27). The colors represent
the LMNA-related processes. It is important to highlight the
relevance of the gene, as depicted in the figure, in heart
development and physiology.

Moreover, Supplementary Figure S2 indicates the molecular
function, KEGG pathways, and the human phenotype ontology
of the same genes. The processes where LMNA was involved are
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represented in the figure, emphasizing cardiac disorders such as
cardiac arrest, sudden death, arrhythmia, heart block, dilated
cardiomyopathy, and tachycardia, among others.

A limitation of the present study is that due to budget
constraints, we were unable to perform NGS in all the family
solid
bioinformatic analyses, of why the reported variant could be

members; however, we present results, including

associated with an affected cardiac phenotype.

Conclusion

Mutations in the LMNA gene have been broadly described and
associated with heart diseases. In the present case report, a
pathogenic variant has been identified in two Ecuadorian siblings
with a family history of embolic strokes, heart attacks, heart
failure, and cardiac malformations. Moreover, understanding the
molecular biology of diseases could guide physicians to decide
the proper type of treatment.
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