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Abstract

Cardiomyopathies are heterogeneous and critical disorders of cardiovascular diseases. One of the most common
inherited cardiomyopathies is DCM (dilated cardiomyopathy). Genetic disorders are found in approximately 50%
of DCM cases. We aimed to describe a case of DCM in a 42-yeat-old woman in 2018 at Farhud Genetic Clinic,
Tehran, Iran. To detect genetic involvement, Next-generation sequencing (NGS) was performed and the data were
evaluated carefully. Variations in different genes coding crucial proteins in cardiac muscle structure (i.e. Tzzin, Ob-
senrin, MYHG, and 1. AM.A4) and proteins involved in channels (.e. CAVNAIC, SCN1B and SCN5A) were de-
tected by whole-exome sequencing (WES). In agreement with the clinical manifestations and molecular analysis,
DCM was confirmed. This study provides further evidence on the diagnostic role of NGS in borderline DCM
cases. It also shows the recently developed high throughput sequencing can provide clinicians with this approach
to diagnosis, treatment, and prevention of such hard-to-diagnose disorders. Furthermore, this study highlights the
basis of personalized medicine, namely detection of high-risk individuals by revealing some genetic variants as
predictive risk factors, and initial prevention of DCM.

Qywords: Next-generation sequencing; Cardiomyopathies; Personalized medicine; Molecular targeted therapy

Introduction

Cardiomyopathies are a heterogeneous and critical cardiomyopathy (DCM)(1). DCM (1) is a myocat-
category of heart disorders (1). One of the most dial disorder that enlarges and weakens ventricular
common inherited cardiomyopathies is dilated chambers and results in systolic dysfunction that
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can lead to progressive heart failure, supraventric-
ular and ventricular arrhythmias, and thromboem-
bolism (2). Genetic forms of DCM account for ap-
proximately 50% of cases. Involved genes provide
instructions for making proteins found in the sar-
comere, cytoskeleton, nuclear envelope, sarco-
lemma, ion channels, and intercellular junctions. It
is likely that specific mutations of these genes im-
pair different pathways and disrupt various struc-
tures and mechanisms in the myocardium (3).

In this study, we report several genes involved in
cardiomyopathy in an affected woman and also
discuss the genes involved in the pathogenesis of
cardiomyopathy in this case. Whole-exome se-
quencing (WES) followed by a comprehensive
stepwise variant analysis has been applied to ex-
plore the underlying genetic cause of such heart
disorder in the proband and her offspring.

Case Report

The mentioned proband (Fig. 1, individual I1I-1),
was referred for genetic counseling to Farhud Ge-
netic Clinic, Tehran, Iran in 2018 with a presump-
tive diagnosis of familial DCM.

The patient was a 42-year-old woman with heart
disease; symptomatic for 4 years with episodes of
palpitation that occasionally led to chest tightness,
anxiety, fatigue, and also recent exertional syn-
cope. During initial workup, TTE (transthoracic
echocardiogram) revealed left-side heart failure
(ejection fraction 25%), and ECG holter monitor-
ing showed sinus rhythm and occasional VPB
(ventricular premature beats) bigeminy. In an at-
tempt to further characterize the disease and find
the etiology, no valvular disease was detected and
cardiac MRI (magnetic resonance imaging) CMR
(cardiovascular magnetic resonance imaging) sug-
gested IDCM (Idiopathic Dilated CardioMyopa-
thy), LLC (Lake Louise Criteria); the thallium my-
ocardium perfusion scan was also unremarkable
except for mild ischemia in a midventricular seg-
ment of anterior wall. The patient received an im-
plantable cardioverter-defibrillator (ICD) implan-
tation as secondary prevention for life-threatening
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arrhythmia (after a VT attack). The patient’s family
history included her father who died at the age of
49, a year after heart transplantation surgery; his
heart condition had a similar clinical picture as the
proband. Other affected family members shown
in the pedigree had cardiac disorders not well char-
acterized before death (Fig.1). To date, the off-
spring’s clinical screening for evidence of DCM
has been negative despite detecting some genetic
variants related to DCM.

The family’s pedigree suggested an autosomal
dominant pattern of inheritance for DCM with
50% recurrence risk. After several comprehensive
counseling sessions, drawbacks, and benefits of all
possible genetic investigations were thoroughly
discussed.

Besides, written informed consents were then ob-
tained in the pretest counseling session.

WES was performed on the DNA sample of the
proband for genetic investigation. Various steps of
exome sequencing were all performed by the man-
ufacturer guidelines: sample preparation, library
construction, template preparation, and high-
throughput sequencing based on Illumine Rapid
Capture Enrichment guide 0913. Genetic defects
and causative mutations in diseases with heteroge-
neity were identified by bioinformatics analysis.
Moreover, de novo single nucleotide variants that
may substantially contribute to other health issues
were also studied. Point mutation, mictro insertion,
deletions, and duplication (<20 base pair) were
also detected. Further WES analysis was per-
formed on the DNA sample of the offspring of
the family who was at the risk of cardiomyopathy,
DCM.

Various variations in different genes coding crucial
proteins in cardiac muscle structure like T7#n, Ob-
seuring MYHG6, 1. AM.A4, and proteins involved in
channels such as CAVNAI1C, SCN1B, and
SCN5A, were detected by WES. On the other
hand, further WES analysis showed some variants
in the same genes in the proband’s offspring (indi-
viduals IV-1 and IV-2 aged 16 and 12 yr old re-
spectively) Table 1.
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Fig. 1: Family pedigree. Arrow head denotes the propositus

Table 1: List of detected variants in 6 genes associated with genetic heart disorders in the proband and her offspring

Clinical ~MOTHER BEHNAM MI-

No GENE VARIANT p- c
signifi- (SON 1) LAD
cance (SON
2
1 TNNT2 £s3729547 (p-lle116=) c.348C>T Be- +Hetero +Hetero +Het-
nign/Likely ero
benign
2 TPM1 rs1071646 (p-Alal51=) c453C>A Benign + Hetero + Hetero - Not
de-
tected
3 MYHo rs365990 p.(Val1101Ala)  ¢.3302T>C Benign + Hetero + Hetero - Not
de-
tected
4 SCN5A rs1805124 p-(His558Arg)  c.1673A>G Be- ++ Homo  ++ Homo +
nign/Likely Het-
benign ero
5 RBM20 rs35141404 p-(=) c.90G>A Benign + Hetero ++ Homo +
Het-
ero
6 RBM20 rs1417635 p-(Ser768*) c.2303C>A Benign + Hetero + Hetero +
NM_001134363.3 Het-
ero
7 KCNET rs1805127 p-(Ser38Gly) c112A>G Benign + Hetero + Hetero +
Het-
ero
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Discussion

In this study, a comprehensive genetic approach,
WES, was carried out to identify genetic variations
associated with inherited cardiomyopathies, par-
ticularly DCM, which is genetically heterogeneous.
DCM is usually associated with rare mutations in
a large number of genes. Delineation of the mo-
lecular causes of DCM and accurate identification
of relatives who are at-risk and unaffected muta-
tion carriers is the aim of this study. This study also
provides further evidence of the role of personal-
ized medicine which enables us to detect some ge-
netic variants that might be considered risk factors
for development of the disease in asymptomatic
relatives of patients with DCM.

Some mutual genetic variations in six genes are de-
tected in the proband and offspring. Each mutual
gene’s function and related studies are discussed
below.

Mutations in TINNT2 are potentially related to se-
vere forms of cardiomyopathies (4). rs3729547 is
an SNP (Single nucleotide polymorphism) that
was recently considered to be mildly associated
with DCM in the Han Chinese population and Hy-
pertrophic cardiomyopathy (HCM) in Indian pop-
ulation (4). This SNP was detected in the proband
and both at-risk sons.

The close relationship of SNPs with DCM was
shown in two screenings in Europe (5). 151071646,
an SNP in the TPM7 gene, might be a risk factor
for affected people with DCM in the Kazakh pop-
ulation. A highly conserved group of genes en-
codes a family of actin-binding proteins known as
Tropo Myosins. There are four tropomyosin-en-
coding genes: TPMT, TPM2, TPM3, and TPM4 in
humans. TPM7 is the most functional and encodes
different tissue-specific isoforms (6). Mutations in
tropomyosin can have adverse effects on striated
muscle function. In humans, various mutations in
TPMT have been associated with familial HCM
and DCM (7). This SNP is detected in the proband
and only one of the sons is at a higher risk.
rs365990 is an SNP located in exon 25 of the
MYHG6 gene. This gene provides instructions for
alpha myosin heavy chain (alpha-MyHc), a part of

Available at:  http://ijph.tums.ac.ir

a larger protein called type II myosin which is a
molecular motor of muscle. Mutations in this gene
can lead to a spectrum of cardiac disorders includ-
ing HCM and DCM. As all MYH6 mutations were
located in highly conserved residues, structural or
chemical bonds of MyHC are expected to change

(8). Moreover, according to a study by deCODE
Genetics (deCODE genetics, Inc. Reykjavik, Ice-
land) rs365990 was significantly associated with
heart rate and PR interval. A significant correlation
between rs365990 and heart rate and PR interval
was reported.
rs1805124 is an SNP located in the SCIN5.A gene.
This gene provides instructions for a subunit of
the voltage-gated sodium channel, responsible for
maintaining the normal function of inward sodium
current. Mutations in the SCN5.A gene have been
found to cause a variety of cardiac diseases (9).
The flow of positively charged sodium atoms (so-
dium ions) into cells is controlled by opening and
closing these channels. The sodium channels con-
taining proteins produced from the SCN5.A gene
are abundant in the cardiac cells and play a critical
role in the ability of these cells to generate and
transmit electrical signals. The association be-
tween familial DCM and the 151805124 polymor-
phism in the SCN5.A gene has been previously re-
ported (9) rs35141404 and rs1417635 are SNP lo-
cated in RBMZ20. This gene encodes RNA binding
motif protein 20 that binds RNA and regulates
splicing. It is expressed mostly in striated muscle
and cardiac muscle tissue. The RBM20 mutation
was previously reported in familial DCM (10).
rs1805157 is an SNP in KCNET. This gene en-
codes a protein with an ability to manage and con-
trol the activity of potassium channels. These
channels pass millions of positively charged potas-
sium atoms (ions) per second across the mem-
brane opening and shutting their gates in millisec-
onds by changes in voltage concentration. This
ability plays a critical role in the cell’s ability to gen-
erate and transmit electrical signals (11).

LMNA (lamin A/ C)is one of the most commonly
identified pathogenic genes in DCM. This gene
provides instructions for making protein products
including lamin A and C, which are the main cyto-
skeleton protein for maintaining normal nuclear
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membrane morphology (12). Despite the fact of
association between 200 LLMN.4 mutations and
progress of DCM with variable involvement of
skeletal muscle (13), no mutation was identified in
LMNA in the proband. Based on the detected var-
iants, both sons of the proband are at the risk for
cardiomyopathy; however, for one of them, a
higher risk is expected.

Management of DCM varies depending on the se-
verity of the damage to the disease and the pa-
tient’s symptoms. Once diagnosed, the primary
aim is to improve cardiac function and reduce
symptoms and also prevent further damage. The
last choice for patients who are resistant to medi-
cal strategies is heart transplantation (14). After
comprehensive genetic study, ICD was suggested
to prevent sudden cardiac death in the proband.
Management of asymptomatic mutated patients
and mutation carriers is also a matter of im-
portance. NGS technologies and advanced molec-
ular techniques revolutionized gene screening
studies and brought fresh perspectives on DCM
genetics. Moreover, discovering the underlying
molecular causes can influence treatment deci-
sions. There are several vital examples of LMN.A
and SCN5.A gene mutations, where clinical man-
agement decisions can directly be affected by
knowing a patient’s genotype (15). Genetic testing
can be carried out quickly in suspected LMNA car-
riers and these individuals may benefit from
prophylactic implantable cardioverter-defibrillator
devices and early heart transplantation. Moreover,
in some families, p.R222Q) variant in SCN5.A was
detected related to a particularly extreme form of
arrhythmic DCM. Medications with sodium chan-
nel-blocking actions have been discovered to ade-
quately improve ventricular contractile function
and decrease arrhythmic burden in affected family
members.

The importance of practical genomics has been
highlighted in this recurrent treatable variant, indi-
cating that personalized medicine-based therapies
are possible (15). Moreover, in particular, individ-
ual genetic makeup can also be useful for selection
of appropriate medicine doses. In many cases, det-
rimental side effects and inadequate drug effects
can be predicted by detection of genetic variants
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that modify drug concentrations (pharmacokinet-
ics) or responsiveness (pharmacodynamics) (15).
The future of personalized DCM care will be de-
picted through the following steps: identification
of high-risk individuals by genotyping and consid-
ering environmental risk factors, followed by pro-
found phenotyping and clinical examination to de-
tect and monitor myocardial dysfunction and ab-
normalities and finally finding the right time to
start the most appropriate management (15).

Conclusion

DCM is highly suggested based on molecular
study of a large number of mutated genes and clin-
ical manifestations in the affected family members.
Further Sanger verification is indicated for all mu-
tations associated with pathogenic signs and
symptoms. Moreover, this study provided further
evidence on the crucial role of NGS technique in
characterizing such heterogeneous disorders. Re-
cently developed high throughput sequencing can
provide clinicians with new devices for early diag-
nosis, targeted treatment, and prevention of such
clinically silent disorders. The basis of personal-
ized medicine, namely accurate identification of at-
risk individuals enables convenient mediation that
might affect the severe complications and mortal-
ity of this disease, is also emphasized in this study.
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