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Abstract

Background and Objectives: Hypertrophic cardiomyopathy is a common cardiac
disease diagnosed in young adults and rarely detectable in childhood.
Hypertrophic cardiomyopathy exhibits considerable diversity in its clinical and
genetic characteristics. To date, mutations in multiple genes associated with HCM
have been discovered, with the most common ones being MYBPC3 and MYH7
genes. The present study aimed to utilize whole exome sequencing for conducting
a genetic analysis of Hypertrophic cardiomyopathy in four children belonging to
Iranian families.

Materials and Methods: Patients underwent medical evaluation, including clinical
assessment, electrocardiography, and echocardiography. Genetic testing was
performed after DNA extraction using whole exome sequencing to identify genetic
alterations that may be responsible for this disease. In addition, bioinformatic
analysis of the genetic changes was carried out using software tools for alignment,
variant calling, and interpretation. Finally, the Sanger sequencing method was
employed to confirm the genetic variations in the affected individual's family
members.

Results: The patients were children presenting with initial symptoms, such as
syncope and palpitations. They were diagnosed with Hypertrophic
cardiomyopathy type 3 and 4 based on the results of electrocardiography and
echocardiography. The genetic testing results revealed a pathogenic de novo
mutation (c.1208G>A, p.Arg403Cln) in the MYH7 gene. In addition, another
disease-causing homozygous nonsense genetic variation (c.3811C>T,
p.Arg1271Ter) was identified in the MYBPC3 gene, resulting in the production of a
premature protein.

Conclusion: This study not only expanded the spectrum of genetic variations
associated with Hypertrophic cardiomyopathy disease and aided in genetic
counseling for families affected by it but also presented the first variations of the
sarcomere gene in Iranian children.

Keywords: Children; Hypertrophic cardiomyopathy; MYH”, MYBPC3; Whole exome
sequencing
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Extended Abstract

Background and Objective

Hypertrophic cardiomyopathy (HCM) is the most
common inherited human heart disease and heart
muscle disease (Myocardia) characterized by left
ventricular (LV) hypertrophy. Mutations in genes
encoding the sarcomeric proteins are causative
factors for HCM, with MYH7 and MYBPC3 gene
mutations being the most common genetic causes,
accounting for 20% and 25% of cases, respectively.
The MYPBC3 gene encodes protein C3, which
binds to Myosin. Myosin is connected to the thick
and thin filaments of the sarcomere in the heart
muscle cells (Myocyte). Mutations in the MYH7
gene, the second most common cause of this
disease, are located on human chromosome 14.
MYH?7 codes for Myosin heavy chains and has 23
kilobases and 41 exons.

In this study, out of 53 patients with hypertrophic
cardiomyopathy referred to Shahid Rajaee Heart
Hospital, four patients with onset age below 18
years were genetically evaluated. The present
study aimed to identify the phenotypic and
genotypic characteristics of patients. These
findings may be of great importance in
determining the molecular pathological features of
HCM, leading to better prevention and more
accurate treatment of this disease.

Materials and Methods

In this study, among the 53 HCM patients, only four
cases under 18 were evaluated due to low
incidence in children. Genomic DNA was
extracted from the peripheral blood sample using
the salting out method. Whole exome sequencing
(WES) was performed with an average coverage
depth of 100x on an Illumina Novaseq 6000
(llumina, Inc., San Diego, CA, USA). Fastqc and
Trimmomatic Linux software were used to perform
quality control and preprocessing steps on raw
reads. Finally, Ensembl's VEP interpreter tool was
used to analyze and interpret the final VCF file
containing SNVs/INDEL variants. The identified
candidate variants were validated and isolated
using polymerase chain reaction (PCR) and Sanger
sequencing to evaluate family = members
(healthy/diseased). After PCR, the obtained results
were sequenced using ABI Sequencer 3500XL PE
(Applied Biosystems), and the sequences were
analyzed using CodonCode aligner software
(version 7.1.2) (CodonCode Corp Centerville, MA).

Results

Through whole-exome sequencing, a homozygous
de novo missense mutation was found in the fifth
exon of the MYH?7 gene in the affected individual of
Family 1. This genetic alteration is unique to the
individual and is not present in the gnomAD control
population or reported in the ExAc or Iranome

databases. Based on the prediction and report of
bioinformatics software, this genetic change is
probably the cause of the disease in this 14-year-old
child. The genetic change found in the affected
person of family 2 is the p.Arg homozygous variant
of the nonsense type in exon 33 of the MYBPC3
gene. The mentioned genetic change in the
homozygous state has not been reported in any of
the normal population databases, and the
pathogenicity prediction software has identified
the genetic change of this variant as the
pathogenic factor in this 11-year-old person. In
families 3 and 4, a complete exome evaluation
found no causative variant.

Discussion

HCM is a heterogeneous disease with a high locus
and allele diversity, of which mutations in the
MYH?7 and MYBPC3 genes account for about 50%
of cases. In terms of inheritance, HCM is primarily
inherited in an autosomal dominant manner from
parents. The majority of mutations in HCM patients
have been reported in sarcomere genes, which lead
to changes in the structure and function of related
proteins and ultimately the characteristic
histological features of HCM. Mutations in the
MYH7 gene are relatively uncommon, although
MYH?7 mutations can be identified as the second
most common gene in all cases of hypertrophic
cardiomyopathy. So far, four de novo mutations in
the MYH7 gene have been reported in
cardiomyopathies. However, the present study is
the first reported case of a de novo genetic
alteration in an Iranian child with HCM; as his
parents did not have a similar genetic alteration.
MYBPC3 is the most common mutated gene in
HCM, with 91% of mutations in MYBPC3 being
protein-truncating mutations, leading to a more
severe HCM phenotype than missense and frame-
shift mutations. Unlike heterozygous disease-
causing mutations, homozygous nonsense
variants that truncate proteins cause severe
neonatal  cardiomyopathy;  therefore, the
identified mutation c.3811C>T, p.Argl1271Ter
confirms previous findings that rare homozygous
variants may exacerbate clinical severity of HCM.
Regarding two exome-negative patients in
families 3 and 4 who did not have mutations in
genes related to HCM despite clinical diagnosis
of the disease, it should be noted that the
diagnostic rate for exome sequencing tests is
approximately 43%.

Conclusion

The identification of hypertrophic cardiomyopathy
and related mutations in children plays a crucial
role in early diagnosis, prevention, and counseling.
These mutations expand gene changes related to
HCM and aid in counseling and prevention in
families with HCM.
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