M e di C al Emrahi and Toufan Tabrizi, Med ] Tabriz Uni Med Sciences. 2021;43(4):323-334
doi: 10.34172/mj.2021.059
]Olll‘ll al https://mj.tbzmed.ac.ir

of Tabriz University
of Medical Sciences

Original Article

New mutation in the NEBL gene in a family with Hypertrophic
cardiomyopathy: Complexity of whole exome sequencing results
interpretation

Leila Emrahi'"", Mehrnoush Toufan Tabrizi*'

'Department of Medical Genetics, School of Medicine, Tarbiat Modares University, Tehran, Iran
*Cardiovascular Research Center, Tabriz University of Medical Sciences, Tabriz, Iran

ARTICLE INFO: Abstract
Background. Hypertrophic cardiomyopathy is the most common genetic
Article History: cardiovascular disease and is predominantly inherited in an autosomal dominant
Received: 27 Jan 2020 pattern. In this study, genetic analysis of a family affected by hypertrophic
Accepted: 28 March 2020 cardiomyopathy with three patients was done using whole-exome sequencing.
ePublished: 15 Sep 2021 Methods. Whole-exome sequencing was performed on two affected individuals
and one healthy family member. The candidate variant was evaluated using
Keywords: Hypertrophic Sanger sequencing on other family members. Given the novelty of the candidate
cardiomyopathy; variant, it was also studied in 200 healthy individuals. Different bioinformatics
Whole exome sequencing; analyses were performed to evaluate variant pathogenicity.
NEBL gene Results. The candidate variant was present in two affected patients as well as in

two apparently healthy siblings. This variant was novel and did not exist in any
databases. An echocardiographic result on family members showed that another
proband’s brother was affected and did not have a candidate variant. Also, this
variant was not found in a population of 200 healthy individuals. Bioinformatics
analysis revealed the pathogenicity of the variant.

Conclusion. Although all the early studies of the candidate variant showed it as a
causative variant, further studies on more individuals of the family rejected its
causality alone and from these results, concluding that the results of exome
sequencing should be analyzed carefully, and necessitating further study in a
pedigree with more affected individuals and functional studies to prove the
variant as pathogenic.
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Extended Abstract

Background

Hypertrophic cardiomyopathy (HCM) is a
heterogeneous cardiac disease with an incidence
of 1 in 500 in the general population. The
European Society of Cardiology (ESC) and
American Heart Association (AHA) defined
HCM as a condition marked by unexplained left
ventricular hypertrophy (LVH),
myocyte/myofibrillar ~ disarray,  interstitial
fibrosis, and dysplastic arterioles in the absence
of other abnormal loading conditions.

It is commonly caused by mutations in cardiac
sarcomere protein genes and rarely by genes
involved in calcium signaling and metabolic
pathways. Previous studies showed the links
between cardiomyopathies and gene mutations
in more than 19 Z-disks associated proteins such
as NEBL. NEBL, encoding nebulette, a member
of the nebulin proteins family that are essential
in myofibrillogenesis and assembly of the Z-
disks and a variety of other cytoskeletal
structures. In this study, we aimed to present an
interpretation complexity of genetic analysis in a
family affected by HCM with a nonsense variant
c.T1680A in NEBL.

Methods

The study protocol was approved by the Ethics
committee of the Tarbiat Modares University.
Informed consent for genetic testing was
obtained from the patients and other
participants  after  appropriate  genetic
counseling.

The proband, a 27-year old woman, and her 5
relatives who participated in the study were
subjected to a comprehensive clinical
examination including echocardiography. HCM
status for participants was considered according
to conventional diagnostic criteria of European
Society of Cardiology (ESC) guidelines on a
diagnosis. Blood sampling was performed from

family members and 200 apparently healthy
individuals of different Iranian ethnic groups
and DNA was extracted by salting out method.
Whole exome sequencing was done for proband,
her aunt(affected), and her
brother(nonaffected). Co-segregation analysis
was applied using Sanger sequencing to screen
other family members for the variant. The
amplification-refractory  mutation  system
(ARMS) was performed to evaluate the NEBL
c.T1680A substitution in healthy control
individuals. Primers for sanger sequencing and
ARMS-PCR (Internal and external direct and
reverse primers) were designed using Gene
Runner and Primer Express software. To
perform the reaction, a 2X PCR master mix
(Amplicon, Pishgam, Iran) containing an
ultimate concentration of 1.5 mM MgCI2 was
used in a final volume of 20 ul. The PCR
program included 5 min initial priming at 95°C
and then 30 cycles with 30 seconds at 95°C, 30
seconds at 59°C (Sanger sequencing) and 52°C
(ARMS-PCR), 30 seconds at 72°C with a final
extension of 72°C for 10 minutes. The PCR
products were electrophoresed on 1.5% agarose
gel along with the 100 base pairs DNA marker.
The precision of the Tetra-ARMS assay was
confirmed by DNA sequencing of randomly
selected samples. The pathogenicity of the
variant was checked on the following databases
and online resources.

Results
Echocardiography findings

Our proband at 7" week of pregnancy referred
to a cardiac ~murmur  evaluation.
Echocardiography showed typical hypertrophic
obstructive cardiomyopathy (HOCM) with
reverse curvature type and significant septal
hypertrophy with a gradient of more than 100
mmHg across LVOT at rest. Given the critical
systolic anterior motion (SAM), severe resting
LVOT gradient, near severe mitral regurgitation
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(MR), and also dyspnea, therapeutic abortion
recommended. She followed pharmacologic
therapies with Metoprolol 95mg daily, and six
months later, she underwent surgical myectomy
and myotomy due to inadequate response to
pharmacologic therapies. Follow
echocardiography revealed significant
improvement of LVOT flow, resolved SAM
residual 30 mmHg gradient across LVOT at rest,
and mild MR.

Family history

In pedigree analysis, Proband’s father and one of
her aunts (II-2 and II-4) had a cardiac disease
and they have died at 55 and 58 years of age,
respectively. There was no evidence to examine
and identify their disease. Proband’s other aunt
(I1-3) was affected with HCM and none of her
siblings had symptoms. Since some HCM
affected individuals are asymptomatic and never
experience cardiac symptoms, all family
members  underwent  further  physical
examination and echocardiography. In the first
relative screening, we realized that one of the
proband’s siblings (III-1) had also the same
HOCM feature as proband, with frequent PVCs
at rest, so he became a candidate for ICD devise
implantation.

Molecular Genetics Results

Although the patient was asymptomatic and the
disease was diagnosed by physical examination
and echocardiography, she was analyzed using
WES to identify the apparent causative variants.
Through WES of the proband, a novel
heterozygous mutation was identified. The
variant is a nonsense mutation c.T1680A
(p-Y560%) in exon 17 of the NEBL gene. This
nucleotide and its corresponding amino acid
tyrosine are highly conserved throughout a
variety of species, and MutationTaster suggests
pathogenicity for this variation. 2D modeling for

assessing mutant and normal forms of NEBL
protein shows that this nonsense mutation leads
to the production of truncated protein which
may result in structural and functional changes.
The results of co-segregation analysis of the
NEBL gene mutation through proband’s
relatives by Sanger-sequencing showed that 1I-3
was also heterozygote for this variant but it is not
found in III-1. Also, III-2 and III-4 individuals
have inherited this mutation but they were
asymptomatic for HCM conditions. ITI-3 for the
variant was not segregated. We observed T1680
substitution to A in none of the 200 healthy
samples indicating that c¢.T1680A mutation is
not an SNP in the Iranian population.

Conclusion

In this study, we evaluated a novel nonsense
mutation c.T1680A, p.Y560* in the NEBL gene
through screening of an HCM family and
ethnically matched control group. To our
knowledge, this variant has not been reported in
dbSNP, gnomAD, and other related databases.
Comprehensive bioinformatics analysis showed
the pathogenicity of the mutation. Population
study confirmed in silico analysis since in 200
healthy control no carrier of the c.T1680A
mutation was observed. However, co-
segregation analysis of proband’s relatives led to
contradictory results. Although the mutation
was confirmed in the second HCM patient,
unexpectedly the Sanger sequencing did not
confirm ¢.T1680A mutation in the third affected
case who was diagnosed by clinical family
screening. Therefore, our results clearly show
that in HCM pedigree, even with co-segregation
of a nonsense mutation in two patients of a
family, its absence in the healthy population, and
in silico evidence of pathogenicity, the mutation
cannot be considered causative with certainty.
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F: Female; M: Male; MVT: Maximum wall thickness; ST: Septal thickness; PWT:Posterior wall thickness; LVEDD: Left
ventricular end diastolic diameter; LVESD: Left ventricular end systolic diameter; LVEF: Left ventricular ejection fraction
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