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Here we report the identification of two novel mutations in a previously asymptomatic young man who suffered
an out-of-hospital sudden cardiac arrest. During following evaluation, diagnosis of early stage dilated cardiomy-
opathy was established, while electrocardiogram monitoring showed frequent complex ventricular arrhythmias,
incomplete right bundle branch block and prolonged QT duration. No reversible causes explaining the clinical
presentation were established and an automatic implantable cardioverter defibrillator was therefore implanted.
Heterozygous mutations in human protein coding genes NKX2-5 and RBM20 are associated with a wide array of

pathological phenotypes some of which are sudden cardiac death, unexplained syncope and either combined or
isolated congenital heart diseases such as dilated cardiomyopathy.

© 2018 Elsevier Inc. All rights reserved.

Background

Dilated cardiomyopathy (DCM) is a major cause of progressive heart
failure (HF) and sudden cardiac death (SCD) [1]; DCM is defined as left
ventricular (LV) dilation and systolic dysfunction in the absence of abnor-
mal loading conditions or coronary artery disease sufficient to cause
global systolic impairment [2] DCM is inherited in about 30-40% of all
cases and more than 50 nuclear encoded or mitochondrial genes have
been found as causes in humans so far [3,4] with mutations in genes
encoding cytoskeletal, nucleoskeletal, mitochondrial, and calcium-
handling proteins. Potentially pathogenic genetic mutations are found in
at least 20% of adults with DCM and between 10 and 20% of relatives
have evidence for disease on clinical screening [5].

Sarcomere and desmosomal protein gene mutations are the most
common, but mutations in lamin A/C and desmin are frequent in pa-
tients with conduction diseases [6].

Diagnosis of DCM is probable if there is one major criterion (unex-
plained decrease of LVEF or LV dilation) plus at least one minor criterion
(complete left ventricular bundle branch, AV block, unexplained ven-
tricular arrhythmia, segmental wall motion abnormalities in the left
ventricle in the absence of intraventricular conduction defect, late
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enhancement of non-ischemic origin on cardiac magnetic resonance
imaging, evidence of non-ischemic myocardial abnormalities, and
others) or one major criterion plus carrying the causative mutation
identified in the proband [7].

The study of DCM genetics has been recently improved by the intro-
duction of next-generation sequencing (NGS) technologies, which al-
lows the quick evaluation of more than 40 different genes associated
with DCM and a comprehensive genetic analysis in shorter time and
with minor costs than Sanger.

Case report

We report the case of a 26-year-old man without history of heart
disease admitted to acute cardiac care unit after out-of-hospital cardiac
arrest while walking. The patients was early defibrillated, intubated and
admitted to intensive care unit. At admission, hemodynamic conditions
were stable and physical examination unremarkable. Admission elec-
trocardiogram showed sinus tachycardia, complete right bundle branch
block and mild ST-T elevations in V1-V3. Echocardiography showed
mild left ventricular enlargement and low-normal systolic function
with global hypokinesis. Chest x-ray showed a normal cardiac silhou-
ette and no signs of pulmonary venous congestion. CT scan excluded
aortic dissection or acute neurological disorders.

Laboratory exams, troponin levels and drug test were negative; cor-
onary angiography, immediately performed, was normal. The patient
was cooled for 24 h and weaned without complications.
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After weaning, the patient reported no symptoms anticipating his
collapse, and excluded any possible case of hypoglycemia or dehydra-
tion. The man also reported smoke habit, but no episode of chest pain
or syncope, no drug therapy, no alcohol abuse. However, there was fam-
ily history of early coronary disease (father with acute myocardial in-
farction when 42-year old), but not of sudden cardiac death.

Electrocardiogram monitoring showed frequent premature ventric-
ular beats and runs of non-sustained ventricular tachycardia (max 23

beats), despite drug therapy with amiodarone, metoprolol and lido-
caine. An earlier electrocardiogram was characterized by atrial enlarge-
ment, incomplete right bundle branch block and mild prolongation of
QT (Fig. 1).

Cardiac magnetic resonance showed mild left ventricular dilation
and mildly impaired ejection fraction (50%); right ventricular dimen-
sions and function, instead, were normal. Neither edema nor fibrosis
was found. Bicameral ICD was therefore implanted in secondary
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Fig. 1. Admission electrocardiogram showing mild intraventricular conduction delay. b) One year earlier electrocardiogram showing incomplete right bundle branch block, atrial

enlargement and mildly prolonged QT (465 msec).
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prevention according to 2015 ESC Guidelines for the management of pa-
tients with ventricular arrhythmias and the prevention of sudden car-
diac death. Final diagnosis was dilated cardiomyopathy.

Using next-generation sequencing (NGS) (TruSight Cardio Sequenc-
ing Kit for MiSeq System- Illumina) and subsequent mutation confirma-
tion with traditional capillary Sanger sequencing analysis, two possible
causative non-synonymous mutations were identified in the patient's
DNA: double heterozygosity for NKX2-5 exon 2 (¢.809 G>A, p.Cys270Tyr)
and RBM20 exon 2 (c680. G>T, p.Gly227Val) mutations (Fig. 2).

The two variants have not been previously described in the literature
and have not been previously reported in the Human Gene Mutation
Database (HGMD).

For these mutations, “in silico” analysis, which takes into consider-
ation straightforward physical and comparative parameters, was per-
formed to investigate the impact of amino acid substitution on the
protein structure and function. The prediction software reported that
this both variants should be classified as VUS ambiguous or unknown
significance. The in silico pathogenicity prediction and determination
of the putative effect of amino acid substitutions on protein structure
were performed by using established available bioinformatics tools
(Table 1).

The patient was discharged 10 days after admission in therapy with
atenolol 50 mg; two-year follow up was uneventful. Echocardiography
was unchanged. Device interrogation revealed frequent premature ven-
tricular contractions, without ventricular arrhythmias.

Discussion

We found in this study for two mutations hypothetically responsible
for dilated cardiomyopathy and sudden cardiac arrest: the variants
¢.809 G>A in the exon 2 (p.Cys270Tyr) of NKX2-5 and c.608 G>T in
the exon 2 (p.Gly227Val) of RBM20. The in silico analysis performed
suggests that these new variants may be harmful.

Although it has been estimated that a portion of cardiomyopathies,
atleast 20% to 35%, has a Mendelian basis of distribution in affected fam-
ilies, however not all family members carrying the same mutation are
affected [8]. Actually, poligene non-Mendelian models for a series of dis-
eases, including cardiomyopathies, have been proposed [9,10].

We herein provide evidence that the propositus carries for at least 1
other rare variant contributing to his cardiomyopathy.

Modern sequencing techniques and knock-out animal subjects have
been utilized to analyze the complex mechanisms involved in such phe-
notypic manifestations. NKX2-5 typically is a cardiac transcription fac-
tor with a leading role in cardiac dysmorphogenesis. So far more than
50 different mutations have been identified for this gene, including mis-
sense, synonymous and nonsense mutations and only a few have been
functionally characterized [11]. NKX2-5 (NK2 Homeobox 5) is a protein
coding gene, located in the long (q) arm of chromosome 5 at position
35.1 (Cytogenetic Location: 5g35.1) [12]. NKX2-5 belongs to the NK2
family of homeobox genes and is a homolog of the “tinman” gene
found in Drosophila melanogaster [13]. It represents a key regulator in
cardiac morphogenesis, modulating the transcription of various genes
involved in the process; in particular, NKX2-5 has been shown to inter-
act with GATA4 and TBX5, depending on the JAK-STAT pathway, to
work along with MEF2, HAND1 and HAND?2 transcription factors to di-
rect heart looping during early heart development, controlling
cardiomyocite differentiation. The gene has been show to play a role
in the heart's conduction system, after birth [14,15].

NKX2-5 knockout RATS showed early embryonic death, while mice
with a deficit of only one copy exhibit defects in the electrical conduc-
tion system of the heart at various levels (AV node and bundle of His)
with anomalies of cellular density and gap junction proteins. Mutations
of NKX2-5 transcriptor factors are also known to cause ventricular
noncompaction, tetralogy of Fallot, hypothyroidism non-goitrous type
5, syncope and sudden death [16].

Functional analysis of non-coding variants of NKX2-5 gene regula-
tory regions revealed enhanced transcriptional activity of the NKX2-5
gene promoter altering the expression levels of the aforementioned
gene affecting cardiac morphogenesis [8].

RBM20 (RNA Binding Motif Protein 20) is a protein coding gene, that
binds RNA and regulates splicing regulating alternative splicing of a
number of genes, including TTN, CAMK2D and MYH7 [17,18]. It is lo-
cated in the long (q) arm of chromosome 10 at position 25.2 (Cytoge-
netic Location: 10g25.2) and it is expressed mainly in striated muscle
and in cardiac muscle tissue [19]. RBM20 expression is involved with
sarcomere structuration, regulating cardiac isoform expression during
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Fig. 2. Sequencing of the exon 2 of gene and exon 2 of gene confirming the novel mutations sequencing of the exon 2 of the NKX2-5 gene and the exon 2 of the RBM20 gene confirming the
identification of the two new mutations p.Cys270tyr and p.Gly227Val respectively, in a condition of heterozygosis (indicated by arrows).
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Table 1

In silico prediction of the effect of amino acid substitution of variations occurring in NKX2-5 and RBM20.

Variant SIFT Polyphen-2 CADD REVEL METALR gnomeAD frequency

NKX2-5 ¢.809 G>A (p.Cys270Tyr) Deleterious score 0 Benign score: Benign Benign score: Deleterious score: 0.00008437
0.078 0.485 0.659

RBM20 c.608 G>T (p.Gly227Val) Deleterious score 0 Probably damaging score: Benign Benign score: Deleterious score: 0.001215
0.775 0.438 0.745

myoblasts differentiation [20]. Despite TTN is the main gene associated
with DCM, TTN gene variants were searched for but no pathologic vari-
ant was found.

Mutations in RBM20 are highly penetrant and often linked with se-
rious diseases, above all familial DCM [21,22]. RBM20 mutations are
found in 1.9-3% of individuals with idiopathic dilated cardiomyopathy.
Subjects with RBM20 missense mutations present cardiomyopathy
with fibrosis and arrhythmia with a higher risk of sudden death [23].
RBM20 knock out rats show defects in the correct splicing of the sarco-
meric gene titin; that results in a shift to different titin isoforms, affect-
ing normal increases of stroke volume in response to an increase in
ventricular volume [20,24].

RBM20 deficiency may lead to left ventricular dilatation in rats, in-
creased diastolic diameter with unchanged systolic dimensions or con-
tractility indices [21,23].

Interestingly, a prior electrocardiogram showed sign suspected for
prolonged QT-syndrome and/or Brugada Syndrome no more present
at last examinations and largely unexplained. Further studies are war-
ranted to identify the exact role of such mutations in the development
of dilated cardiomyopathy and sudden cardiac arrest.

Conclusions

Two mutations hypothetically responsible for dilated cardiomyopa-
thy and sudden cardiac arrest are reported: the variants c.809 G>A in
the exon 2 (p.Cys270Tyr) of NKX2-5 and ¢.608 G>T in the exon 2 (p.
Gly227Val) of RBM20.

It was not possible to carry out a study to evaluate the presence of a
family segregation. Therefore, the pathogenic role for both variants is
yet to be defined; however, in silico studies seem to suggest a possible
involvement of such variants with the patient's clinical status. We
herein provide evidence that the propositus carries at least 1 other
rare variant contributing to his cardiomyopathy.
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