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Abstract

Neurodevelopmental disorders are a group of clinical and genetic heterogeneous diseases characterized by impaired brain
development, affecting personal, social, academic, or occupational functioning. Next-Generation Sequencing advent has al-
lowed to unravel new diagnosis and improved knowledge of the molecular mechanism’s underlying pathogenesis. Here we
present the case of an adult male, born from a consanguineous couple, with intellectual disability and complete atrio-ventric-
ular block. From family history it was noted an older sister also with heart rhythm disorder. It was performed an clinical exome
sequencing which revealed an homozygous variant on CLASP2 gene. CLASP2 gene is a key regulator of synaptic activity and
formation and also previously demonstrated to be associated with cardiac sodium channel function. This report intends to add
further evidence of case of CLASP2 gene has a potential candidate gene for syndromic intellectual disability associated with

heart rhythm disorder.
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Introduction

Neurodevelopmental disorders (NDDs) are a heterogene-
ous group with onset in the developmental period character-
ized by impaired brain development, affecting personal, social,
academic, or occupational functioning [1]. Not only NDDs are
clinically complex, they are also genetically heterogeneous. In-
creasing molecular diagnosis of NDDs are due to application of

Next-Generation Sequencing (NGS) techniques, namely clinical
exome sequencing (CES) with a diagnostic yield of 30-43%, com-
bined with chromosomal microarray of 15-20%. However up to
50% of patients remain without a definitive molecular diagnosis
[2,3]. Although a limited number of NDDs have a targeted treat-
ment, molecular diagnosis of NDDs can potentially improve
clinical management, establishing long-term prognosis as well
as provide the appropriated genetic counselling for the patient
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and family [4,5]. As part of NDDs, intellectual disability (ID), re-
sults of impaired intellectual and adaptive functioning, and a
diagnosis is established when deficits in two or more adaptive
behaviours in daily life are present [1]. Affects between 1-3%
of population, and both genetic and environmental factors can
add to ID [5,6]. More than 1500 genes have been identified to
be responsible for NDD, and an estimated 1000 to be] potential-
ly associated with NDD. Many of these genes are expressed in
early stages of fetal development of cerebellum and the cortex,
particularly genes involved in synapse, cell division and chromo-
some organization [7,8].

Case presentation

Here we report a 43-years-old male with symptomatic brady-
cardia and a complete atrio-ventricular block. From personal
history it states out a learning difficulties, in the spectrum of ID.
He is the second child of consanguineous couple - first degree
cousins. His older sister was reported to have similar phenotype
and was implanted with a cardiac pacemaker at 14-years-old.

Pregnancy and birth were uneventful. No medical concerns
were raised in the first years of life. At 12 years-old strabismus
was diagnosed and he needed conservative treatment with
glasses until 20 years-old. Learning difficulties with cognitive
impairment was noted in the first years of schooling. He did
not finish regular school, instead completed a professional pro-
gram. No formal ID evaluation was performed, but he is fairly
independent and maintain an working occupation as a farmer.

Symptomatic bradycardia was present in childhood, but
unfortunately only at the age of 42 years-old after further in-
vestigation a complete atrio-ventricular block with an escape
rhythm was identified. An echocardiographic showed left atrial
dilatation (volume index of 54 mL/m?) and mild left ventricular
dilatation (volume index of 84 mL/m?), with a normal left ven-
tricular ejection fraction of 64% (biplane method). Due to the
severe and symptomatic heart conduction disturbance, a dual
chamber pacemaker was implanted without any complications.

At clinic evaluation, besides a rather long face not other
specific facial dysmorphism were noted. A CES was request-
ed which identified an homozygous variant in CLASP2 gene
[NM_001207044.3]: c.1711+1G>A (r.(spl)). This variant is absent
of populational databases and in silico prediction analyses sug-
gest it can disrupt splice donor site. CES was performed through
Twist Human Core Exome, Human RefSeq Panel and Twist Mi-
tochondrial Panel were used as enrichment kits sequenced by
massive sequencing (NGS) in a NovaSeq 6000 (Illumina).

Discussion

Although CLASP2 gene has been associated with ID and
autism spectrum disorder, there yet is no definite correlation.
CLASPs (cytoplasmic linker associated proteins) are an ubiqui-
tous heterogeneous family of tracking proteins that stabilized
microtubule dynamics, supressing microtubule catastrophes
and localizing kinetochores during mitosis. Therefore, during
mitosis they are responsible for ensuring chromosome segrega-
tion. So far, the underlying mechanisms remains poorly known
[9-11].

Neurogenesis, neuron migration, and differentiation are fun-
damental processes for brain development. The Reelin signal-
ling pathway regulates neocortical development, by controlling
cytoskeleton during neuronal migration. It has been proposed
that clasp2 is a key cytoskeletal effector in the Reelin signal-

ling pathway. Consequently, regulating neuron production and
controlling neuron migration, polarity, and morphogenesis.
Downregulation of clasp2 affects neurons migration, mislocal-
ized cells in deeper cortical layers, abnormal positioning of the
centrosome-Golgi complex, and aberrant length/orientation
during neurite/axon outgrowth [12,13].

Given the importance the impairment of neuronal migra-
tion as an underlying mechanism in NDDs [14], CLASP2 gene
it is considerate as a strong candidate gene to NDDs/ID. A case
report from 2014, identified a deletion encompassing CLASP2
gene segregating in a family with syndromic ID, and propose a
potential pathogenic association of this gene with ID [15].

Clasp2 also modulates microtubule polymerization and sta-
bilization, interacting with other end tracking proteins such as
ebl (end-binding protein 1) in axons, as well as in cardiomy-
ocytes. Both proteins are enriched at the intercalated disc of
cardiomyocytes, thus contributing to regulate cardiac sodium
channel Na, 1.5 trafficking. Loss-of-function ebl-clasp2 com-
plex leads to reduced sodium current, conduction slowing, ar-
rhythmias, and sudden cardiac death [16].

In summary, previous published literature demonstrated
that CLASP2 gene controls microtubule network organization
in other cellular contexts suggesting a potential role in syndro-
mic NDDs. CLASP2 gene is an important regulator of axon and
dendrite outgrowth, influencing synaptic activity and formation
and it was also demonstrated to be associated with cardiac so-
dium channel function and leading heart rhythm disorder. This
case report add further evidence of the role of CLASP2 gene as
a likely candidate to syndromic ID associated with heart rhythm
disorder. Future studies are needed to deepen our understand-
ing of pathogenic role of CLASP2 disruption.
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