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Abstract

Background and Objectives

Noncentrosomal microtubules are essential cytoskeletal filaments that are important for neurite
formation, axonal transport, and neuronal migration. They require stabilization by microtubule
minus-end—targeting proteins including the CLASP family of molecules. To date, no human
monogenic disorder has been associated with the CLASPI gene. In this study, we aimed to
delineate the clinical and neuroradiologic phenotype associated with biallelic CLASP1 variants.

Methods
We analyzed clinical characteristics, MRI data, and genotypes of a cohort of 3 patients with
homozygous variants in CLASPI.

Results

Homozygous CLASPI variant is associated with primary microcephaly, severe neurodevelopmental
delay, and early-onset refractory epilepsy. The neuroradiologic phenotype comprises a highly
recognizable combination of classic lissencephaly, with the posterior gradient more severe than the
anterior gradient, a thin/hypoplastic splenium of the corpus callosum, mild enlargement of the
lateral ventricles primarily posteriorly with a squared pattern, and pontine hypoplasia.

Discussion

This study underscores the role of CLASP1 in brain development and suggests that the
identified variant disrupts CLASP1 interaction with the microtubule cytoskeleton, contributing
to lissencephaly pathogenesis.

Background

Lissencephaly is a severe brain developmental disorder characterized by reduced brain folding
due to underlying cortical layering defects. These aberrations arise during embryonic de-
velopment owing to defective neuronal migration. Progress in molecular genetics has aided
the identification of at least 31 lissencephaly-associated genes, with an overall diagnostic yield
of over 80%." Many of these genes encode microtubule structural proteins (tubulin) or
microtubule-associated proteins, which play major roles in regulating cytoskeleton dynamics
during neuronal migration.> Cytoplasmic linker-associated protein 1 (CLASP1) belongs to a
group of proteins known as CLASPs, which are nonmotor microtubule-associated proteins
that interact with Cap-Gly domain-containing linker proteins (CLIPs), members of the
microtubule plus-end tracking protein family.> Considerable evidence now implicates
CLASP1 in growth cone orientation, axon guidance, and the regulation of neuronal migration
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Glossary

CLASP1 = cytoplasmic linker-associated protein 1; WES = whole-exome sequencing.

in mice.* Nevertheless, no human monogenic disorder has
been associated with the CLASPI gene. In this study, we
propose a possible phenotypic association between biallelic
CLASP1 variants and lissencephaly in humans.

Methods

Whole-exome sequencing (WES) analysis was performed in 3
siblings diagnosed with lissencephaly, along with their parents.
We performed this analysis with informed consent from the
family, focusing on genes already associated with the clinical
manifestations of the patients, including but not limited to
lissencephaly and other protein-coding genes not yet associated
with a phenotype. The genomic DNAs were fragmented, and
the exons of known genes in the human genome and the
corresponding exon-intron boundaries were enriched, ampli-
fied, and sequenced simultaneously using Illumina technology
(San Diego, CA). The targeted regions were sequenced to
obtain at least 20x coverage depth for approximately 99% of the
regions of interest. We performed short-read whole-genome
sequencing and segregation analyses in this family to rule out
other possible genetic etiologies.

Standard Protocol Approvals, Registrations,
and Patient Consents

Written informed consent was obtained from the guardian of
the participants. This study was approved by Research Ethics
Committee at Prince Sultan Military Medical City/Riyadh
(IRB: 943/2023).

Data Availability
The data supporting the findings of this study are available
within the article.

Results

We evaluated 3 affected siblings from a large consanguineous
Saudi family (Figure 1). The Table 1 summarizes the main
clinical and MRI features. WES revealed a novel homozygous
variant, c.4442G>A p.(Arg1481His), in the CLASP1 gene for all
3 affected siblings (IV-1, IV-2, IV-4) and heterozygous in their
healthy, consanguineous parents (III-1, III-2). Sanger se-
quencing revealed that the unaffected male sibling (IV-3) is a
heterozygous carrier of the variant. The variant is absent in
controls in the Genome Aggregation Database (gnomAD
v2.1.1) (PM2). Three affected siblings (1111, 1112, I114) exhibited
the variant in a homozygous state, whereas the unaffected sib-
ling (I113) and parents (I11 and I12) were heterozygous carriers,
suggesting a possible autosomal recessive inheritance. In ac-
cordance, with the disease-specific ACMG/AMP guidelines for
autosomal recessive segregation evidence,® the criteria were
adjusted (PP1_Moderate). A computational analysis of the
CLASP1 variant indicated that the 3 predictive tools (PolyPhen-
2, Sorts Intolerant From Tolerant, and MutationTaster) used to
assess the potential pathogenicity of the variant exhibited a
damaging/pathogenic effect (PP3). In light of the aforemen-
tioned criteria, the CLASP1 change can be classified as a variant
of uncertain significance. It is worth noting that the CLASP1
variant was the only novel homozygous coding/splicing variant
shared by all 3 affected siblings identified through WES and
WGS, with no variants in other lissencephaly-related genes
detected in any of the sequencing analyses.

At birth, all had low weight and microcephaly, with head
circumference ranging from 27 to 32 cm (<third percentile).
The patients presented with clinical features of microcephaly
(ranging from -3SD to —4SD), early-onset spasticity,
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Table Clinical and Genetic Characteristic of CLASP7-Associated Neurophenotypes

Patient/Sex Patient IV1 Patient IV2 Patient IV3
Neonatal parameters

Birth weight (kg) 2 1.6 23

Height (cm) 45 44 46

Head circumference (cm) 30 27 32
Age at the last assessment 17y 5y 11 mo
Microcephaly -4SD -4SD -3SD
Spasticity + + +
Developmental delay Profound Profound Profound
Epilepsy

Age at onset (mo) 4 4 6

Seizure type GTC GTC Tonic

EEG Multifocal epileptiform discharges Multifocal epileptiform discharges Multifocal epileptiform discharges
Response to ASM Refractory, on 3 ASM Refractory, on 3 ASM Fairly controlled, on 1ASM
Brain MRI e Lissencephaly with a posterior-more- e Lissencephaly with a posterior-more- e Lissencephaly with a posterior-more-

severe-than-anterior gradient
¢ Reduced white matter volume
e Splenium of corpus callosum
hypoplastic
 Pontine hypoplasia

severe-than-anterior gradient
¢ Reduced white matter volume
o Splenium of corpus callosum
hypoplastic
* Pontine hypoplasia

severe-than-anterior gradient
¢ Reduced white matter volume
o Splenium of corpus callosum
hypoplastic
* Pontine hypoplasia

CLASP1 variant C.4442G>A C.4442G>A C.4442G>A
Zygosity Homozygous Homozygous Homozygous
Protein Arg1481His Arg1481His Arg1481His

Abbreviations: ASM = antiseizure medication; GTC = generalized tonic-clonic seizures; IUGR = intrauterine growth retardation.

intractable epilepsy, and profound developmental delay. All
3 patients had epilepsy, with seizures starting as early as 4
months of age. Two patients had generalized tonic-clonic
seizures while the other patient had tonic seizure. Two pa-
tients had medically intractable epilepsy, and the condition
of one patient was fairly controlled (but he was relatively
younger than the others and with limited follow-up). Neu-
roimaging revealed multiple brain abnormalities (Figure 2).
MRI in all 3 patients showed lissencephaly, reduced white
matter volume, hypoplastic corpus callosum, and a pontine

hypoplasia.

Discussion

We describe 3 affected siblings from a large consanguineous
family with a novel homozygous variant in the CLASP1
gene. All affected individuals presented early in life with
severe to profound developmental delays, primary micro-
cephaly, seizures refractory to antiepileptic treatment, and
lissencephaly. Lissencephaly represents a spectrum of mal-
formations in cortical development, including agyria,
pachygyria, and subcortical band heterotopia.! CLASP1
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belongs to a group of proteins known as CLASPs. These
proteins are highly expressed in the CNS and are nonmotor
microtubule-associated proteins that interact with CLIPs, a
member of the microtubule plus-end tracking protein family
that promotes the stabilization of dynamic microtubules in
migrating cells.>® Loss of the CLASP1 C-terminus weakness
MT plus-end binding. The clinical and neuroradiologic ab-
normalities observed in CLASP1, such as lissencephaly with
a posterior-more-severe-than-anterior ~ gradient, thin/
hypoplastic corpus callosum, and pontine hypoplasia, are
analogous to the findings seen in CAMSAPI-related neuro-
nal migration disorder, a phenotype consistent with a severe
tubulinopathy.” The close alignment of neuroradiologic
features between the CAMSAP]I-related neuronal migration
disorder and CLASPI-related lissencephaly suggests a
shared pathomolecular mechanism that underlies these
diseases. This observation underscores the significance of
the minus end of the microtubule in neuronal migration
disorders.

In conclusion, we propose that the biallelic p.(Arg1481His)
variant disrupts the interaction of CLASP1 with the micro-
tubule cytoskeleton, as a candidate gene for lissencephaly.
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Figure 2 Neuroimaging in 3 Individuals With the CLASP1-Related Lissencephaly

Row 1 (A-D)is patient IV:1 aged 4 years.
T2-weighted axial images (A-C) show
posterior-more-severe-than-anterior
gradient with areas exhibiting nearly
absent gyration or agyria with ex-
tremely shallow frontal sulci (white ar-
row) and a slightly wide and shallow
Sylvian fissure. Reduced white matter
volume, particularly poorly developed
posteriorly, and mild enlargement of
the lateral ventricles, mainly posteri-
orly with a squared pattern. T1-
weighted midline sagittal image (D)
shows a thin/hypoplastic splenium of
the corpus callosum and pontine hy-
poplasia. Row 2 (E-H) is patient IV:2
aged 2 months, and row 3 (I-L) is pa-
tient IV:4 aged 9 months. T2-weighted
images (E-G and I-K) show diffuse thick
cortex with reduced gyration/pachy-
gyria, slightly more severe posteriorly,
along with almost age-appropriate
myelination of the reduced white mat-
ter. In figures F-G, there is thin T2-hy-
perintense band within the thick cortex
(black arrow) representing a sparse cell
layer zone between the thick arrested
neuronal layer and the thin superficial
molecular layer. Mild enlargement of
the lateral ventricles, mainly posteri-
orly with a squared pattern. T1-
weighted midline sagittal images (H, L)
show the diffuse hypoplastic corpus
callosum and pons.
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