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Abstract

The CACNAIA gene encodes a calcium-dependent voltage channel, localized in neuronal cells.
Pathogenic variants in this gene are known to lead to a broad clinical spectrum including episodic
ataxia type 2, spinocerebellar ataxia type 6, familial hemiplegic migraine, and more recently epileptic
encephalopathy. We report a large family revealing a wide variability of neurological manifestations
associated with a CACNA1A missense pathogenic variant. The index case had early-onset epileptic
encephalopathy with progressive cerebellar atrophy, although his mother and his great-grandmother
suffered from paroxystic episodic ataxia. His grandfather and great grand-aunt reported no
symptoms, but two of her sons displayed early-onset ataxia with intellectual disability. Two of her
little daughters suffered from gait disorders, and also from epilepsy for one of them. All these
relatives were carriers of the previously described heterozygous variant in CACNA1A gene. We
report here the first family leading to major clinical variability and incomplete penetrance. Our family
highlights the difficulties to provide accurate genetic counselling concerning prenatal diagnosis

regarding highly variable severity of the clinical presentation.
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Introduction

The CACNA1A gene (MIM*601011) is located at 19p13.13 and encodes the voltage-dependent P/Q-
type calcium channel subunit alpha-1A [Baloh et al. 1997]. Voltage dependent calcium channels
mediate the entry of calcium ions into excitable cells, and are involved in multiple calcium dependent
processes, such as muscle contraction, hormone and neurotransmitter release or gene expression.
Heterozygous pathogenic variants in CACNAIA may lead to several different phenotypes, including
episodic ataxia type 2 (EA2, MIM#108500) [Ophoff et al. 1996], familial hemiplegic migraine (FHM1,
MIM#141500) [Ophoff et al. 1996] and spinocerebellar ataxia type 6 (SCA6, MIM#183086)
[Zhuchenko et al. 1997]. Overlapping clinical features to the allelic disorders FHM1 and EA2 have
been described [Ducros et al. 1999], and patients with SCA6 may occasionally display characteristic
features of EA2 [Barros et al. 2013]. The recent description of epileptic encephalopathy and cognitive
impairment in patients has enlarged the clinical spectrum of CACNA1A-related disorders [Damaj et al.

2015] [Hayashida et al. 2018].

Herein, we describe a large family in whom segregated a heterozygous missense pathogenic variant
in CACNA1A. Clinical presentation was highly variable from one relative to another, with a phenotype

ranging from no feature to severe epileptic encephalopathy with cerebellar atrophy.

Index patient

Patient IV.1. (Fig. 1) is the first child of non-consanguineous french parents. Pregnancy and delivery
were uneventful. He was born at term, weighed 3520g, measured 51cm and his head circumference
was 37cm. Apgar score was assessed at 10 out of 10 at 1 and 5 minutes after birth. He early
experienced feeding difficulties with severe axial hypotonia and important developmental delay.
Head control was acquired at age one year, he was able to sit alone at 19 months, to stand up at 20
months, and walk without support at 3.5 years, but still presented ataxic gait, hypotonia and

important drooling. He started babbling at 10 months and pronounced his first words at 18 months.



A first brain MRI was normal at 16 months. Diffused slow waves with no epileptic spikes were
observed on electroencephalogram at 16 months. Parents reported first occurrence of generalized
seizures at 3.5 years, described as convulsions of the four limbs associated with a transitory loss of
consciousness, lasting for five minutes, and then yielding to an important weakness. An intercritical
electroencephalogram was performed and was normal. At age of 4.5 years, EEG found diffused slow
waves when awake and few rolandic epileptic spokes during sleep. Introduction of oxcarbazepine led
to a drastic diminution of the seizures, still presenting myoclonia and absence seizures in the
morning. Brain MRI was controlled and found a progressive cerebellar atrophy, predominant on the

vermis (Fig.2).

At age 5.5 years, the patient had severe truncal hypotonia, 4 limbs hypertonia and absence of any
speech. There were neither evident pyramidal or extrapyramidal signs, nor nystagmus. Facial nerves
examination was normal. No facial dysmorphic criteria were found.

Ophthalmological examination was normal, and audiogram showed a moderate conductive deafness.
Metabolic investigations were normal (amino acids and organic acids chromatography , in the blood,
urines and cerebrospinal fluid (CSF), sialotransferrin electrophoresis, CDG syndrome, vitamin E, seric
copper). Routine CSF analysis was also normal. First-line genetic analyses including DMPK, FMR1, and

CGH-array were normal.

Family relatives

Patient I1l.2, aged 35, experienced daily episodic gait ataxia with dysarthria and vertigo since age 10
years. These episodes mostly occur in the morning, after physical exercise and resolved
spontaneously in a few hours. Acetazolamide medication (250mg per day) introduced at age 34
considerably improved the frequency of these episodes (about once a week). She doesn’t experience
interictal signs, such as nystagmus or gait ataxia. Physical examination between gait ataxia episodes

was normal. Brain-MRI, performed at age 35, did not show cerebellar atrophy.



Patient 1.2, aged 76, reported occasional isolated ataxic gait since age 30. These episodes occurred
rarely, about once a week, and could lead to falls. She didn’t feel embarrassed by these balanced

disorders.

Patients 11.3 and 1.4 suffered from stable early-onset cerebellar ataxia, dysarthria and nystagmus
since their childhood. They presented epileptic seizures during their childhood that yielded
spontaneously. Brain-MRI revealed cerebellar atrophy. Both had mild intellectual disability, they
pronounced their first words at 3 years and walked independently at 5 years. They had educative
support in a specialized institute. At the age of 30 and 33, respectively, they still lived with their

parents, and worked in adapted structures.

Patient IIl.3, aged 24, presented permanent gait disorders since age 3,5. She has been treated with
acetazolamide since age 20, without any clear improvement over time. Patient Ill.4, aged 22,
presented gait disorders associated with partial epilepsy since childhood. Topiramate medication led
to an arrest of the seizures and acetazolamide medication reduced the intensity of gait disorders.

Brain MRI also found a cerebellar atrophy in patients Ill.3 and 111.4.

Patients 1.3, 1.2 and II.5 show total absence feature at age 70, 40 and 54 respectively. They were

carefully examined by an expert neurologist.

Molecular and genetic analysis

Direct sequencing of CACNAIA gene in the index case led to identify a heterozygous missense
pathogenic variantNM_023035.2: ¢.835C>T, p.(Arg279Cys) in exon 6 (ClinVar, SCV000778839.1). This
variant segregated in all the affected relatives as well as in three asymptomatic relatives (subjects .3,
II.2 and I.5). The percentage of penetrance in this family is 70% (n=7/10). All of the in silico
prediction programs predicted this variant to be deleterious, supported by the high CADD score of 32
[Kircher et al. 2014]. This variant has already been reported in familial episodic ataxia type 2

[Maksemous et al. 2016], and is absent from GnomAD and ExAc database.



Discussion

Originally, pathogenic variants in CACNA1A gene have been associated with variable presentations of
cerebellar ataxia and hemiplegic migraine [Ophoff et al. 1996]. The phenotype of epileptic
encephalopathy has been associated only recently with pathogenic variants in this gene [Damaj et al.
2015] [Hayashida et al. 2018]. Four families with affected relatives who may suffer from either
epileptic encephalopathy, episodic ataxia type 2 or other neurocognitive manifestations caused by
truncating CACNAIA variants have been first reported [Damaj et al. 2015]. More recently, five
sporadic patients with epileptic encephalopathy caused by a de novo heterozygous missense variant
were described [Epi4K Consortium 2016]. In addition, a severe phenotype of epileptic
encephalopathy with progressive cerebral, cerebellar and optic nerves atrophy was also associated

to biallelic variants of CACNA1A in two sibs [Reinson et al. 2016].

We report a wide variability of features among relatives carrynig a CACNA1A missense pathogenic
variant. The carriers of the variant may alternatively display severe epileptic encephalopathy or
episodic ataxia or cerebellar ataxia with intellectual deficiency. Interestingly, three relative carriers of
the pathogenic variant showed total absence of features, clearly indicating incomplete penetrance.
Such incomplete penetrance has been previously suggested in two families [Epi4K Consortium 2016].
Indeed, a CACNA1A pathogenic variant inherited from an asymptomatic mother was already
reported, but it was a maternal mosaicism. Damaj et al. also reported a family with an apparent
incomplete penetrance, encompassing EA2 and epilepsy, but clinical examination was not performed
among the patients that didn’t present symptoms [Damaj et al. 2015]. Our data suggest that the lack

of penetrance associated with CACNA1A-related disorders has probably been underestimated.

Functional studies have been done in mouse thalamic relay neurons to explore the effect of different
pathogenic variants in CACNA1A gene. They found that pathogenic variants in high-voltage-activated

Ca2+ channels subunits stimulate low-voltage-activated Ca2+ channels [Zhang et al. 2002]. But these



channels are not as efficient as high voltage Ca2+ channels. It leads at a cellular level to synaptic
dysfunction and clinically to pathological manifestations. High voltage calcium channels are
expressed, among other organs, in the cerebellum, thalamus, cortex and hippocampus. The different
localizations of this channel may explain the variability of the penetrance and neurological symptoms

presented in patients with CACNA1A pathogenic variants.

The issue of prenatal diagnosis is sensitive regarding the broad clinical spectrum and the potential
incomplete penetrance. Some carriers of the CACNAIA pathogenic variant report no symptoms,
other present episodic ataxia and others have major developmental delay due to epileptic
encephalopathy. Modifier genes or factors that could influence the pathogenicity of CACNA1A
pathogenic variants are yet unknown. Genetic counseling in these families is therefore extremely

challenging.
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Figures legends
Fig 1. Pedigree. The family comprised of ten carriers of the CACNA1A pathogenic variants, with three
asymptomatic carriers, from four generations.

Fig 2. T1 Sagittal cross sectional brain MRI of index patient IV.1, with hypoplasia of the vermis
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Fig 1. Pedigree. The family comprized of ten carriers of the CACNA1A pathogenic variants, with three

asymptomatic carriers, from four generations.

Fig 2. T1 Sagittal cross sectional brain MRI of index patient V.1, with hypoplasia of the vermis





