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Abstract

Hereditary spastic paraplegias (HSPs) are rare neurological disorders caused by degeneration
of the corticospinal tract. Among the 79 causative genes involved in HSPs, variants in SPAST
on chromosome 2p22, which encodes the microtubule-severing protein spastin, are respon-
sible for spastic paraplegia type 4 (SPG4), the most common form of HSPs. SPG4 is character-
ized by a clinically pure phenotype that is associated with restricted involvement of the cor-
ticospinal tract; however, it is often accompanied by additional neurological symptoms such
as epilepsy and cognitive impairment. There are few reports regarding the clinical course and
treatment of epilepsy associated with SPG4. We describe a 21-year-old male patient with pro-
gressive weakness and spasticity of the lower limbs since infancy, which was complicated by
epilepsy and cognitive impairment. Magnetic resonance imaging of the brain showed right
hippocampal atrophy before the onset of epilepsy. Genetic analysis revealed a novel missense
variant (NM_014946.4:c.1330G>C, p.Asp444His) in the SPAST gene. At the age of 13, the patient
developed focal epilepsy, characterized by focal onset seizures that were preceded by a sen-
sation of chest tightness. Carbamazepine, levetiracetam, and zonisamide were ineffective
in controlling the seizures; however, the use of lacosamide in combination with lamotrigine
and valproate was highly effective in improving the seizure symptoms and led to the patient
being seizure free for at least 2 years. In conclusion, the missense variant in SPAST may cause
a complex SPG4 phenotype accompanied by epilepsy and cognitive impairment, suggesting
that the clinical manifestations of this condition do not confine to the motor system.
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Introduction

Hereditary spastic paraplegias (HSPs) are a heterogeneous group of neurodegenerative
disorders with a common clinical feature of progressive weakness and spasticity of the lower
limbs [1]. HSPs are classified as pure when spastic paraplegia is the only symptom, or as
complex when the symptoms are associated with other clinical features such as involvement
of the upper limbs, cognitive impairment, and behavioral changes [2]. The genetic classifi-
cation of HSPs is based on sequential numbering of specific genes in the order that they were
identified, with up to 79 causative genes described to date [3].

Spastic paraplegia type 4 (SPG4) (MIM#182601) is caused by mutations in the SPAST
gene; this gene encodes the microtubule-severing protein spastin, a member of the adenosine
triphosphatase (ATPase) associated with the diverse cellular activity (AAA) family and a
protein that plays an important role in microtubule dynamics [4, 5]. SPG4 is the most common
form of autosomal dominantly inherited pure HSPs [3], but the phenotype varies extensively
among patients. Recent studies have reported an association between SPG4 and epilepsy [6-10],
but detailed clinical course of SPG4-related epilepsy has not been described.

We herein report a male patient with a clinically complex phenotype of SPG4 caused by
anovel variant in the SPAST gene. The patient’s seizures were resistant to several anticonvul-
sants but were effectively controlled with lacosamide (LCM) in combination with lamotrigine
(LTG) and valproate (VPA).

Case Report

The male patient, now aged 21 years, was the second child of healthy nonconsanguineous
Japanese parents. The patient’s sister was unaffected. The patient was born at 40 weeks
of gestation with a weight of 3,978 g after an uneventful pregnancy. The patient’s motor devel-
opment was slightly delayed; he began to walk independently at 2 years of age. His gait became
increasingly slow and spastic over time. A doctor noticed the gait instability, and the patient
was referred to our hospital at 3 years of age for further examination.

Upon neurological examination, the patient had spastic gait and symmetrical proximal lower
limb weakness. A deformity of the foot such as pes cavus was not observed. Increased deep
tendon reflexes in the lower limbs and the Babinski reflex were present bilaterally. Sensory
disturbances, such as impaired pain sensations, were detected predominantly in the lower limbs.
The upper limb sensory motor functions were not affected, and no cerebellar signs were observed.
The patient had no urinary problems. The patient presented with a speech development delay,
and a mild cognitive impairment became evident. The Japanese version of the Wechsler Intel-
ligence Scale for Children (WISC-III and -1V) disclosed a total intelligence quotient (I1Q) of 75,
with a verbal IQ of 67 and a performance 1Q of 89, at 7 years of age and a full-scale IQ of 69 at
11 years of age. No abnormalities in his blood and cerebrospinal fluid tests were found. Magnetic
resonance imaging (MRI) of the brain showed right hippocampal atrophy at 5 years of age
(Fig. 1a, c). The patient’s spastic paraplegia progressed slowly, and he had been wheelchair
dependent since 7 years of age. The clinical features of the patient are summarized in Table 1.

At the age of 13, the patient first developed epileptic seizures that were focal to bilateral
tonic-clonic seizures and that were preceded by a sensation of chest tightness (Fig. 2). The
interictal electroencephalography results indicated spike and wave bursts over the right
frontal area. The seizures temporarily disappeared following treatment with carbamazepine
(CBZ). One year later, the seizures recurred with a monthly frequency. The patient’s seizures
were refractory to CBZ, levetiracetam, and zonisamide. Focal motor seizures with impaired
awareness also occurred, along with tonic-clonic seizures, and the frequency of the seizures
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Fig. 1. Brain magnetic resonance imaging scans of the patient with SPG4. Images were obtained when the
patient was 5 (a, ¢) and 16 (b, d) years old, respectively. Axial T2-weighted (a, b) and coronal T2-FLAIR (c, d)
images show right hippocampal atrophy (arrows). Note that the right hippocampal atrophy was already observed
before the onset of epilepsy.

became weekly to daily at the age of 15. LTG and VPA were partially effective. A marked
reduction in seizure frequency was achieved by additional treatment of LCM. When the dose
of LCM was eventually increased in combination with LTG and VPA, the seizures were
controlled; thereafter, no further seizures occurred for >2 years.

Genetic Analysis

The genomic DNA of the patient and his parents was extracted from peripheral blood
after obtaining written informed consent. Direct sequencing of the entire coding lesion of the
SPAST gene was carried out. A heterozygous missense variant, NM_014946.4:¢c.1330G>C,
(p.Asp444His), in SPAST was identified in the patient (Fig. 3a). Parental testing confirmed
that the variant was de novo. This variant was not registered in the Genome Aggregation
Database (http://gnomad.broadinstitute.org) and the Human Genome Mutation Database
(http://www.hgmd.cf.ac.uk/). It was indicated as pathogenic based on the following in silico
tools: Mutation Taster (http://www.mutationtaster.org): 81 (disease causing), SIFT (https://
sift.bii.a-staredu.sg/): 0.0 (damaging), Polyphen-2 (http://genetics.bwh.harvard.edu/pph2/):
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Table 1. Clinical characteristics of the patient

Characteristics
Sex Male
Ethnicity Japanese
Age at onset of motor symptoms 2 years old
Age at examination 21 years old
Family history No
Clinical features
Disability stages Wheelchair
bound
Upper limbs
Weakness No
Spasticity No
Hyperreflexia No
Lower limbs
Weakness Yes
Spasticity Yes
Hyperreflexia Yes
Babinski sign Yes
Cerebellar ataxia and No

dysarthria
Sensory impairment

Superficial sensory

Yes, only in the

abnormalities lower limbs
Deep sensory abnormalities No

Bladder disturbances No

Cognitive impairment Yes

Epilepsy Yes

Pes cavus No

Brain MRI Hippocampal

atrophy

1.0 (probably damaging), and Provean (http://provean.jcvi.org/genome_submit_2.php): -=7.0
(deleterious). In addition, the amino acid substitution occurred in the AAA cassette of spastin
(Fig. 3b), which s crucial for its microtubule-severing activity [4], and is highly conserved among
different species (Fig. 3¢c). Based on the American College of Medical Genetics and Genomics
standards and guidelines, this variant was classified as pathogenicaccording to the following
evidence of pathogenicity: strong: PS2, moderate: PM1 and PM2, and supporting: PP2 and PP3.

Discussion
We described the clinical course of an SPG4 patient who harbored a novel missense variant
of SPAST. The patient’s motor symptoms manifested in infancy, which slowly progressed, and

eventually the patient became wheelchair dependent at 7 years of age. The patient had a mild
cognitive impairment and developed focal epilepsy at 13 years of age. The patient’s seizures
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Fig. 2. Clinical course and treatment of epilepsy in the patient with SPG4. CBZ, carbamazepine; LEV, levetiracetam;
ZNS, zonisamide; LTG, lamotrigine; VPA, valproate; LCM, lacosamide.
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Fig. 3. De novo SPAST gene variant in the patient with SPG4. a Sequencing analysis revealed the heterozygous
missense variant (NM_014946.4:c.1330G>C, p.Asp444His) in exon 11 of the SPAST gene in the patient. The
arrowhead indicates the position of the c.1330 nucleotide. The patient’s parents did not harbor this variant.
b Scheme of the structural domains of spastin and the identified variant in the patient. The variant occurred in
the ATPases associated with a variety of cellular activities (AAA) domain of spastin, which is crucial for micro-
tubule-severing activity. TM, transmembrane domain; MIT, microtubule interacting and trafficking domain;
MIBD, microtubule-binding domain. € Amino acid residue at position 444 is highly conserved across species.

were intractable to several anticonvulsants but were successfully treated with a combination
of LCM, LTG, and VPA.

Mutations in SPAST have been increasingly associated with reports of epilepsy [6-10].
A comparison of the current and previously reported patients with epilepsy associated with SPG4
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revealed that the clinical features such as the age of seizure onset, seizure types, and a response to
anticonvulsants varied among patients, with the exception of the common association of epilepsy
and cognitive impairment (Table 2). Furthermore, intrafamilial phenotypic variations have been
reported in a large Italian family in which all the affected members share the same mutation in
SPAST, suggesting that the clinical variability cannot be explained by the variant type [11]. Mutant
spastin proteins promote deficits in microtubule processing and axonal transport, leading to
axonal degeneration in the corticospinal tracts [12]. Spastin expression is widely distributed in
functionally different brain regions but not confined to the motor system, which may provide
a possible neuroanatomical basis for the co-occurrence of different neurological disorders such as
epilepsy and cognitive impairment after spastin mutations occur [13]. An autopsy study of spas-
tin-related SPG4 cases also demonstrated evidence of tau pathology in the brain outside the motor
system, suggesting that the neuropathologic changes are not confined to the motor system [14].
Spastin deletion in mice caused the morphological and physiological changes in hippocampal
neurons, which included reduced spine and synapse density and altered synaptic connectivity
[15]. Our patient showed hippocampal atrophy before the onset of epilepsy. However, the rela-
tionship between SPG4 and hippocampal sclerosis remains to be elucidated.

There are few reports regarding epilepsy treatment associated with SPG4. Seizures in our
patient temporarily disappeared following treatment with CBZ, but recurred 1 year later. The
use of LCM in combination with VPA and LTG was highly effective in improving the patient’s
seizure symptoms and led to the patient being seizure free for 2 years. The anticonvulsants
CBZ, LTG, and LCM are all target voltage-dependent sodium channels; LCM’s mechanism
of action is different from that of other sodium channel blockers. CBZ and LTG are thought to
exert their anticonvulsant activity by causing an activity- or use-dependent block of voltage-
dependentsodium channels [16]. The putative binding site for these drugs on sodium channels
is exposed only upon channel opening; thus, the blocking effects are more pronounced when
the cell membrane is repetitively depolarized at high frequencies [17]. LCM preferentially
affects sodium channel slow inactivation processes and exhibits maintained efficacy in chronic
epilepsy, in contrast to the use-dependent sodium channel blockers [18]. We speculate that
the seizure control in our patient may be attributed to LCM not exerting its anticonvulsant
effects via a use-dependent block but rather acts via slow inactivation. A possible synergistic
effect of combining classical use-dependent sodium channel blockers with drugs targeting
slow inactivation, such as LCM, remains to be elucidated. Since this is a case report, more cases
are needed to determine whether the efficacy of LCM is specific to SPG4-related epilepsy.

In conclusion, the findings in this report support the concept that the clinical manifesta-
tions of SPG4 do not confine to the motor system. The amino acid substitution (p.Asp444His)
which occurred in the AAA cassette of spastin may cause a complex SPG4 phenotype accom-
panied by epilepsy and cognitive impairment.
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