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A novel variant (p.A524P) in Spastin is responsible for a Chinese family
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Abstract

Background Hereditary spastic paraplegia (HSP) represents a group of monogenic neurodegenerative disorders charac-
terized by high clinical and genetic heterogeneity. HSP is characterized by slowly progressing hypertonia of both lower
extremities, spastic gait, and myasthenia. The most prevalent autosomal dominant form of HSP, known as spastic paraplegia
4 (SPG4), is attributed to variants in the spastin (SPAST) gene.

Methods and results Here, a Chinese family presenting with spasticity in both legs and a shuffling gait participated in our
investigation. Whole exome sequencing of the proband was utilized to identify the genetic lesion in the family. Through data
filtering, Sanger sequencing validation, and co-separation analysis, a novel variant (NM_014946.3: c.1669G > C:p.A557P)
of SPAST was identified as the genetic lesion of this family. Furthermore, bioinformatic analysis revealed that this variant
was deleterious and located in a highly evolutionarily conserved site.

Conclusion Our study confirmed the diagnosis of SPG4 in this family, contributing to genetic counseling for families
affected by SPG4. Additionally, our study broadened the spectrum of SPAST variants and highlighted the importance of
ATPases associated with various cellular activity domains of SPAST.
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Abbreviations Introduction

HSP Hereditary spastic paraplegia

AD Autosomal dominant Hereditary spastic paraplegia (HSP) represents a group of

SPG4 Spastic paraplegia 4 hereditary, degenerative, and neurological disorders primar-

SPAST  Spastin ily confined to lower limb weakness, involuntary spasms,

ACMG American College of Medical Genetics and and muscle stiffness [1, 2]. Approximately 10% of patients
Genomics have complicated HSP, which presents with peripheral neu-

AAA ATPases associated with a variety of cellular ropathy, epilepsy, ataxia, optic neuropathy, hearing loss,
activities and learning and developmental problems [1, 3]. The esti-

mated prevalence of HSP is likely to be 0.1-9.6 per 100,000
individuals reported globally [4]. Current opinions suggest
that genetic factors play crucial roles in both pure HSP and
complicated HSP. To date, more than 70 related pathogenic
Yu-Han Jin and Yang-Ziyu Xiang contributed equally to this work. genes of HSP have been identified with inheritance patterns
divided into three types: autosomal dominant, autosomal
recessive and X-linked recessive [1, 5]. In addition, HSP
presented with mitochondrial inheritance caused by MT-
ATP6 mutation has also been reported in some rare cases [6].
In autosomal dominant HSP, spastic paraplegia 4 (SPG4) is
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Gene Mutation Database, approximately 1,000 variants
including missense mutations, nonsense mutations, frame-
shift mutations, splice site mutations and complex rear-
rangements of SPAST have been detected in HSP patients.

The SPAST gene is located on 2p22.3 and encodes a mem-
ber of the ATPases associated with diverse cellular activ-
ity protein families. This family encompasses an ATPase
domain and assumes a crucial role in multiple cellular pro-
cesses, such as organelle biogenesis, membrane trafficking,
and intracellular motility, along with protein folding and
proteolysis [9, 10]. One isoform of the SPAST gene has been
demonstrated to be a microtubule-severing enzyme that
regulates the abundance, mobility, and plus-end distribu-
tion of microtubules in neurons, which is indispensable for
axonal growth and formation [11, 12]. Additionally, SPAST
can interact with another HSP pathogenic gene encoding
Reticulon-2 [13].

Here, we investigated a Chinese family with spasticity in
both legs with a shuffling gait. The objective of this study
was to investigate genetic abnormalities in the family via
whole exome sequencing and Sanger sequencing. Addi-
tionally, bioinformatic analysis was employed to assess the
pathogenicity of potential identified variants.

Materials and methods
Subjects

A total of 11 members of the family, with four affected indi-
viduals, were investigated in this study (Fig. 1A). Peripheral
blood samples were collected from four family members
including two affected individuals (II-5 and III-3). The
study was approved by the Ethics Committee of the Affili-
ated Hospital of Yangzhou University. Written informed
consent was obtained from all participants.

Variant detection

Genomic DNA was isolated from the peripheral blood lym-
phocytes of the participants via a blood DNA kit (D3392-
01, OMEGA) according to the manufacturer’s instructions.
Whole exome sequencing was employed to analyze the
genetic lesion of the proband (II-5). The key experimental
procedures, including targeted capture, massive parallel
sequencing, mapping, and variant detection, were performed
by BerryGenomics Biotech Company (Beijing, China) [14—
16]. The data filtering strategies are illustrated in Fig. 1B.
Variant validation and cosegregation analysis were con-
ducted via polymerase chain reaction with designed primers
(forward: 5’-ACTACTTTGGGAGGCTGTGG-3’, reverse:
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Fig. 1 The clinical data of the family. (A) The family pedigree figure.

Squares indicate male members; circles, female members; closed sym-
bols, the affected members; open symbols, unaffected members; arrow,

@ Springer

|

Confirmed the
diagnosis of HSP
(“6Y)

proband. (B) The data filtering strategy of whole exome in this study.
(C) The medical history of the proband



Molecular Biology Reports (2024) 51:951

Page3of 6 951

5’-TGGTTTTAAGGCTGGGCA-3’) and Sanger sequenc-
ing on an ABI 3100 Genetic Analyzer (ABI, USA).

Bioinformatic analysis

The structure of the SPAST protein was modeled using
Swiss-Model software, and local hydrophobicity was ana-
lyzed by ProtScale based on this structure. Conservation
analysis was carried out through comparison of amino acid
sequences across different species.

Results
Clinical description

The proband (II-5), which came from Jangsu Province,
China, was admitted to the Department of Neurology,
Affiliated Hospital of Yangzhou University Hospital due to
spasticity in both legs with a shuffling gait without obvious
cause for six years. The neurological examination revealed
that the patient presented with scissor gait and hypertonia in
both lower limbs, that knee reflexes and ankle reflexes were
hyperactive, and that Babinski’s sign was positive in both
lower limbs. The patient had no dysarthria, normal muscle
strength in both upper limbs, normal deep and superficial
sensation, no abnormalities in coordination tests, and nor-
mal bladder and bowel function. The patient had a Spastic
Paraplegia Rating Scale (SPRS) score of 22. The nerve elec-
trophysiological examination revealed that the amplitudes
of the motor potential of both tibial nerve and the peroneal
nerve were decreased in the patient. The results of routine
laboratory tests and cranial and spinal cord nuclear magnetic
resonance imaging did not reveal any abnormal findings. A
medical history investigation suggested that the patient had
an abnormal gait, but that gait did not affect walking or run-
ning at age 8. Running falls occurred around the age of 30.
Three years later, the patient experienced stiffness in both
lower limbs, and the symptoms were aggravated when the
weather was cold or emotional. Approximately five or six

Table 1 The mutation list after co-segregation analysis

years ago, the patient developed spasticity in both lower
limbs with a shuffling gait (Fig. 1C). A family history sur-
vey indicated that the proband’s mother (I-1) was unable to
walk around the age of 60 years and relied on a wheelchair.
An aunt (II-1) of the patient developed an abnormal gait at
approximately 45 years of age and began to walk with sup-
port tools in the past 3 years. The proband’s 22-year-old son
(II-3) has been running and falling.

Genetic analysis

After aligning and calling single nucleotide variants, a total
of 84,003 variants were detected in the proband. Following
the data filtering strategies (Fig. 1B), Sanger sequencing, and
coseparation analysis, only 7 variants remained (Table 1).
Among these 7 variants, the novel variant (NM_014946.3:
¢.1669G > C:p.AS557P) of SPAST is the most likely genetic
lesion for the family with pure HSP (Fig. 2A). Conserva-
tion analysis indicated that this novel variant, resulting in
the substitution of alanine with proline, was in an evolution-
arily conserved site (Fig. 2B). Structural analysis revealed
that the p.A524P variant disrupted chemical bonds such as
hydrogen bonds between amino acids at site 577 and neigh-
boring amino acids, thereby affecting the structure of the
SPAST protein (Fig. 2C). According to the American Col-
lege of Medical Genetics and Genomics (ACMG) guide-
lines [15], this novel variant is likely pathogenic because of
the following criteria: PM1+PM2 +PMS5 +PP1 +PP3.

Discussion

The spastin protein is composed of four domains: (1) a
hydrophobic domain; (2) a microtubule-interacting and traf-
ficking domain, which is essential for cytokinesis and endo-
somal tubule recycling; (3) a microtubule-binding domain,
which is responsible for binding spastin to microtubules;
and (4) ATPases associated with diverse cellular activities
(AAAs), which are responsible for spastin hexameriza-
tion and microtubule-severing activity [12, 17, 18]. In our

CHR POS RB AB Gene Variant SIFT Polyphen-2 Mutation OMIM
taster
1 214813669 A G CENPF NM 016343.4:¢c.1988 A>G:p.E663G D D D AR, Stromme syndrome
2 32370058 G C SPAST NM_014946.3:¢.1669G > C:p.A557P D D D AD, Spastic paraplegia 4
6 130497072 T C SAMD3 NM 001017373.4:c.736 A>G:p.K246E D D D -
10 75006850 C T DNAJCY9 NM 015190.5: ¢.98G>A:p.R33Q D D D -
11 62292065 T C AHNAK NM 001620.3:¢.9824 A>G:p.K3275R D D D -
21 39671950 A G KCNJ15 NM_170736.3:¢.767 A> G:p.H256R D D D -
X 123195624 T A STAG2 NM 001042749.2:¢.1538T>A:p.L513Q D D D XLD, Holoprosencephaly 13

Chr, Chromosome; POS, position; RB, reference sequence base; AB, alternative base identified; D, deleterious; AR, Autosomal dominant; AD,

Autosomal dominant; XLD, X-linked dominant
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Fig.2 The genetic data of the family. (A) Sanger sequencing of SPAST
confirmed the ¢.1669G > C:p.A557P novel variant. (B) Alignment of
multiple SPAST protein sequences across species. The affected A577
amino acid is located in a highly conserved region in different mam-

case, the p.AS57P variant of SPAST is located in the AAA
domain, potentially disrupting its role in microtubule sev-
ering activity. This disruption may lead to abnormal struc-
ture and function of the microtubules in neurons, affecting
neuron development and ultimately causing HSP disease by
impacting axonal transport.

It has been reported that the AAA domain shares homol-
ogy across diverse species and that alterations in the AAA
domain of SPAST are imperative causes of SPG4 [11,
19]. The AAA domain contains 10 exons from exon 7 to
exon 17, and most pathogenic variants of SPAST occur
in the AAA domain, indicating its functional importance
[20, 21]. Here, the p.AS57P variant was also located in
the AAA domain, which may further result in defects in
microtubule severing and ATPase activity, and ultimately
lead to SPG4 [17]. Simultaneously, we also found that the
p-AS57V and p.AS57G variants of SPAST, which presented
the same mutation site as our study, have been recorded in
the ClinVar database. The p.A557G variant was identified
in a patient with spastic paraparesis, but the condition of the
p-AS557V carrier was not described. Both the p.A557V and
p-A557G variants are likely pathogenic. Our study findings
align with records in the ClinVar database, which collec-
tively indicate that the AAA domain serves as a mutational
hotspot for SPAST.

@ Springer

mals (from Ensembl). The red words represent the p.A577 site. (C)
Structure prediction of the mutant protein. The wild-type (p.A577)
protein structure and the mutant SPAST (p.P577) protein structure are
predicted using SWISS-MODEL online software

Usually, variants in the SPAST gene may result in pure
HSP, however, an increasing number of patients with SPG4
have been found to exhibit nonmotor symptoms such as
pain, fatigue, and depression as the disease progresses [20,
22]. SPG4 demonstrates significant heterogeneity and can
present at any age, with the most common onset typically
occurring at approximately 10 years of age or between 30
and 50 years of age [1]. Concurrently, a growing number
of reports indicate that the age of onset of SPG4 is pro-
gressively advancing in successive generations in families,
which is called genetic anticipation [23]. In addition, some
studies have reported that patients with pure HSP may expe-
rience symptoms such as depression, pain, and restless legs
[22, 24]. The mental disorders including depression and
emotional issues may result from the fact that patients with
severe motor impairments find it difficult to engage in nor-
mal social activities. These mental disorders may manifest
as severe somatic symptoms and could exacerbate weakness
in the limbs, and some relief of symptoms can be achieved
in these patients using antidepressants [24]. In our study, the
proband (II-5) also presented emotional problems, which
can sometimes aggravate symptoms, and the patient’s son
(ITI-3) presented running falls much earlier than the proband
did. Our study suggested that mental disorder existed in HSP
patients and genetic anticipation also existed in our family.



Molecular Biology Reports (2024) 51:951

Page50f6 951

HSP typically presents with a protracted disease course
and slow progression. The patient in this study exhibited
this pattern, as the onset of his disease occurred approxi-
mately 30 years of age and gradually progressed [1, 23].
Owing to its slow progression, individuals often do not seek
medical attention at the outset of the disease, as was the case
with our patient who was not diagnosed until the age of 46.
The clinical manifestations of HSP are diverse, posing chal-
lenges for diagnosis. For example, some reports suggested
that the pure HSP patients can also exhibit abnormal elec-
tromyography findings [25, 26], which was consistent with
our patient. Consequently, genetic testing is essential. When
symptoms such as difficulty walking, unsteady gait, and
bilateral lower-extremity spasticity manifest, suspicion for
HSP should arise and gene sequencing should be pursued.
Therapeutic options for HSP are limited, increasing the
importance of gene therapy in its treatment [27]. The novel
variant we discovered expands the spectrum of pathogenic
variants associated with HSP, providing valuable informa-
tion for genetic diagnosis and offering a new strategy for
gene therapy.

Conclusion

In conclusion, we identified a novel variant (NM_014946.3:
c.1669G> C/p.A557P) of SPAST in a Chinese family
with pure hereditary spastic paraplegia (HSP) through
whole exome sequencing. According to the ACMG
guidelines, this variant is classified as likely pathogenic
(PM1+PM2+PM5+PP1+PP3). Our study not only
broadens the spectrum of SPAST variants and highlights the
significance of the AAA domain of SPAST but also con-
firms the diagnosis within the family, contributing to genetic
counseling for families affected by SPG4.
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