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Dear Editor,

A 45-year-old male presented with progressive gait impairment that had first appeared
several years previously. He did not complain of any additional symptoms, and denied suf-
fering from any previous medical illnesses. In the neurological examination he showed
spasticity, hyperreflexia, positive Babinski signs in the lower extremities, and bilateral ankle
clonus. He reported that his mother was the only family member to show a similar gait diffi-
culty, and our assessment of her revealed the same corticospinal tract signs in the lower
limbs. Because a positive family history, normal brain MRI, and normal spine MRI were ob-
served, and the findings of serological tests related to spastic paraparesis were all negative, we
could only tentatively diagnose hereditary spastic paraplegia (HSP). We therefore performed
a genetic study of the patient and his mother.

Molecular genetic studies revealed that both the patient and his mother had a heterozy-
gous ¢.1413+4A>G (IVS11+4A>G) variant in SPAST, and the Human Splicing Finder tool
(http://www.umd.be/HSF3/) predicted that this variant broke the natural donor splice site.
This mutation was found neither in the public version of The Human Gene Mutation Database
(http://www.hgmd.cfac.uk/ac/index.php) nor two population databases: gnomAD (http://gno-
mad.broadinstitute.org/) and Korean Reference Genome DB (KRGDB; http://152.99.75.168/
KRGDB/menuPages/firstInfo.jsp).

To investigate the effect of ¢.1413+4A>G on splicing, we performed a reverse-transcrip-
tion polymerase chain reaction (RT-PCR) using the following primer pair spanning exons
10 to 14 of SPAST: 5~ ACGTGGGAGAAGGAGAGAAAT-3' (forward) and 5-TTTGGGT-
CAATGGACTTCCT-3' (reverse). The RT-PCR revealed an aberrant splicing product, and
the skipping of SPAST exon 11 [r.1322_1413del92 (p.Asp441Glyfs*7)] was confirmed by di-
rect sequencing analysis (Fig. 1A and B). According to 2015 American College of Medical
Genetics and Genomics standards and guidelines for the interpretation of sequence variants,
¢.1413+4A>G was classified as likely pathogenic, since 1 strong (splicing defect confirmed
by RT-PCR) and 1 moderate evidence (absence from controls) were satisfied.'

HSP is a genetically heterogeneous disease and its mutations have been identified in more
than 70 loci (SPG1-72) and 50 genes.> Among them, mutations in the SPG4/SPAST gene
are the most common cause of HSP, accounting for 15-40% of all HSP cases. SPAST con-
tains 17 exons and encodes the enzyme spastin, which is a member of the ATPase associated
with various cellular activities (AAA) protein family.® Various mutations have been found
in all locations in SPAST (nonsense, splicing, and small indels) or mainly clustered in the AAA
domain (missense indels). These mutations could impair spastin function through either a
loss-of-function or a dominant-negative effect, and may lead to a disturbance in the formation
of the microtubule cytoskeleton. This is a plausible pathomechanism of HSP** An obvious
genotype-phenotype correlation has not been elucidated previously. Considerable pheno-
typic variability (age at onset, rate of progression, and degree of disability) has been observed
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Fig. 1. Findings of RNA investigations in our patient. A: A RT-PCR showed an aberrant splicing product smaller than the control (~259 vs. 351 bp),
suggesting the skipping of exon 11 (92 bp). B: Direct sequencing of the RT-PCR product confirmed that the patient had a mutant transcript without
exon 11 (exon-11 skipping; bottom) along with the wild-type sequence (top). C: Schematic diagram of the structure of spastin. The horizontal black line
indicates the AAA domain-encoding region of the gene, and the arrow indicates the position of the current mutation. The exon that is skipped as a re-
sult of splice-site mutations is shaded. AAA: ATPase associated with various cellular activities, bp: base pair, C: control, M: marker, P: patient, RT-PCR:
reverse-transcription polymerase chain reaction, UTR: untranslated region.
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