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Identification of a large homozygous SPG21 deletionin a
Chinese patient with Mast syndrome

Dear Editors,

Mast syndrome (OMIM #248900) is an extremely rare autosomal
recessive disease characterized by progressive hereditary spas-
tic paraplegia (HSP), dementia, and other central nervous system
symptoms. This disease was firstly described and occurred with high
frequency in the Old Order Amish owing to an ancestral founder
mutation in SPG21 gene.! SPG21 (also known as ACP33) was identi-
fied as the causative gene of Mast syndrome in 2003.! As the sole
causative gene of Mast syndrome so far, there were only three
variants in SPG21 reported.?® In this study, we reported the first
Chinese patient with Mast syndrome carrying a large homozygous
SPG21 deletion.

The proband was a 37-year old man born at term after an un-
eventful pregnancy with no family history of neurologic disease. A
slight delay in early developmental milestone was noted as he started
walking at around 17 months. Also, learn difficulties, bradyphrasia,
and gait dysfunction were noted during the childhood. At the age
of 8, he started wearing eyeglasses owing to hyperopia. At the age
of 34, the patient presented progressive slow reaction, dysarthria,
unsteady walking, and declined mental function with executive dys-
function. Additionally, he occasionally showed fecal incontinence
since the age of 36. Notably, his parents were in consanguineous
marriages (Figure 1A). The physical examinations revealed slow re-
sponse to verbal communication, cerebellar ataxia, positive Babinski
sign, and hyperreflexia in the lower limbs. Muscle strength and ten-
sion was normal. The patient had a high school degree. Mini-mental
state examination (MMSE) scored 25, Scale for the Assessment and
Rating of Ataxia (SARA) scored 8, and International Cooperative
Ataxia Rating Scale (ICARS) scored 20. Laboratory findings showed
elevated triglyceride concentration and uric acid but normal liver
transaminases. Other laboratory tests were unremarkable. Brain
magnetic resonance imaging (MRI) showed a thin corpus callosum,
cerebral atrophy predominantly in frontal lobe, non-specific periven-
tricular white-matter hyperintensity, ventricle enlargement, and
cerebellar atrophy (Figure 1B). Nerve conduction velocity revealed
decreased sensory amplitude and velocity in his right sural nerve.
Electromyogram showed no fibrillation potential or positive sharp
waves in the muscle of limbs. Over a 6-year follow-up, his walking
difficulties and cognitive impairments were deteriorated. In the dis-

tal lower limbs, muscle strength was 4/5, and muscle hypertonia was

detected. MMSE scored 21, and Montreal Cognitive Assessment
(MOCA) scored 11 (lower scores in visuospatial/executive function,
attention, delayed recall, and orientation).

Whole-exome sequencing showed no pathogenic variants rele-
vant to the above symptoms. However, analysis with ExomeDepth
revealed a putative homozygous deletion in SPG21 from exon 3
through exon 7. The deletion breakpoints (chrl5: 64,965,751-
64,981,338) and segregation were subsequently confirmed by
long-range primer-walking PCR as shown in Figure 1C, D (details
in supplemental methods and Table S1). Quantitative real-time
PCR targeting SPG21 exon 8-9 region revealed unchanged mRNA
expression in I-1 and -4, compared with the normal familial mem-
ber 11I-1 (Figure S1). Therefore, this large deletion did not lead to
nonsense-mediated mRNA decay but produced a putative protein
lacking 204 amino acid residues (p. (Ile22_Val224del)).

Mast syndrome is a complicated form of HSP and was rarely re-
ported worldwide. It is caused by mutations within SPG21 encod-
ing a protein named “Maspardin,” which contained a noncatalytic
alpha/beta hydrolase fold domain and was involved in the negative
regulation of CD4 activity via protein-protein interaction.* Within
the interaction region, Ser109 is critical for the interaction of mas-
pardin with CD4. In addition, maspardin could interact with Rab7
GTPase, which orchestrate vesicular trafficking, maturation, and fu-
sion.> Although the specific mechanism was not clear, knockout of
SPG21 resulted in hind limb dysfunction in mice and increasing axon
branching in neurons.®

Until now, only three variants in SPG21 have been docu-
mented. Among these reported variants, two variants producing
frameshifts (p. Arg40Glufs*27 and p. Thr201Asnfs*13) cause gen-
erally identical symptoms.l'3 However, the Japanese patients car-
rying the homozygous missense variant (p. Alal08Pro), which was
next to the critical site of the alpha/beta hydrolase fold domain
(Ser109), showed strikingly late-onset HSP symptoms without
bulbar, extrapyramidal, or cerebellar signs.? The large deletion in
SPG21 have not been reported before. In our study, the patient
carrying large homozygous deletion of SPG21 shared the most
symptoms with patients carrying SPG21 frameshift variants, but
presented childhood-onset hyperopia and early-onset fecal incon-
tinence. Hyperopia may be caused by other factors rather than

SPG21 mutation, given that his sister, a heterozygous mutation
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FIGURE 1 A Chinese family with a large homozygous SPG21 deletion. (A) Pedigree tree of the family; (B) proband brain MRI at the age
of 37: sagittal T2-weighted image (left) and axial T2 FLAIR image (right); (C) breakpoint detection of the large deletion of SPG21 by primer-
walking PCR strategies. (D) Identification of the breakpoints by sequencing of the long-range PCR product

carrier, also had hyperopia since childhood. We supposed his
fecal incontinence might result from frontal involvement, which
is consistent with the imaging findings. To uncover the genotype-
phenotype correlation, the accumulations of patients with SPG21
mutation are required. Recently, functional MRI (fMRI) has been
performed in various central nervous system disease and re-
vealed altered functional connectivity in different brain areas.”®
Conventional brain MRI usually reveals the structure alterations
in complicated HSP, while fMRI could detect the alterations of the
brain activities in both pure and complicated HSP, which empha-
size the need for combined analysis of fMRI and structure MRI at
multiple scales in Mast syndrome patients.”*°

In addition, we also found this large deletion did not influence
the level of SPG21 mRNA, indicating the disappearance of the al-

lele mainly causes the dysfunction of corresponding protein. Due to

the technical and material limitations, we did not perform functional
study for the mutant protein, which is one limitation of our study.

In conclusion, we report the first Chinese patient with Mast
syndrome carrying a large homozygous SPG21 deletion. Our study
broadens the genetic and phenotypic spectrums of Mast syndrome.
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