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Abstract

Hereditary spastic paraparesis (HSP) is a progressive neurodegenerative disorder, characterized by progressive lower limb
weakness and spasticity. Multiple genes are associated with both the pure and complicated HSP types. Our study is aimed at
seeking for novel genetic basis of HSP in a family with two affected siblings. Genetic analysis using whole exome sequencing
was conducted in a family quartet with two female siblings, who presented with complicated HSP featuring slowly progressive
paraparesis, mild-moderate intellectual disability, normal head circumference (HC), and normal magnetic resonance imaging
(MRI). A homozygous pathogenic variant was identified in both siblings in the VPS53 gene (c.2084A>G: ¢.2084A>G,
p.GIn695Arg). This gene acts as a component of the Golgi-associated retrograde protein (GARP) complex that is involved,
among others, in intracellular cholesterol transport and sphingolipid homeostasis in lysosomes and was previously associated
with progressive cerebello-cerebral atrophy (PCCA) type 2. This is the first description of the VPS53 gene as a cause of
autosomal recessive complicated HSP. Lysosomal dysfunction as a result of impaired cholesterol trafficking can explain the
neurodegenerative processes responsible for the HSP. Our finding expands the phenotype of VPS53-related disease and warrants
the addition of VPS53 analysis to the genetic investigation in patients with autosomal recessive HSP. The exact role of GARP
complex in neurodegenerative processes should be further elucidated.
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D Tntellectual disability Hereditary spastic paraparesis (HSP) is a heterogeneous group

of neurodegenerative genetic disorders with an estimated
prevalence ranging from 1.3:100,000 [1] to 9.6:100,000 [2]
in which the prominent clinical feature is progressive lower
limb weakness and spasticity, which may be more prominent
than the paresis [3—5]. Other possible symptoms are dimin-
ished vibration sense and bladder dysfunction. HSP is classi-
fied as “pure,” when there are no additional features apart

ADHD  Attention deficit hyperactivity disorder

<l Moran Hausman-Kedem
moranhk @ gmail.com

' Pediatric Neurology Institute, Dana-Dwek Children’s Hospital, Tel from the abovementioned spasticity, disturbed vibration sense,
Aviv Sourasky Medical Center, Tel Aviv, Israel . « y .-

and bladder dysfunction, and “complex” when it is accompa-

2 Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel nied by other neurological signs such as ataxia, intellectual

> Genetic Institute, Tel Aviv Sourasky Medical Center, Tel Aviv, Israel  disability (ID), movement disorder, epilepsy, polyneuropathy,

4 Multiple Sclerosis Center, Sheba Medical Center, Tel ophthalmologic manifestations, and extraneurologic signs

HaShomer, Israel such as hearing loss and ichthyosis, among others [4, 6, 7].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10048-019-00586-1&domain=pdf
http://orcid.org/0000-0001-5315-3738
mailto:moranhk@gmail.com

188

Neurogenetics (2019) 20:187-195

Brain MRI can show involvement of the cerebellum, basal
ganglia, cerebral cortex, white matter, and corpus callosum.
Inheritance pattern may be autosomal dominant, autosomal
recessive, or X-linked. Due to the unique features and the high
consanguinity rate seen in some ethnic groups in Israel, the
autosomal recessive inherited forms of HSP are more com-
mon in this country. Clinical characterization and determina-
tion of the inheritance mode according to familial history can
guide the diagnostic process. In addition, neuroimaging clues
can point to more specific diagnoses, such as a thin corpus
callosum and an axial fluid attenuation inversion recovery
(FLAIR) image showing the “ear-of-the-lynx” in SPG11 or
SPG15, and white matter T2 hyperintensities in SPGS,
SPG21, and SPG35 [8]. However, in most cases, particularly
in the autosomal recessive forms, the exact diagnosis cannot
be inferred from clinical, laboratory, or imaging data, and
therefore, genetic testing is needed for a final diagnosis and
appropriate family counseling.

To date, 84 HSP loci and 67 HSP-related genes have been
identified [9-17] in both the pure and complicated types of
HSP. Nevertheless, only a fraction of cases receive a genetic
diagnosis. For this reason, the absence of a genetic etiology for
HSP does not exclude the diagnosis of HSP.

Methods

This is part of a broader genetic study which was conducted in
order to explore the genetic basis of HSP in familial cases
using whole exome sequencing (WES). A family with two
female siblings of Moroccan-Jewish ancestry with complicat-
ed HSP, who had been on follow-up at our spasticity clinic,
underwent a WES. Informed consent was obtained from sib-
lings’ parents prior to genetic testing. All study protocols were
reviewed and approved by the Institutional Review Board at
the Tel Aviv Sourasky Medical Center.

Patient 1

A 14-year-old female (the proband) is the third-born offspring
of'a Moroccan-Jew nonconsanguineous couple. She had been
followed in our spasticity clinic since the age of 4 years due to
slowly progressive motor and cognitive difficulties. She was
born following normal pregnancy and delivery, with normal
HC at birth (50th percentile). Both parents as well as two older
siblings were healthy, whereas her younger sister had progres-
sive motor and cognitive difficulties (patient 2) (Fig. 1). She
had developmental delay, with achievement of independent
walking at the age of 21 months. Her gait was unstable with
tendency for recurrent falls in both directions. She had mild to
moderate global developmental delay with expressive and re-
ceptive speech delay, and normal visual and auditory func-
tions. At the age of 5 years, she was diagnosed with mild ID
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and since then she has attended a special education program.
Attention deficit hyperactivity disorder (ADHD) was diag-
nosed at school age and she was treated with methylphenidate.
She had no history of clinical seizures, but her EEG showed
paroxysmal multifocal epileptic activity with left frontocentral
as well as right central interictal spike and sharp wave epilep-
tiform discharges. Neurological examination found no dys-
morphic features, the HC was normal (25th percentile), as
well as the cranial nerves including normal visual acuity and
visual field. There was no evidence of ophthalmoplegia or
nystagmus. Normal horizontal and vertical saccades were not-
ed, with normal smooth pursuit. Mild dysarthria was evident,
without dysphonia or dysphagia and with normal gag reflex
and palate movement and normal tongue mobility and
strength. She had normal tone, muscle strength, and deep ten-
don reflexes in the upper limbs, with increased tone (Modified
Ashworth Scale 1+4) in the lower limbs (knee flexion and
extension, ankle dorsiflexion) and mild muscle weakness of
4/5 in both proximal (hip flexion and extension, hip abductors,
knee flexion and extension) and distal (ankle dorsiflexion),
with normal range of motion in all joints. Pyramidal signs
manifested as hyperreflexia and sustained clonus were noted
with flexor plantar response. There was no evidence of ataxia
or other cerebellar dysfunctions. Anal tone was normal.
Sensory function was within normal. She was able to run
awkwardly and to alternately climb stairs as well as to hop
on one foot.

The patient underwent an extensive evaluation that includ-
ed repeat brain MRI with magnetic resonance spectroscopy
(MRS) at age 5, 8, and 12 years, spine MRI at age 14 (Fig. 2),
metabolic workup, ophthalmological examination, echocardi-
ography, abdominal ultrasound, electromyography (EMG),
and nerve conduction studies. The findings were all within
normal. Chromosomal microarray analysis (CMA) detected
a 436-kb microdeletion at 2q31.2 (chr2:180,535,146-
180,972,463) (HG19 version), which was inherited from her
healthy mother and which was also found in her affected sister
(patient 2). This deletion spans 3 known genes including
MIR 1258, ZNF385B, and CWC22 genes and was not previ-
ously reported in the healthy population or identified as
pathogenic.

Over the subsequent years, the patient’s balance gradually
worsened, with increased tendency to recurrent falls at both
directions. At the age of 14 years, she was still ambulatory, but
presented with urge urine incontinence, episodes of uncontrol-
lable flatulence, and inability to hold back stools, without
soiling or urinary retention. There has been no further deteri-
oration in cognitive abilities. On physical examination at age
14, her weight was 60 kg and height 146 cm (—2SD), with
BMI of 28.1 (95th percentile for age). On neurological exam-
ination, she had a normal HC (25th percentile) with noticeable
brisk deep tendon reflexes in the upper limbs without spastic-
ity or apparent weakness. Muscle tone in the lower limbs was
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Fig. 1 Family pedigree and Sanger sequence chromatograms of the detected VPS53 homozygous pathogenic variant. The arrows show the affected
probands. ADHD—Attention-Deficit/Hyperactivity Disorder; CVD—cardiovascular disease

markedly increased with no deterioration of muscle weakness.
Sensory function, including proprioception, light touch, pain,
and vibration, was still within normal range. Her gait was
more spastic, but she was still able to climb stairs alternately
and to hop on one leg.

Patient 2

Proband’s younger sister, 12 years old at present, had been
examined by us for the first time at the age of 9 years due to
progressive gait difficulties and epilepsy since the age of
3.5 years. She had an unremarkable perinatal history and early
motor development, with achievement of independent walk-
ing at 13 months. She had a moderate global developmental
delay starting at early infancy with delay in the acquisition of
expressive and receptive language skills as well as cognitive
difficulties, with normal communication skills. Visual and au-
ditory functions were normal. Progressive gait abnormality
had manifested at the age of 3.5 years, with unsteadiness
and tendency for recurrent falls in both directions. She had
no regression in other developmental milestones. The patient
had attended a special early education program and received
speech therapy with gaining of speech at the age of 3 years.

She was later diagnosed with mild ID. At the age of 4 years,
generalized epilepsy appeared, with mostly generalized noc-
turnal tonic seizures and myoclonic jerks. Her EEG at that
time showed frequent generalized epileptic activity. She be-
came seizure-free with levetiracetam (50 mg/kg/day) and
clobazam (0.6 mg/kg/day) treatment, with a follow-up EEG
showing left frontotemporal as well as right parietotemporal
interictal epileptic activity. Extensive evaluation, including
brain MRI, was performed at the age of 4 years which was
normal. Metabolic workup and repeat MRI and MRS at age
6.7 years were normal (Fig. 3). CMA revealed the same 436-
kb microdeletion at 2q31.2 noted in patient 1, which was
inherited from their healthy mother and which was not report-
ed previously as pathogenic.

At 9 years of age, the patient was ambulatory and was able
to jump and climb stairs reciprocally. On neurological exam-
ination, she had no dysmorphic features, normal HC, and nor-
mal cranial nerves including normal visual acuity and visual
field. There was no evidence of ophthalmoplegia or nystag-
mus. Normal horizontal and vertical saccades were noted,
with normal smooth pursuit. Speech was normal with no ap-
parent dysarthria, dysphonia, or dysphagia. She had normal
tone, muscle strength, and deep tendon reflexes in the upper
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Fig. 2 Longitudinal MRI images of patient 1 performed at 5 years (A),
8 years (B), and 14 years (C). The images show the sagittal T2-weighted
image (labeled as 1), coronal T2-weighted image (labeled as 2), axial T2-
weighted image at the basal ganglia level (labeled as 3), axial fluid atten-
uation inversion recovery (FLAIR) (labeled as 4), axial T2-weighted
image at the level of the pons (labeled as 5), sagittal T1-weighted (labeled
as 6), sagittal T2-weighted (labeled as 7), and axial T2-weighted images

limbs. Muscle tone was increased in the lower limbs
(Modified Ashworth Scale 1+ in knee flexion and extension,
ankle dorsiflexion) with normal range of motion in all joints
and no muscle weakness. Pyramidal signs manifested as
hyperreflexia and sustained clonus were noted with flexor
plantar response. There was no evidence of ataxia or other
cerebellar dysfunction. She was able to run and alternately
climb stairs with no support and was able to hop on one foot.
Anal tone was normal. Sensory examination did not reveal
any sensory deficit, but the examination was limited due to
her cognitive abilities.

Since then, her motor function has gradually declined, be-
ing able to walk only for a short distance. This was accompa-
nied by urinary incontinence. Cognitive deterioration was not-
ed by increased comprehension difficulties and decline in
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of the cervical spinal cord (labeled as 8) at age 1. The following distinc-
tive features were observed on the MRI scans: (i) absence of cerebral,
cerebellar, or pontocerebellar atrophy with a normal-sized brain stem
(A1-A3, AS, B1-B3, B5); (ii) normal white matter signal on FLAIR
images (a4, b4); (iii) normal T2 signal in the basal ganglia (a3, b3); and
(iv) normal size of the spinal cord with no further atrophy (c6, 7, 8). Note
the normal-sized lower part of the cerebellum (c6, c7)

school performance. Repeat neuropsychological evaluation
diagnosed moderate ID. Epilepsy was well controlled, with
no interictal epileptic activity on subsequent EEG at age 12
that showed only mild intermittent frontotemporal left back-
ground slowing. On the last examination at the age of 12 years,
her weight was 52 kg, with normal height of 149 cm (39th
percentile) and BMI of 22.5 (88th percentile, overweight). HC
was 51.7 cm (20th percentile). Neurological examination re-
vealed mild dysarthria with hypernasal speech, normal gag
reflex, and palate movement. Mild difficulty with tongue
movement was noted with no tongue fasciculation or atrophy.
There was no evidence of dysphagia. She had mild rigidity
in the upper limbs without evidence of parkinsonism, with
brisk reflexes in all four limbs, more evident in the lower
limbs, with sustained clonus and flexor plantar response in
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Fig. 3 MR images of patient 2 at age 6.7 years (a—e) and at age 12 (f,g).
Sagittal T1-weighted (a) and coronal T2-weighted images (b) at 6.7 years
of age showing normal appearance of the cerebellum with no evidence of
atrophy of the cerebellum or the brainstem and normal appearance of the
pons. T2-weighted axial image at the level of the basal ganglia shows no
cerebral atrophy with normal signal within the basal ganglia (c). Axial
fluid attenuation inversion recovery (FLAIR) shows normal white matter

lower extremities. She had minimal lower limbs weakness
(hip flexion and extension, hip abductors, knee flexion and
extension, ankle dorsiflexion), with normal range of mo-
tion in all joints and no apparent change in the degree of
spasticity. There was no evidence of ataxia or sensory dis-
turbances. Anal tone and wink were normal. She was able
to run and jump cumbersomely and needed assistance to
climb stairs reciprocally.

Whole exome sequencing and data analysis

Both patients underwent WES to seek for molecular diagno-
sis, considering their clinical phenotype. Saliva from parents,
the affected siblings, and from a healthy sibling was used for
DNA extraction. Sample enrichment was done using Agilent
SureSelect v5 kit (Agilent Technologies, Santa Clara, CA,
USA). Sequencing was performed using Illumina
HiSeq4000 with 108-bp paired-end reads. Reads were aligned
to GRCh37 with Novoalign (Novocraft Technologies).
Single-nucleotide variants and small indels were identified
using GATK Unified Genotyper and filtered according to the
Broad Institute’s best-practice guidelines v3 [18]. Variants
registered in dbSNP137 (http://www.ncbi.nlm.nih.gov/
projects/SNP/) were filtered. The filtered variants were
annotated using ANNOVAR according to the dbSNP
database (build 135), based on Human Genome GRCh38

signal with no white matter hyperintensity lesions in the cerebral white
matter (d). Transverse T2-weighted image at the level of the pons shows
normal size of the pons (e), sagittal (f), and axial (g) T2-weighted spine
MR images at 12 years of age showing no cervical spinal cord atrophy
with normal anteroposterior diameter of the cervical spinal cord. Note the
normal appearance of the cerebellum and the anterior curvature of the

pons (f)

assembly version. The mean allele frequency was
determined by the following data bases: dbSNP, 1000
genomes [19], The Exome Aggregation Consortium
(ExAC) [20], NHLBI GO Exome Sequencing Project
(ESP) (Exome Variant Server, NHLBI GO Exome
Sequencing Project (ESP), Seattle, WA (URL: http://
evs.gs.washington.edu/EVS/)), and the Variantyx allele
frequency database. Only variants located in the
candidate regions (which are highlighted by linkage
mapping/homozosity mapping) were focused. Reported
variants were detected, analyzed, and reported using
the Variantyx Genomic Intelligence platform version 1.
15.0.0 1. To maintain the most up-to-date annotations,
the Variantyx database is updated quarterly. Variants
were deemed to be potentially pathogenic as determined
by a combination of curated databases of disecase asso-
ciation and predicted severity of the variants. The TraP
score was used for prediction of pathogenicity, (score
between 0 and 1). The higher the score, the higher the
damage the variant is predicted to have [21].

Sanger sequencing
Sanger sequencing was performed to validate the variants in

the patients and their parents.
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Results

A nonsynonymous homozygous variant in exon 19 of the
VPS53 gene (c.2084A>G: 2084A>G)) p.GIln695Arg) was
found in both patients. The mean coverage for this locus
was 52.9, with a median coverage of 49. Ninety-seven percent
of samples were over 20X coverage. The homozygous variant
was identified in two affected sisters, while their asymptom-
atic parents and tested sibling were carriers of the variant. This
missense variant is commonly found in the Moroccan-Jewish
population (carrier rate of ~ 1:71). It replaces the medium size
and polar amino acid glutamine to large size and basic argi-
nine at position 695/833 in a highly conserved region of
VPS53’s protein C-terminal. This variant had a zero-allele
frequency in the population database (GnoMad-http://
gnomad.broadinstitute.org/), and in ClinVar, it is denoted as
pathogenic. In silico prediction tools predicted this variant to
be deleterious; SIFT (sorts intolerant from tolerant) score was
0.003 (range 0 to 1 with values less than 0.05 usually
considered functionally intolerant), and Transcript-inferred
Pathogenicity (TraP) score was 0.95, (range 0—1), which qual-
ifies this variant as probably damaging. Hence, the variant is
defined as pathogenic based on the ACMG guidelines [22]. In
addition, the two sisters shared another relatively common
homozygous variant in the DNAHII gene (c.4919A>G. p.
Asp1640Gly), which was also detected in a heterozygous
form in both parents and their healthy sister. This second var-
iant is relatively frequent in the general population with an
estimated maximal allele frequency of ~5%. This variant
has not been previously reported as pathogenic in the litera-
ture. Other variants in this gene were reportedly associated
with primary ciliary dyskinesia in patients with respiratory
symptoms and situs inversus.

Discussion

We report herein a homozygous variant in VPS5 3 gene in two
sisters with spastic paraparesis featuring mildly progressive
spasticity and mild to moderate ID, in the presence of normal
HC and brain MRI. The combination of slowly progressive
lower limb spasticity, incontinence, and mild ID with no evi-
dence of perinatal insult leads to the working diagnosis of
complicated HSP. The fact that both asymptomatic parents
and a healthy sibling are carriers of this variant is compatible
with segregation of the variants with the disease, in an AR
inheritance manner. This is the first report of VPS53 gene in
association with HSP. The only previously known disease
associated with pathogenic variants in the VPS53 gene is pro-
gressive cerebello-cerebral atrophy (PCCA) type 2 [23],
which is a severe neurodegenerative disorder characterized
by progressive microcephaly due to cerebral and cerebellar
atrophy, spasticity, severe to profound ID, and early-onset
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epilepsy. PCCA syndrome was originally described in 2003
by Ben-Zeev et al. [24] in seven patients of Moroccan and
Iraqi Jewish ancestry, who presented with AR-inherited phe-
notype of nondysmorphic profound ID, progressive micro-
cephaly, severe spasticity, generalized seizures, and brain
MRI demonstrating ongoing atrophy of the cerebellum and
cerebrum [24]. The causative gene was later found to be
SEPSEC, in which mutations disrupt the generation of
selenoproteins in humans [25]. In 2014, Feinstein et al. [23]
described the allelic PPCA type 2 syndrome, with a phenotype
similar to PCCA type 1, of which the known causative gene is
VPS53. In both syndromes, the patients usually reach minimal
developmental milestones and are not ambulatory. Cerebral
and cerebellar gray and white matter atrophy is already evi-
dent during the second year of life and is progressive. These
findings were not apparent in our patients. Indeed, both pa-
tients had a relative decrease in the HC percentiles compared
with the reported values at birth. However, the HC was still
within normal limits for age and gender and was stable since
early infancy. In addition, the maternal HC was in the 30th
percentile, and the healthy brother had a HC in the 25th per-
centile. Taken together with the normal repeated imaging
which clearly shows no signs of cerebral atrophy, we tend to
believe that this downward trend reflects their genetic poten-
tial rather than a phenotypic trait resulting from the VPS53
pathogenic variant.

Interestingly, all of the described patients with PCCA2 [23]
were combined heterozygous for the same VPSS53
¢.2084A>G [p.(GIn695Arg)] missense variant which was
found in our patients and for an intronic variant (c.1556+
5G>A). The ¢.2084A>G [p.(GIn695Arg)] variant reported in
our patients in the homozygous form replaces a highly con-
served amino acid in VPS53 C-terminal, whereas the latter is
in the 5th nucleotide of intron 14 and is expected to disrupt
one of VPS53 splice-donor sites. Carrier rate in Jewish
Moroccan controls was found to be 2:143 for the
¢.2084A>G variant and 2:156 for the c.1556+5G>A variant
(~ 1:37 carrier rate for VPS53 pathogenic variants). Our study
identified for the first time a true homozygous pathogenic
variant in VPS53 gene. This VPS53 gene variant is located
at position 69 of 70 on exon 19 of 22 exons. Despite its
designation as a missense variant, it is located only 2 base
pairs prior to the exon-intron boundary, which implies that it
serves as a truncating canonical splice-site variant, rather than
a missense variant, and has a larger effect size. Importantly,
although recessively inherited truncating variants tend to have
a deleterious effect on the phenotype, with usually severe
features, splice-site variants tend to be leaky, which might
explain the relatively milder phenotype compared with
PCCA type 2. In addition, the ¢.1556+5G>A splice-site vari-
ant described in the patients with PCCA2 [23] was found to
generate an unstable transcript that is predicted to encode a
truncated protein, resulting in a dysfunctional Golgi-
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associated retrograde protein JGARP(, which could also con-
tribute to the more severe phenotype in the cohort reported by
Feinstein et al. [23].

The microdeletion in chromosome 2, which was found in
both siblings, was inherited from the mother, who is healthy.
This microdeletion or the genes included in this microdeletion
were not previously associated with a disease according to
OMIM. Considering the absence of neurological symptoms
in the healthy adult carrier (mother), it is highly implausible
that this deletion is associated with the abovementioned phe-
notype. The homozygous variant in the DNAH 1] gene detect-
ed in both our patients in addition to the VPS53 pathogenic
variant has an unknown contribution to their phenotype. This
variant is relatively frequent in the general population, with
estimated maximal allele frequency of ~ 5%, and has not been
previously reported in peer-reviewed clinical literature. Other
variants in this gene were reported to be associated with pri-
mary ciliary dyskinesia and situs inversus which clinically
present completely differently than the patients discussed here
[26]. Importantly, none of the two sisters presented with respi-
ratory symptoms or dextrocardia as reported in patients with
other variants in this particular gene, so that the role of
DNAH]11 is seemingly low key.

We reviewed the 17 gene panels for HSP currently in the
NCBI: Genetic Testing Registry (GTR) and none of the genetic
panels includes testing for variants in the VPS53 gene, which
confirms that the HSP phenotype is currently not reported.
With a carrier rate of VPS53 mutations of ~ 1:37 among Jews
of Moroccan ancestry, routine carrier screening for pathogenic
variants of VPS53 gene should be considered in this ethnic
group to identify patients with PCCA, as well as HSP.

The VPS53 gene is a vacuolar gene that encodes for one of
the four subunits of the GARP [27, 28]. The GARP complex
has a role in intracellular cholesterol transport and
sphingolipid homeostasis by mediating retrograde trafficking
from endosomes to the Golgi [29]. This is mediated by soluble
Niemann-Pick C2 (NPC2), which facilitates the passage of
low-density lipoprotein-derived cholesterol from lysosomes
[30, 31]. GARP complex deficiency compromises
sphingolipid and sterol homeostasis and results in the accu-
mulation of sphingolipid synthesis intermediates in the lyso-
somes, which leads to lysosomal dysfunction [30]. The path-
ogenicity of the ¢.2084A>G VPS53 variant reported hereby is
supported by a substitution of a neutral amino acid by a basic
one, within the second helix of the surface of VPS53’s con-
served C-terminal, in one of the most conserved positions of
the molecule [32]. This variant is predicted to affect the C-
terminal domain of VPS53, known to be critical to its role as
part of the GARP complex.

The more severe phenotype seen in PCCA2 is probably
related to the intronic variant located in one of VPS53’s
splice-donor sites, resulting with no functional VPS53 C-
terminus and partially dysfunctional GARP. In fibroblasts of

patients with PCCA2 [23] as well as in yeast cells carrying the
same compound heterozygous pathogenic variant [30], loss of
the GARP complex resulted in reduced levels of complex
sphingolipids and the accumulation of toxic sphingolipid syn-
thesis intermediates, which correlated with abnormal vacuolar
morphology and function and causes cellular dysfunction of
many proteins, as shown by Frohlich et al. [30]. In keeping
with the role of VPS53 in maintaining the GARP complex
function as an evacuator of cellular waste in the lysosome,
and even though none of the patients had typical features of
a lysosomal storage disorder, it is reasonable to assume that
the VPS53 pathogenic variants can cause a form of lysosomal
disease. The proposed common pathology is retrograde axo-
nal degeneration of the posterior columns and cortical-spinal
tracts in the spinal cord [33] which was recently related to
lysosomal dysfunction in various studies [34—-38]. Both
SPG11land SPGI1S5 result from defects in proteins involved in
lysosome shaping; spatacsin (SPG11) and spastizin (SPG15)
account for proteins involved in the formation of lysosomes
and their recycling [35, 36] and interact with components of
late endosomes [38].

It is of worth to note that the disruption of the GARP subunit
VPS54 in mice leads to the “wobbler” phenotype of a neuro-
degenerative disease that shares characteristics with amyotro-
phic lateral sclerosis (ALS) [39, 40]. A neuropathological over-
lap between HSP caused by SPG11 and ALS was recently
reported [41]; the hallmark of which was intracytoplasmic
granular lysosome-like structures in neurons mainly in
supratentorial areas. This continuum of motor neuron degen-
eration and its underlying mechanism should be further ex-
plored, particularly as restoration of sphingolipid balance
may be a strategy to treat the diseases due to these defects.

To summarize, this is the first report of a pathogenic variant
in the VPS53 gene as the etiology of AR complicated HSP.
This expands the phenotype of VPS53-related disease and
warrants VPS53 testing among patients with HSP. The role
of GARP complex in neurodegenerative processes should be
further elucidated.
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