TvPE Case Report

:' frontiers ‘ Frontiers in Neurology PUBLISHED 23 August 2023

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Bruce Miller,

University of California, San Francisco,
United States

REVIEWED BY
Linda Gailite,

Riga Strading University, Latvia

Luke William Bonham,

University of California, San Francisco,
United States

*CORRESPONDENCE

Li-li Zeng
llzeng@126.com

Hai-yan Zhou
zhaiyan.com@163.com

RECEIVED 06 February 2023
ACCEPTED 16 June 2023
PUBLISHED 23 August 2023

CITATION
Lai Z-h, Liu X-y, Song Y-y, Zhou H-y and

Zeng L-1(2023) Case report: Hereditary spastic
paraplegia with a novel homozygous mutation
in ZFYVE26. Front. Neurol. 14:1160110.

doi: 10.3389/fneur.2023.1160110

COPYRIGHT
© 2023 Lai, Liu, Song, Zhou and Zeng. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms.

Frontiersin Neurology

Dol 10.3389/fneur.2023.1160110

Case report: Hereditary spastic
paraplegia with a novel
homozygous mutation in
ZFYVE26

Ze-hua Lai'?, Xiao-ying Liu?, Yuan-yue Song!, Hai-yan Zhou'*
and Li-li Zeng*

!Department of Neurology and Institute of Neurology, Ruijin Hospital, Shanghai Jiao Tong University
School of Medicine, Shanghai, China, 2Department of Neurology, Yangpu Hospital, Tongji University
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Hereditary spastic paraplegia (HSP) is a group of neurodegenerative diseases with
genetic and clinical heterogeneity characterized by spasticity and weakness of
the lower limbs. It includes four genetic inheritance forms: autosomal dominant
inheritance (AD), autosomal recessive inheritance (AR), X-linked inheritance, and
mitochondrial inheritance. To date, more than 82 gene loci have been found to
cause HSP, and SPG15 (ZFYVE26) is one of the most common autosomal recessive
hereditary spastic paraplegias (ARHSPs) with a thin corpus callosum (TCC),
presents with early cognitive impairment and slowly progressive leg weakness.
Here, we reported a homozygous pathogenic variant in ZFYVE26. A 19-year-old
Chinese girl was admitted to our hospital presenting with a 2-year progressive
bilateral leg spasticity and weakness; early cognitive impairment; corpus callosum
dysplasia; chronic neurogenic injury of the medulla oblongata supplied muscles;
and bilateral upper and lower limbs on electromyogram (EMG). Based on these
clinical and electrophysiological features, HSP was suspected. Exome sequencing
of the family was performed by high-throughput sequencing, and an analysis
of the patient showed a ZFYVE26 NM_015346: c.7111dupA p.(M2371Nfs*51)
homozygous mutation. This case reported a new ZFYVE26 pathogenic variant,
which was different from the SPG15 gene mutation reported earlier.
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Introduction

Hereditary spastic paraplegia (HSP), also called spastic paraplegia (SPG), is a group
of neurodegenerative diseases with genetic and clinical heterogeneity characterized by
spasticity and weakness of the lower limbs (1), and the prevalence is ~1.8/100,000 (2). It
includes four genetic inheritance forms, namely: autosomal dominant inheritance (AD),
autosomal recessive inheritance (AR), X-linked inheritance, and mitochondrial inheritance
(2). Until now, over 82 gene loci have been found to cause HSP (3-5). HSP patients may have
either pure or complicated HSP, differing based on symptoms. Patients with pure HSP simply
develop spasticity and weakness of the lower limbs (6), while patients with complicated HSP
are often accompanied by other symptoms, such as early cognitive impairment, ataxia, visual
disturbance, macular degeneration, dysarthria, and callosal agenesis (7).
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FIGURE 1
The patient’s family tree of the novel mutation ZFYVE26.

SPGI15 (Spastic Paraplegia type of 15, ZFYVE26) is one of
the most common ARHSPs with thin corpus callosum (TCC)
(8), and it presents with early cognitive impairment and slowly
progressive leg weakness (9). ZFYVE26 gene is localized at 14p24.1,
and it encodes a zinc finger protein with an FYVE domain called
“spastizin” (10). It forms a protein complex with Spatacsin (SPG11)
and KIAA0415 (SPG48), and participates in various cellular events
such as membrane trafficking and signal transduction (10).

Here, we reported a homozygous mutation in ZFYVE26. A
19-year-old Chinese girl was admitted to our hospital presenting
with a 2-year progressive bilateral leg spasticity and weakness, and
early cognitive impairment; corpus callosum dysplasia and chronic
neurogenic injury of the medulla oblongata supplied muscles; and
bilateral upper and lower limbs on electromyogram (EMG). Based
on these clinical features and the electrophysiological findings, HSP
was suspected. Exome sequencing of the family was performed by
high-throughput sequencing, and an analysis of the patient showed
a c¢.7111dupA p.(M2371Nfs*51) (Exon 38) homozygous novel
mutation in ZFYVE26 gene. This case reported a new ZFYVE26
pathogenic variant.

Case presentation

A 19-year-old girl was admitted to our hospital presenting
with a 2-year progressive bilateral leg spasticity and weakness. Her
medical history was not remarkable, and her family history was
negative for genetic disease. Vital signs were in the normal ranges:
body temperature, 36.7°C; respiratory rate, 22 breaths/min; pulse
rate, 72 bpm; and blood pressure, 126/68 mm Hg. Neurological

Abbreviations: HSP, Hereditary spastic paraplegia; AD, autosomal dominant
inheritance; AR, autosomal recessive inheritance; TCC, thin corpus callosum;
WMH, white matter hyperintensities; EMG, electromyogram; AP5, adaptor-

related protein complex 5; ALR, autophagic lysosomal reformation.
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examinations revealed that the lower limbs’ muscle strengths were
of grades 3-5; hypermyotonia in her lower limbs, hyperreflexia
in the knee and ankle reflexes, and bilateral Babinski signs (+),
Chaddock signs (+), Gordon signs (4), and Oppenheim signs (+).
Cranial nerve, the upper limb, and ataxia examination showed
no abnormalities. She also had mild mental deficiency with a
MOoCA score of 22. Lab examinations, including metabolic, tumor
marker, and immunity parameters, were all within normal ranges.
Brain and cervical MRI revealed corpus callosum dysplasia and
cervical disk herniation in C3/4 and C5/6. EMG reported that F
wave latency for the ulnar nerve and the tibial nerve was normal;
but EMG of the anterior tibial muscle showed fibrillations and
positive sharp waves; and there were widened MUP time limit,
increased wave amplitude, and increased polyphase wave during
the light contraction in most muscles, and decreased recruitment
phase during recontraction. These findings indicated that there
was extensive chronic neurogenic electromyographic impairment;
and anterior horn involvement was considered first (ball, cervix,
and lumbar). The diagnosis of HSP was suspected. Biopsy of the
right biceps muscle showed no obvious hyperplasia of connective
tissue, no abnormalities in muscle bundle of the small vessel wall,
and no inflammatory cells infiltration or abnormal deposits around
blood vessels; and there was no muscle fiber atrophy, hypertrophy,
necrosis, swirl or spiral change, no nuclei aggregation, and no
vacuolar formation in muscle fiber. Therefore, neurogenic skeletal
muscle injury was suspected. Second-generation gene sequencing
test revealed that the patient carried a ZFYVE26 NM_015346:
c.7111dupA p.(M2371Nfs*51) homozygous mutation, which came
from her heterozygous parents (Figure 1). Combined with clinical
symptoms, a diagnosis of SPG15 was made. The patient was given
5mg of baclofen twice a day. However, there was no significant
improvement in her symptoms on discharge, but her symptoms
were alleviated gradually in 3 months of follow-up.

Discussion

HSP, a kind of genetic neurodegenerative disease and clinical
heterogeneity characterized by spasticity and weakness of the
lower limbs, can be classified into two types, namely, the
pure type (clinical manifestations include typical muscle spasms,
hyperreflexia, clonus, gait disorder, and bladder dysfunction) (6)
and the complicated type (besides the abovementioned symptoms,
clinical manifestation includes early cognitive impairment, ataxia,
visual disturbance, macular degeneration, dysarthria, and callosal
agenesis) (11, 12).

The pathogenesis of HSP remains unknown, and the axonal
degeneration caused by the various types of HSP has different
molecular pathogenesis. There are four modes of mutation, namely,
AD, AR, X-linked inheritance, and mitochondrial inheritance (13).
To date, over 82 gene loci have been found to cause HSP (3).
These genes are involved in many cellular events such as membrane
trafficking, signal transduction, the morphology of the endoplasmic
reticulum, microtubule dynamics and transport, mitochondrial
function, lipid metabolism, and endosome/lysosome functions. The
main pathological change of HSP is axonal degeneration, which
may also be accompanied by other changes such as demyelination
and loss of neurons. Axonal degeneration of the corticospinal tract
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(most obvious in the thoracic spinal cord) and fasciculus gracilis
fibrosis (most obvious in the cervical spinal cord) have also been
detected in autopsy.

SPG15 (ZFYVE26) is a kind of early-onset complex ARHSP,
which is characterized by typical atrophy of the corpus callosum,
and its main clinical symptoms include urinary urgency and
incontinence, visual impairment, retinal and macular degeneration,
nystagmus, mood fluctuation, mental impairment, ataxia, spastic
paraplegia, dysarthria, arcus plantaris, lower limb spasm,
callosal agenesis, clonicity, fecal incontinence, bladder sphincter
dysfunction, peripheral axon neurodegeneration, distal muscle
atrophy, and lower limb muscle weakness (9). Most patients with
SPG15 had the first symptoms in their adolescence, some born to
consanguineous family even had language delay in infancy and
gait disorder at the age of 11 years (5). Our patient presented
with classical complicated type of HSP symptoms, including the
paralysis of motor neurons in both lower limbs, mild mental
impairment, and callosal agenesis. She had progressive bilateral
leg spasticity and weakness at the age of 17 years but had no
visual or hearing impairment. However, 19 disease-related genes
caused HSP manifesting progressive spasticity of the lower
limbs and TCC, including SPG1, SPG11, SPG15, SPG21, SPG30,
SPG32, SPG35, SPG44, SPG44(65), SPG46, SPG47, SPG48,
SPG49, SPG50, SPG52, SPG54, SPG56, SPG63, and SPG71.
Furthermore, the onset of these SPGs occurs mainly in children
and adolescents and is often accompanied by intellectual disability.
While it is hard to distinguish them from clinical symptoms,
gene testing is good at detecting specific genetic mutations.
Second-generation gene sequencing test proved that this patient
had a ZFYVE26 NM_015346: c.7111dupA p.(M2371Nfs*51)
homozygous mutation, and both her parents carried a ZFYVE26
NM_015346: c.7111dupA p.(M2371Nfs*51) heterozygous variant.
However, this gene loci mutation had not been reported earlier.
Therefore, the patient was diagnosed with SPG15, which was
composed of AR.

ZFYVE26/Spastizin
autophagosomes and lead to autophagy defects. A complex
that is composed of ZFYVE26/Spastizin, SPG11/Spatacsin and AP5
(adaptor-related protein complex 5) is important in autophagic
lysosomal reformation (ALR) (10). Although both ZFYVE26
and SPGI11 interact with RAB5A and RABI1, the two proteins
regulating endosome trafficking and maturation, only ZFYVE26

mutations increase immature

mutations affect RAB protein interactions and activation and make
the fusion between autophagosomes and endosomes defective (10).
The ZFYVE26 c.7111dupA p.M2371Nfs*51 mutation identified
in our patient is a novel mutation. This frameshift mutation
possibly leads to the loss of some amino acid residues in the
final protein product and causes loss of function. To date, there
have been 62 mutations reported for SPG15 (Table 1) (5, 14-
18, 21, 25, 26, 29, 31-38). There are 62.90% (39/62) missense
mutations, 29.03% (18/62) deletion mutations, 3.23% (2/62)
duplication mutations, and 8.06% (5/62) insertion mutations
(Table 1). We searched published literature in PubMed and
Web of Science databases and analyzed the clinical features of
these 62 kinds of ZFYVE26 mutations in 84 patients (Table 1).
Most patients first had walking gait disorder at young age (13.75
+ 7.85 years), and some had language delay in infancy. The
main clinical characteristics of the patients with these mutations
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include low limbs weakness (98.81%), spasticity (96.43%), and
amyotrophy (30.95%); cognitive impairment (39.29%), mental
abnormality (50%), dysarthria (46.43%), TCC (47.62%), and
white matter hyperintensities (WMH) (39.29%) on MRI; axonal
peripheral polyneuropathy (35.71%), Babinski sign positive
(27.39%), urinary problems (21.43%), and sphincter (5.95%);
and ataxia (17.86%), retinal degeneration (19.05%), nystagmus
(14.29%), clawfoot (13.10%), strephenopodia (1.19%), sensory
abnormalities, action tremor (9), epilepsy (10.71%), hearing
impairment (5.95%), upper limbs weakness (7.14%), spasticity
(10.71%), and amyotrophy (5.95%).

Options available for the treatment of spastic paraplegia are
much less than its clinical and genetic types. Rehabilitation therapy
and physical therapy are necessary for the maintenance of muscular
strength and coordinated movement, and medications such as
oral baclofen, intramuscular injections of botulinum toxin, or
intrathecal injections of baclofen can relieve spasms. Although
HSP has no impact on the lifespan of patients, it can cause
serious disability. Genetic diagnosis and symptoms management
are important. Early diagnosis and clinical intervention are also
helpful to slow disease progression.

Conclusion

Here, we reported a new homozygous mutation of the
ZFYVE26 gene, c.7111dupA p.(M2371Nfs*51) (Exon 38). There
have been no previous reports on this genetic locus mutation with
HSP. Gene testing plays an important role in the diagnosis of HSP,
and family genetic lineage reveals the source of the pathogenic
gene. With the rapid improvement of gene testing technology, the
number of known HSP disease-causing gene is increasing, which
brings a challenge to the early diagnosis and clinical evolution.
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