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corpus callosum

Ji-Qing Duan?, Hui Liu! and Jia-Qiao Wu?*

tDepartment of Intensive Care Unit, The Third People’s Hospital of Chengdu, Affiliated Hospital of
Southwest Jiaotong University, Chengdu, China, 2Department of Anesthesia, The Third People’s Hospital
of Chengdu, Affiliated Hospital of Southwest Jiaotong University, Chengdu, China

A 24-year-old man presented with insidious onset progressive gait disturbance
and was finally diagnosed with autosomal recessive hereditary spastic paraplegia.
Two novel mutations, including a frameshift mutation (c.5687_5691del) and a
non-sense mutation (c.751C>T), were identified in the SPG11 gene of the patient
through whole genome sequencing. The frameshift mutation of c.5687_5691del
leads to a change in amino acid synthesis beginning with amino acid No.
1896 arginine and terminating at the 8th amino acid after the change (p.
Arg1896MetfsTer8). The non-sense mutation (c.751C>T) causes the conversion
of codon 251st encoding the amino acid Gln into a stop codon (p. Gln251Ter),
resulting in premature termination of peptide synthesis. Although confirmation
of compound-heterozygosity could not be performed, our findings enriched the
phenotypic spectrum of SPG11 mutations related to hereditary spastic paraplegia.
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Background

A 24-year-old man presented with insidious onset progressive gait disturbance and
was finally diagnosed with autosomal recessive hereditary spastic paraplegia. Two novel
mutations, including a frameshift mutation (c.5687_5691del) and a non-sense mutation
(c.751C>T), were identified in the SPGI1 gene of the patient through whole-genome
sequencing. The frameshift mutation of ¢.5687_5691del leads to a change in amino acid
synthesis beginning with amino acid No. 1896 arginine and terminating at the eighth amino
acid after the change (p. Argl896MetfsTer8). The non-sense mutation (c.751C>T) causes
the conversion of codon 251, encoding the amino acid Gln into a stop codon (p. GIn251Ter),
resulting in premature termination of peptide synthesis. Although the confirmation of
compound-heterozygosity could not be performed, our findings enriched the phenotypic
spectrum of SPG11 mutations related to hereditary spastic paraplegia.

Case presentation

A 24-year-old man born in a non-consanguineous family developed insidious onset
progressive gait disturbance accompanied by weakness in the lower limbs for the past 4 years.
The weakness of his lower extremities began distally and gradually progressed proximally.
His performance at school was below average. Upon examination, his speech showed mild
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FIGURE 1

Brain MRl images in the proband. (A) Sagittal T2-weighted image displayed thinning of the corpus callosum, as indicated by the red arrow. (B) Axial
T1-weighted image showed symmetrical periventricular white matter lesions, as indicated by the red arrow.
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dysarthria, and his lower extremity strength was Medical Research
Council (MRC) grade 4/5 with brisk reflexes and a bilateral extensor
plantar response. He had pes cavus, normal muscle volume,
bilateral foot drop, positive Babinski’s sign, and scissor gait. There
were no signs suggestive of upper limb problems. The scores of the
mini-mental state examination (MMSE, normal range >27 points)
and Montreal Cognitive Assessment (MoCA, normal range >26
points) were 29 points and 22 points, respectively, indicating mild
cognitive impairment in the patient. Blood and cerebrospinal fluid
(CSF) testing, including routine blood tests, serum immunologic
tests, liver, and kidney function tests, as well as CSF biochemistry,
immunologic tests, and oligoclonal bands, were all within the
normal range. Magnetic resonance imaging (MRI) of the brain
showed an extremely thin corpus callosum on sagittal views and
symmetrical periventricular white matter lesions (Figures 1A, B).
Thoracic MRI showed that the thoracic spinal cord was significantly
thinner and reduced in volume (Figure 2). However, there was no
obvious abnormal signal in the thoracic spinal cord on MRI images.
No obvious abnormality was found in an electromyogram (EMG)
or an electroencephalogram (EEG) of the patient. Somatosensory
evoked potentials (SEPs) showed a significant decrease in the
amplitude and central conduction velocity of the lower extremities.
Whole-genome sequencing (WGS) was performed on the patient.
A frameshift mutation (c.5687_5691del) and a non-sense mutation
(c.751C>T) were identified in the SPG11 gene of the patient

Abbreviations: HSP, hereditary spastic paraplegia; HSP-TCC, HSP with thin
corpus callosum; PG11, Spastic paraplegia 11 = S; MRC, Medical Research
Council; MMSE, mini-mental state examination; MoCA, Montreal Cognitive
Assessment; CSF, cerebrospinal fluid; MRI, magnetic resonance imaging;
EMG, electromyogram; EEG, electroencephalogram; WGS, whole-genome

sequencing.
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(Figure 3). The diagnosis of autosomal recessive HSP with a thin
corpus callosum was finally confirmed according to the clinical
manifestations and genetic test results of the patient (Patel et al.,
2016; Zhang et al., 2016; Meyyazhagan et al., 2022). The Spastic
Paraplegia Rating Scale (SPRS) was 16 points according to a
previous study (Schiile et al., 2006). The patient received a daily
dose of 60 mg edaravone and 0.5 g citicoline for ~2 weeks, and he
was seen for follow-up visits once every 3 months. However, the
weakness of his lower extremities and his gait disturbance was not
effectively relieved.

Discussion

HSP is a genetically heterogeneous group of neurodegenerative
disorders characterized by progressive spasticity and lower
extremity weakness as a result of retrograde axonal degeneration
of the corticospinal tracts and posterior columns (Samaranch
et al, 2008; Stevanin et al, 2008). HSP with a thin corpus
callosum (HSP-TCC) is a distinguished subgroup of complicated
forms and is often inherited as a recessive trait (Sperfeld et al,
2005; Hourani et al., 2009; Riverol et al., 2009). HSP-TCC has
a high rate of disability, and most of the affected patients will
become wheelchair-bound one or two decades after the onset
of the disease (Stevanin et al, 2007). The clinical features of
HSP begin primarily before the second decade of life. The
estimated prevalence for HSP of all types ranges from 1:100,000
to 10:100,000, affecting diverse ethnic groups. The diagnosis of
HSP is mainly based on clinical characteristics, neuroimaging, and
gene testing (Shribman et al., 2019). The pathogenic mechanism,
associated clinical characteristics, and neuroimaging abnormalities
vary greatly, owing to different disease-causing genes, making
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in the cord on sagittal T1-weighted imaging, as indicated by the red arrow.

Thoracic spinal MRl image in the proband. Thoracic spinal MRI revealed thinning of the thoracic spinal cord with volume loss but no abnormal signal
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it challenging to distinguish HSP from other genetic disorders
associated with spasticity. Gene testing is now widely available,
but there are limitations, and molecular diagnosis cannot be
performed in most suspected cases. With a further understanding
of the pathophysiological basis of individual HSP subtypes,
opportunities are emerging to provide targeted molecular therapies
and personalized medications (Shribman et al., 2019).

To date, 15 distinct loci associated with HSP-TCC have been
identified: SPG 1, SPG 11, SPG 15, SPG 18, SPG 21, SPG 44, SPG 45
(65), SPG 46, SPG 47, SPG 49, SPG 54, SPG 56, SPG 63, SPG 67, and
SPG 71 (Boukhris et al., 2010; Finsterer et al., 2012). In the current
study, we identified two novel SPG 11 gene mutations: a frameshift
mutation (c.5687_5691del) and a non-sense mutation (c.751C>T).
SPG11-associated HSP is supposed to be the most frequent type of
complicated autosomal recessive HSP, especially for patients with
a thin corpus callosum and intelligence disorder (Paisanruiz et al.,
2008; Meyyazhagan et al., 2022). The SPG 11 gene, which is located
at chromosome 15q13-15, encodes the spatacsin protein that is
primarily expressed in the pineal gland, cerebral cortex, cerebellum,
and hippocampus (Paisanruiz et al., 2008; Samaranch et al., 2008;
Panza et al., 2022). The genetic analysis of SPG11 revealed frequent
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truncating mutations altering the protein structure and function in
the KIAA1840 gene (Lossos et al., 2006; Fink, 2013).

Among the mutations that have been reported in HSP, non-
sense and frameshift mutations are the most frequent types
described in SPG 11 (Liao et al., 2008; Cao et al.,, 2013; Tian
et al., 2016; Du et al, 2018). To our knowledge, the mutation
of SPGI11 as seen in our case has never been reported in the
literature. In our case, a frameshift mutation of ¢.5687_5691del
(deletion of nucleotide number 5687_5691 in the coding region)
was found in the SPG11 gene of the subject. The mutation resulted
in a change in amino acid synthesis beginning with amino acid
No. 1896 arginine and terminating at the eighth amino acid
after the change (p. Argl896MetfsTer8). A non-sense mutation of
¢.751C>T (nucleotide 751 in the coding region changes from C
to T) was also noted, which causes the conversion of codon 251,
encoding the amino acid Gln into a stop codon (p. Gln251Ter),
resulting in premature termination of peptide synthesis. Such a
mutation would bring about a truncated protein, resulting in a
loss of the physiological function of the spatacsin protein (Stevanin
et al., 2008). Both mutations can be pathogenic according to a joint
consensus recommendation (Richards et al., 2015).
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FIGURE 3
Whole-genome sequencing identified compound heterozygous mutations in the SPG11 gene. (A) Mutation of c.5687-5691del, as indicated by the

red arrow. (B) Mutation of c.751C>T, as indicated by the red arrow.

HSP induced by mutations of SPG 11 is characterized by  patients with HSP-TCC initially suffered from walking difficulties,
early-onset progressive spasticity and weakness, a thin corpus  and ~16% of patients first presented with symptoms of intellectual
callosum, and cognitive dysfunction. Approximately 79% of  disability (Stevanin et al, 2008; Panza et al, 2022). In our
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case, the patient who presented with insidious onset progressive
gait disturbance also had weakness in the lower limbs. A
mild impairment of the cognitive function of the patient
was also observed. Other symptoms of the patient included
scissor gait, bilateral foot drop, and mild dysarthria. All the
symptoms were consistent with previous studies (Liao et al,
2008; Cao et al, 2013; Tian et al, 2016; Du et al., 2018).
Regrettably, the patient’s father died in a car accident, his
mother refused to undergo in-hospital genetic tests, and we
failed to obtain his family pedigree. Although family segregation
studies were not possible as explained, the phenotype and
the characteristics of the variants detected indeed support
their pathogenicity.

Conclusion

We reported a rare case of HSP-TCC accompanied by
two novel mutations of SPGII, and our findings enriched
the phenotypic spectrum of SPG11 mutations. For patients
presenting with HSP-TCC, we recommend direct testing for the
SPGI11 gene to establish the role of SPG11 mutation in these
rare disorders.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.
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