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A B S T R A C T

Hereditary spastic paraplegia (HSP) is a neurodegenerative disorder characterized by pyramidal weakness and
spasticity of the lower limbs. SPG46, one of autosomal recessive HSP, is clinically characterized by spasticity and
pyramidal weakness of the lower limbs, mental retardation, congenital bilateral cataract, thin corpus callosum,
and hypogonadism in males. Mutations in the nonlysosomal glucosylceramidase β2 (GBA2) gene have been
identified in patients with SPG46. A Japanese woman was identified with bilateral cataracts when she was in an
elementary school. She felt falling easily, speaking unclearness, and difficulty in walking and raising her left leg
in her 30s. Her neurological examination at the age of 44 revealed dysarthria, spasticity in the upper and lower
extremities, increased jaw jerk and tendon reflexes in the extremities, bilateral extensor plantar reflexes, ataxia,
and pollakiuria. Magnetic resonance imaging showed thinning of the corpus callosum body as well as atrophy in
the pons and cerebellum. A novel homozygous c.1838A > G (p.D613G) missense mutation was detected at exon
12 in GBA2. We diagnosed her illness as an autosomal-recessive form of hereditary SPG46. The clinical features
matched previously reported phenotype of SPG46. This is the first report of a Japanese patient with SPG46 with
a novel mutation in GBA2. We presume that the novel GBA2missense mutation found in our patient would cause
loss of GBA2 activity, resulting in the neurological manifestations of SPG46.

1. Introduction

Hereditary spastic paraplegia (HSP) is a neurodegenerative disorder
which is clinically characterized by pyramidal weakness and spasticity
of the lower limbs. Inheritance of HSP has been reported to be auto-
somal dominant, autosomal recessive, or X-linked. To date, the causa-
tive genes or gene loci of HSPs have been assigned to SPGs 1–80 [2].
The most frequent form of HSP is SPG4 [1,2].

SPG46, one of autosomal recessive HSP, is clinically characterized
by spasticity and pyramidal weakness of the lower limbs, mental re-
tardation, congenital bilateral cataract, thin corpus callosum, and hy-
pogonadism in males [3,4]. Mutations in the nonlysosomal gluco-
sylceramidase β2 (GBA2) gene have been identified in patients with
SPG46 [4]. To date, patients with SPG46 have been reported to be from

Tunisia, Belgium, Turkey, Portugal, Italy, and China [3–6]. In Japan,
four mutations in GBA2 have been reported [1], but details of in-
dividual cases have not been fully described. Here, we report the first
case of a Japanese patient with SPG46 with a novel mutation in GBA2
(c.1838A > G, p.D613G).

2. Case report

A Japanese woman was identified with bilateral cataracts when she
was in an elementary school. She received surgery for bilateral cataract
at age 26. She felt falling easily, speaking unclearness, and difficulty in
walking and raising her left leg in her 30s. At the age of 44, she felt
bilateral leg spasticity and began to limp. Her elder brother, who also
had bilateral cataract surgery in his 20s, recognized gait disturbances
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with spasticity and delusional ideations in his 30s. Her parents were
cousins, and neither they nor any other relatives had these symptoms
(Fig. 1A).

Her neurological examination at the age of 44 revealed dysarthria,
spasticity in the upper and lower extremities, increased jaw jerk and
tendon reflexes in the extremities, bilateral extensor plantar reflexes,
ataxia in the trunk and lower limbs, and pollakiuria. Neither weakness
of extremities nor sensory disturbances were apparent.

Haematological and cerebrospinal fluid examinations revealed no
abnormalities. She scored 30 on the Mini-Mental Status Examination;
however, the Wechsler Adult Intelligence Scale (third edition) showed
that her full intelligence quotient was 70, verbal intelligence quotient
was 78, and performance intelligence quotient was 68. Her Frontal
Assessment Battery score was 16 out of 18. Magnetic resonance imaging
(MRI) showed thinning of the corpus callosum body as well as atrophy
in the pons, cerebellar hemispheres, and vermis (Fig. 1B). Neither brain
atrophy nor white matter lesions were apparent (Fig. 1C).

We carried out whole-exome analysis of genomic DNA from the
patient. Exome capture was performed using a SureSelect All Exon
V5 + UTRs Kit (Agilent Technologies, Santa Clara, USA) followed by
massively parallel sequencing using a Hiseq2500 (Illumina, San Diego,
USA) [1]. A novel homozygous c.1838A>G (p.D613G) missense mu-
tation was detected at exon 12 in GBA2. This homozygous mutation was
confirmed by Sanger sequencing. This variant does not appear in the
Exome Aggregation Consortium online database which is derived from
various disease-specific and population-genetics studies and based on
gene sequences from 60,706 unrelated individuals [7]. In silico analyses
using Sorting Intolerant from Tolerant [8] predicted the mutation as
damaging, and Combined Annotation Dependent Depletion score [9]
was 28.7. We diagnosed her illness as an autosomal-recessive form of
hereditary SPG46 based on the characteristic clinical symptoms, a fa-
mily history in her older brother, MRI findings, and the mutation in
GBA2.

3. Discussion

We described the first case of a Japanese patient with SPG46 with a
novel mutation in GBA2 (c.1838A>G, p.D613G). She showed bilateral
cataract at a young age, mild cognitive impairment, spasticity with
pyramidal signs, and cerebellar ataxia. These findings were similar to
the previous reports of SPG46.

GBA2 is localized in the endoplasmic reticulum and Golgi mem-
branes, where it cleaves glucosylceramide to glucose and ceramide
[10]. It is predominantly expressed in neurons, and the highest level of
GBA2 is found in cerebellar cortex [10]. Mutations in GBA2 (missense
and nonsense) identified in patients with SPG46 cause GBA2 activity
loss [10].

GBA2 protein is composed of an N-terminal glucosyl-hydrolase fa-
mily 116 domain and a C-terminal catalytic domain [10]. The majority
of missense mutations previously identified in SPG46 patients are lo-
cated in the C-terminal catalytic domain of GBA2, and these patients
commonly revealed pyramidal sign, spasticity, ataxia, or cataract [10].
The novel mutation detected in our patient also localized to the C-
terminal catalytic domain of GBA2. Her clinical features matched pre-
viously reported phenotype of SPG46 and those in patients with mis-
sense mutations located in the C-terminal catalytic domain of GBA2
[3,4,10]. We presume that the novel GBA2 missense mutation found in
our patient would also cause loss of GBA2 activity, resulting in the
neurological manifestations of SPG46.

4. Conclusion

We report a Japanese patient with SPG46 with a novel mutation in
GBA2. The clinical features in our patient matched previously reported
phenotype of SPG46.
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