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Abstract

Galactosialidosis is a rare metabolic disorder resulting from mutations in the CTSA gene. Few
studies have reported on the ocular findings of galactosialidosis type Ilb in detail. We report
on a case of galactosialidosis, the diagnosis of which was suggested by bilateral macular
cherry-red spots, which is an indication of lysosomal storage disease. In this case, retinal and
systemic dysfunctions were mild. Genetic studies revealed an abnormality of relevant protec-
tive proteins, and thus a definitive diagnosis was made. The patient was a 35-year-old man
who had blurred vision from young age, but he did not seek any therapy due to good visual
acuity. He visited a local clinic after the blurred vision in the left eye worsened and was referred
to us for bilateral macular cherry-red spots. He had no family history of note. We observed fine
grayish-white deposits in the corneal stroma and fine opacity of the lens. Optical coherence
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tomography showed a hyperreflective region and a thick bilateral retinal ganglion cell layer.
Goldmann perimetry showed focal loss of sensitivity. There was almost no functional decline
noted on multifocal electroretinography. Lysosomal storage disease was suspected due to cor-
neal clouding and macular cherry-red spots, and so further evaluation was performed. Though
neurological abnormality was mild, we made a diagnosis of galactosialidosis because of de-
creased activity of B-galactosidase and sialidase. Genetic studies revealed an abnormality of
relevant protective proteins. Since the onset was later in life and clinical symptoms were mild,
we expect that the ophthalmological findings will remain stable. Long-term observation is nec-

essary for this case. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Galactosialidosis is a rare metabolic disorder resulting from mutations in the CTSA gene,
which encodes a protective protein; this mutation leads to deficiency in lysosomal sialidase
and beta-galactosidase [1, 2]. The ocular manifestations of this disease include corneal opacity
and macular cherry-red spots, as well as lenticular opacity [1, 3]. In our case, the patient was
suspected to have a lysosomal storage disorder based on bilateral corneal opacity and cherry-
red spots. We identified a homozygous mutation in the CTSA gene - I[VS7 + 3A>G - and made
a definitive diagnosis of galactosialidosis. This mutation has been reported in late onset galac-
tosialidosis, but few studies have reported the ocular findings in detail.

Case Presentation

A 35-year-old man was aware of having bilateral blurred vision from young age, but had
not consulted an ophthalmologist. He was found to have bilateral corneal opacity in January
2016 while being examined for prescription glasses at Clinic A. He was referred to Hospital B
in May 2016, where examinations raised a suspicion of corneal dystrophy; however, he had
good visual acuity and no treatment was prescribed. He underwent examination again at Hos-
pital B for deterioration of the blurred vision in his left eye in July 2017, and cherry-red spots
were detected. He showed no improvement on follow-up examination, and was referred to
our hospital in September 2017.

The patient’s past medical history was unremarkable, and his parents are not related. His
parents have no visual problems and are in good health as of this writing.

The following findings were noted at the initial examination. Best-corrected visual acuity
(BCVA) was 6/5 in the right eye and 6/7.5 in the left eye. Ocular pressure was within the nor-
mal range at 15 mm Hg in the right eye and 18 mm Hg in the left eye. Fine, grayish-white
opacities were observed bilaterally across the entire corneal stroma, but no signs of inflam-
mation in the anterior chamber were observed on slit-lamp biomicroscopy. Fine opacities
were observed centrally on the posterior cortex of the lens as optical media findings (Fig. 1a-
d). Cherry-red spots were observed in the fundi bilaterally (Fig. 1e, f). Swept-source optical
coherence tomography (SS-OCT) (Triton plus; Topcon Corporation, Tokyo, Japan) revealed a
thickened and hyperreflective retinal ganglion cell layer (Fig. 1g, h). The OCT scans also
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revealed partial slight elevation of the retinal pigment epithelium in the right eye and a small
amount of temporal subretinal fluid in the left eye. Fundus autofluorescence imaging using
the Heidelberg retina angiograph 2 (HRA2) (Heidelberg Engineering GmbH, Heidelberg, Ger-
many) revealed hyperfluorescence in the range of a 1.5-mm optic disc diameter around the
fovea bilaterally as in a previous report [4]. Fluorescein angiography using HRA2 revealed no
clear abnormalities. Goldmann visual field perimetry showed bilaterally decreased central
sensitivity (Fig. 2). The Humphrey visual field test with the central 24-2 SITA-Standard pro-
gram using the Humphrey Field Analyzer (Carl Zeiss Meditec AG, Jena, Germany) revealed
slightly decreased overall sensitivity bilaterally. Multifocal electroretinography (ERG) (LE-
4000; Tomay Corporation, Nagoya, Japan) using a 37-hexagon stimulus array was performed
according to the protocols of the International Society for Clinical Electrophysiology of Vision
[5] and was largely normal for both eyes, although the central responses showed slight atten-
uation for normal eyes (Fig. 3).

Alysosomal storage disorder was suspected based on the cherry-red spots and opacity in
the cornea, and the patient underwent a detailed systemic examination. This examination re-
vealed very mild gargoylism, exaggerated tendon reflexes bilaterally, and tandem gait sugges-
tive of cerebellar ataxia. Hasegawa’s Dementia Scale assessment yielded a normal result -
30/30. The patient had no seizures or myoclonus. Blood analyses revealed lymphocyte vacu-
olation. Peripheral nerve conduction testing disclosed latency. Blood enzyme-activity anal-
yses revealed low beta-galactosidase and sialidase levels. Skin biopsy showed decreased ac-
tivity for both these lysosomal enzymes in dermal fibroblasts. Therefore, the patient was di-
agnosed as having galactosialidosis.

After obtaining informed consent, genomic DNA was prepared from the patient’s blood.
PCR amplification, for all exons including the exon-intron boundary, and direct sequencing
were performed for the CTSA gene as reported previously [6]. The homozygous mutation IVS7
+3A>G was detected in the CTSA gene on direct sequencing with genomic DNA extracted from
blood. Formerly described as SpDEX7, this is the most common splice site mutation in Japa-
nese galactosialidosis patients, and is mostly found in late-onset galactosialidosis [6].

Discussion/Conclusions

Galactosialidosis is a genetic metabolic disorder characterized by deficiency of the lyso-
somal enzymes sialidase and beta-galactosidase. Goldberg et al. [1] have recently reported on
patients with cherry red-spots and beta-galactosidase deficiency, and the disease concept was
established in the 1990s.

Sakuraba et al. [7] classified galactosialidosis into three types based on timing of onset
and clinical manifestations. Type I is the early infantile form, type Il is the juvenile or adult
form, and type III is the late infantile form. Type II galactosialidosis is further subdivided into
type Ila - a severe condition with a relatively early onset - and type IIb — a minor condition
with a late onset. In the case reported here, the condition was mild and was first identified
when the patient was an adult; therefore, it was considered type Ilb galactosialidosis. Type Il
manifestations can include myoclonus and other involuntary movements, such as cerebellar
ataxia, seizures, pyramidal signs, intellectual disability, ocular manifestations, auditory disor-
der, gargoylism, and lymphocyte vacuolation. However, the manifestations in this case - mild
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cerebellar ataxia, gargoylism, and vacuolated lymphocytes - were limited. Galactosialidosis
generally shows autosomal recessive inheritance [8], but in this case, there was no obvious
family history of the disease and his parents were not close relatives. Although galactosialido-
sis is a rare disease, his parents could have harbored the causative IVS7 + 3A>G mutation by
chance.

Galactosialidosis has been reported in about 80 cases worldwide, and about 60% of these
reports are from Japan [9]. Previously reported cases of galactosialidosis [4, 10-12] are sum-
marized in Table 1. Cherry-red spots were observed in the fundus in all cases. This phenome-
non of cherry-red spots is observed with thinning of opacities due to a reduction in ganglion
cell density towards the foveolar region and the periphery of the retina, which in turn arises
from the greatest turbidity being around the fovea, where ganglion cell density is high, with a
characteristic accumulation of lysosomal lipids in retinal ganglion cells. Yamazaki et al. [4]
reported that cherry-red spots in the fundus are not clearly apparent at the early stage of the
disease, and speculated that fundus autofluorescence imaging might have higher sensitivity.
OCT enables visualization of a thickened retinal ganglion cell layer due to the accumulation of
metabolites. OCT findings in galactosialidosis have been reported in 1 case [4], and were sim-
ilar to those seen in our case. Similar OCT findings have also been observed in sialidosis and
other forms of lipidosis. Findings on fundus examination and OCT in 2 sialidosis patients fol-
lowed for 5 years remained almost constant [13]. However, in this case, abnormalities of the
outer retina were noted. For unknown reasons, the subretinal fluid disappeared after 1 month,
but the function of the outer retina may also be impaired.

The decrease in retinal function is often mild in galactosialidosis patients, although ab-
normalities appear in the fundus and on OCT. In this case, only mild decreased sensitivity was
observed on the Goldmann visual field examination. Also, multifocal ERG did not show any
obvious abnormality except for the central responses, which showed slight attenuation. His-
topathological examination revealed accumulation of phospholipids, proteinaceous material,
and a lipofuscin-like substance in the ganglion cells and amacrine cells of the retina [14]. The
results of multifocal ERG and visual field examination indicated mild photoreceptor dysfunc-
tion, although with obvious ganglion cell dysfunction.

In the right eye OCT, RPE was partially elevated. The cause is unknown. In both eyes, the
choroid was thick, the blood vessels in the choroid were dilated. The pressure in the choroid
might be increased. Central serous chorioretinopathy (CSC) prevalence is high in Japan and
small PEDs appear in CSC. The elevated RPE may have the same pathology as CSC. However,
at the moment of fluorescein angiography leak points were not present, and thus it was not
considered as an active CSC. It may not be directly related to the pathology of galactosialidosis.

Corneal opacity is generally recognized as fine opacities in the central and deeper layers
of the stroma in adults; however, in this case, fine grayish-white opacities were similarly ob-
served over the entire corneal stroma bilaterally. The cause of the corneal opacity remains to
be elucidated.

Galactosialidosis is caused by deficiency in cathepsin A. This protein is encoded by the
CTSA gene and has a strong protective function for beta-galactosidase stabilization and sial-
idase activity. A previous report showed type IIb patients with a homozygous spliced SpDEx7
mutation [15]; however, details of ocular complications were not reported. In this case, the
patient also has this splice mutation in the homozygous condition. To our knowledge, ours is
the first report to describe this ocular phenotype in detail.
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Currently, there is no effective treatment for galactosialidosis, and management is only
symptomatic. However, type IIb galactosialidosis patients are reported to show little deterio-
ration in visual acuity during 10-year follow-up examinations [11]. Considering the lack of
systemic symptoms and the long delay in diagnosis, minimal deterioration in visual acuity is
predicted for this patient; however, the clinical course needs to be monitored over the long
term.
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Fig. 1. Anterior segment of the eye (a—d). Fine opacities in the corneal stroma, bilateral (a right eye; b left
eye). Fine opacities in the center of the posterior capsule of the lens (c right eye; d left eye). Fundus pho-
tography (e right eye; f left eye). Macular cherry-red spots, bilaterally. Horizontal section of OCT. Hyperre-
flective and thickened retinal ganglion cell layer, bilaterally (g right eye; h left eye). Partial slight elevation
of the retinal pigment epithelium in the right eye (g), and a small amount of temporal subretinal fluid in
the left eye (h).

L —

Fig. 2. Goldmann perimetry (a left eye; b right eye). Decrease in central sensitivity with no stable reaction
on the diagonal line. No abnormality is found in the peripheral visual field in both eyes.
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Fig. 3. Multifocal ERG using a 37-hexagon stimulus array. The central responses show slight attenuation
for normal eyes, but there is almost no functional decline. Upper panel: right eye. Lower panel: left eye.
Trace array showing all local responses in the patient (a, e). Three-dimensional topographic map of the
deviation of the patient for normal eyes (b, f), the map of the patient (c, g), and average for normal eyes
(d, h).
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Table 1. Previously reported cases of galactosialidosis

314

Author Age/ Close Family his-1st exam Corneal Lenticular Cherry-red Field of
sex relatives  tory BCVA opacity  opacity spots vision
Tanabe et al. [10] 36 F + - R:6/300 + N/A + N/A
L: 6/600
Kiuchi etal. [11] 34 M - +* R: HM + N/A + N/A
L: HM
30M - +* R:6/9.5 + N/A + 1+
L:6/12
Tsujino et al. [12] 36 M + - R:6/15 + + + 1§
L:6/9.5
21M - - R:6/6 + + + t
L:6/7.5
Yamazaki et al. [4] 19M - - R:6/19 - N/A + §
L:6/19

N/A, not recorded. * Siblings. t Enlargement of the blind spot of Mariotte. ¥ Depression of isopter. § Central scotoma.
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