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Abstract

Case series summary Two Japanese domestic cats with GM2 gangliosidosis variant 0, diagnosed at different
times, are included in this case series. Both cats were diagnosed by genetic analysis and had the HEXB:c.667C>T
pathogenic genetic variant, which have been previously reported in Japanese domestic cats with GM2 gangliosidosis
variant 0. Clinical signs and the identification of vacuolation in circulating lymphocytes were consistent with those
in previous reports of feline GM2 gangliosidosis variant 0. Radiography showed that both cases had similar
skeletal radiographic manifestations, which has not been previously reported in Japanese domestic cats with GM2
gangliosidosis variant 0. Radiographic findings included abnormally shaped vertebral bodies, obscure or irregular
endplates (both of which were seen especially in the cervical and thoracic vertebrae), generalised osteopenia and
new bone proliferation around articular facets.

Relevance and novel information To the best of our knowledge, this is the first report to present the skeletal radio-
graphic abnormalities of Japanese domestic cats with GM2 gangliosidosis variant O caused by the HEXB.c.667C>T
pathogenic genetic variant. Furthermore, together with a report published in 2015 on the radiographic findings
of feline GM2 gangliosidosis variant O caused by another pathogenic genetic variant, this report suggests that
these findings may be indicators of feline GM2 gangliosidosis variant 0. The easily obtained radiographic findings
described in this report may be useful as a finding suggestive of feline GM2 gangliosidosis variant 0, in addition
to the cytological finding of the vacuolated cells. The report emphasises the utility of radiography for diagnosis of
cases with suspected progressive neurodegenerative diseases.
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Figure 1 Appearance of (a) case 1 and (b) case 2. Abnormal facial appearance can be seen. Both cases showed third eyelid
protrusion in both eyes. The cornea of case 1 appears to be opaque (a)

Case series description

Two consecutive cases were presented to the Veterinary
Medical Teaching Hospital (VMTH) of Nippon Veterinary
and Life Science University (NVLU; Tokyo, Japan);
both were diagnosed with GM2 gangliosidosis variant 0
(Sandhoff disease), with genetic confirmation in 2013 and
2017, respectively.

In both cases, after the diagnostic work-up, progressive
neurodegenerative disease such as lysosomal storage
disease (LSD) was suspected. After the suspected diag-
nosis, blood samples were collected for genetic analysis.
Genotyping of HEXB:c.667C>T variant, which was
reported as the causal variant of GM2 gangliosidosis
variant 0 in Japanese domestic cats,! was performed as
previously described.? Both cases were lost to follow-up,
so further information was unavailable.

Case 1

Case 1 was a stray intact female Japanese domestic
kitten that was rescued (along with its five littermates)
by its owner at an estimated age of 2 weeks. After
about 2 months, the kitten was noted to have ataxia
and intention tremor by the primary veterinarian,
although other kittens in the same litter did not show
any abnormalities. One hundred and fifty-five days
after the owner had taken the cat to the primary veteri-
narian, the cat was presented to the General Practice
Service at the VMTH of NVLU due to the progression
of the clinical signs. It weighed 2.1kg. Complete blood
count (CBC) was unremarkable; however, examination
of a blood smear revealed cytoplasmic vacuoles in lym-
phocytes (see Figure S1 in the supplementary material).
Serum chemistry revealed non-specific findings; details
of the serum chemistry data are provided in Table S1

in the supplementary material. Because the cat was
suspected of having a neurological disease, consultation
at the Neurology and Neurosurgery Service in the
VMTH of NVLU was requested.

Neurological examination revealed abnormal mental
status and non-ambulatory paraparesis. Postural reac-
tions were absent in all four limbs. Spinal reflexes
were increased or exaggerated in all four limbs. Crossed
extensor reflexes were observed in both hindlimbs.
Babinski reflex was present in all limbs except for the left
forelimb. Palpebral reflex at lateral canthus of both eyes
was absent. The patient showed slow horizontal pendu-
lar nystagmus when it was in a normal position, and ver-
tical pendular nystagmus when its position changed.
Third eyelid protrusion occurred in both eyes (Figure 1a).

Skeletal survey radiography revealed abnormalities
(more obviously in the cervical and upper thoracic
vertebrae) (Figure 2). Vertebral bodies were abnormally
shaped, and there was generalised osteopenia in the
entire spine. On the lateral view of the cervical vertebrae,
the craniocaudal dimensions of the vertebrae were short-
ened, while the dorsoventral dimensions were widened.
Furthermore, in the dorsoventral view of the cervical
vertebral column, their lateral dimensions were wid-
ened. The dorsal spinous processes of the thoracic verte-
brae were abnormally shaped and their craniocaudal
dimensions were wider. In the dorsoventral view, the
lateral dimensions of lumbar vertebral bodies were
mildly widened. In the cervical and thoracic vertebrae,
especially, endplates were obscure or irregular. Bone
proliferation was also seen around articular facets, espe-
cially in the lumbar vertebrae.

MRI was performed without general anaesthesia/
sedation using a 3.0 Tesla unit (Signa HDxt 3.0 T, GE
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Figure 2 Radiographs of case 1: (a) right lateral cervicothoracic radiograph; (b) dorsoventral cervicothoracic radiograph;
(c) right lateral abdominal radiograph; and (d) dorsoventral abdominal radiograph

Healthcare), and sagittal and transverse T2-weighted
(T2W) images and transverse periodically rotated over-
lapping parallel lines with enhanced reconstruction
(PROPELLER) T2W images of the brain were obtained.
General anesthesia or sedation were avoided because of
the potentially increased risk of complications in this cat
with deteriorating condition. Instead, a veterinarian
accompanied the cat on the MRI bed and held the cat in
place to minimise its body movements. In the sagittal
plane of T2W imaging, the corpus callosum was hardly
recognisable, which has previously been reported to be
an imaging indicator for suspicion of LSD,? even though
MRI was obtained without general anesthesia/sedation
and motion artefact was present (see Figure S2 in the
supplementary material). Furthermore, ventral vertebral

bodies of C2—-C6 seen in the sagittal T2ZW MRI showed T2
hyperintensity, and T2 signal intensity was higher than
its adjacent intervertebral discs. In the transverse plane,
brain T2W imaging showed white matter signal hyperin-
tensity and ventricular enlargement, which was consistent
with the MRI findings previously reported in Korat* and
Japanese domestic cats.5 Furthermore, the muzzle of this
cat appeared to be shorter than that of a normal cat.

Case 2

Case 2 was a stray intact male Japanese domestic kitten
that had been rescued by its owner. The day after the
owner started taking care of the kitten, it was presented
at the primary veterinary hospital. The age of this kitten
was unknown; however, it was estimated to be about
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Figure 3 Radiographs of case 2: (a) right lateral cervicothoracic radiograph; (b) dorsoventral cervicothoracic radiograph;
(c) right lateral abdominal radiograph; and (d) dorsoventral abdominal radiograph

2 months old. At this time, the primary veterinarian
found that the kitten had a head tremor and visual weak-
ness, and was ambulatory. A month and a half later, the
patient gradually became non-ambulatory; radiography
was therefore performed at the primary veterinary hos-
pital, which revealed abnormalities in the vertebral col-
umn. Two hundred and forty-three days after its first
visit to the primary veterinary hospital, the cat was pre-
sented to the General Practice Service in the VMTH of
NVLU owing to head and generalised tremor, recum-
bency, lethargy, anorexia, haematuria and difficulty
with defaecation. It was able to urinate on its own when
supported. It had mild dehydration and weighed 1.2kg,
and its body temperature was 36.1°C. Feline immunode-
ficiency virus antibody and feline leukaemia virus anti-
gen were not detected by screening tests. At the initial
presentation, CBC showed neutrophilia and very mild
lymphocytopenia. Serum chemistry findings included

increased liver enzymes and decreased albumin (see
Table S1 in the supplementary material).

Skeletal survey radiography revealed skeletal abnor-
malities (Figure 3). Radiographic findings were similar
to those seen in case 1; however, pectus excavatum was
found in case 2. In the lateral view, the craniocaudal
dimensions of dorsal spinous processes of the upper
thoracic vertebrae in case 2 were a little wider than in
case 1, while those of the lower thoracic vertebrae in
case 1 were wider than in case 2. Furthermore, the
dorsoventral dimensions of dorsal spinous processes of
the upper thoracic vertebrae in case 2 were shorter than
in case 1 in the lateral view.

Two weeks later, the cat was re-evaluated at the
Neurology and Neurosurgery Service of the VMTH of
NVLU. Its weight had decreased to 1.15kg. CBC and
serum chemistry were performed again. At this time,
although the CBC results were now within the reference
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intervals (RIs), cytoplasmic vacuoles in lymphocytes
were seen on a blood smear (see Figure S1 in the supple-
mentary material). Most serum chemistry levels had not
drastically changed from the previous test; however,
serum amyloid A was remarkably elevated (107.9 ug/ml;
RI 0-6.5ug/ml). The concentration of ammonia in the
blood was measured and was unremarkable. Serum
chemistry data of case 2 are shown in Table S1 in the
supplementary material. Neurological examination
revealed abnormal mental status, recumbency, poor-to-
absent postural reactions in all limbs, exaggerated spi-
nal reflexes in all four limbs, the presence of crossed
extensor reflexes in all limbs, horizontal pendular nys-
tagmus and a bilateral menace response deficit. Pupillary
light reflex was present, although the pupil size was
slow to return to normal. Palpebral reflex at the lateral
canthus of both eyes appeared weak. The third eyelid
appeared in both eyes (Figure 1b). Withdrawal reflexes
were normal in all four limbs. Muscle atrophy of the
extremities was observed. Although MRI was scheduled
to be performed, it was cancelled because the cat’s body
temperature was, at that time, 35.1°C.

Discussion
GM2 gangliosidosis is a subset of LSD and causes the
accumulation of GM2 ganglioside and other glycolipids
in lysosomes, which leads to progressive diffuse neuro-
logical deterioration. GM2 gangliosidosis is known to be
caused by a genetic deficiency of beta (3)-hexosaminidase
or GM2 activator protein. GM2 gangliosidosis is further
divided into three subtypes, including variant B (Tay-
Sachs disease), variant 0 (Sandhoff disease) and variant
AB (GM2 activator protein deficiency). Four genetic
causal variants in the HEXB gene for feline GM2 gangli-
osidosis variant 0 have been identified so far: an inver-
sion in domestic shorthair cats;® a splice site deletion in
European Burmese;’ a single base pair deletion in Korat;?
and a nonsense mutation in Japanese domestic cats.!
Although feline GM2 gangliosidosis variant 0 has
been well studied and utilised as a large-animal model of
human Sandhoff disease,®!0 bone abnormalities had not
been reported before 2015.! Bony abnormalities, referred
to as mucopolysaccharidosis (MPS)-like phenotype,!!
have been found in a continuously maintained research
colony of feline GM2 gangliosidosis variant 0 model,'>13
which has a 25 base pair inversion near the end
of the HEXB coding sequence, HEXB:c.1467_1491inv25
(p-F488Lfs*4).6 Prior to the report by Gray-Edwards et al
in 2015,1' a review article on feline and canine LSD
stated that bony and connective tissue abnormalities
could also be observed in some forms of gangliosidosis or
glycoproteinosis,'* although the subtype of those diseases
has not been specified. Both the present and previous
reports suggest that these radiographic findings may be
indicators in feline GM2 gangliosidosis variant 0.

In this report, two Japanese domestic cats with skeletal
radiographic abnormalities presented separately; both
cats had the homozygous HEXB:c.667C>T pathogenic
genetic variant, which was different to that reported by
Gray-Edwards et al.!! Diffuse osteopenia most severely
affected the spine in the current cases, as well as in the
cats previously reported.!! Furthermore, previously
reported abnormally shaped vertebral bodies (especially
in cervical vertebrae) were also commonly seen in the
current cases.!! In the previous research,! multiple
punctate radiolucent defects in the epiphyses of the
humerus, distal radius, femur and tibia were reported.
Although radiographs of the appendicular skeleton
such as forelimbs and hindlimbs were not obtained
independently in both of the current cases, and detailed
evaluation was difficult, an increase in radiolucency
was seen in the epiphyses of the humerus and femur,
especially in case 2. It should also be noted that the ages
of the cats in the previous report (around 4.5 months
old) and the two cases in the present report (around
1 year old) were different.!!

Several reports of GM2 gangliosidosis variant 0 in
Japanese domestic cats have been published;>!>1 how-
ever, none has given descriptions of abnormal radio-
graphic skeletal findings, and one case report stated that
their cat showed no abnormalities in radiographic exam-
inations of the cranial and cervical regions,'® and was
identified as carrying the HEXB:c.667C>T pathogenic
genetic variant in a subsequent genetic study.! The dis-
crepancy between that report!® and ours seems to sug-
gest that variable phenotypic expression occurs, even
among cases with the same pathogenic genetic variant.
Intrafamilial variability has been recognised in LSD in
humans.”!8 Therefore, it may be considered that pheno-
typic variability exists in Japanese domestic cats with the
same pathogenic genetic variant.

The radiological skeletal manifestation seen in two cats
reported here may be similar to those of several diseases,
including MPS,"22 hypervitaminosis A, congenital
hypothyroidism? and hyperparathyroidism.> Multiple
epiphyseal dysplasia,? which has been reported in dogs
but not in cats, may also be considered. Nevertheless,
genetic confirmation of the HEXB:c.667C>T variant proved
that these two cats were affected by GM2 gangliosidosis
variant 0.

The presence of cytoplasmic vacuoles within leuko-
cytes is a well-known reliable indicator of some
LSDs, which may be identified by evaluation of blood
smears.!41627 In addition to the cytological finding of the
vacuolated cells, the abnormal findings on skeletal radi-
ographs reported here may help to assist in the diagnosis
of neurodegenerative diseases, some of which show
abnormal skeletal radiographic phenotypes, such as
GM2 gangliosidosis variant 0 and a few types of MPS,
in cats.
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Conclusions

This report provides evidence of skeletal radiographic
abnormality in two consecutive cases of feline GM2 gan-
gliosidosis variant 0 (Sandhoff disease) with the homozy-
gous HEXB:c.667C>T pathogenic genetic variant. This
report highlights the utility of survey radiography when
proceeding with diagnoses of feline cases with suspected
progressive neurodegenerative diseases.
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Table S1: Results of serum chemistry analyses of case 1 and
case 2.
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