KAZUISTIKA

CASE REPORT

Late-onset Tay-Sachs Disease Can Mimic

Spinal Muscular Atrophy
Type lll - Two Case Reports

Pozdni forma Tay-Sachsovy choroby
napodobuje spinalni svalovou atrofii
lIl. typu — dvé kazuistiky

Abstract

Late-onset Tay-Sachs disease is a form of GM2 gangliosidosis with the first manifestation
in adolescence to young adulthood. We present clinical and paraclinical findings in two
sisters (19 and 29 years). Speech impairment and clumsiness as the initial signs were fol-
lowed by progressive proximal weakness in the lower extremities. Electromyography showed
involvement of the lower motor neuron. Molecular genetic testing brought no evidence
of deletion within the SMN1 (survival of motor neuron) gene. Magnetic resonance imag-
ing of the brain revealed marked cerebellar atrophy. Marked decrease in f-hexosaminidase
A activity was found in the serum, plasma and leukocytes. DNA analysis of the HEXA gene
identified heterozygous mutations: c.805G>A and c.1123delG. It took 12 years to establish
the diagnosis in the older sister. We recommend considering late-onset Tay-Sachs disease for
the differential diagnosis of patients with clinical signs suggesting spinal muscular atrophy
or spinocerebellar ataxia. Accurate diagnosis may be of prospective significance in terms of
therapeutic management.

Souhrn

Pozdni forma Tay-Sachsovy choroby patti mezi GM2 gangliosiddzy. Prvni pfiznaky se objevuijf
béhem dospivani nebo v ¢asném dospélém véku. Uvadime kazuistiky dvou sester ve véku 19
a 29 let s typickym klinickym obrazem a vysledky pomocnych vy3etfeni. Po¢atecnimi pfiznaky
byla porucha feci a neobratnost, postupné se objevila progredujici slabost pletencového sval-
stva dolnich koncetin. Elektromyografie prokazovala postizeni na trovni midniho motoneu-
ronu. Molekuldrné genetickym vy3etfenim nebyla zjisténa delece SMN1 (survival of motor
neuron) genu. Na magnetické rezonanci mozku se zobrazila vyraznd mozeckova atrofie.
V séru, plazmé a leukocytech byl prokazan vyznamny pokles aktivity p-hexosaminidazy A.
DNA analyza HEXA genu identifikovala heterozygotni mutaci: c.805G>A and c.1123delG.
U stardi z obou sester trvalo stanoveni spravné diagnézy 12 let. PFi klinickych pfiznacich
spindlni svalové atrofie nebo spinocerebellarni ataxie doporucujeme zvazovat v diferencidlni
diagnostice pozdni formu Tay-Sachsovy choroby. Spravnd diagnostika mdze mit vyznam
z hlediska budoucich moznosti 1écby.
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Introduction

GM2 gangliosidoses (Tay-Sachs disease,
Sandhoff disease and GM2 activator de-
ficiency) are autosomal recessive lysoso-
mal storage disorders characterized by
GM2 ganglioside accumulation within
neurons [1]. Tay-Sachs disease is caused
by mutations in the HEXA gene (chromo-
somal locus 15923—-q24) that codes the
a-subunit of lysosomal enzyme p-hexosa-
minidase A. The most common infantile
form is associated with absence of p-he-
xosaminidase A activity. It is characterized
by rapid infaust course and manifests with
early hypotonia, deteriorating psychomo-
tor development, seizures and blindness.
The late-onset chronic form first occurs
in adolescence and adulthood, and takes
a slower course with progressive proximal
limb weakness and lower motor neuron
signs in combination with cerebellar and
occasionally also extrapyramidal signs [2].
The activity of p-hexosaminidase A is re-
duced to below 10% of the normal va-

lues. This form may mimic spinal muscu-
lar atrophy (SMA) or diseases arising from
spinocerebellar degeneration [3]. In this
report, we present the cases of two sis-
ters, one of whom was followed for SMA
(a non-deletion form) for 12 years.

Case reports

Patient 1

A 17-year-old girl was referred to the
Department of Neurology of the Ge-
neral University Hospital for progres-
sive weakness of her lower extremities.
This was also observed in her older sister
(patient 2). During her school years, the
girl was followed up for Attention Defi-
cit Hyperactivity Disorder (ADHD). From
10 years of age, she started to expe-
rience weakening of the lower limbs du-
ring exercise. At the age of 14, she de-
veloped spluttered speech with rapid
speech rate, classified as tumultus sermo-
nis, with no response to subsequent spe-
ech therapy. At the age of 16, she de-

Fig. 1. Brain MRl scans of patient 1 (a, b) and patient 2 (c, d) in sagittal (a, ¢)
and transversal (b, d) planes. In both patients, atrophy is apparent in the cere-
bellum and brainstem (however, this is more pronounced in patient 2).

veloped gait problems, especially when
climbing stairs; on an even surface, she
was able to walk a little over a kilome-
ter. In addition, impaired fine motor skills
impeded her hairdresser training. Neu-
rological examination at our department
revealed dysarthria, rapid speechrate, neo-
cerebellar syndrome and proximal weak-
ness of the lower limbs with normal re-
flexes. Full blood count, urea and creati-
nine, liver function tests, levels of muscle
enzymes and myoglobin, electrophore-
sis of lipoproteins, serum lactate, vita-
min E level and thyroid hormones were
all normal. Electroencephalography (EEG)
showed no abnormalities. Electromyo-
graphy (EMG) revealed chronic diffuse
regenerative lesion of the lower motor
neuron, mainly in the lower extremities.
Nerve conduction studies were normal.
Needle EMG examination revealed signs
of denervation, fasciculations, polyphasic
motor unit potentials (MUP) with higher
amplitude and longer duration. Cardio-
logical and ophthalmological examina-
tions were normal. Brain magnetic reso-
nance imaging (MRI) showed symmetrical
lamellar atrophy of the cerebellum and
discrete atrophy of the mesencephalon
(fig. 1). Psychological examination corro-
borated the diagnosis of ADHD, no dis-
cernible signs of depression or psycho-
sis were present. Routine screening for
inborn errors of metabolism was nega-
tive. Genetic testing for Friedreich’s ata-
xia, spinocerebellar ataxia — types 1 and 2,
and for SMA yielded negative findings.
The activity of f-hexosaminidase A in the
plasma and leukocytes was significantly
decreased and confirmed the diagnosis of
Tay-Sachs disease (tab. 1).

Patient 2

In the older sister of patient 1, 29 years,
the disease first manifested with clumsi-
ness at the age of 10, followed by spe-
ech disturbance (also described as tu-
multus sermonis) at the age of 12. From
17 years of age, the girl was examined re-
peatedly for progressive weakness of the
lower limbs. Her laboratory examinations
were as follows: urea and electrolytes,
muscle enzymes, myoglobin and thyroid
hormone levels were within the normal
ranges. EMG indicated disperse lesion in
the anterior horns of the spinal cord. The
clinical and EMG findings raised suspicion
of a lower motor neuron disease. How-
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ever, molecular genetic testing for SMA
showed no deletion in the SMN1 (Survival
of Motor Neuron) gene.

Disease progression then accelerated
and, at the age of 26, she was able to
walk a little over one kilometer unaided.
At 28, she began using forearm crutches
for support. Upon presentation at our de-
partment, she was able to walk about
200 meters unaided only, with frequent
stumbles and falls. Neurological exami-
nation showed dysarthria, mild neocere-
bellar syndrome and peripheral quadru-
paresis, with a maximum in the proximal
lower limbs (fig. 2). EMG indicated diffuse
lesion of the lower motor neuron. Exami-
nation findings were the same as for her
younger sister: nerve conduction studies
were normal and needle EMG examina-
tion revealed signs of denervation, fasci-
culations, polyphasic MUPs with higher
amplitude and longer duration. Brain
MRI revealed marked atrophy of the ce-
rebellum and brainstem (fig. 1). Ophthal-
mological examination was normal. Psy-
chological testing revealed no cognitive
impairment, intellectual skills were within
the range of lower average, and there
were no signs of depression or psychosis.
The activity of f-hexosaminidase A in the
serum, plasma and leukocytes was signi-
ficantly decreased and confirmed the dia-
gnosis of Tay-Sachs disease (tab. 1).

In both sisters, DNA analysis of the
HEXA gene identified heterozygous mu-
tations: ¢.805G>A and c.1123delG. The
activity of p-hexosaminidase A in the
serum, plasma and leukocytes of the fa-
mily members (mother, father and bro-
ther) indicated the carrier status for
Tay-Sachs disease (tab. 1).

Discussion

Tay-Sachs disease, a form of GM2 gan-
gliosidosis, is a rare autosomal recessive
lysosomal storage disease seen mainly in
the Jewish population (especially Askhe-
nazi). Its prevalence at birth in the Czech
population is 1 per 289,345 live births [4].
In the Czech Republic, there are a total of
14 patients diagnosed with Tay-Sachs di-
sease, thereof six with the late onset
form. Information about the incidence of
the late onset form is scarce worldwide.
A study of the prevalence of lysosomal di-
seases in Portugal provided data on the
prevalence of the juvenile form (30 cases,
age 2-14 years) and of the chronic adult

serum
[nmol x mlI~" x h™"]
patient 1 nd
patient 2 1.7
mother 43.5
father 48.9
brother 40.8
controls
range 47-100
mean + SD 745 +14.7
(n = 45)

nd — not determined

Tab. 1. p-hexosaminidase A activity in the serum, plasma and leukocytes of
patients with Tay-Sachs disease and family members.

B-hexosaminidase A

plasma leukocytes
[nmol x mI~" x h™"] [nmol x mlI! x h™']
2.4 6.8
1.4 6.0
36.0 186
31.0 148
323 120
35.1-96.6 201-465
59.5 + 16.1 272 +47
(n = 62) (n = 148)

forms (9 cases, age 10-44 years) [5]. The
prevalence in Portugal is higher than,
for example, in the Netherlands where
there are 31 patients [6], or in Australia
with 21 diagnosed patients (proportions
of particular forms have not been repor-
ted) [7]. Publications by Shapiro et al refer
to cohorts of 30-44 patients [8,9].

The rapidly progressing, infaust in-
fantile form first described indepen-
dently by ophthalmologist Warren Tay
and neurologist Bernard Sachs, is the
most frequent [1]. In 1980ies, its la-

te-onset variants, with subacute (juve-
nile) and chronic (adult) form, became
known. The subacute form manifests in
childhood with blindness, growing spasti-
city, rigidity, epilepsy and dementia, with
progression to apallic state within 5 to
15 years [2,10]. The age at onset, course
and prognosis of the chronic (adult) form
is more variable. This variability may be
apparent even among members of the
same family [3]. The patients with the
chronic form may present with combined
impairment of the spinal motor neuron,

T

Fig. 2. Pelvic girdle weakness is apparent in patient 1 climbing the stairs.
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cerebellum and, occasionally, the extrapy-
ramidal system. After the age of 20, ce-
rebellar signs (ataxia, dysmetria, tremor)
develop. The combination of ataxia and
muscle weakness results in impaired gait,
though ambulation can remain preserved
until the 5t or 6" decade.

Dysphagia, hyperreflexia and pyramidal
signs may occur [2].

Ophthalmological examination in the
late onset form of the disease shows no
cherry-red spot in the fundus oculi, a sign
typical for the infantile form. The spot re-
sults from retinal cell apoptosis, an event
never seen in the late form of the disease
because of the high residual enzyme
activity.

The clinical course observed in our two
patients can be considered as typical: in-
conspicuous signs (clumsiness, atypical
gait, more frequent falls) were noticed
throughout their childhood. Both deve-
loped speech disorders misclassified as
spluttered speech that failed to respond
to speech therapy. Speech impairment
(childhood stutter) had been descri-
bed as one of the initial presenting sym-
ptoms [11]. Gradual development of pro-
ximal weakness in the lower limbs during
adolescence was observed in both sisters.
They also developed mild neocerebellar
syndrome. The cerebellar signs may often
be rather subtle and easily overlooked,
as they were in our two cases. Pronoun-
ced cerebellar atrophy is a characteristic
MRI feature that was also found in both
sisters. However, the extent of cerebel-
lar atrophy had not been found to cor-
relate with the severity of neocerebellar
syndrome [12].

Neither of our two patients showed
any signs of a psychiatric disorder, even
though this may develop in up to a half of
those affected, and usually take the form
of episodic psychosis, depression or an-
xiety [13]. Their cognitive functions were
within the broader normal range; these
seldom deteriorate as a result of Tay-
-Sachs disease (though sporadic cases of
dementia have been reported).

Tay-Sachs disease is caused by muta-
tions of the HEXA gene coding the a-su-
bunit of p-hexosaminidase A, an enzyme
that takes part in the degradation of GM2

ganglioside. At present, over 80 muta-
tions are known to cause the disease [14].
The majority of these mutations lead to
major changes in the enzyme structure
and severe impairment of its function,
thus causing the severe infantile form.
Several prevalent mutations, frequently
in homozygeous arrangement, occur wi-
thin geographically and ethnically isola-
ted populations, such as Askhenazi Jews.
The mutations responsible for the infan-
tile form of the disease may be paneth-
nic as well as restricted to a single family.
Common variants that do not affect ac-
tive sites of the enzyme tend to cause the
late-onset forms of the disease. The ma-
jority of patients with the late-onset chro-
nic form are compound heterozygotes
carrying one severe and one mild muta-
tion (a mild mutations is predominantly
€.805G>A). The clinical course of the di-
sease is then determined by the less affec-
ted allele [2].

Our two patients’ ancestors came from
different regions, and their parents de-
nied any consanguinity. This was confir-
med by the presence of compound pa-
rental heterozygosity (each parent carried
a different HEXA gene mutation).

So far, no effective treatment for Tay-
-Sachs disease has been found. Enzyme
replacement therapy and bone mar-
row transplantation showed no bene-
fit [2]. Current therapies focus mainly
on substrate deprivation therapy (mi-
glustat) and stabilization of the impai-
red enzyme with chemical chaperones
(pyrimethamine) [8,15].

Antenatal diagnosis has markedly hel-
ped to limit the incidence of the infantile
form [10]. Yet, a number of the late-onset
Tay-Sachs disease cases probably remain
undiagnosed [16]. In our case reports,
the time from disease onset to its correct
diagnosis was 12 years in the older sis-
ter. Adolescent patients may be misdia-
gnosed as having SMA or spinocerebellar
ataxia [17]. In adulthood, the disease may
mimic an atypical motor neuron disor-
der, amyotrophic lateral sclerosis or a psy-
chiatric disorder. In case of Tay-Sachs di-
sease mimicking SMA, the EMG findings
may misleadingly support the wrong dia-
gnosis [3]. Therefore, in the relevant cases

with no evidence of deletion in the SMN1
gene, appropriate enzymatic and gene-
tic tests for Tay-Sachs disease should be
performed.
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