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Abstract
Background  Tay–Sachs disease (TSD) is an inherited neurodegenerative disorder caused by a lysosomal β-hexosaminidase 
A deficiency due to mutations in the HEXA gene. The late-onset form of disease (LOTS) is considered rare, and only a 
limited number of cases have been reported. The clinical course of LOTS differs substantially from classic infantile TSD.
Methods  Comprehensive data from 14 Czech patients with LOTS were collated, including results of enzyme assays and 
genetic analyses.
Results  14 patients (9 females, 5 males) with LOTS were diagnosed between 2002 and 2018 in the Czech Republic (a cal-
culated birth prevalence of 1 per 325,175 live births). The median age of first symptoms was 21 years (range 10–33 years), 
and the median diagnostic delay was 10.5 years (range 0–29 years). The main clinical symptoms at the time of manifestation 
were stammering or slurred speech, proximal weakness of the lower extremities due to anterior horn cell neuronopathy, signs 
of neo- and paleocerebellar dysfunction and/or psychiatric disorders. Cerebellar atrophy detected through brain MRI was 
a common finding. Residual enzyme activity was 1.8–4.1% of controls. All patients carried the typical LOTS-associated 
c.805G>A (p.Gly269Ser) mutation on at least one allele, while a novel point mutation, c.754C>T (p.Arg252Cys) was found 
in two siblings.
Conclusion  LOTS seems to be an underdiagnosed cause of progressive distal motor neuron disease, with variably expressed 
cerebellar impairment and psychiatric symptomatology in our group of adolescent and adult patients. The enzyme assay of 
β-hexosaminidase A in serum/plasma is a rapid and reliable tool to verify clinical suspicions.

Keywords  Late-onset Tay–Sachs disease · GM2 gangliosidosis · β-Hexosaminidase A · Ataxia · Cerebellum · Proximal 
weakness of lower extremities

Introduction

Tay–Sachs disease (TSD, OMIM 272800, 606869) is one 
of three neurodegenerative disorders caused by the intralys-
osomal storage of a specific glycosphingolipid, GM2 

ganglioside, in neurons. Physiologically, the degradation 
of GM2 ganglioside is performed by the intralysosomal 
enzymes β-hexosaminidase A (HexA) and β-hexosaminidase 
B (HexB) in cooperation with a specific glycoprotein called 
GM2 activator. Both HexA and HexB are dimers. HexA is 
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a heterodimer composed of subunit α, the product of the 
HEXA gene, and subunit β, the product of the HEXB gene. 
HexB is a homodimer containing two β subunits. TSD (the B 
variant of GM2 gangliosidosis) is characterized by very low 
or absent HexA activity in the serum, plasma, dried blood 
spot, white blood cells or other tissues from a symptomatic 
person in the presence of normal or elevated HexB activity. 
Mutations specific for TSD are present in the HEXA gene. 
Significantly decreased or absent activities of both HexA 
and HexB are typical for Sandhoff disease (the 0 variant 
of GM2 gangliosidosis), with associated mutations in the 
HEXB gene. In the very rare disorder GM2 activator defi-
ciency (the AB variant of GM2 gangliosidosis), the enzyme 
activities of both HexA and HexB are normal with fluoro-
genic substrates [1, 2]. All three disorders have autosomal 
recessive inheritance.

TSD is classified into three subtypes according to the 
clinical course—an acute infantile (classic) form with rapid 
progression and death before the age of 4 years, a suba-
cute juvenile form with onset in early childhood and longer 
survival, and a chronic adult/late-onset form (LOTS) with 
slow progression and long-term survival. While the infantile 
form is characterized by early and rapid neurodevelopmental 
regression, epileptic seizures and vision deterioration with a 
typical "cherry-red spot" caused by the accumulation of vari-
ous sphingolipids within retinal cells [3], the main reported 
symptoms of LOTS are cerebellar and extrapyramidal signs, 
lower motor neurons impairment and variable psychiatric 
conditions [2].

The birth prevalence of the acute infantile form of TSD 
was originally very high in the Ashkenazi Jewish community 
(approximately 1:3600) and some other genetically isolated 
populations. The introduction of population-based carrier 
screening, education and counselling helped to decrease 
the frequency of infantile TSD patients in such endangered 
communities [4-6]. On the other hand, LOTS, which is not 
so tightly associated with the Ashkenazi Jewish commu-
nity, has rarely been reported in the literature. A study of 21 
patients with LOTS was published in the USA [7], but only 
3 isolated case reports have been published in Europe [8-10]. 
A substantial number of LOTS patients may escape a correct 
diagnosis, as their clinical symptomatology significantly dif-
fers from the well-known picture of classic infantile TSD [7, 
11]. Although an effective treatment for TSD is not available 
at present, evaluation of the occurrence and clinical mani-
festation of LOTS may be important for future progress in 
this field. Therefore, we present clinical phenotypes, labora-
tory data and mutation spectrums of 14 Czech patients with 
LOTS, diagnosed between the years 2002 and 2018.

Patients and methods

Patients

In all patients, final diagnoses of LOTS were performed 
in the Department of Paediatrics and former Institute of 
Inherited Metabolic Disorders of the First Faculty of Med-
icine, Charles University in Prague. Two patients were 
primarily revealed by clinical exome sequencing (CES) 
in the molecular genetic laboratory of the Department 
of Biology and Medical Genetics of the Second Faculty 
of Medicine, Charles University and University Hospital 
Motol in Prague. Brain MRI and electromyography/nerve 
conduction velocity (EMG/NCV) studies were conducted 
through neurologists who provided regular patient care. 
Clinical examinations were carried out by clinicians of 
the concerned institution in cooperation with individual 
patients’ neurologists. To our knowledge, the reported 14 
patients represent the absolute majority of Czech patients 
diagnosed with LOTS in the past 20 years.

Enzymology

For the determination of enzyme activities, serum, 
plasma and white blood cells were prepared by stand-
ard procedures. The activities of the lysosomal enzymes 
β-hexosaminidase A (N-acetyl-β-d-glucosaminidase A) 
and β-d-galactosidase (control enzyme) were determined 
by fluorometric methods using 4-methylumbelliferyl-6-
sulpho-2-acetamido-2deoxy-β-d-glucopyranoside and 
4-MU-β-d-galactopyranoside as substrates, respectively 
[12].

Molecular genetic analyses

Genomic DNA was isolated from blood. Mutation analysis 
in all but two patients was based on direct sequencing of 
PCR products for all coding exons (1 to 14) of the HEXA 
gene using a 3500xL Genetic Analyzer capillary sequencer 
(Applied Biosystems). Primer specifics and reaction con-
ditions are available upon request. The DNA mutations 
are described according to actual HEXA reference DNA 
sequence [13] (nomenclature via HGVS recommendations) 
[14]. For the CES of two patients, a Focused Exome and 
SureSelect Reagent kit (Agilent Technologies) was used 
for clinical exome capture, and sequencing was performed 
with an Illumina HiSeq1500 system. The detected variants 
were confirmed by Sanger sequencing.
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Ethics

All information were accessed in accordance with the 
applicable laws and ethical requirements for the study 
period concerned (in particular the Helsinki Declaration, 
revised in 2000). All patients signed informed consent 
with genetic testing. The study was approved by the Insti-
tutional Review Board of the General University Hospital 
in Prague (Ethics Committee Approval Number: 41/12).

Results

Study group

In total, 14 LOTS patients from 10 families, 9 females and 5 
males, were included in the study (Table 1). All but one were 

diagnosed between the years 2011 and 2018. The median 
age of first symptoms was 21 (range 10–33 years), while the 
median age of the diagnostic assessment was 35 years (range 
18–54 years), resulting in a median diagnostic delay of 10.5 
(range 0–29 years). The calculated birth prevalence of LOTS 
for the Czech Republic (CR) is 1 per 325,175 live births 
and the calculated birth prevalence of all forms of TSD in 
the CR is 1 per 212,071 live births. No patient reported was 
of Jewish Ashkenazi ancestry. All but one patient are still 
alive; the first diagnosed patient (Table 1, Pt 6) died due to 
complications from a head injury.

Clinical manifestations

The main clinical findings are summarized in the Table 1 
(initial complaints) and Table  2 (neuropsychiatric 
symptomatology).

Table 1   Onset of the disease, enzyme activity and mutations in the HEXA gene in 14 Czech patients with the late-onset form of Tay–Sachs dis-
ease

LE low extremities, UE upper extremities, L leukocytes, F female, M male
a Patients 1 and 2; 4 and 5; 10 and 11; 12 and 13 are siblings
b Mutation in siblings 10 and 11 is novel

No G Age at 
onset 
(years)

First symptoms Age at 
diagnosis 
(years)

Diagnos-
tic delay 
(years)

Approx. Resid. 
Enzyme activity in 
L (%)

Mutations (gene HEXA), predicted 
effect on protein

1a F 10 Slurred speech 30 20 2.2 c.805G>A/c.1123delG
p.G269S/p.E375Rfs*7

2a F 15 Slurred speech, proximal weakness 
(LE)

18 3 2.5 c.805G>A/c.1123delG
p.G269S/p.E375Rfs*7

3 M 30 Cerebellar ataxia, falls, dysmetria, 
dysarthria

46 16 2.3 c.805G>A/c.1073 + 1G>A
p.G269S/missplicing

4a F 30 Depression, proximal weakness 
(LE), dysphonia

38 8 3.3 c.805G>A/c.1274_1277dupTATC​
p.G269S/p.Y427Ifs*5

5a F 30 Depression, proximal weakness 
(LE), dysarthria

33 3 3.7 c.805G>A/c.1274_1277dupTATC​
p.G269S/p.Y427Ifs*5

6 M 18 Schizophrenia-like disorder 31 13 4.1 c.805G>A/c.806G>A
p.G269S/p.G269D

7 M 33 Tremor, cerebellar ataxia, dysarthria 37 4 1.8 c.805G>A/c.805G>A
p.G269S/p.G269S

8 F 20 Cerebellar ataxia, tremor, proximal 
weakness

45 25 2.4 c.805G>A/c.1274_1277dupTATC​
p.G296S/p.Y427Ifs*5

9 F 23 Cerebellar ataxia, proximal weak-
ness (LE), tremor (UE)

38 15 2.6 c.805G>A/c.1123delG
p.G269S/p.E375Rfs*7

10a M 25 Proximal weakness (LE), falls, 
slurred speech

46 21 3.8 c.805G>A/c.754C>Tb
p.G269S/p.R252Cb

11a M 25 Proximal weakness (LE), slurred 
speech

54 29 3.5 c.805G>A/c.754C>Tb
p.G269S/p.R252Cb

12a F 17 Mild dysarthria, proximal weakness 
(LE), falls

24 7 3.3 c.805G>A/c.1274_1277dupTATC​
p.G296S/p.Y427Ifs*5

13a F 17 Proximal weakness (LE), falls 20 3 3.7 c.805G>A/c.1274_1277dupTATC​
p.G296S/p.Y427Ifs*5

14 F 25 Dysarthria, proximal weakness 
(LE), tremor (UE)

25 0 2.9 c.805G>A/c.1073 + 1G>A
p.G296S/missplicing
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Generally, the main initial complaints in the cohort were 
mild articulation difficulties, especially slurred rapid speech 
and/or stammering (nine patients), proximal weakness of the 
lower extremities limiting walking down and up the stairs 
(nine patients), dysmetria, action tremor and gait instability 
with frequent falls (eight patients), and/or schizophrenic and 
maniodepressive disorders (three patients). Some patients 
reported having been “a clumsy child”, but others (three 
patients) participated in various sports during childhood 
and adolescence. No optic atrophy or “cherry-red spot” was 
described in any patient, but mild variable signs of oculomo-
toric dysfunction (gaze dyscoordination, mild saccade and 
pursuit irregularity) were present in some patients during 
clinical progression of the disease. Fluctuating horizontal 
nystagmus was present in one male (Pt 7). Some patients 
suffered from common myopia or hypermetropia. In one 
male (Pt 3), gait instability with frequent falls and severe 
dysmetria without significant weakness of the lower extremi-
ties (combined cerebellar syndrome) dominated. He had no 
nystagmus, nor any other ocular movement dysfunction. 
Organomegaly and/or cardiac disease were not found in any 
patient of the cohort.

In three patients, the first symptom of LOTS was a psy-
chiatric disorder. In one male (Pt 6), acute schizophrenia-like 
disorder with relapses preceded the development of com-
bined cerebellar symptomatology by 6 years. Schizoaffective 
disorder (predominantly depression) and weakness of the 
lower extremities were the first symptoms in two sisters (Pts 
4 and 5). In another two females (Pts 1 and 8), severe epi-
sodes of maniodepressive disorder requiring psychopharma-
cologic treatment appeared about 10 years after manifesta-
tion of the first motor symptoms. Four other patients suffered 
from likely secondary moderate depressive symptomatology. 
All but one patient underwent at least one psychological 
examination; mild cognitive decline was assessed in four 
females, while in other patients, the overall cognitive level 
was normally distributed.

Mild dystonia/dyskinesia in two females (Pts 4 and 5) 
may have been partly due to neuroleptic treatment. No signs 
of pyramidal tract impairment were found in patients of the 
cohort.

In patients manifesting predominantly with proximal 
weakness of the lower extremities, results of complex neu-
rological examinations corresponded to anterior horn cell 
damage. These patients had proximal and distal amyotro-
phy predominantly in the lower limbs without any sensory 
impairment. Fasciculations were noticed only rarely in some 
patients, less frequently in severely disabled persons. EMG/
NCV studies were performed in 12 patients and documented 
chronic neurogenic lesion with reinnervation changes of 
motor unit potentials (MUPs), especially in the proximal 
muscles of lower extremities, corresponding to anterior horn 
cell neuronopathy.

Variably prominent lamellar cerebellar atrophy (in two 
females very mild) was found in brain MRI in all 14 patients.

Laboratory findings

Residual enzyme activities ranged between 1.8 and 4.1% of 
the control average; there were no significant differences in 
serum/plasma and leukocytes. The most frequent nucleo-
tide expansion-based spinocerebellar ataxias (SCAs) were 
excluded by routine DNA analyses in six patients. Due to the 
clinical picture resembling spinal amyotrophy, DNA analysis 
of the SMN1 gene was performed in ten patients with nor-
mal results, while the late-onset form of Pompe disease was 
excluded in five patients by an enzyme assay. The c.805G>A 
(p.Gly269Ser) mutation that is typically associated with 
LOTS [9] was found in all 14 patients, with 1 patient car-
rying this mutation on both alleles (Table 1, Fig. 1). In half 
of cases (7/14), a compound heterozygosity for c.805G>A 
and the previously described null mutation (c.1073+1G>A 
or c.1274_1277dup) were detected, while in another three 
cases, the c.805G>A mutation occurred along with the 
frameshift mutation c.1123delG. The remaining two patients 
were carriers of a previously unpublished missense mutation 
c.754C>T (p.Arg252Cys). One patient carried the mutation 
c.806G>A, which is the first nucleotide of exon 8 in the 
conserved splice domain (possibly inducing missplicing).

Discussion

LOTS is considered to be a very rare disease. However, 
in the Czech Republic, with 10.58 million inhabitants, 13 
patients have been diagnosed in the last 8 years, which 
is in sharp contrast to only 3 isolated cases published by 
European authors so far [8-10]. From the genetic point of 
view, it is likely that the Czech population does not differ 
from other European countries substantially. We presume 

c.805G>A
53%

c.1274_1277dupTATC
18%

c.1123delG
11%

c.754C>T
7%

c.1073+1G>A
7%

c.806G>A
4%

c.805G>A c.1274_1277dupTATC c.1123delG c.754C>T c.1073+1G>A c.806G>A

Fig. 1   Frequency of distinct mutations in the group of 14 Czech 
patients with the late-onset form of Tay–Sachs disease
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that reasons for the apparent underdiagnosis of this disease, 
documented also by the long interval between age of onset 
and age of diagnosis, include both the quite different clinical 
symptomatology of LOTS in comparison with the infantile 
form TSD and the broad differential diagnostic spectrum of 
spinal muscular atrophy, motor axonal neuropathies, cerebel-
lar disorders and psychiatric conditions.

Neurological clinical features of LOTS are variable, but 
slowly progressing symptoms of anterior horn cell neu-
ronopathy especially at the lower extremities and cerebellar 
dysfunction (not necessarily simultaneously in one patient) 
are prominent. In accordance with literary sources, about 
half of patients in our cohort suffered from psychiatric 
disturbances including schizophrenia-like psychosis and 
depression, and in three persons these symptoms represented 
the first manifestation of LOTS. Psychiatric symptoms were 
sometimes atypical and bizarre, such as disorganized schizo-
phrenia, catatonia, regression to childhood behaviour or con-
flicting personality disorder (as in Pt 6) [15, 16].

While amyotrophy of the lower limbs and cerebellar signs 
(dysmetria, action tremor, severe gait instability without sen-
sory deficits, typical dysarthria) were frequent symptoms in 
our patients with LOTS, dystonia mentioned in the literature 
was found in only two females of our cohort. A partial effect 
of neuroleptic treatment could not be excluded. It is impor-
tant to mention that falling in LOTS is often the result of 
"knee buckling" due to weakness of knee extensor muscles 
rather than due to ataxia. Only four of our patients suffered 
from mild cognitive impairment, though the possibility of a 
negative influence from reactive depression is not negligible. 
The absence of significant cognitive decline or dementia in 
our patients is in concordance with findings in a group of 
21 American patients, and thus seems to be an important 
feature of LOTS [7]. The involvement of the eyes in some 
patients was minimal and unspecific. There was no optic 
nerve atrophy or finding of a “cherry-red spot” in our cohort. 
EMG/NCV findings indicating chronic anterior horn cell 
neuropathy and cerebellar atrophy in the brain MRI were 
typical clinical laboratory findings.

Based on our experience, the enzyme assay of 
β-hexosaminidase A in serum/plasma is a rapid, inexpen-
sive and reliable tool to verify clinical suspicion, and we 
did not experience any false positive result in our Czech 
cohort. Similarly as in some other lysosomal disorders, 
β-hexosaminidase A activity assessment in serum/plasma/
dried blood spot could serve as a possible screening method 
in the groups of clinically selected patients.

In line with literary data [17], the presence of the 
p.Gly269Ser (c.805G>A) allele in the HEXA gene respon-
sible for incorrect enzyme dimer forming is typical for the 
adult form of the disease. Combinations with null alleles 
in our group of patients led to both a more complex symp-
tomatology and a more progressive course of disease. In 

two brothers with the common c.805G>A mutation and the 
novel c.754C>T mutation, LOTS manifested in their 3rd 
decade, but the course was slow, with relatively mild weak-
ness of the lower extremities, mild cerebellar symptomatol-
ogy and normal cognitive functions.

Currently, there is no effective treatment for LOTS and 
management is only supportive, but several treatment strate-
gies have been tested. Although bone marrow transplantation 
led to stabilisation of the disease in a 15-year-old boy [18], 
the therapeutic effect is generally considered to be minimal 
[19]. Intrathecal infusion of the pure β-hexosaminidase A 
was tested in two patients with the infantile form TSD with 
no benefit [20]. Substrate reduction therapy with miglustat 
or chaperone therapy with pyrimethamine likewise showed 
no clinical benefits [21, 22]. While the results of these stud-
ies are still not satisfactory, we strongly believe that a higher 
number of diagnosed patients may enhance research for 
effective treatment.

Conclusion

Though the individual clinical course of disease is variable, 
the combination of slowly progressive anterior horn cell 
neuronopathy manifesting mostly at the lower extremities, 
with variably expressed cerebellar symptomatology and 
corresponding cerebellar atrophy in the brain MRI should 
direct clinicians´ suspicion to LOTS, especially if episodes 
of psychotic behaviour occur simultaneously. A serum/
plasma enzyme assay of beta-hexosaminidase A activity 
is an inexpensive and reliable primary diagnostic tool. We 
hope that the increased number of diagnosed patients will 
support efforts in the search for effective treatments.
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