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Haematopoietic Stem Cell Transplantation Arrests
the Progression of Neurodegenerative Disease in Late-Onset
Tay-Sachs Disease
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Abstract Tay-Sachs disease is a rare metabolic disease
caused by a deficiency of hexosaminidase A that leads to
accumulation of GM2 gangliosides predominantly in neural
tissue. Late-onset Tay-Sachs disease variant is associated
with a higher level of residual HexA activity. Treatment
options are limited, and there are a few described cases who
have undergone haematopoietic stem cell transplantation
(HSCT) with variable outcome.

We describe a case of a 23-year-old male patient who
presented with a long-standing tremor since 7 years of age.
He had gait ataxia, a speech stammer and swallowing
problems. His condition had had a static course apart from
his tremor that had been gradually deteriorating. Because of
the deterioration in his neurological function, the patient
had an uneventful, matched-sibling donor bone marrow
transplant at the age of 15 years. Eight years post-HSCT, at

the age of 23, he retains full donor engraftment, and his
white cell beta-HexA of 191 nmol/mg/h is comparable to
normal controls (in-assay control ¼ 187). He continues to
experience some intentional tremor that is tolerable for
daily life and nonprogressive since HSCT.

Conclusion: HSCT is a potential treatment option which
might arrest neurodegeneration in patients with LOTS.

Abbreviations
GA2 GalNAc beta1-4 Gal beta 1-4 Glc-ceramide
GM2 GalNAc beta 1-4 [NeuAc alpha 2-3] Gal beta

1-4 Glc-ceramide
Hexa A/B Hexosaminidase A/B
HSC Haematopoietic stem cell
HSCT Haematopoietic stem cell transplantation
Lc3 GlcNAc beta1-3 Gal beta 1-4 Glc-ceramide
LOTS Late-onset Tay-Sachs
LSD Lysosomal storage disease
TSD Tay-Sachs disease

Introduction

Tay-Sachs disease (TSD) (OMIM 272800) is a rare
metabolic disease caused by a deficiency of hexosamini-
dase A (EC 3.2.1.52) that leads to accumulation of GM2
ganglioside predominantly in neural tissues and a diffuse
apoptotic cell death phenomenon in the central nervous
system (Mahuran 1995). Beta-hexosaminidase A (HexA), a
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heterodimer of alpha-beta subunits, and beta-hexosamini-
dase B (HexB), a homodimer of beta subunits, represent the
two major forms (Mahuran 1995). The alpha- and beta-
subunits are encoded by two different genes, HEXA and
HEXB, which are located on chromosomes 15 and 5,
respectively. TSD is due to mutations affecting the alpha-
subunit (Myerowitz 1997), whereas Sandhoff disease is
caused by mutations in the beta-subunit.

The early-onset severe disease form is often associated
with a very low hexosaminidase A activity (<0.5%). A
late-onset Tay-Sachs (LOTS) disease variant has been
described in compound heterozygotes or mild homozygotes
and is linked to higher residual HexA activity (5–20% of
normal activity) (Sandhoff and Christomanou 1979). Onset
of symptoms depends on the residual enzyme activity, and
patients with LOTS disease may present in childhood,
adolescence, or early adulthood. Patients with juvenile form
of illness typically develop signs and symptoms in early
childhood (ages 1–9 years) and often die by their mid-
teens. Others follow a benign course of the disorder and can
live into adulthood (Rosebush et al. 1995). In these cases,
the condition is generally designated adult GM2 gangliosi-
dosis (Suzuki 1991; Gravel et al. 1995) or LOTS. It results
in a more gradual course of neurodegeneration as evidenced
by its delayed onset and a more gradual decline in motor,
cerebral and spinocerebellar functions. Initial features may
include weakness due to motor neuron disease, neuropathy,
dysarthria, spasticity, dystonia, tremor, ataxia or psychosis
(Rowland 2010; Rosebush et al. 1995; Shapiro et al. 2008).
Several documented cases of TSD presented with child-
hood stutter (Shapiro and Natowicz 2009), axonal poly-
neuropathy affecting distal segments in the arms and legs
and progressive spastic tetraparesis resembling primary
lateral sclerosis (Godeiro-Junior et al. 2009). Additionally,
LOTS is typically associated with psychiatric manifesta-
tions such as depression, bipolar disorder and psychosis
(Neudorfer et al. 2005).

Treatment options for TSD have variable functional
outcomes and survival rate. Preclinical studies described so
far include substrate reduction therapy (Andersson et al.
2004), bone marrow (Jeyakumar et al. 2001) and neural
stem cell transplantation (Lee et al. 2007; Lacorazza et al.
1996), anti-inflammatory drugs (Jeyakumar et al. 2004),
intraventricular delivery of purified protein (Matsuoka et al.
2011) and adenoviral (Guidotti et al. 1998; Cachon-
Gonzalez et al. 2006) and lentiviral vector-mediated gene
therapy (Kyrkanides et al. 2007) causing expression of
the functional enzyme. The response of LOTS disease to
pharmacological chaperones (hexosaminidase A inhibitors)
has been tested in experimental studies (Tropak et al. 2004;
Rountree et al. 2009) and clinical trials (Clarke et al. 2011;
Osher et al. 2015) to evaluate their effectiveness in
reversion of the progressive nature of the disease.

We describe a case of TDS diagnosed aged 15 who
presented with tremor and underwent haematopoietic stem
cell transplantation (HSCT) that arrested the progression of
his neurological disease.

Case

A 23-year-old male patient presented with a long-standing
tremor since the age of 7 years. It continued to deteriorate,
and by the age of 14, his tremor had increased in severity
and was interrupting his day-to-day activities. It presented
more noticeably with his hand shaking and was worse when
he got up in the morning. At times his whole body shook.
His tremor seemed to be worse in the morning and
improved during the day. It was worse when he was tired
or stressed.

Physical examination revealed low amplitude, low
frequency tremor, but no frank cerebellar signs and normal
eye movements. He had slightly increased tone in his legs,
brisk reflexes and ankle clonus. He had a tremor at rest and
on intention involving, at different times, his arms, his legs
and his eyelids. There was unsteadiness on walking but no
peripheral neuropathy or any corticospinal tract signs.

His development was normal and he was performing
well at school. There appeared to have been deterioration in
speech with stammering, difficulty finding words and
pressure of speech. His difficulty with swallowing was in
keeping with bulbar palsy. His writing was faint. His brain
MRI was reported as unremarkable.

He was the fourth child of distantly related parents. There
was no family history of tremor. He remained under the care
of a paediatric neurologist who investigated him for various
causes of tremor for many years. At the age of 15, he was
diagnosed with a deficiency of beta-hexA (enzyme level,
5 nmol/mg/h) that was consistent with a diagnosis of juvenile
(late-onset) TSD (compound heterozygous for two patho-
genic mutations: c.872A>G p.(Asn291Ser), c.1496G>A p.
(Arg499His)). While the c.872A>G p.(Asn291Ser) is a
novel variant, the Arg499His mutation affecting alpha chain
processing has been previously associated with a subacute
clinical phenotype in patients (Codeiro et al. 2000). Despite
the nonclassical course, his condition was gradually deteri-
orating. Initially his tremor was managed with propranolol,
but eventually it made no difference and was discontinued.
Treatment with primidone was commenced but stopped due
to side effects.

In view of the deterioration of his neurological function,
human leucocyte antigen (HLA)-matched sibling marrow
transplant was done at 15 years old. He was conditioned
with busulfan (with dose adjusted to target under the curve
at 80 mg/L/h), cyclophosphamide (200 mg/kg) and alemtu-
zumab (0.3 mg/kg), and he received ciclosporin alone as
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post-transplant graft-versus-host disease prophylaxis. The
total nucleated cell dose and CD34 cell dose were
1.8 � 108/kg and 3.9 � 106/kg, respectively. Neutrophil
engraftment was demonstrated on Day + 12, and donor
chimerism was 100%. Early transplant course was compli-
cated by mucositis and asymptomatic cytomegalovirus
reactivation, which was treated with ganciclovir. He was
fully immune reconstituted and off all immunosuppressant
and other therapies by 12 months post-transplant.

The most prominent clinical improvement post-HSCT
was stabilisation of his neurological regression. His
swallowing dysfunction has improved and his severity of
tremor has remained static. Clinical assessment at 12
months post-HSCT indicated persistent upper motor neuron
signs at both lower limbs but no new neurological signs.
MRI brain at 12 months, 4 years and 8 years post-HSCT
showed no progression compared to his pre-transplant
scans. This further supports that HSCT has stabilised his
disease. At the age of 23, he still experiences some mild
intentional tremor predominantly in his upper limbs and
occasionally in his whole body, which has not changed
since his HSCT.

Eight years post-HSCT, he retained full donor chime-
rism, demonstrated using informative short tandem repeats
(STR) to distinguish transplant donor from recipient. His
white cell beta-HexA was 191 nmol/mg/h (in-assay con-
trol ¼ 187) and was comparable to the normal controls. His
plasma beta-HexA was 14.1 nmol/mg/h and was present at
reduced level (NR ¼ 50–250; control ¼ 120) (Table 1).
This reflects the significant contribution of plasma HexA
from the liver in normal individuals.

Figure 1 shows concentrations of the three substrates for
beta-hexosaminidase present in the circulation (GA2, Lc3
and GM2) in five control plasma samples and the patient

untreated and post-HSCT. These measurements were made
using a robust and sensitive HPLC method (Neville et al.
2004). Post-HSCT, GA2, Lc3 and GM2 were reduced by
69, 33 and 29%, respectively, while all the other circulating
GSLs remained exactly the same as they were prior to
transplantation (data not shown). It is clear that GA2 has
returned to normal levels. These data show that HSCT has
effectively normalised the circulating concentrations of
these three beta-hexosaminidase substrates and highlights
their potential utility as biomarkers.

Discussion

TSD is a fatal neurodegenerative disease with an estimated
incidence of 1 in 222,000 live births in general population
and 1 in 3,900 live births among Ashkenazi Jews.
Accumulation of GM2 ganglioside results in cellular death.
Neuronal death occurs due to altered calcium homeostasis
and activated microglia-mediated inflammatory process.
The natural history without treatment would be one of
slow deterioration over a number of years. This would have
culminated in a vegetative existence eventually. The initial
diagnosis in this patient was challenging as his neurologic
symptoms observed were not pathognomonic and could
have been caused by a wide array of other conditions
including toxic or infectious agents. His mild tremor was
undoubtedly subtle for many years, and only in combina-
tion with speech and swallowing difficulties, it raised some
concerns that led to further, including metabolic, inves-
tigations.

The rationale for using HSCT in patients with lysosomal
storage disease (LSD) was based on the concept that
exogenous enzyme is able to enter lysosomes of abnormal

Table 1 Hexosaminidase A (HexA) activity both pre- and post-HSCT

Diagnosis (age
14 years) HSCT + 6 years HSCT + 8 years

Reference
range Comments

Hexosaminidase A
Plasma nmol/mg/h

5 14 15 50–250 Post-HSCT – Reduced to ~30% of
lower limit of normal

Hexosaminidase A
Leucocytes nmol/mg/h

Not measured 191 187 N/A normal
controls

187 + 362

Post-HSCT – Activity comparable to
normal controls

Graft status (QF-PCR) N/A 100% donor? 100% donor N/A Full engraftment

Plasma GA2, Lc3, GM2
Plasma GA2

145, 24, 253 N/A 45, 16, 180 22–59, 6–12,
35–90

Decreased by 69, 33 and 29%,
respectively

Returned to normal levels

The deficiency of HexA measured in plasma pre-HSCT is consistent with a biochemical diagnosis of Tay-Sachs disease (TSD). HexA activity in
leucocytes post-HSCT is comparable to normal controls, consistent with DNA analysis showing successful engraftment. The circulating HexA
activity in plasma has not normalised. This is likely to reflect the contribution of HexA activity originating from the liver in normal individuals.
GM2 GalNAc beta 1-4 [NeuAc alpha 2-3] Gal beta 1-4 Glc-ceramide, GA2 GalNAc beta1-4 Gal beta 1-4 Glc-ceramide, Lc3 GlcNAc beta1-3 Gal
beta 1-4 Glc-ceramide. Plasma GA2, Lc3 and GM2 have been reduced by 69, 33 and 29%, respectively. GA2 has returned to normal levels
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cells and ameliorate organ dysfunction. The ability of donor-
derived microglia to secrete active enzyme in the central
nervous system makes HSCT a suitable therapy for certain
neuronopathic forms of LSD such as Hurler syndrome and
metachromatic leukodystrophy (MLD). Reported disease
outcomes in patients with gangliosidoses have been disap-
pointing (Table 2). Despite having HSCT prior to the
symptomatic phase, these children did not benefit from the
treatment and had neuroregression similar to untreated
affected family members. If outcomes were poor in other
forms of TSD, then either it was because the enzyme dose
was insufficient or it was performed too late. It raises the
question of whether newborn screening for TSD should be
considered as an option. To our knowledge, this patient is the
first case of LOTS who has had a positive disease outcome
with HSCT. His transplant course was uncomplicated, and
his neurological progression was arrested post-transplant.

Besides bone marrow transplantation, many treatment
strategies for the gangliosidoses have been studied. Patients
undergoing HSCT may additionally benefit from further
therapy with substrate reduction, using drugs that inhibit
ceramide glucosyltransferase, the enzyme that catalyses the
first step in the biosynthesis of gangliosides from ceramide
(Jacobs et al. 2005). The data is additionally supported by
experimental studies of bone marrow transplantation which
augmented enzyme levels (Norflus et al. 1998; Wada et al.
2000) and, in combination with substrate reduction therapy,
has been shown to extend life expectancy in a mouse model
of HexB (Sandhoff disease) (Jeyakumar et al. 2001). No

improvement was observed in a trial of substrate reduction
with glucosylceramide synthase inhibitor, as a monother-
apy, in individuals with LOTS disease (Shapiro et al. 2009).

Apart from substrate reduction, there are other available
treatment options for LOTS disease. Clinical studies have
evaluated pharmacological chaperones – competitive inhib-
itors – of their target enzyme. Pyrimethamine at high doses
enhanced HexA activity in leucocytes but caused side effects
(Clarke et al. 2011). At low doses, administered in a cyclic
manner, monitoring of lymphocyte HexA activity, it has
been shown to increase this enzyme’s activity in LOTS
patients for periods of several weeks to months in patients
with certain genotypes (Osher et al. 2015). In LOTS disease
patients, residual enzyme activity is very low but detectable.
Thus chaperone therapy is designed to rescue newly
synthesised mutant enzymes in the endoplasmic reticulum
before they are removed for degradation and to deliver them
to the lysosome where they can function normally (Rountree
et al. 2009). This treatment option is likely to be safe, non-
invasive and cost-effective. Larger studies are required to
evaluate its effectiveness in this treatment option as a
monotherapy or in combination with HSCT. In our case
when the decision regarding treatment of his condition was
made, the potential benefit of pyrimethamine was not
known. As it has not been licenced, it was never considered
for this patient. However this therapy holds great promise
especially if the tolerability issues can be resolved.

Gene therapy is an emerging potentially curative therapy
for genetic diseases with ongoing clinical trials that have
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Fig. 1 Concentrations of the three substrates for beta-hexosaminidase
present in the circulation (GA2, Lc3 and GM2) in five control plasma
samples and the patient untreated and post-HSCT. Post-HSCT, GA2,

Lc3 and GM2 were reduced by 69, 33 and 29% respectively. GA2 has
returned to normal levels
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shown promising results in children with MLD and animal
models of mucopolysaccharidoses (MPS). The principle of
autologous haematopoietic stem cell (HSC) gene therapy in
MLD uses a lentiviral vector to transfer a functional gene
into HSCs, and genetically modified HSCs secrete the
deficient enzyme to the abnormal cells. Gene therapy for
the gangliosidoses was first explored using ex vivo gene
transfer using ecotropic retroviruses encoding the human
beta-hexosaminidase alpha-subunit cDNA and multipotent
neural cell lines. Transfused progenitors were able to secrete
high levels of biologically active enzyme and cross-correct
the metabolic defect in a human Tay-Sachs fibroblasts cell
line in vitro (Lacorazza et al. 1996). Ongoing pre-clinical
gene therapy studies for the gangliosidoses include systemic
gene transfer and direct intracranial injection of adeno-
associated virus vector encoded with hexosaminidase gene
(Sargeant et al. 2011; Golebiowski et al. 2017).

In summary, our case illustrates that HSCT is a potential
treatment option that slows down neurodegeneration in
patients with LOTS and suggests that measuring hexosa-
minidase substrates in the circulation can serve as potential
biomarkers for this disease. Although HSCT has shown
promise in this case, further supporting evidence is required
before it can be accepted as a treatment option for LOTS
disease.

Fran M. Platt is a Wellcome Trust Investigator in Science
and a Royal Society Wolfson merit award holder.

Synopsis

HSCT is a potential disease modifying therapy for late-
onset Tay-Sachs disease.
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