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Abstract: Background: Movement disorders are a significant clinical problem in lysosomal storage diseases
(LSD) and account for substantial morbidity. The spectrum of movement disorders in childhood-onset LSD,
however, remains poorly defined.

Objectives: To define the spectrum of movement disorders in a well-characterized cohort of children with
LSD.

Methods: A retrospective chart review at a single tertiary care center (Boston Children’s Hospital). Patients up
to the age of 18 years with a clinical, genetic, and/or biochemical diagnosis of an LSD and at least one
predefined movement disorder (parkinsonism, dystonia, ataxia, tremor, chorea, myoclonus, ballism, restless
leg syndrome) were included.

Results: Ninety-six patients were identified and 76 patients had a sufficiently document biochemical and/or
genetic diagnosis. Of these, 18 patients met inclusion criteria (mean age: 10.3 + 5.8 [SD] years, range: 3—

18 years; 72% male). The most common LSD associated with a movement disorder was Niemann-Pick disease
type C (NPC), followed by several types of neuronal ceroid lipofuscinosis (NCL), and different
mucopolysaccharidoses. The most common movement disorder was ataxia followed by rest tremor, dystonia,
and myoclonus. The other predefined movement disorders were rare. The majority of patients presented with
more than one movement disorder. The movement disorder was slowly progressive in all patients. Brain MRI
changes included diffuse cerebral volume loss, white matter abnormalities with thinning of the corpus
callosum, and cerebellar atrophy.

Conclusions: Movement disorders develop in a significant number of LSD patients. Ataxia, often in patients
with NPC and NCL, is the most common phenotype but significant heterogeneity exists within and between
different LSD.

Lysosomal storage diseases (LSD) are a heterogeneous group of childhood. Movement disorders are a significant clinical prob-

inborn errors of metabolism with a combined prevalence of
about 1 in 5000 births.""* Around 60 different LSD have been
described, each sharing a genetic defect that leads to progressive

substrate accumulation in many tissues, including the central

lem in LSD, accounting for a substantial part of the morbidity,”
yet they remain poorly characterized. For example, generalized
dystonia in certain LSD can be extremely difficult to treat and

may lead to significant disability. Several types of movement

nervous system. Most LSD affecting the brain are characterized disorders have been described in single case reports and smaller

by progressive neurologic dysfunction, often with onset in case series of individual disorders, mostly in adult patients.*”
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However, systematic approaches are lacking. Clinical, genetic,

and radiological features that associate with movement disorders

in LSD remain poorly understood, although many LSD are rec-
. . . 8

ognized as genetic causes of movement disorders” and some are

treatable.” Here, we systematically investigate a large and well-

characterized cohort of patients with childhood-onset LSD and

provide a description of associated movement disorders.

Methods

This study was approved by the Institutional Review Board at
Boston Children’s Hospital (#IRB-P00023935). Patients were
identified through a retrospective chart review at a single ter-
tiary care center (Boston Children’s Hospital) covering the time
period from 2010 to 2017. Patients with (1) a clinical, genetic,
and/or biochemical diagnosis of an LSD and (2) at least one
predefined movement disorder (parkinsonism, dystonia, ataxia,
tremor, chorea, myoclonus, ballism, restless leg syndrome) were
included. Ninety-six patients were initially identified and 76/96
patients were found to have a sufficiently documented genetic
or biochemical diagnosis (Fig. 1). In total, 18/76 patients pre-
sented with at least one of the predefined movement disorders
and thus met both inclusion criteria (Fig. 1).

Results

A detailed review of our cohort of 76 children with a suffi-
ciently documented clinical and biochemical or genetically-
confirmed diagnosis of a LSD (Fig. 1A) revealed a majority of
patients with a mucopolysaccharidosis (n = 43) followed by the
neuronal ceroid lipofuscinoses (NCL, n = 12), various sphin-
9), Niemann-Pick disease type C (NPC,

n = 5), lysosomal acid lipase deficiency (n = 4), and various

golipidoses (n =

forms of oligosaccharidoses and mucolipidoses (n = 3). This
likely reflects the distribution of LSD in our pediatric popula-
tion but also the referral pattern to our tertiary care center.

In this cohort, we identified a total of 18 patients from 16
pedigrees with at least one movement disorder, and thus met
both inclusion criteria. Demographic and clinical data are sum-
marized in Table 1 and Table S1. Mean age at last follow up was
10.3 £ 5.8 (SD) years (range: 3—18 years; 72% male) with a
mean age at diagnosis of a LSD of 5.4 £ 5.4 (SD) years and a
mean age at onset for the predominant movement disorder of
6.9 + 4.2 (SD) years. Two patients were deceased at the time of
study completion. Most patients were of North American/Euro-
pean descent (50%), followed by Hispanics (22%), Arabs (17%),
and other ethnic backgrounds (Table S1). No patient reported
Ashkenazi Jewish ancestry. Consanguinity was reported in 6/18
patients (Table S1) and a positive family history was documented
in three related cases from a single pedigree (P6, P7, P8).

The most common LSD associated with a movement disor-
der was NPC, followed by several types of NCL and
mucopolysaccharidoses (Fig. 1B). The most common predomi-
nant movement disorder was ataxia, which was found in 12/18
patients, followed by rest tremor (6/18), dystonia (6/18), and
myoclonus (6/18; Fig. 1C). The majority of patients (15/18)
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presented with more than one movement disorder, commonly
a combination of ataxia and either dystonia, myclonus, or tre-
mor. The movement disorder phenotype was slowly progres-
sive in all patients. Brain MRI data were available for 15/18
of patients. Magnetic resonance imaging most commonly
revealed diffuse cerebral volume loss (8/15) and white matter
abnormalities (9/15) with thinning of the corpus callosum (5/
15) as well as cerebellar atrophy (6/15). A correlation between
imaging abnormalities and movement disorder severity was not
readily apparent. Treatment of movement disorders was symp-
tomatic, but 11/18 patients received treatment targeted at their
LSD, including substrate-reduction therapy, enzyme replace-
ment, allogenic stem cell transplantation, and novel treatments
as part of clinical trials (Table 1). Levodopa was not systemati-
cally trialed in patients with generalized dystonia, mainly due
to the predominance of ataxia (P6) and rapid disease progres-
sion in individuals with multiple neurological and medical
comorbidities (P2, P6, P18).

Niemann-Pick Disease Type C

All five patients with NPC in our cohort presented with a
prominent movement disorder. The predominant movement
disorder was ataxia in four patients and dystonia in one (P3).
Onset of the movement disorder was between 10 and 14 years
of age and on a slowly progressive course. The ataxia involved
the trunk and limbs, while dystonic movements were general-
ized and often severe. Facial and orolingual dystonia was
described in one individual (P3). Gelastic cataplexy was present
in two individuals (P2 and P5).

Neuronal Ceroid Lipofuscinoses
(CLN6, CLN2, CLN14)

Four patients with a molecularly confirmed diagnosis of CLNG,
and a single patient with CLN2 and CLN14, with a prominent
movement disorder, were identified. This included three
CLNG6 patients from a single consanguineous Arab pedigree
(P6, P7, P8). All individuals with CLNG6 presented with gener-
alized ataxia. Rest tremor and myoclonus were found in two
patients (P7 and P8). The CLN2 patient had a milder move-
ment disorder with a prominent bilateral rest and intention tre-
mor, while the patient with CLN14 presented with early-onset
gait ataxia and myoclonus around the age of 2 years.

Mucopolysaccharidoses (MPS-III,
MPS-Il, MPS-VII)

The spectrum of mucopolysaccharidoses (MPS) manifesting with
movement disorders in our cohort included two individuals
with MPS-IIT (Sanfilippo syndrome), one individual with MPS-
II (Hunter syndrome), and one individual with MPS-VII (Sly
syndrome). The spectrum of movement disorders was heteroge-
neous. Interestingly, the two individuals with MPS-III (P11 and
P12) both displayed prominent choreoathethoid movements,
which were otherwise rare in our study population.
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A Lysosomal Storage Disease Cohort (n=76)
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FIG. 1. A: Distribution of different lysosomal storage diseases (LSD) in this cohort of 76 patients with a clinical, genetic and/or
biochemical diagnosis of a LSD. B: Summary of 18 LSD patients who presented with at least one of the predefined movement disorders
(parkinsonism, dystonia, ataxia, tremor, chorea, myoclonus, ballism, restless leg syndrome). C: Distribution of 36 movement disorders in
these 18 patients. Abbreviations: AG, aspartylglycosaminuria; CLN, ceroid lipofuscinosis; MPS, mucopolysaccharidosis.
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Other Lysosomal Storage
Diseases

Other LSD that presented with movement disorders included
an 18-year-old boy with aspartylglucosaminuria who presented
with ataxia and intention tremors around 17 years of age
(P13), a 6-year-old boy with Salla disease who developed mild
ataxia with bilateral intention tremors (P14), and a 4-year-old
boy with Tay-Sachs disease (P18) who presented with gait
ataxia, myoclonus, and parkinsonism manifesting with bradyki-
nesia, hypomimia, hypophonia, rest tremors, and postural

instability with prominent retropulsion (Video S1).

Discussion

With exciting new genetic and clinical links between LSD and
adult-onset neurodegenerative diseases such as sporadic Parkin-

. 10,11
son’s disease,

it is imperative to systematically define the
spectrum of movement disorders in childhood-onset LSD.
Here we systematically investigated the presence of movement
disorders in a large cohort of children with genetically or bio-
chemically confirmed LSD. Limitations of our study include
its retrospective nature and the design as a single center study
with a potential referral bias. We identified a total of 18
patients covering a wide spectrum of LSD, including NPC,
several forms of NCL, and mucopolysaccharidoses as well as
individual cases of aspartylglucosaminuria, Salla disease, and
Tay-Sachs disease. Although the phenotypic spectrum for these
disorders has been characterized, the spectrum of movement
disorders has not been clearly defined in most. NPC is a very
heterogeneous disorder both with regards to age of onset and
clinical manifestations. Ataxia is a recognized manifestation,

6.12,13 .
and was also common in our

particularly in adult cases,
cohort. Dystonia was found in 4/5 of our pediatric and ado-
lescent patients and was thus more frequent compared to pre-
viously published cohorts of older adolescent and adult
patients.*'> Myoclonus has been reported as a variable mani-
festation in juvenile and adult cases, but was not prevalent in
our pediatric cases. It is important to recognize that movement
disorders, although not a presenting symptom in our patients,
are among the most frequent initial symptoms, particularly in
adolescents and adults, where a combination of two or more
movement disorders, or a combination of psychiatric symptoms
and movement disorders, should raise suspicion for NPC or
other less common LSD, such as Tay-Sachs disease. ' CLNG6,
a “variant” late infantile-onset from of NCL, is characterized
by developmental delay and regression, vision loss, seizures,
myoclonus, as well as cerebellar dysfunction with ataxia and
dysarthria.'”®> This was replicated in our four patients who
developed a generalized ataxia around the age of 3 to 4 years.
Myoclonus and tremor were also present in the majority of
patients, consistent with published case reports.'”> CLN2, the
classic late-infantile onset form, is characterized by rapid neu-
rological decline with seizures, vision loss, and motor

decline.'® Prominent truncal and peripheral ataxia can be

154 MOVEMENT DISORDERS CLINICAL PRACTICE 2018; 5(2): 149-155. doi: 10.1002/mdc3.12573

initial symptoms. In our patient, movement disorders were
more subtle and consisted of rest and cerebellar tremors. The
mucopolysaccharidoses cause a wide spectrum of neurological
dysfunction, but movement disorders have not been clearly
defined. Our cohort revealed two patients with MPS-III,
including an 18-year-old young woman with MPS-IIIb, who
manifested with generalized myoclonus, dystonia, and choreoa-
thetosis and a 13-year-old girl with rest and intention tremors
and choreoathetoid movements. To our knowledge, our
accounts of movement disorders in patients with MPS-II,
MPS-VII, aspartylglucosaminuria, and Salla disease are the first
in literature. Parkinsonism has been described in adult-onset

17,18

cases of GM2 gangliosidosis and dystonia has been docu-

mented in juvenile-onset cases.”? However, in our cohort,
we identified a 4-year-old boy with genetically confirmed
Tay-Sachs disease who presented with a peculiar picture of
parkinsonism with prominent postural instability and retropul-
sion (Video S1). This is, to our knowledge, the first descrip-
tion of parkinsonism in a child with Tay-Sachs disease.

In summary, our study reveals the presence of movement
disorders in a significant portion of LSD patients. Ataxia is
the most common phenotype, signifying a common cerebellar
involvement in LSD, followed by tremors, dystonia, and
myoclonus. within  and
between different LSD. Additional longitudinal studies with

larger sample sizes are needed to further delineate the genetic

Significant  heterogeneity  exists

and imaging characteristics associated with movement disor-
ders in LSD. With emerging treatments for LSD and an
expanding array of therapies available to treat movement dis-
orders, understanding the spectrum and clinical challenges of
in LSD will
management and benefit patients.

disorders help guide clinical

movement
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Supporting Information

A video accompanying this article is available in the supporting
information here.

Table S1. Detailed demographic, clinical and genetic charac-
teristics of 18 patients with a lysosomal storage disease and
movement disorder

Video S1. Patient #18 with Tay-Sachs disease. Examined at
age 31 months. The patient is showing features of parkinsonism
with bradykinesia, hypomimia, hypophonia, tremor, postural
instability, and prominent retropulsion. Gait ataxia and stimu-

lus-induced myoclonus developed later and are not shown here.
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