Review Articles

The Clinical Presentation of Lysosomal Storage Disorders
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Abstract- Lysosomal storage disorders (LSDs) are present from conception and produce a clinical pheno-
type that evolves with time. The introduction of new therapies has made early diagnosis a priority. Clues to
the clinical diagnosis of a LSD can be found in the tempo of the illness especially if the central nervous sys-
tem is involved. Loss of a previously acquired skill (regression) is very characteristic of this group of disor-
ders. Other clinical clues can include a dysmorphic appearance or the presence of characteristic skeletal
involvement (dysostosis multiplex), but in some disorders such as Pompe disease or Krabbe disease, these
do not occur. The approach to diagnosis has to involve “screening” as there can be considerable overlap in
clinical presentation (e.g. Gaucher disease and Niemann-Pick B). Both urine and blood testing are necessary
and the majority of diagnoses can now be confirmed at a molecular level. Prenatal diagnosis is possible for

all.
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INTRODUCTION

The lysosomal storage disorders (LSDs) show a
very variable clinical phenotype. In some patients, the
presentation may be in the neonatal period with hydrops
fetalis, whereas in others, with the same enzyme defi-
ciency (but probably a different genetic mutation), onset
may be delayed until adult life. For most patients, the
onset of symptoms is in infancy following an apparently
normal period of early development.

The first signs may be some slowing of develop-
ment and other neurological signs; in other patients,
enlargement of the liver and spleen or a dysmorphic
facial appearance may be noted. Recognition of these

physical signs can assist in the selection of appropriate
diagnostic tests. Confirmation of diagnosis should
always be followed by appropriate genetic counselling.

In this review, the general clinical presentation of
LSDs will be outlined and more detail will be given
about those disorders primarily affecting the central ner-
vous system.

Classification is often based on the storage product
(s) present and this often helps in selecting which bio-
chemical tests are appropriate but it does not help with
the clinical approach to diagnosis as there is often con-
siderable overlap between different groups of LSDs. For
a comprehensive summary of storage products, enzyme
deficiency and screening tests the reader is guided to
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this recent review'”. The neonatal presentation of LSDs
(with hydrops fetalis) has also been reviewed recently
and will not be considered further?.

CLINICAL PRESENTATION

Dysmorphism

Patients with a storage disorder often have a charac-
teristic facial appearance due to storage affecting the
facial skeleton and overlying soft tissue. This is often
labelled “coarse”, but most patients find this term objec-
tionable. This facial phenotype is seen in its most florid
form in mucopolysaccharidoses especially those of early
onset and associated with severe learning difficulties
(e.g. mucopolysaccharidosis type I, Hurler syndrome). In
these patients, the hair is thick, abundant and dull. The
lips and tongue are enlarged and there is often a persis-
tent nasal discharge. A dark synophyris is a characteris-
tic finding and affected children are often hirsute.

In some disorders e.g. mucolipidosis II (I-cell dis-
ease), facial dysmorphism can be identified at birth. In
other conditions, the abnormalities only become appar-
ent with time and it is important to remember that in
some conditions (e.g. Tay-Sach disease, metachromatic
leucodystrophy, Gaucher and Krabbe disease), facial
appearance remains normal.

Dysostosis multiplex

This is the general term used to describe the bone
changes seen in storage disorders. In a similar way to the
dysmorphism, the most prominent bony changes are
seen in the mucopolysaccharidoses (MPS). In some stor-
age disorders, the bone disease results from a different
mechanism. For instance, in Gaucher disease, marrow
cavity expansion and vascular compromise produce
abnormalities of remodelling, bone infarction and patho-
logical fracture®. Dysostosis multiplex appears to be due
to a defect in bone formation and turnover with the ribs,
vertebrae, skull and long bones showing diagnostic radi-
ological abnormalities.

Hepatosplenomegaly
Hepatosplenomegaly is a common finding in those
disorders where somatic storage is usual (as opposed to

disorders where primary storage occurs within the CNS
such as Tay-Sach’s disease). It is a common feature in
Niemann-Pick diseases A, B and C and Gaucher disease
where it is often the presenting sign. In some patients,
the organs become massively enlarged and almost fill the
abdomen. In mucopolysaccharidoses and glycopro-
teinoses, the function of the organs is not compromised
despite significant enlargement, other disorders e.g.
Gaucher disease, however, can be associated with signif-
icant impairment.

Other non-neurological involvement

The heart is classically the main site of disease in
infantile Pompe disease (Glycogen storage disease type
I) and severe neuromuscular problems occur in older
patients with more attenuated variants.

Renal disease is a characteristic feature of Fabry dis-
ease and end stage renal failure is common in affected
males before death.

A wide range of cutaneous abnormalities are seen on
patients with LSDs. The most common (and non-specif-
ic) skin eruption are angiokeratomas, often in the
bathing trunk area which occur in a number of different
disorders but are seen most floridly in Fabry disease and
fucosidosis.

Central nervous system disease

Table 1 lists those disorders that primarily affect the
central nervous system with little or no somatic abnor-
mality such as organomegaly or dysostosis. The cause of
the CNS dysfunction in LSDs is multifactorial and has

@ The end result is a characteris-

been recently reviewed
tic pattern of abnormalities producing signs and symp-

toms that can be helpful to the diagnostic process. A

Table 1. Lysosomal storage diseases associated with primary CNS
dysfunction

* Metachromatic leucodystrophy

* Krabbe disease

* Tay-Sachs and Sandhoff disease
* Sialidosis

* Mucolipidosis IV

* Schindler disease

* Neuronal ceroid lipofuscinoses

* Cobalamin F disease

Acta Neurologica Taiwanica Vol 13 No 3 September 2004



common thread across many of the disorders is the
tempo of the illness. The majority of infants are normal
at birth and the neurological abnormalities evolve over a
period of time following a variable period of normal
progress. The developmental profile is characterised by
regression, with the loss of previously acquired skills
being the hallmark of this process.

Most affected patients are macrocephalic (classically
seen in Tay-Sach’s disease) as a result of storage within
the CNS. It should be noted, however that patients with
mucolipidosis II (I-cell disease) often have a small head
circumference and premature sutural fusion. Indeed,
sutural synostosis seems to occur more commonly in
LSDs when compared to the normal population. In addi-
tion to excessive storage, a number of disorders affect
the cerebral white matter leading to demyelination, often
visible on magnetic resonance image (MRI) scanning as
central white matter involvement and usually termed
“leucodystrophy” such as metachromatic leucodystro-
phy. In disorders affecting myelination in this way, pre-
sentation is usually with motor problems such as clumsi-
ness and ataxia progressing to increasing spasticity with
time and associated ultimately with cognitive involve-
ment as well.

The age of onset of symptoms and the speed of pro-
gression of the disease varies depending on the specific
enzyme deficiency. Very acute onset neurological abnor-
malities are seen for instance in Krabbe leucodystrophy
where many patients in retrospect have abnormalities
from the newborn period®. In addition to the motor
problems the majority of patients will develop other evi-
dence of CNS dysfunction. Episodes of hyperacusis
(sensitivity to sound) are often followed by the develop-
ment of frank seizures that may be generalised, tonic-
clonic, myoclonic or mixed. The incidence of seizures in
the different enzyme deficiencies is variable, but seizure
can be the dominant symptom in some disorders includ-
ing the ceroid lipofuscinoses. Sensory loss with blind-
ness and deafness is common and severe learning dis-
ability is the usual end result in those disorders with a
major CNS component.

The extreme variability of the disorders leads to a
different mode of presentation in attenuated, adult forms
of the disease. In these patients a psychiatric presenta-
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tion is more likely with very late or no cognitive
decline®.

Ophthalmological signs

A variety of eye abnormalities are seen in LSDs.
Blindness from progressive retinal or central involve-
ment is a late feature of many disorders (e.g. ceroid lipo-
fucinoses), but some are associated with more specific
physical signs.

Corneal clouding due to abnormalities in gly-
cosaminoglycan metabolism is seen in patients with
mucopolysaccharidoses types I, IV, VI and VII. In
mucolipidosis type IV, corneal opacification is often the
presenting feature. Many other disorders such as the
oligosaccharidoses and glycoproteinoses will develop
some corneal clouding, often at a later stage of the ill-
ness and sometimes only visible with a slit-lamp exami-
nation.

In Fabry disease, eye signs are common and can be
helpful in delineating female carriers of this X-linked
disorder. In the cornea, haziness followed by streak-like
opacities occur as the disease progresses and many
patients develop a posterior cataract. In addition in this
disorder and in fucosidosis, the retinal vessels are often
very tortuous.

The most quoted ocular abnormality associated with
LSDs is the macular cherry red spot. This has been clas-
sically linked with Tay-Sachs disease, but is seen in a
number of others (Table 2). It is also important to note,
that as retinal ganglion cells are progressively lost later
in the course of the disorders, the macular abnormality
may become less apparent with time.

Other eye abnormalities include disorders of ocular
mobility. In Gaucher disease type III and Niemann-Pick

Table 2. Disorders associated with a macular cherry red spot

* Sialidosis |

* Galactosialidosis

* Tay-Sachs disease

* Sandhoff disease

* GM1-gangliosidosis

* Niemann-Pick A (common) C (rare)
* Metachromatic leucodystrophy (rare)
* Krabbe disease (rare)

* Farber disease (rare)
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C, a supranuclear ophthalmoplegia are classic physical
signs leading to a defect in the initiation of either vertical
or horizontal saccades. In both disorders this may be the
only neurological abnormality for many years.

SPECIFIC NEUROLOGICAL
DISORDERS

This section is not meant to be exhaustive but gives
examples of disorders that present with primary CNS
dysfunction.

Sphingolipidoses

In this group of disorders, there is a progressive
accumulation of complex lipids that are often important,
integral components of cell membranes, and as such,
neurodegeneration is a common feature here.

GM1-gangliosidosis

Infantile, juvenile and adult onset forms of this dis-
order are recognised and all are caused by a deficiency
of B-galactosidase. The severe form of the condition can
present with hydrops fetalis and is associated with
neonatal dysmorphism, severe hepatosplenomegaly,
cherry red spot and skeletal dysplasia. Seizures and pro-
gressive learning difficulties lead to early death.

In the adult, there is usually no visceral involvement
and the condition usually presents with dystonia and
dysarthria. Myoclonic seizures and a slow intellectual
decline have been reported in some patients”. As expect-
ed the juvenile form of the disease produces an interme-
diate phenotype with death occurring in the first or sec-
ond decade of life.

GM2-gangliosidosis

Three different genetic disorders (clinically identi-
cal) contribute to this group including Tay-Sachs (more
prevalent in Ashkenazi Jews), Sandhoff’s diseases, and
GM2 activator protein deficiency.

Wide clinical variation is again a feature of these dis-
orders, although most clinicians will only be familiar
with the classical infantile forms of the disease. These
present in the first months of life with a combination of
hypotonia and hyperacusis. Developmental delay is obvi-

ous by the end of the first year of life. More dramatic
neurological dysfunction becomes apparent within the
second year with loss of visual attentiveness, increasing
spasticity and seizures. Infants are macrocephalic and
have a cherry red spot on fundal examination. Death
usually occurs around the third year of life.

Late onset forms of the disease are usually, but not
invariably associated with hexosaminidase A deficiency
(adult Tay-Sachs disease). A variety of presentations
have been described in this age group including psy-
chosis, dystonia, and anterior horn cell disecase®. An
adult variant of Sandhoftf’s disease has been reported
presenting with spinocerebellar degeneration®.

Globoid cell leucodystrophy (Krabbe disease)

Krabbe disease is caused by a deficiency of the
enzyme galactocerebrosidase that results in the accumu-
lation of a toxic intermediate psychoscine"”. The end
result is a severe demyelination of both the central and
peripheral nervous system. In the infantile form or clas-
sic Krabbe disease, the disorder is aggressive and relent-
less. It usually starts in the early weeks of life, although
some patients have symptoms in the neonatal period.
Hyperpyrexia, irritability, crying, dystonic spasms and
fixed opisthotonic posturing are typical. Death usually
follows the onset of loss of bulbar function at around the
age of 12-18 months. Nerve conduction velocities are
delayed due to demyelination of the peripheral nervous
system and the protein content of cerebrospinal fluid
(CSF) is always elevated.

In late onset forms, the clinical presentation can be
very variable. Intellectual deterioration is not inevitable
and optic atrophy, slowly progressive spasticity and
tremor are more common.

Metachromatic leucodystrophy

The vast majority of patients have a primary defect
in arylsuphatase A (ASA) activity. A small minority
have a defect in the saposin B activator protein necessary
for normal enzyme activity. Once again a very wide clin-
ical spectrum has been reported, but by far the common-
est mode of presentation is the late-infantile form of the
disease"”. Affected patients present between the ages of
12-18 months with motor impairment secondary to a dis-
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turbance of both the central and peripheral nervous sys-
tems. There is very little visceral involvement outside of
the nervous system. The disease progresses rapidly with
nystagmus, optic atrophy, dementia, seizures and spastic
quadriplegia. Most patients die well before the end of the
first decade. Juvenile patients often present (between the
ages of 5-15 years) with school failure or behavioural
disturbance, often on a background of “slow learning”.
Seizures may occur and the rate of progression of the
disease can be very variable, with some patients deterio-
rating rapidly"”, whilst others survive 10-15 years after
diagnosis.

Adult onset MLD usually presents with psychiatric
manifestations. Patients develop personality change,
depression and occasionally frank psychosis"®. In a psy-
chiatric setting, subtle neurological abnormality such as
mild ataxia or diminished tendon reflexes can easily be
missed. A more obviously organic symptom such as a
seizure may precipitate further investigation and if this
includes imaging the typical white matter changes are
found, leading to the diagnostic investigations.

Gaucher disease types II and 111

Types II and III (neuronopathic Gaucher disease)
represent a spectrum of disease both ends of which
include some form of neurological involvement. Type 11
disease is severe and acute in onset and can be associated
with a colloidian skin abnormality or hydrops fetalis"®.
More commonly bulbar involvement with a characteris-
tic triad of strabismus, trismus and opisthotonus is pre-
sent from the early weeks or months of life. Myoclonic
seizures may also occur in the context of a rapidly pro-
gressive disorder, often fatal in the first 2 or 3 years of
life"”. Type III disease is a chronic disorder and oculo-
motor apraxia may be the only neurological abnormality
(at least initially). Systemic symptoms are often severe
in this form of the disease and some patients will eventu-
ally show neurological progression"®.

Niemann-Pick disease type C (NPC)

NPC is a complex disorder (s) associated with
abnormalities in cholesterol trafficking within the cell.
At least two different genes (NPC 1 and NPC 2) are
involved although most patients (95%) have mutations in
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NPC 1. Extreme heterogeneity is seen in this disorder
that can present with hydrops fetalis or liver failure in
the newborn period or remain asymptomatic throughout
life"”. The most classic clinical presentation is in mid-
childhood with an insidious onset of supranuclear gaze
palsy, ataxia and seizures. Dementia follows and the
associated dystonia and dysphagia are major manage-
ment problems. A very mixed pattern of epilepsy may
occur, but episodes of cataplexy and gelastic seizure are
absolutely characteristic, and if present in a child with a
progressive disorder are virtually diagnostic of NPC. The
NPC 2 gene has recently been shown to be the HE 1
gene a ubiquitously expressed lysosomal protein identi-
fied previously as a cholesterol-binding protein"?.

ESTABLISHING THE DIAGNOSIS

In general terms there is no simple diagnostic
screening test which will detect all these disorders. The
tests chosen will be guided by the clinical picture and in
many patients a battery of screening tests on both blood
and urine will be necessary to establish the exact bio-
chemical diagnosis. Many different algorithms have been
produced to aid the diagnostic process, but in clinical
practice these are of little value because of the consider-
able heterogeneity seen with this group of disorders. If a
clinician strongly suspects the presence of LSD but ini-
tial biochemical studies are normal, a tissue biopsy
should be studied by electron microscopy to confirm the
presence of lysosomal distension. If present further
investigation is necessary and disorders not readily
detected by blood or urine testing e.g. activator protein
or saposin deficiency should be considered. Skin fibrob-
last culture is mandatory in this situation for diagnosis.

Initial diagnosis of a MPS disorder should be based
on urine glycosaminoglycan excretion analysed by an
electrophoretic method. Spot urine tests are inaccurate
and may miss cases of MPS III and IV. If glycosamino-
glycans are normal but MPS-like features are present, a
disorder of glycoprotein metabolism or a mucolipidosis
needs to be excluded. For these disorders, thin layer
chromatography of urine oligosaccharide excretion may
suggest a possible diagnosis but specific enzyme analy-
sis using plasma, leukocytes or skin fibroblasts will also
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be necessary. For the other LSDs specific enzyme assays
should be performed and these are often offered as a
screen of several enzymes performed on the same blood
sample. More specialised tests on fibroblasts will be
needed for the transport and activator protein defects.

REFERENCES

1. Wraith JE. Clinical aspects and diagnosis. In: Platt FM,
Walkley SU, eds, Lysosomal Disorders of the Brain.
Oxford University Press, 2004:50-75.

2. Wraith JE. Lysosmal disorders. Semin Neonatol 2002;7:75-
83.

3. Pastores GM. Gaucher Disease. In: Gene Clinics, 2000;
http://www.geneclinics.org/profiles/gaucher/detail s.ntm

4. Walkley SU. Pathogenic cascades and brain dysfunction.
In: Platt FM, Walkley SU, eds. Lysosomal Disorders of the
Brain. Oxford University Press, 2004:290-316.

5. Hagberg B. Krabbe's disease: clinical presentation of neu-
rological variants. Neuropediatrics 1984;15 Suppl:11-5.

6. Rapola J. Lysosomal storage diseases in adults. Pathol Res
Pract 1994;190:759-66.

7. Yoshida K, Oshima A, Sakuraba H, et a. GM1 gangliosi-
dosis in adults: clinical and molecular analysis in 16
Japanese patients. Ann Neurol 1992;31:328-32.

8. Harding AE, Young EP, Schon F. Adult onset supranuclear
ophthalmoplegia, cerebellar ataxia, and neurogenic proxi-
mal muscule weakness in a brother and sister: another hex-
osaminidase A deficiency syndrome. J Neurol Neurosurg
Psychiatry 1987;50:687-90.

10.

11

12.

13.

14.

15.

16.

17.

18.

. Oonk JG, van der Helm HJ, Martin JJ. Spinocerebellar

degeneration: hexosaminidase A and B deficiency in two
adult sisters. Neurology 1979;29:380-4.

Wenger DA. Krabbe Disease, Gene Clinics, 2000
http://www.geneclinics.org/profiles/krabbe/detail s.html

Von Figura K, Gieselmann V, Jagken J. Metachromatic leu-
codystrophy. The Metabolic and Molecular Bases of
Inherited Disease. In: Scriver CR, Beaudet AL, Sly WS,
Vale D, eds. New York: McGraw-Hill, 2001.

Haltia T, Palo J, Haltia M, et a. Juvenile metachromatic
leukodystrophy. Clinical, biochemical, and neuropathologic
studies in nine new cases. Arch Neurol 1980;37:42-6.

Hyde TM, Ziegler JC, Weinberger DR. Psychiatric distur-
bances in metachromatic leukodystrophy. Insights into the
neurobiology of psychosis. Arch Neurol 1992;49:401-6.
Stone DL, Carey WF, Christodoulou J, et al. Type 2
Gaucher disease: the collodion baby phenotype revisited.
Arch Dis Child Fetal Neonatal Ed 2000;82:F163-66.
Conradi NG, Sourander P, Nilsson O, et al. Neuropathology
of the Norrbottnian type of Gaucher disease. Morphological
and biochemical studies. Acta Neuropathologica 1984;65:
99-109.

Erikson A. Gaucher disease - Norrbottnian type (I11). Acta
Paediatr Scand 1986;326:1-42.

Fensom AH, Grant AR, Steinberg SJ, et al. An adult with a
non-neuronpathic form of Niemann-Pick C disease. J
Inherit Metab Dis 1999;22:84-6.

Naureckiene S, Sleat DE, Lackland H, et al. Identification
of HE1 as the second gene of Niemann-Pick C disease.
Science 2000;290:2298-301.

Acta Neurologica Taiwanica Vol 13 No 3 September 2004



