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IN LYSOSOMAL 
STORAGE DISORDERS

PARENTAL
QUALITY OF 
LIFE STUDY
Between December 2000 and March 2001,
parents of children suffering from a lysosomal
storage disorder, took part in focus group discus-
sions in Adelaide and Sydney as part of a study
commissioned by Lysosomal Diseases Australia.
The study is being conducted by the Research
and Evaluation Unit at the Women’s and
Children’s Hospital in Adelaide.  Since the focus
of research is usually on the affected child, little is
known about the broader day-to-day quality of
life of parents.  Issues discussed included the
emotional, financial and time impact of caring for
an affected child.

We would like to take this opportunity to thank
all of the parents who have participated thus far,
for sharing your breadth of experiences with us.

The concerns raised during these discussions,
and in interviews with medical professionals, will
be formulated into a questionnaire that will be
used to assess the health-related quality of life of
parents caring for a child with a lysosomal stor-
age disorder in Australia and the United
Kingdom.  The results of this questionnaire will
then be analysed and communicated to govern-
ment bodies and policy makers to help improve
the quality of life of parents.  

Once the preparation of this questionnaire is
complete, we will be contacting parents to
request their participation in the next stage of
the study.  We envisage implementing the ques-
tionnaire in late-2001.  If you are a parent of a
child with a lysosomal storage disorder and
would like to take part or would like more infor-
mation, please contact the study coordinator,
Ms. Leanne Whaites (tel: (08) 8161.6913, or
email whaitesl@wch.sa.gov.au).  At the comple-
tion of the parental component of the study, we
intend to develop a series of modules that focus
on other family members such as the siblings of
an affected child.

LDA’s sincere thanks go to the parents who gave their 
time freely and enthusiastically to participate in the 
discussion groups.

LDA would also like to express is appreciation to 
Mrs. Dianne Petrie, President of the Association of Genetic
Support of Australasia, for making their offices available for
the Sydney meeting, and the Women’s and Children’s
Hospital for the Adelaide meetings.

A thank you also to Fiona Arney from the Women’s and
Children’s Hospital Research and Evaluation Unit for her
work as study coordinator during 2000, for her asistance
with the recent meetings.  Fiona has commenced a PhD
scholarship from the National and Medical Research
Council of Australia, and LDA wishes her all the best with-
these studies.

The structure and function 
of bone marrow
Bone marrow is the soft, spongy material found
inside bones.  It contains a network of blood
vessels and fibres (stroma) surrounded by fat and
cells that give rise to white blood cells (WBC),
red blood cells (RBC) and platelets.  The main
function of the bone marrow is to produce blood
cells which all derive from very immature cells
called stem cells.  Most stem cells are found in
the bone marrow, although some, called periph-
eral blood stem cells, circulate in blood vessels
throughout the body.  Stem cells can divide to
form more stem cells, or they can go through a
series of cell divisions by which they become fully
mature blood cells.

Enzyme transfer and 
cross-correction
In 1968, Neufeld and coworkers first observed
that material stored in the cells of patients
affected by mucopolysaccharidosis (MPS) type I
(Hurler/Scheie syndrome) and MPS-II (Hunter
syndrome) was able to be removed when the
cells were grown together in a nutrient mixture
(culture media) in the laboratory, in a process
referred to as cross-correction.  It was subse-
quently shown that both normal serum and
WBC extracts could also correct the defects in
skin cells (fibroblasts), implying that the relevant
correcting factors (subsequently shown to be
lysosomal enzymes) were also produced by
blood cells.  This latter finding led to attempts to
treat lysosomal storage disorders by regular
blood/plasma infusions, or by fibroblast/placen-
tal tissue implants.  These attempts resulted in
either no response or only transient improve-
ments, mainly because of the short time the rele-
vant enzymes lasted in the body, or because of
rejection of the tissue implants. 

The introduction of bone marrow
transplantation (BMT)
The introduction into clinical practice of more
effective methods to prepare patients who
undergo chemotherapy (chemotherapy condi-
tioning regimens) led Hobbs and colleagues,
who had noted the results of cross-correction
experiments, to attempt to treat patients with
MPS type I by BMT in 1980.  The prior use of
BMT for genetic disorders had been limited by
the risks of long-term damage by high dose
radiotherapy.  Since 1980, conditioning using
chemotherapy (usually a combination of the
drugs cyclophosphamide and busulphan) has
enabled over 1,000 BMTs to be performed for
various lysosomal storage disorders.  The great-
est experience is in patients with MPS.

General principles of BMT
In a malignant disease such as leukaemia, 
a successful BMT is likely to be followed by a
"cure".  In lysosomal storage disorders, the
results will be variable and depend upon a
number of other factors such as the patient’s age

at treatment, carrier status of the donor and the
target organs to be treated.  No patient will be
cured by the process and in many cases one
swaps one set of problems for another.

The decision to perform a BMT in a patient with
a lysosomal storage disorder is a difficult one,
involving a complex process including a detailed
patient assessment, donor identification and
family counselling.  Ideally, patients need to be
treated as soon as possible to reduce specific
complications of their disease, particularly
central nervous system (brain) involvement.

Donor selection remains controversial.  Some
groups would prefer to use a match-unrelated
donor (MUD) from the general population rather
than use a matched sibling who happens to be a
carrier for the disorder being treated.
Statistically, the chance of a sibling being a full
tissue match and not a carrier is only 1 in 16, so
this issue is one in which the transplant unit
needs to have a policy.  The risks of a MUD trans-
plant are considerably greater than those from a
matched sibling where mortality is probably less
than 10% in most units.

The process and risks of BMT
The whole process of BMT is performed with the
patient in isolation and starts with a period of
chemotherapy to remove the patient’s own bone
marrow. Bone marrow is collected from the
pelvis of the donor under anaesthetic and is then
given to the patient like a blood transfusion into
a large vein (see Diagram 3).  In the first few days
after BMT the patient is at maximum risk of seri-
ous infection, until the stem cells from the donor
repopulate the bare marrow.  This usually starts
from day 10 onwards, and the WBC count is
usually acceptable within four-weeks of a
successful transplant.

The complication of BMT can be divided into
early and late complications.  Early problems can
include infection and haemorrhage.  Graft versus
host disease (GVHD) is less common with
modern treatment, but primary graft rejection in
lysosomal storage disorders is a significant prob-
lem, and in MPS means that 50% of all BMTs
have to be repeated.  Long-term problems
include failure to enter puberty, other hormonal
problems and the risk of cancer.

The results of BMT in lysosomal
storage disorders
It is ironic that the lysosomal storage disorder
most likely to be cured by BMT, Gaucher disease,
is now managed by enzyme replacement therapy.
Results in other lysosomal storage disorders are
extremely variable, but there is no doubt that for
conditions that do not primarily affect the brain,
the natural progression of the disorders can be
influenced.  Most information has been obtained
in patients with various MPS disorders.  In general
terms, tissues least susceptible to correction are
brain and bone.  BMT after the onset of significant
neurological signs does not lead to an improve-
ment in neurological function and in most
patients a steady loss of skills continues.  In those

lysosomal storage disorders that primarily affect
the central nervous system, such as infantile Tay
Sachs disease, Sandhoff disease or MPS-III
(Sanfilippo syndrome), BMT does not appear to
influence disease progression.  In those lysoso-
mal storage disorders where the main problem is
the bones, such as MPS-IV (Morquio syndrome),
BMT does not lead to improvement in this
aspect of the disease.  In MPS-I and MPS-VI
(Maroteaux-Lamy syndrome), an early transplant
can lead to a favourable improvement in
outcome in carefully selected patients.  The brain
can be protected in MPS-I, and in both disorders,
disease of the heart muscles (cardiomyopathy),
enlargement of organs (organomegaly) and
airway problems can significantly improve.  Bone
and heart valve lesions can deteriorate despite
early transplant.  Most successfully treated
patients with MPS-I or MPS-VI require meticu-
lous orthopaedic and neurosurgical follow-up.
Results in MPS-II have been disappointing, with
progression of central nervous system disease in
most treated patients.

The results of BMT in other lysosomal storage
disorders with central nervous system involve-
ment have been disappointing, and in many
cases all that is achieved is a slowing down of the
process of neurodegeneration.  In late-onset vari-
ants, much better results have been claimed
although the numbers of patients treated has
been small.

Future therapy
The goal of BMT has to be the achievement of
full donor engraftment consistently without
significant GVHD.  In addition, modifications to
achieve more even tissue correction would also
be welcome.  Some of these goals can be met by
graft manipulation aimed at increasing the dose
of stem cells transplanted.  This can be achieved
by using various methods known as peripheral
blood stem cell mobilisation and umbilical cord
blood transplantation.

BMT can address some of the difficult issues
regarding therapy for lysosomal storage disor-
ders.  For many of these disorders, one can envis-
age a combined cell transplant/enzyme replace-
ment therapy combination as the treatment of
choice.

LDA thanks Dr. J.E. Wraith, Director of the Willink
Biochemical Genetics Unit at the Royal Manchester
Children’s Hospital, for this article.

Editor’s Footnote

All the major Australian children’s hospitals have
performed BMT for patients with lysosomal storage
disorders.  Information about the procedure and
appropriate counselling can be obtained by
contacting the Genetics Services in your State.

The Willink Biochemical Genetics Unit in
Manchester, the Great Ormond Street Hospital in
London, and the Blood and Bone Marrow
Transplantation Program at the University of
Minnesota have the most experience in performing
BMT for lysosomal storage disorders.

• BioMarin Pharmaceuticals, Inc. (USA)  • Genzyme Corporation (USA)  • Transkaryotic Therapies, Inc. (USA)Sponsors of LDA:
DISCLAIMER: LDA gratefully acknowledges the above sponsors and wishes to make known that LDA remains  independent of its sponsors and does not necessarily endorse any product or services of its sponsors.  Sponsorship policy can be reviewed at LDA’s website (www.lda.org.au). Copies can be obtained from the Public Officer. 4
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Type 2
Gaucher patients present a striking contrast.  The
disorder is often apparent by the first three
months of life, and in virtually all patients in this
category, by six-months of age.  These infants
have noticeable enlargement of the spleen and
liver, and they all show signs of brain damage.
The neurological manifestations include difficulty
in breathing and swallowing, and problems with
eye movement.  Eventually, the eyes become
fixed in a crossed position.  The infants also
develop arching of the back and neck.  They do
not meet developmental milestones, and death
usually occurs by the second year, although
some patients in this group may live a bit longer.

Type 3
Gaucher patients exhibit some variability in their
signs and symptoms.  Some have mild enlarge-
ment of their spleen and liver and not too much
bone damage.  These patients have difficulty in
moving their eyes from side-to-side, and eventu-
ally they develop jerking seizures (oculomotor
apraxia) that may be very difficult to control.
Other Type 3 patients may have massive 
enlargement of their spleen and liver that is
accompanied by anaemia and low blood
platelets.  Their skeleton may also become
severely damaged.  Many of these patients have
difficulty in moving their eyes from side-to-side,
and this may be the only manifestation of brain
involvement.  Some in this group may eventually
develop seizures.  Once the seizures occur, life
expectancy is greatly shortened.

Diagnosis of Gaucher disease
Gaucher disease is usually suspected when a
person has anaemia along with low blood
platelets and enlargement of the spleen,
(splenomegaly).  The size of the liver is also
frequently increased, but not necessarily 
in every patient.  With time, the bones may 
show reduced density on X-ray, and in 
some patients, the first sign may be a fracture 
that occurred with only a slight trauma.  The diag-
nosis can be readily confirmed by measuring 
the activity of glucocerebrosidase in white 
blood cells or in cells grown from a skin biopsy
(cultured skin fibroblasts).

Genetics and Inheritance
Because the gene for glucocerebrosidase is
located on human chromosome 1, Gaucher
disease is inherited as an autosomal recessive
condition (see Diagram 1).  This means that an
affected person has inherited two copies of the
gene - one from his/her mother and the other
from his/her father.  Both parents must have a
mutation in their glucocerebrosidase genes to
produce a child with this disorder.  Each parent,
with only one copy of the altered glucocere-
brosidase gene, is a carrier of the disorder, but is
perfectly healthy.  A person is affected only if he
or she inherits two mutated glucocerebrosidase
genes, one from each parent.  The chance of this
happening where both parents are carriers, is 1
in 4 with each pregnancy.  There is a one in two
chance that the child will be an unaffected

carrier like his/her parents, and there is another
1 in 4 chance that the child will neither be
affected nor a carrier.  If they wish, carrier
parents whose children are at risk of being
affected by Gaucher disease may have their
pregnancies monitored and the condition
prenatally diagnosed. 

If only one of the parents is a carrier of a muta-
tion there is no chance that the baby will inherit
Gaucher disease but there is a 1 in 2 chance that
the baby will be a healthy carrier (see Diagram 2).

Treatment
Great benefit has been obtained through
enzyme replacement therapy for patients with
Type 1 Gaucher disease.  (Editor’s Note:  For a
brief summary of the process and principles of
enzyme replacement therapy, see the April 2000
issue of the LDA newsletter.)  

Glucocerebrosidase that had been isolated and
purified from human placental tissue was origi-
nally used.  The enzyme had to be slightly modi-
fied so that it could be taken up by scavenger
cells in the body called macrophages, in which
glucocerebroside accumulates.  Remarkable
improvement is seen in patients who receive the
enzyme that is administered intravenously (by
injection) usually once every two weeks.  The

haemoglobin (oxygen-carrying component 
of red blood cells) of the recipients increases and
the anaemia is improved.  Blood platelets
increase and the bleeding tendency is reversed.
The enlargement of the spleen and liver is greatly
reduced (see post-treatment photograph).

This enzyme was approved for use in the USA for
the treatment of patients with Gaucher disease in
1991.  Human glucocerebrosidase is now
produced in ‘cell factories’ using Chinese
Hamster ovary (CHO) cells.  Enzyme prepared in
this way was shown in 1995 to be just as effec-
tive as that obtained in placental tissue.

Although similar improvements have been 
seen in patients with Type 3 Gaucher disease, 
the effect of enzyme replacement therapy on 
the impairment of side-to-side eye movement
has been variable.  No benefit has resulted in 
the seizures that occur in some of these patients.
No benefit has been shown on the lethal 
course of the disease that occurs in patients 
with Type 2 Gaucher disease with extensive 
brain involvement.

Research
Novel procedures are being developed to deliver
glucocerebrosidase directly to the brain of these
patients.  Although direct infusion of the enzyme
into the brain has been shown to be safe in
experimental animals, it has not yet been tried in
Gaucher patients with brain involvement.

Two other approaches to the treatment of
Gaucher disease are under consideration.  The
first of these is gene therapy, where a normal
gene is inserted into a patient’s cells in the labo-
ratory and then cells bearing the now fully func-
tional gene are re-infused into the patient.  This
approach is considerably attractive, since
successful bone marrow transplantation (BMT)
can cure a patient with Type 1 Gaucher disease.
Because of the risks of BMT, it is not performed
frequently in
Gaucher patients.
To date, gene ther-
apy trials in Gaucher
patients have not
shown any clinical
benefit, and much
more work is
required to make
this procedure
useful.  This effort is
certainly being
pursued, since if it
can be made effec-
tive, gene therapy
could provide a
permanent cure for
patients.

A second approach
that is under investi-
gation is called
‘substrate deple-
tion’.  This term
simply means that investigators are trying to
reduce the formation of harmful amounts of
glucocerebroside by partially blocking its synthe-
sis.  The results of a clinical trial with one agent

that inhibits the formation of glucocerebroside
was recently reported by Platt and co-workers
(2001), however the results with this compound
are not as dramatic as those obtained with
enzyme replacement therapy.  It is expected that
additional trials with such agents will be forth-
coming.  One hopes that a drug can be devel-
oped that can get into the brain and reduce the
amount of glucocerebroside in the brain of
patients with Type 2 Gaucher disease, and also in
patients with Type 3 who have harmful seizures.

Patients with Gaucher disease should feel very
encouraged.  Many important developments
and ground-breaking findings have occurred in
studies in patients with this disorder, and more
are likely in the future.  The prime example is the
demonstration of the benefit of enzyme replace-
ment therapy for these patients.  This achieve-
ment has stimulated the evaluation of enzyme
replacement therapy in a number of other lyso-
somal storage disorders.

LDA thanks Dr. Roscoe Brady, Chief of the

Developmental and Metabolic Neurology Branch at

the National Institute of Neurological Disorders and

Stroke, Bethesda, USA, for this contribution.

Editor’s Footnote:
In Australia the provision of enzyme replacement

therapy for Gaucher disease is funded by the

Australian government.  The Medical Genetics

Therapy Working Party has been established by

the government to oversee approvals for the use

of the enzyme in individual patients.  Physicians

who are caring for patients with Gaucher disease

and would like more information about eligibility

criteria should contact the Lifesaving Drugs

Program, Pharmaceutical Branch, Department of

Health and Aged Care in Canberra.
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Reproduced courtesy of NSW Genetic Eduction Program. 
“G” denotes unaffected gene and 

“g” an affected Gaucher gene.
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Photographs kindly provided by Dr Roscoe Brady
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