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Mission Statement
• Increase community 

awareness and understanding 
of lysosomal storage disorders 
their effects and potential 
solutions, through education 
and publicity;

• Increase political recognition
and understanding of 
lysosomal storage disorders, 
their effects and potential 
solutions, particularly the 
cost-benefit advantages 
offered by therapies;

• Encourage research 
involved with the diagnosis,
management and treatment 
of patients affected by 
lysosomal storage disorders;

• Maintain close links with
family support groups;

• Promote and establish links
with support associations
for other, non-lysosomal,
organelle diseases

•`Promote and establish links
with similar organisations
internationally.

One mission statement of 
Lysosomal Diseases Australia
(LDA) is to “promote and 
establish links with similar 
organizations internationally”.
Following discussions of this objective over
the past four years with others, and as a
direct result of a formal presentation in June
last year at the US MPS Society Annual
Meeting the pace quickened with a
number of like-minded groups and individ-
uals agreeing to collaborate to investigate
the possibility of establishing a global lyso-
somal diseases alliance.

On 7 - 9 February 2002, 22 experts from 10
countries met in Cannes, France, under the
sponsorship of LDA, to consider a new
collaborative effort for all lysosomal storage
diseases (LSD).  Although each LSD type is
uncommon, taken together they affect
between 3 - 5% of the world’s population,
either directly or indirectly, so constitute a
substantial health issue.  Well-respected
clinicians, researchers, patient advocates
and biotechnology company representa-
tives, debated how collaboration could best
improve diagnosis, treatment and care for
all those affected by LSD.  By the close of
the two-day session, GOLD, Global Organ-

isation for Lysosomal Diseases, had been
born.  In the coming months, we will
work to turn the dream into reality.

A Steering Committee was formed with
members Michael Beck, MD (Head, Centre
for LSD at the Children's Hospital, Mainz,
Germany), John Hopwood, PhD (Head,
Lysosomal Diseases Research Unit,
Women's and Children's Hospital, Adelaide,
Australia, and Chairman LDA), Edwin
Kolodny, MD (Chairman, Department of
Neurology, New York University, US), Chris-
tine Lavery (Chief Executive, Society for
Mucopolysaccharide Diseases, Amersham,
UK), Abbey Meyers (President, National
Organization for Rare Disorders [NORD],
New Fairfield, US) and William Sly, MD
(Chairman, Edward A. Doisy Department of
Biochemistry and Molecular Biology, St.
Louis University School of Medicine, St.
Louis, US). 

Cannes meeting participants felt that
collaboration was needed now because of:

• Increasing understanding of 
disease natural history 

• Growing number of patient registries 
and genetic information databases

• Promising/approved diagnostics 
and treatments

• Committed group of researchers, 
clinicians, and patient 
advocates/educators

• Model programmes for patient 
education and support

• Broadening recognition of the 
value of coordinated action

what’s inside
continued page 2...

Like the household kitchen, lysosomes can
be described as ‘recycling centres’. If waste
material is not removed, it builds up and
impairs normal functioning.
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Participants also felt that the collaboration 
would best work to:

• Understand the global incidence,
prevalence, and natural history of 
the diseases

• Promote basic research on each LSD

• Encourage the development 
of new therapies

• Provide accurate patient and physician
education

• Increase funding for research, 
diagnosis, education and advocacy

• Speak with one voice to regulatory 
agencies and the public

Participants summarised the mission of
GOLD as:

“To develop an international collaborative
effort to improve the lives of all patients
with lysosomal storage diseases.  GOLD will
promote research and education on lysoso-
mal storage diseases and their early diag-
nosis, effective treatment and provision of
support for patients or those at risk.  Its
priorities and programmes will be deter-
mined by an alliance of researchers, clini-
cians, patient advocacy groups and indus-
trial partners.” 

There was unanimous agreement that an
international collaboration should be devel-
oped – no one could identify an alternative
way to achieve the individual needs identi-
fied by the different stakeholder groups.  

Meeting participants agreed that success
would come only by including any inter-
ested party in the new organisation.  The
conclusions of the Cannes meeting will be
widely disseminated through conferences,
newsletters and word of mouth.  Reactions
and active involvement of patients and
family members, researchers, clinicians,
public policy makers, industry, and all
others is encouraged.  Comments about
GOLD and offers of volunteer assistance
should be directed to John Hopwood.

Patient advocate groups, academics, clini-
cians and biotechnology companies need
to collaborate and support GOLD to make
it a success. Importantly, there is broad
representation from patient advocate
groups and academics, and all five major
companies that are involved in the devel-
opment of therapies for LSD patients are
now involved in GOLD. These include
BioMarin Pharmaceutical, Genzyme,
Novazyme, Oxford GlycoSciences and
Transkaryotic Therapies. 

A key component for the success of 
the collaboration was agreed to be 
the need for inclusivity and this carried with
it an imperative to spread the word about
the collaboration.

The Steering Committee will work to define
the best way to set up GOLD with an
organization structure, to develop a brand
identity for GOLD, and to raise the neces-
sary funds to support it.  Two other activi-
ties were agreed in the short term: a compi-
lation of the GOLD Information Centre that
will be relevant to the various interested
groups, to be made available on a GOLD
website, and an inventory of the patient
registries that currently exist worldwide.

Several specific aims of the collaboration
were identified, some which were feasible
in a relatively short timescale, but others
will require a long-term commitment to
collaborate.

• Improve education and 
knowledge about LSD

• Foster collaborative research 
to define the prevalence, natural
history, and potential therapeutic
endpoints

• Create standards for diagnosis 
and testing for all LSD

• Foster coordination amongst 
existing patient registries to 
develop a global resource

• Encourage collaborative clinical 
trials to accelerate collection of 
data required to bring therapy 
to patients.

• Develop consensus statements 
on LSD useful for lobbying for 
better resources

Progress with these goals was reported at
the 7th International Symposium on MPS
and Related Diseases/3rd Scientific Lysoso-
mal Storage Disorders Congress, 
20-23 June 2002, Paris.  There, the 
Steering Committee reviewed what has
been done to set up GOLD as an organisa-
tion, develop its brand identity, and raise
the necessary funds.  Discussion also
focused on the creation of a Web-based
Information Centre and an inventory of
patient registries. 

The next newsletter will include a 
GOLD outlook from Paris.

Fabry disease
Enzyme replacement therapy for Fabry
disease is being developed by two compa-
nies, Genzyme Corporation (‘Fabrazyme’)
and Transkaryotic Therapies (TKT) Inc
(‘Replagal’).  The results of trials for 
both companies have been published in 
The New England Journal of Medicine, and
the Journal of the American Medical Associa-
tion.  Both companies have completed clin-
ical trials in the USA, Europe, Australia, and
have received marketing approval in
Europe, Australia and New Zealand.
Marketing approval is awaited in the USA
and elsewhere.

Mucopolysaccharidosis I
Enzyme replacement therapy is being devel-
oped in a joint venture between BioMarin
Pharmaceutical Inc. and Genzyme Corpora-
tion.  Phase I, II and III clinical trials are
complete. Results demonstrating improve-
ments in clinical symptoms in 10 patients
after one year of a phase II trial have been
published in The New England Journal of
Medicine volume 344, pages 182 to 188 in
2001.  Marketing approval is awaited.  In
the phase III trial, all 45 patients completed
the trial and have elected to continue treat-
ment in a single dose extension study. 

Mucopolysaccharidosis II
Enzyme replacement therapy for this disor-
der is being developed by Transkaryotic
Therapies, (TKT) Inc.  Results from a
randomized, double-blind, placebo-
controlled phase I/II trial in 12 patients in
the USA, indicate that treatment with
enzyme is generally well-tolerated and is
clinically active.  A phase III trial is planned
after review of the phase I/II data by the US
regulatory authorities.  A Natural History
Study is also planned to start in the last
quarter of 2002, which aims to systemati-
cally document the clinical progression of
this disorder.  The Natural History Study will
follow 120 patients from Australia,
Germany, Brazil, Japan, England and the
USA for a period of two years.

Mucopolysaccharidosis IVA
BioMarin Pharmaceutical, Inc. is conducting
pre-clinical testing for this disorder.

Mucopolysaccharidosis VI
A phase I trial to evaluate the safety 
of enzyme replacement therapy in six 
MPS-VI patients commenced in USA 
in 2001 by BioMarin Pharmaceutical, 
Inc, using two dose levels.  Results
published at the American Human Genetics
Society meeting in San Diego in October
2001 show that enzyme is being well-toler-
ated at both doses and some clinical
improvement is being achieved.  Patients in
the phase I trial will continue to receive
treatment in an extension study using the
higher dose used in the first six months of
the trial.  A phase II trial in 10 patients
commenced in the first half of 2002 in
Australia and the USA.

BioMarin also commenced a Clinical Survey
Study in 2001 to systematically document
the clinical variability of patients affected by
MPS-VI

Niemann-Pick disease
Enzyme replacement therapy is being devel-
oped by Genzyme Corporation. 
Pre-clinical work has been completed 
and clinical trials are currently in the 
planning stages.

Pompe disease
A phase I/II multinational clinical 
trial in infantile and juvenile Pompe
patients is underway.  Published prelimi-
nary results demonstrate improvement in 
clinical symptoms.  Genzyme Corporation
has purchased the rights to Pompe 
enzyme therapy being developed 
by Pharming (The Netherlands) and in
September 2001, Genzyme Corporation
acquired the rights to Novazyme Pharma-
ceuticals, who also have a therapy platform
for Pompe disease.

The most common sub-group of 
lysosomal storage disorders is the
mucopolysaccharidoses (or MPS).
Each of the 11 individual MPS 
disorders known to date result 
from deficiencies in the activity 
of specific enzymes (proteins) 
necessary for the body’s cells to
break down and recycle  substances
known as glycosaminoglycans 
(or mucopolysaccharides).

Mucopolysaccharides are simply components of
the body that contain sugar and water.  Primarily,
they do their work outside the cell to keep cells
anchored or supported within body tissues such
as cartilage or bone.   Mucopolysaccharides are
constantly broken down and renewed by the
body. This task of recycling takes place in a part
of the cell called the lysosome. After completing
their task outside the cell, mucopolysaccharides
are taken-up by the cell into the lysosome and,
with the assistance of specific enzymes within the
cell, are broken down into their constituent parts
and then recycled for re-use by the cell. 
When this process cannot occur because of the
absence or deficient activity of one of these
enzymes, the mucopolysaccharides begin to
accumulate in the lysosomes of the cells in most
body tissues.

Mucopolysaccharidosis type I is one of the most
common forms of  MPS and results from a defi-
ciency of the enzyme α-L-iduronidase. Hurler
syndrome (MPS IH) is the most severe form of a
spectrum of disorders.  The intermediate and
mild forms of MPS I are known as Hurler-Scheie
(MPS IHS) and Scheie (MPS IS) syndromes,
respectively. MPS I occurs in about 1 in 111,000
babies conceived in Australia, with Hurler
syndrome accounting for the majority of these. 

Hurler syndrome is named after Dr. Gertrude
Hurler, a paediatrician in Munich, Germany.  She
first described patients with this disorder in a
scientific publication in 1919.  In 1962 Dr Scheie,
a New York ophthalmologist, and colleagues
reported a patient with a milder disease but many
similarities to Hurler syndrome. This patient, and
other patients with similar symptoms, was later
shown to suffer from a deficiency of 
α-L-iduronidase, the same enzyme deficient in
Hurler syndrome patients.

In fact, Hurler and Scheie syndromes were then
recognised as variations of the same disorder.
Hurler is at the severe end of a clinical spectrum,
and Scheie is at the relatively less severely
affected end.  Like in any spectrum there are
examples in between these two extremes.  In the
past these patients have been described as
having Hurler/Scheie syndrome.  

Hurler syndrome affects many parts of the body
and  causes progressively more problems as the
child becomes older. 

At birth, children with Hurler syndrome are
usually normal but may have a large umbilical
(belly button) or inguinal (in the groin) hernia.
Diagnosis is usually made before two years of age
because of frequent ear and nose infections,
enlargement of the liver and spleen, the forma-
tion of a bony lump in the lower part of the spine
(a gibbus) and other deformities of bone. Some
children have thickening of the heart muscle
(cardiomyopathy) or thickened heart valves and
these problems may cause an early death.

The development of children with this disorder
slows, then stops at a developmental age of
about 2-4 years when the child’s learning usually
begins to deteriorate. By two years of age growth
has also slowed and final height is quite short,
usually less than 110 cm (four feet).  There is
progressive stiffening of the joints resulting in a
‘claw hand’ appearance.  Runny noses and noisy
breathing are common.

The front layer of the eye, the cornea, becomes
hazy (known as corneal clouding) and vision may
decline because of deterioration of the back of
the eye, the retina (the light receptor at the back
of the eye) or pressure on the optic nerve from
hydrocephalus (accumulation of ‘water on the
brain’).  A large head is due to increased fluid
within and around the brain (communicating
hydrocephalus) with the fluid generally being
under high pressure.

Hearing loss is common and usually results from
a combination of nerve (sensorineural) deafness
and middle ear fluid.  Ventilation tubes (Grom-
mets) may help if fluid is a major problem.  Hear-
ing aides may help children with nerve deafness.

Most children with Hurler syndrome die in child-
hood. Heart problems, obstructed breathing and
infection can all contribute to a shortened life.

Like Hurler, Scheie syndrome also affects many
parts of the body and causes progressively more
problems as the child becomes older. Unlike
Hurler, Scheie patients have normal intelligence,
and may not present with clinical problems until
5 to 10 years of age. These problems are likely to
be cloudy corneas, stiff joints and heart valve
problems. 

Diagnosis
Doctors may suspect a form of ‘storage disorder’
and arrange  to test a patient’s urine  with a test
known as a ‘MPS Screen’.  This test is used to
measure the level of accumulated mucopolysac-
charides (in MPS I these are known as heparan
sulphate and dermatan sulphate).  If the test
result shows the presence of higher than normal

amounts of these two substances,  it is a good
indicator that MPS I is present.  The diagnosis is
then confirmed by  measuring the activity of  α-L
iduronidase in blood (white blood cells) or skin
cells (fibroblasts).  Patients confirmed with MPS I
will have very low or absent activity of α-L-
iduronidase.

Inheritance
MPS-I is inherited as an autosomal recessive disor-
der.  This means that mother and father each
carry one copy of a mutation (a mistake in the
genetic information, or DNA) that causes the
disorder.  There is a 1 in 4 chance with each preg-
nancy that a child of a carrier couple will be
affected by MPS-I.  The inheritance pattern is
described in diagrams 1 and 2.

Scientists in Adelaide were the first to isolate and 
characterise the gene for α-L-iduronidase  and
show it is on chromosome 4.  Two common
mutations were identified.  These are known as
W402X and Q70X.   The presence of two copies
of the same mutation – one from mother and one
from father (e.g. W402X/W402X or
Q70X/Q70X), or one of each (W402X/Q70X) -
usually indicates that the patient has the more
severe form, Hurler syndrome, rather than the
intermediate or milder types of MPS I. This is
known because these two mutations result in the
body not being able to produce any α-L-
iduronidase, resulting in rapid progression of
symptoms.  The mutations associated with the
less severe forms of MPS I allow the body to make
a small amount of the α-L-iduronidase enzyme,
usually less than a few percent of normal, which
result in a less severe and less rapid progression of
the disorder. 

Treatment
Exercise may help maintain a good range of
movement in the hands and large joints. 

Removal of the tonsils and adenoids may help
with upper airway breathing problems. Children
with Hurler syndrome need special care during
anaesthetics.  If there is a significant problem with
obstructed breathing through the night, a face-
mask (CPAP or BiPaP) which creates a positive
pressure in the upper airways may help. The posi-
tive pressure prevents the airway from collapsing
and causing obstruction. The mask is only worn
during sleep and oxygen is usually given in addi-
tion to the positive pressure

Transplantation of the front of the eye (corneal 
transplantation) has been tried with success but
sometimes does not help improve the vision
because of involvement of the retina.

Most children will benefit from a hearing aide if
they leave them in. Grommets (small tubes

inserted through the eardrum) may help regulate
the fluid that builds up in the middle ear.

The most successful treatment to date has been
bone marrow transplantation or, more recently,
stem cell transplantation.  The best results are
achieved when the donor is a close relative and
the transplant is performed early in life (before
two years of age).  However, there is a significant
risk of  the child dying during the transplant (10-
20%) and all children experience some illness
from the procedure.  Transplantation is not a
cure.  Many children have maintained their level
of intelligence but the bones and eyes do not
respond to the transplanted cells, and their dete-
rioration usually continues.

The newest treatment is enzyme replacement
therapy.  This involves an injection of a modified
form of the human enzyme (α-L-iduronidase) into
a vein every week.  This form of treatment is still
in trial phase.  Results to date show the liver and
spleen can return to normal size, improvement in
upper airways by removing stored material which
improves breathing, and improving or stabilising
the heart and eyes.  Unfortunately the enzyme
does not cross into the brain so cannot prevent
progressive brain damage that can still occur. 

There are many unanswered questions about
enzyme replacement therapy, which is very
expensive. There are likely to be limited funds
available for such expensive  treatments (espe-
cially following Mr Howard’s – Prime Minister of
Australia – recent call for a reduction in the
amount the government spends on drugs).  This
raises questions such as:

• Should the treatment be started from birth or
only after there are significant problems?

• Should this form of treatment be limited to
those patients who have a milder form of
MPS I in which there is reasonable intellectual
functioning and so a good chance of produc-
ing an independent adult?

• Should patients who have had bone marrow
transplantation also be given priority as they
have a better chance of maintaining normal
intelligence? 

• What are the ethical considerations in (a)
withholding a treatment that could lead to a
longer life just because the patient will be
severely intellectually impaired, OR (b) initiat-
ing treatment knowing that it will result in
prolonging the life of a severely intellectually
impaired person? 

These are questions which clinicians, scientists,
families and health authorities will have to
address in the near future.  All medications and
treatments are judged by weighing up the cost
versus the benefit.

For further information about the different MPS disor-
ders, their specific enzyme deficiency and status of
therapy, please refer to the Table on page 5 and the
‘Therapy Update’ on pages 2-3 in this newsletter.

Dr Jim McGill
Metabolic Physician, Herston Hospitals Complex
Brisbane, Australia

Diagram 2

Reproduced courtesy of the NSW 
Genetic Education Programme.

“H” denotes unaffected gene and 
“h” an affected MPS-I gene
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GOLD Adopts
Ambitious Goals

Next steps
New Global Collaborative ENZYME REPLACEMENT

THERAPY
CLINICAL TRIAL UPDATES

FOR LYSOSOMAL 
STORAGE DISORDERS

Mucopolysaccharidosis type I
(MPS I, Hurler syndrome to Scheie syndrome)
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Miss Daria – a two-year old lady with Hurler syndrome 
who has recently had a bone marrow transplantation.

(photo reproduced with the kind permission 
from Miss Daria's family)

LDA
seminar 

planned for 
Sydney March 2003 

for issues related to 
therapies. A further seminar 

is being planned for 
Melbourne later in 2003. 

LDA will be contacting Societies
with more detail in the near future.

A LDA
seminar 

for patients and families 
is planned for Sydney 

March 2003 for issues 
related to therapies. 

This seminar will also be held 
in Melbourne later in 2003.

LDA will be contacting Societies 
with more detail in the near future.

Diagram 1

Autosomal Recessive Inheritance
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Participants also felt that the collaboration 
would best work to:

• Understand the global incidence,
prevalence, and natural history of 
the diseases

• Promote basic research on each LSD

• Encourage the development 
of new therapies

• Provide accurate patient and physician
education

• Increase funding for research, 
diagnosis, education and advocacy

• Speak with one voice to regulatory 
agencies and the public

Participants summarised the mission of
GOLD as:

“To develop an international collaborative
effort to improve the lives of all patients
with lysosomal storage diseases.  GOLD will
promote research and education on lysoso-
mal storage diseases and their early diag-
nosis, effective treatment and provision of
support for patients or those at risk.  Its
priorities and programmes will be deter-
mined by an alliance of researchers, clini-
cians, patient advocacy groups and indus-
trial partners.” 

There was unanimous agreement that an
international collaboration should be devel-
oped – no one could identify an alternative
way to achieve the individual needs identi-
fied by the different stakeholder groups.  

Meeting participants agreed that success
would come only by including any inter-
ested party in the new organisation.  The
conclusions of the Cannes meeting will be
widely disseminated through conferences,
newsletters and word of mouth.  Reactions
and active involvement of patients and
family members, researchers, clinicians,
public policy makers, industry, and all
others is encouraged.  Comments about
GOLD and offers of volunteer assistance
should be directed to John Hopwood.

Patient advocate groups, academics, clini-
cians and biotechnology companies need
to collaborate and support GOLD to make
it a success. Importantly, there is broad
representation from patient advocate
groups and academics, and all five major
companies that are involved in the devel-
opment of therapies for LSD patients are
now involved in GOLD. These include
BioMarin Pharmaceutical, Genzyme,
Novazyme, Oxford GlycoSciences and
Transkaryotic Therapies. 

A key component for the success of 
the collaboration was agreed to be 
the need for inclusivity and this carried with
it an imperative to spread the word about
the collaboration.

The Steering Committee will work to define
the best way to set up GOLD with an
organization structure, to develop a brand
identity for GOLD, and to raise the neces-
sary funds to support it.  Two other activi-
ties were agreed in the short term: a compi-
lation of the GOLD Information Centre that
will be relevant to the various interested
groups, to be made available on a GOLD
website, and an inventory of the patient
registries that currently exist worldwide.

Several specific aims of the collaboration
were identified, some which were feasible
in a relatively short timescale, but others
will require a long-term commitment to
collaborate.

• Improve education and 
knowledge about LSD

• Foster collaborative research 
to define the prevalence, natural
history, and potential therapeutic
endpoints

• Create standards for diagnosis 
and testing for all LSD

• Foster coordination amongst 
existing patient registries to 
develop a global resource

• Encourage collaborative clinical 
trials to accelerate collection of 
data required to bring therapy 
to patients.

• Develop consensus statements 
on LSD useful for lobbying for 
better resources

Progress with these goals was reported at
the 7th International Symposium on MPS
and Related Diseases/3rd Scientific Lysoso-
mal Storage Disorders Congress, 
20-23 June 2002, Paris.  There, the 
Steering Committee reviewed what has
been done to set up GOLD as an organisa-
tion, develop its brand identity, and raise
the necessary funds.  Discussion also
focused on the creation of a Web-based
Information Centre and an inventory of
patient registries. 

The next newsletter will include a 
GOLD outlook from Paris.

Fabry disease
Enzyme replacement therapy for Fabry
disease is being developed by two compa-
nies, Genzyme Corporation (‘Fabrazyme’)
and Transkaryotic Therapies (TKT) Inc
(‘Replagal’).  The results of trials for 
both companies have been published in 
The New England Journal of Medicine, and
the Journal of the American Medical Associa-
tion.  Both companies have completed clin-
ical trials in the USA, Europe, Australia, and
have received marketing approval in
Europe, Australia and New Zealand.
Marketing approval is awaited in the USA
and elsewhere.

Mucopolysaccharidosis I
Enzyme replacement therapy is being devel-
oped in a joint venture between BioMarin
Pharmaceutical Inc. and Genzyme Corpora-
tion.  Phase I, II and III clinical trials are
complete. Results demonstrating improve-
ments in clinical symptoms in 10 patients
after one year of a phase II trial have been
published in The New England Journal of
Medicine volume 344, pages 182 to 188 in
2001.  Marketing approval is awaited.  In
the phase III trial, all 45 patients completed
the trial and have elected to continue treat-
ment in a single dose extension study. 

Mucopolysaccharidosis II
Enzyme replacement therapy for this disor-
der is being developed by Transkaryotic
Therapies, (TKT) Inc.  Results from a
randomized, double-blind, placebo-
controlled phase I/II trial in 12 patients in
the USA, indicate that treatment with
enzyme is generally well-tolerated and is
clinically active.  A phase III trial is planned
after review of the phase I/II data by the US
regulatory authorities.  A Natural History
Study is also planned to start in the last
quarter of 2002, which aims to systemati-
cally document the clinical progression of
this disorder.  The Natural History Study will
follow 120 patients from Australia,
Germany, Brazil, Japan, England and the
USA for a period of two years.

Mucopolysaccharidosis IVA
BioMarin Pharmaceutical, Inc. is conducting
pre-clinical testing for this disorder.

Mucopolysaccharidosis VI
A phase I trial to evaluate the safety 
of enzyme replacement therapy in six 
MPS-VI patients commenced in USA 
in 2001 by BioMarin Pharmaceutical, 
Inc, using two dose levels.  Results
published at the American Human Genetics
Society meeting in San Diego in October
2001 show that enzyme is being well-toler-
ated at both doses and some clinical
improvement is being achieved.  Patients in
the phase I trial will continue to receive
treatment in an extension study using the
higher dose used in the first six months of
the trial.  A phase II trial in 10 patients
commenced in the first half of 2002 in
Australia and the USA.

BioMarin also commenced a Clinical Survey
Study in 2001 to systematically document
the clinical variability of patients affected by
MPS-VI

Niemann-Pick disease
Enzyme replacement therapy is being devel-
oped by Genzyme Corporation. 
Pre-clinical work has been completed 
and clinical trials are currently in the 
planning stages.

Pompe disease
A phase I/II multinational clinical 
trial in infantile and juvenile Pompe
patients is underway.  Published prelimi-
nary results demonstrate improvement in 
clinical symptoms.  Genzyme Corporation
has purchased the rights to Pompe 
enzyme therapy being developed 
by Pharming (The Netherlands) and in
September 2001, Genzyme Corporation
acquired the rights to Novazyme Pharma-
ceuticals, who also have a therapy platform
for Pompe disease.

The most common sub-group of 
lysosomal storage disorders is the
mucopolysaccharidoses (or MPS).
Each of the 11 individual MPS 
disorders known to date result 
from deficiencies in the activity 
of specific enzymes (proteins) 
necessary for the body’s cells to
break down and recycle  substances
known as glycosaminoglycans 
(or mucopolysaccharides).

Mucopolysaccharides are simply components of
the body that contain sugar and water.  Primarily,
they do their work outside the cell to keep cells
anchored or supported within body tissues such
as cartilage or bone.   Mucopolysaccharides are
constantly broken down and renewed by the
body. This task of recycling takes place in a part
of the cell called the lysosome. After completing
their task outside the cell, mucopolysaccharides
are taken-up by the cell into the lysosome and,
with the assistance of specific enzymes within the
cell, are broken down into their constituent parts
and then recycled for re-use by the cell. 
When this process cannot occur because of the
absence or deficient activity of one of these
enzymes, the mucopolysaccharides begin to
accumulate in the lysosomes of the cells in most
body tissues.

Mucopolysaccharidosis type I is one of the most
common forms of  MPS and results from a defi-
ciency of the enzyme α-L-iduronidase. Hurler
syndrome (MPS IH) is the most severe form of a
spectrum of disorders.  The intermediate and
mild forms of MPS I are known as Hurler-Scheie
(MPS IHS) and Scheie (MPS IS) syndromes,
respectively. MPS I occurs in about 1 in 111,000
babies conceived in Australia, with Hurler
syndrome accounting for the majority of these. 

Hurler syndrome is named after Dr. Gertrude
Hurler, a paediatrician in Munich, Germany.  She
first described patients with this disorder in a
scientific publication in 1919.  In 1962 Dr Scheie,
a New York ophthalmologist, and colleagues
reported a patient with a milder disease but many
similarities to Hurler syndrome. This patient, and
other patients with similar symptoms, was later
shown to suffer from a deficiency of 
α-L-iduronidase, the same enzyme deficient in
Hurler syndrome patients.

In fact, Hurler and Scheie syndromes were then
recognised as variations of the same disorder.
Hurler is at the severe end of a clinical spectrum,
and Scheie is at the relatively less severely
affected end.  Like in any spectrum there are
examples in between these two extremes.  In the
past these patients have been described as
having Hurler/Scheie syndrome.  

Hurler syndrome affects many parts of the body
and  causes progressively more problems as the
child becomes older. 

At birth, children with Hurler syndrome are
usually normal but may have a large umbilical
(belly button) or inguinal (in the groin) hernia.
Diagnosis is usually made before two years of age
because of frequent ear and nose infections,
enlargement of the liver and spleen, the forma-
tion of a bony lump in the lower part of the spine
(a gibbus) and other deformities of bone. Some
children have thickening of the heart muscle
(cardiomyopathy) or thickened heart valves and
these problems may cause an early death.

The development of children with this disorder
slows, then stops at a developmental age of
about 2-4 years when the child’s learning usually
begins to deteriorate. By two years of age growth
has also slowed and final height is quite short,
usually less than 110 cm (four feet).  There is
progressive stiffening of the joints resulting in a
‘claw hand’ appearance.  Runny noses and noisy
breathing are common.

The front layer of the eye, the cornea, becomes
hazy (known as corneal clouding) and vision may
decline because of deterioration of the back of
the eye, the retina (the light receptor at the back
of the eye) or pressure on the optic nerve from
hydrocephalus (accumulation of ‘water on the
brain’).  A large head is due to increased fluid
within and around the brain (communicating
hydrocephalus) with the fluid generally being
under high pressure.

Hearing loss is common and usually results from
a combination of nerve (sensorineural) deafness
and middle ear fluid.  Ventilation tubes (Grom-
mets) may help if fluid is a major problem.  Hear-
ing aides may help children with nerve deafness.

Most children with Hurler syndrome die in child-
hood. Heart problems, obstructed breathing and
infection can all contribute to a shortened life.

Like Hurler, Scheie syndrome also affects many
parts of the body and causes progressively more
problems as the child becomes older. Unlike
Hurler, Scheie patients have normal intelligence,
and may not present with clinical problems until
5 to 10 years of age. These problems are likely to
be cloudy corneas, stiff joints and heart valve
problems. 

Diagnosis
Doctors may suspect a form of ‘storage disorder’
and arrange  to test a patient’s urine  with a test
known as a ‘MPS Screen’.  This test is used to
measure the level of accumulated mucopolysac-
charides (in MPS I these are known as heparan
sulphate and dermatan sulphate).  If the test
result shows the presence of higher than normal

amounts of these two substances,  it is a good
indicator that MPS I is present.  The diagnosis is
then confirmed by  measuring the activity of  α-L
iduronidase in blood (white blood cells) or skin
cells (fibroblasts).  Patients confirmed with MPS I
will have very low or absent activity of α-L-
iduronidase.

Inheritance
MPS-I is inherited as an autosomal recessive disor-
der.  This means that mother and father each
carry one copy of a mutation (a mistake in the
genetic information, or DNA) that causes the
disorder.  There is a 1 in 4 chance with each preg-
nancy that a child of a carrier couple will be
affected by MPS-I.  The inheritance pattern is
described in diagrams 1 and 2.

Scientists in Adelaide were the first to isolate and 
characterise the gene for α-L-iduronidase  and
show it is on chromosome 4.  Two common
mutations were identified.  These are known as
W402X and Q70X.   The presence of two copies
of the same mutation – one from mother and one
from father (e.g. W402X/W402X or
Q70X/Q70X), or one of each (W402X/Q70X) -
usually indicates that the patient has the more
severe form, Hurler syndrome, rather than the
intermediate or milder types of MPS I. This is
known because these two mutations result in the
body not being able to produce any α-L-
iduronidase, resulting in rapid progression of
symptoms.  The mutations associated with the
less severe forms of MPS I allow the body to make
a small amount of the α-L-iduronidase enzyme,
usually less than a few percent of normal, which
result in a less severe and less rapid progression of
the disorder. 

Treatment
Exercise may help maintain a good range of
movement in the hands and large joints. 

Removal of the tonsils and adenoids may help
with upper airway breathing problems. Children
with Hurler syndrome need special care during
anaesthetics.  If there is a significant problem with
obstructed breathing through the night, a face-
mask (CPAP or BiPaP) which creates a positive
pressure in the upper airways may help. The posi-
tive pressure prevents the airway from collapsing
and causing obstruction. The mask is only worn
during sleep and oxygen is usually given in addi-
tion to the positive pressure

Transplantation of the front of the eye (corneal 
transplantation) has been tried with success but
sometimes does not help improve the vision
because of involvement of the retina.

Most children will benefit from a hearing aide if
they leave them in. Grommets (small tubes

inserted through the eardrum) may help regulate
the fluid that builds up in the middle ear.

The most successful treatment to date has been
bone marrow transplantation or, more recently,
stem cell transplantation.  The best results are
achieved when the donor is a close relative and
the transplant is performed early in life (before
two years of age).  However, there is a significant
risk of  the child dying during the transplant (10-
20%) and all children experience some illness
from the procedure.  Transplantation is not a
cure.  Many children have maintained their level
of intelligence but the bones and eyes do not
respond to the transplanted cells, and their dete-
rioration usually continues.

The newest treatment is enzyme replacement
therapy.  This involves an injection of a modified
form of the human enzyme (α-L-iduronidase) into
a vein every week.  This form of treatment is still
in trial phase.  Results to date show the liver and
spleen can return to normal size, improvement in
upper airways by removing stored material which
improves breathing, and improving or stabilising
the heart and eyes.  Unfortunately the enzyme
does not cross into the brain so cannot prevent
progressive brain damage that can still occur. 

There are many unanswered questions about
enzyme replacement therapy, which is very
expensive. There are likely to be limited funds
available for such expensive  treatments (espe-
cially following Mr Howard’s – Prime Minister of
Australia – recent call for a reduction in the
amount the government spends on drugs).  This
raises questions such as:

• Should the treatment be started from birth or
only after there are significant problems?

• Should this form of treatment be limited to
those patients who have a milder form of
MPS I in which there is reasonable intellectual
functioning and so a good chance of produc-
ing an independent adult?

• Should patients who have had bone marrow
transplantation also be given priority as they
have a better chance of maintaining normal
intelligence? 

• What are the ethical considerations in (a)
withholding a treatment that could lead to a
longer life just because the patient will be
severely intellectually impaired, OR (b) initiat-
ing treatment knowing that it will result in
prolonging the life of a severely intellectually
impaired person? 

These are questions which clinicians, scientists,
families and health authorities will have to
address in the near future.  All medications and
treatments are judged by weighing up the cost
versus the benefit.

For further information about the different MPS disor-
ders, their specific enzyme deficiency and status of
therapy, please refer to the Table on page 5 and the
‘Therapy Update’ on pages 2-3 in this newsletter.

Dr Jim McGill
Metabolic Physician, Herston Hospitals Complex
Brisbane, Australia

Diagram 2

Reproduced courtesy of the NSW 
Genetic Education Programme.

“H” denotes unaffected gene and 
“h” an affected MPS-I gene
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Miss Daria – a two-year old lady with Hurler syndrome 
who has recently had a bone marrow transplantation.

(photo reproduced with the kind permission 
from Miss Daria's family)

LDA
seminar 

planned for 
Sydney March 2003 

for issues related to 
therapies. A further seminar 

is being planned for 
Melbourne later in 2003. 

LDA will be contacting Societies
with more detail in the near future.

A LDA
seminar 

for patients and families 
is planned for Sydney 

March 2003 for issues 
related to therapies. 

This seminar will also be held 
in Melbourne later in 2003.

LDA will be contacting Societies 
with more detail in the near future.

Diagram 1

Autosomal Recessive Inheritance



Disease Clinical Enzyme/Protein Chromosome Bone Marrow Animal Human Enzyme Australian Carrier
Phenotype Deficiency Location Transplantation Model Replacement Therapy Prevalence Frequency

Aspartylglucosaminuria Aspartylglucosaminidase 4q32 - 33 mouse 1 in 2,111,000 1 in 726

Cholesterol ester storage disease Wolman disease Acid lipase 10q24-25 1 in 528,000 1 in 363

Cystinosis Cystine transporter 17 1 in 192,000 1 in 219

Danon disease Danon disease Lamp-2 Xq24-25 mouse

Fabry disease Fabry disease α-Galactosidase A Xq22 mouse Europe; in clinical practice 1 in 117,000 1 in 117,000

Farber Lipogranulomatosis Farber disease Acid ceramidase 8p21.3-p22 Not helpful in severe forms

Fucosidosis α-L-Fucosidase 1p34 Benefit in dog model dog > 1 in 2,000,000

Galactosialidosis types I / II Protective protein 20q13.1 sheep

Gaucher disease types I / II / III Gaucher disease Glucocerebrosidase 1q21 May benefit in type I; mouse Type I in clinical practice; 1 in 57,000 1 in 119
(β-glucosidase) uncertain other types Trial in Type III in progress

Globoid cell leucodystrophy Krabbe disease Galactocerebrosidase 14q31 May benefit presymptomatic patients mouse, sheep, dog, monkey 1 in 201,000 1 in 188

Glycogen storage disease II Pompe disease α-Glucosidase 17q25.2-25.3 Not helpful dog, cattle, quail, Trials in progress 1 in 146,000 1 in 191

GM1-Gangliosidosis types I/II/III β-Galactosidase 3p21-3pter No benefit in dog cat, dog, sheep, cattle 1 in 384,000 1 in 310

GM2-Gangliosidosis type I Tay Sachs disease β-Hexosaminidase A 15q23-24 No benefit mouse 1 in 201,000 1 in 224

GM2-Gangliosidosis type II Sandhoff disease β-Hexosaminidase A & B 5q13 No benefit mouse 1 in 384,000 1 in 310

GM2-Gangliosidosis GM2-activator deficiency 5q32-33 dog

α-Mannosidosis types I / II α-D-Mannosidase 19p13.2-q12 mouse, cat, cattle, guinea pig 1 in 1,056,000 1 in 514

β-Mannosidosis β-D-Mannosidase 4q22-q25 goats, cattle

Metachromatic leucodystrophy Arylsulphatase A 22q13.3-qter May benefit presymptomatic patients mouse 1 in 92,000 1 in 152

Metachromatic leucodystrophy Saposin B 10q2 May benefit presymptomatic patients

Mucolipidosis type I Sialidosis types I / II Neuraminidase 6p21.3 1 in 1027

Mucolipidosis types II / III I-cell disease; Phosphotransferase 4q.21-23 Benefit reported for one MLII patient cat 1 in 285
pseudo-Hurler polydystrophy

Mucolipidosis type IIIC pseudo-Hurler polydystrophy Phosphotransferase γ-subunit 16p

Mucolipidosis type IV Unknown 19p13.2-p13.3

Mucopolysaccharidosis type I Hurler syndrome α-L-Iduronidase 4p16.3 May benefit presymptomatic patients cat, dog, mouse Trials in progress 1 in 88,000 1 in 148
Scheie syndrome

Mucopolysaccharidosis type II Hunter syndrome Iduronate-2-sulphatase Xq27-28 May benefit presymptomatic patients mouse, dog Trials in progress 1 in 136,000 1 in 136,000

Mucopolysaccharidosis type IIIA Sanfilippo syndrome Heparan-N-sulphatase 17q25.3 Not helpful in symptomatic patients mouse, dog 1 in 114,000 1 in 169

Mucopolysaccharidosis type IIIB Sanfilippo syndrome α-N-Acetylglucosaminidase 17q21 Not helpful in symptomatic patients mouse, emu 1 in 211,000 1 in 230

Mucopolysaccharidosis type IIIC Sanfilippo syndrome AcetylCoA:N-acetyltransferase unknown Not helpful in symptomatic patients 1 in 1,407,000 1 in 593

Mucopolysaccharidosis type IIID Sanfilippo syndrome N-Acetylglucosamine 6-sulphatase 12q14 Not helpful in symptomatic patients goat 1 in 1,056,000 1 in 514

Mucopolysaccharidosis type IVA Morquio syndrome Galactose 6-sulphatase 16q24.3 Not helpful 1 in 169,000 1 in 206

Mucopolysaccharidosis type IVB Morquio syndrome β-Galactosidase 3p21-3pter Not helpful

Mucopolysaccharidosis type VI Maroteaux-Lamy syndrome N-Acetylgalactosamine 4-sulphatase 5q11-13 May benefit cat, rat, dog, mouse Trials in progress 1 in 235,000 1 in 242

Mucopolysaccharidosis type VII Sly syndrome β-Glucuronidase 7q21.1.11 dog, mouse, cat 1 in 2,111,000 1 in 726

Mucopolysaccharidosis type IX hyaluronoglucosaminidase-1 3p21.3-p21.2

Multiple sulphatase deficiency Multiple sulphatases unknown 1 in 1,407,000 1 in 593

Neuronal Ceroid Lipofuscinosis, CLN1 Batten disease Palmitoyl protein thioesterase 1p34

Neuronal Ceroid Lipofuscinosis, CLN2 Batten disease Tripeptidyl peptidase I 11p15.5

Neuronal Ceroid Lipofuscinosis, CLN3 Vogt-Spielmeyer disease Protein function not known 16p12.1 mouse, dog, sheep

Neuronal Ceroid Lipofuscinosis, CLN5 Batten disease Protein function not known 13q22

Neuronal Ceroid Lipofuscinosis, CLN6 Batten disease, late infantile Protein function not known 15q21-23 sheep, mouse

Neuronal Ceroid Lipofuscinosis, CLN8 Northern Epilepsy Protein function not known 8pter-p23 mouse

Niemann-Pick disease types A / B Niemann-Pick disease Acid sphingomyelinase 11p15.1-p15.4 Not helpful for type A mouse Trials planned for B 1 in 248,000 1 in 249

Niemann-Pick disease type C1 Niemann-Pick disease Cholesterol trafficking 18q11-12 cat, mouse 1 in 211,000 1 in 230

Niemann-Pick disease type C2 Niemann-Pick disease Cholesterol trafficking unknown

Pycnodysostosis Cathepsin K 1q21

Schindler disease types I / II Schindler disease α-Galactosidase B 22q13.1-13.2

Sialic acid storage disease Sialuria, Salla disease Sialic acid transporter 6q14-15 1 in 528,000 1 in 363

TABLE: A summary of LSD and therapies
Prevalence figures quoted from

 M
eikle et al., JAM

A 281:249-254 (1999).   Prevalence and ratio of lysosom
al storage disorders m

ay vary from
 country to country
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LDA regrets that 
Ken Hatton is no longer 
a member of the Board. 
We sincerely thank him 

for his enthusiasm and commit-
ment to LDA and its goals since 

its beginnings, and 
wish him well.




