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in the US in April, 2003 and is available by prescription. Enzymes are 

proteins and as such are difficult to administer orally because they will 

be broken down to amino acids in the digestive tract. Enzyme 

replacement therapy is usually given by intravenous infusion in hospital 

every week for a patient’s entire life. Side effects are generally relatively 

benign but severe allergic reactions can occur. It seems that the enzyme 

has difficulty crossing the blood-brain barrier and so does not reverse 

the neurological aspects of the disease.

2) Bone marrow transplantation (BMT)
There has been some success with bone marrow transplantation from a 

matched donor; such donors, however, are hard to find. Following 

successful transplantation, cardiac deterioration stops and 

mucopolysaccharides slowly disappear from the heart, liver, lungs and 

marrow. Vision and hearing generally improve and IQ stabilises. BMT 

carries significant risks of infection and other serious complications. 

3)  Transplants of blood or umbilical cord tissue 
These techniques are being tried, to provide cells that can produce the 

enzyme through the growth of normal healthy blood cells. These blood 

cells appear to provide the enzyme to other cells and preserve 

neurological function. The earlier any transplant is performed the better 

the results; however it must be done before the patient reaches two 

years of age.

4) Gene Therapy
In gene therapy genes are introduced into the patient’s cells using a 

virus as a vector. The cells then produce the enzyme and behave 

normally. This is one possible way forward.

Production of enzyme
Biotechnology requires the integration of several fields of science (e.g. 

microbiology, biochemistry and engineering) for large-scale industrial 

manufacturing processes.

Through genetic engineering genetic make-up of an organism can be 

altered so that it can produce human enzymes. The gene for the enzyme 

is taken from the human chromosome using restriction enzymes and 

then inserted into the CHO [Chinese hamster ovary] cells causing them 

to express [make] the enzyme. Using this technology – known as 

recombinant DNA technology – it is possible to produce the enzyme in 

any required quantity.

The manufacture must be carried out in absolutely sterile conditions. 

Some replacement enzymes need to be injected directly into the 

bloodstream, the enzyme must maintain the highest possible levels of 

purity. Then, after extensive quality control procedures, the enzyme can 

be distributed and administered to patients.

normally catalyses the breakdown of glycosaminoglycans [GAG], is not 

synthesised; they build up in all tissues of the body causing progressive 

deterioration and eventually death. (See Fig. 1)

Carriers of MPS I (Hurler syndrome) have one normal gene and one with 

a mutation; carriers do NOT have Hurler’s syndrome; being a carrier is 

not known to lead to any health problems. However carriers can be 

identified by the reduced activity of the enzyme in their bodies and also 

by genetic screening. About 1 in 150 people (less than 1% of the 

population) are Hurler’s carriers.

Two heterozygous [carrier] parents have a one in four chance of having 

a child who has the disease, and a one in two chance of having a child 

who is a carrier. The disease is so severe that knowing if you are a carrier 

is very important. Genetic counselling is advised for carriers.

In all cases the earlier the treatment starts the better because it greatly 

delays the onset of serious symptoms. 

1) Enzyme Replacement Therapy
Aldurazyme [laronidase] is a replacement enzyme that can enter the 

lysosomes to break down GAGs. This medication received FDA approval 

Hurler syndrome is the most severe form of 
mucopolysaccharidosis type I (MPS I) and takes its name 
from Gertrude Hurler, the general practitioner who described 
children with the condition in 1919. At the time little was known 
about its cause. In 1962, Dr. Scheie reported patients with 
corneal clouding and other effects that came to be known as 
Scheie syndrome. In 1971 it was discovered that Scheie and 
Hurler syndromes were due to the same enzyme deficiency. 
Later in the 1970s intermediate conditions were described as 
Hurler-Scheie syndrome; it now seems that all three conditions 
are part of a wide spectrum of effects of a defect in the gene 
that codes for the production of the enzyme alpha-L-
iduronidase. The body produces a variety of important 
substances called glycosaminoglycans (GAGs) – formerly 
known as mucopolysaccharides. They are composed of 
sugar and amino acid sub-units; examples include dermatan 
sulfate and heparin. In the absence of alpha-L-iduronidase 
GAGs accumulate in tissues and cause numerous problems.

Symptoms
The symptoms of the disease include any or all of the following: dwarfism, 

hunchback, coarse gargoyle-like facial features, mental retardation, 

corneal clouding, deafness, chronic runny nose, hernia, heart problems, 

enlarged tongue, hyperactivity, depression, painful and stiff joints, as 

well as a dramatically shortened life span; sufferers rarely live beyond 10 

or 15 years of age. The symptoms are wide-ranging and severe because 

every tissue in the body is affected. 

Diagnosis 
It is a rare disease with an incidence of around 1:100,000 for both sexes. 

The equal frequency in both sexes indicates that it is not sex-linked. An 

affected child may appear normal until about one year old, but then the 

head may appear to become abnormally large or colds and ear infections 

may become frequent. As time progresses, the other symptoms become 

more obvious. 

Excretion of mucopolysaccharides such as heparin sulfate B and 

condroitin in the patient’s urine is one of the easiest ways to diagnose 

the condition but blood enzyme level tests are perhaps the most certain 

method. Genetic screening is also used to test for mutations in the gene, 

but this is usually used as a confirmatory test. A number of techniques 

can be used for prenatal diagnosis of MPS I. 

Causes
MPS I is a hereditary congenital metabolic disease and the inheritance is 

autosomal recessive; the disease occurs when both copies of a person’s 

alpha-L-iduronidase genes have a mutation that causes them to 

malfunction. Without this gene the enzyme alpha-L-iduronidase, which 

One of the world’s foremost biotechnology companies, Genzyme 
is dedicated to making a major positive impact on the lives of 
people with serious diseases. Founded in Boston in 1981, 
Genzyme has grown from a small start-up to a diversified 
enterprise with annual revenues of $3.8 billion in 2007 to 10,000 
employees in locations spanning the globe.

With many established products and services helping patients in 
nearly 90 countries, Genzyme is a leader in the effort to develop 
and apply the most advanced technologies in the life sciences. 
The company’s products and services are focused on rare 
inherited disorders, kidney disease, orthopaedics, transplant, 
cancer and diagnostic testing. Genzyme’s commitment to 
innovation continues today, with a substantial research and 
development programme focused on these fields, as well as 
immune disease, infectious disease and other areas of unmet 
medical need.

Genzyme Ireland was established at a bio-pharmaceutical plant 
in Waterford in 2001 on a 37-acre site. The Waterford facility, 
which has 440 employees at present, originally manufactured a 
tablet medicine used in the treatment of kidney dialysis patients 
all over the world. 

In 2005, Genzyme expanded its Waterford manufacturing 
Process, research and development facility to support clinical 
trial product manufacture. This development allows Genzyme to 
expand its capability to produce clinical supplies in sachet and 
liquid form, as well as in tablet form.

The Waterford site also formulates, fills and finishes biological 
proteins and enzymes. These dosage forms are sterile and filled 
into vials that are administered as small volume ‘parenteral’ 
products that are administered to the body by injection. The 
products processed in the Waterford plant are focused on the 
treatment of rare genetic disorders as well as in organ transplant 
procedures and in the treatment of diseases affecting the 
immune system.

New product introductions during 2008 will bring to eight the 
number of products supplied to patients all over the world from 
Waterford Genzyme facility.

Fig. 1 Inheritance of recessive gene
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tablet medicine used in the treatment of kidney dialysis patients 
all over the world. 

In 2005, Genzyme expanded its Waterford manufacturing 
Process, research and development facility to support clinical 
trial product manufacture. This development allows Genzyme to 
expand its capability to produce clinical supplies in sachet and 
liquid form, as well as in tablet form.

The Waterford site also formulates, fills and finishes biological 
proteins and enzymes. These dosage forms are sterile and filled 
into vials that are administered as small volume ‘parenteral’ 
products that are administered to the body by injection. The 
products processed in the Waterford plant are focused on the 
treatment of rare genetic disorders as well as in organ transplant 
procedures and in the treatment of diseases affecting the 
immune system.

New product introductions during 2008 will bring to eight the 
number of products supplied to patients all over the world from 
Waterford Genzyme facility.
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in the US in April, 2003 and is available by prescription. Enzymes are 

proteins and as such are difficult to administer orally because they will 

be broken down to amino acids in the digestive tract. Enzyme 

replacement therapy is usually given by intravenous infusion in hospital 

every week for a patient’s entire life. Side effects are generally relatively 

benign but severe allergic reactions can occur. It seems that the enzyme 

has difficulty crossing the blood-brain barrier and so does not reverse 

the neurological aspects of the disease.

2) Bone marrow transplantation (BMT)
There has been some success with bone marrow transplantation from a 

matched donor; such donors, however, are hard to find. Following 

successful transplantation, cardiac deterioration stops and 

mucopolysaccharides slowly disappear from the heart, liver, lungs and 

marrow. Vision and hearing generally improve and IQ stabilises. BMT 

carries significant risks of infection and other serious complications. 

3)  Transplants of blood or umbilical cord tissue 
These techniques are being tried, to provide cells that can produce the 

enzyme through the growth of normal healthy blood cells. These blood 

cells appear to provide the enzyme to other cells and preserve 

neurological function. The earlier any transplant is performed the better 

the results; however it must be done before the patient reaches two 

years of age.

4) Gene Therapy
In gene therapy genes are introduced into the patient’s cells using a 

virus as a vector. The cells then produce the enzyme and behave 

normally. This is one possible way forward.

Production of enzyme
Biotechnology requires the integration of several fields of science (e.g. 

microbiology, biochemistry and engineering) for large-scale industrial 

manufacturing processes.

Through genetic engineering genetic make-up of an organism can be 

altered so that it can produce human enzymes. The gene for the enzyme 

is taken from the human chromosome using restriction enzymes and 

then inserted into the CHO [Chinese hamster ovary] cells causing them 

to express [make] the enzyme. Using this technology – known as 

recombinant DNA technology – it is possible to produce the enzyme in 

any required quantity.

The manufacture must be carried out in absolutely sterile conditions. 

Some replacement enzymes need to be injected directly into the 

bloodstream, the enzyme must maintain the highest possible levels of 

purity. Then, after extensive quality control procedures, the enzyme can 

be distributed and administered to patients.

normally catalyses the breakdown of glycosaminoglycans [GAG], is not 

synthesised; they build up in all tissues of the body causing progressive 

deterioration and eventually death. (See Fig. 1)

Carriers of MPS I (Hurler syndrome) have one normal gene and one with 

a mutation; carriers do NOT have Hurler’s syndrome; being a carrier is 

not known to lead to any health problems. However carriers can be 

identified by the reduced activity of the enzyme in their bodies and also 

by genetic screening. About 1 in 150 people (less than 1% of the 

population) are Hurler’s carriers.

Two heterozygous [carrier] parents have a one in four chance of having 

a child who has the disease, and a one in two chance of having a child 

who is a carrier. The disease is so severe that knowing if you are a carrier 

is very important. Genetic counselling is advised for carriers.

In all cases the earlier the treatment starts the better because it greatly 

delays the onset of serious symptoms. 

1) Enzyme Replacement Therapy
Aldurazyme [laronidase] is a replacement enzyme that can enter the 

lysosomes to break down GAGs. This medication received FDA approval 

Hurler syndrome is the most severe form of 
mucopolysaccharidosis type I (MPS I) and takes its name 
from Gertrude Hurler, the general practitioner who described 
children with the condition in 1919. At the time little was known 
about its cause. In 1962, Dr. Scheie reported patients with 
corneal clouding and other effects that came to be known as 
Scheie syndrome. In 1971 it was discovered that Scheie and 
Hurler syndromes were due to the same enzyme deficiency. 
Later in the 1970s intermediate conditions were described as 
Hurler-Scheie syndrome; it now seems that all three conditions 
are part of a wide spectrum of effects of a defect in the gene 
that codes for the production of the enzyme alpha-L-
iduronidase. The body produces a variety of important 
substances called glycosaminoglycans (GAGs) – formerly 
known as mucopolysaccharides. They are composed of 
sugar and amino acid sub-units; examples include dermatan 
sulfate and heparin. In the absence of alpha-L-iduronidase 
GAGs accumulate in tissues and cause numerous problems.

Symptoms
The symptoms of the disease include any or all of the following: dwarfism, 

hunchback, coarse gargoyle-like facial features, mental retardation, 

corneal clouding, deafness, chronic runny nose, hernia, heart problems, 

enlarged tongue, hyperactivity, depression, painful and stiff joints, as 

well as a dramatically shortened life span; sufferers rarely live beyond 10 

or 15 years of age. The symptoms are wide-ranging and severe because 

every tissue in the body is affected. 

Diagnosis 
It is a rare disease with an incidence of around 1:100,000 for both sexes. 

The equal frequency in both sexes indicates that it is not sex-linked. An 

affected child may appear normal until about one year old, but then the 

head may appear to become abnormally large or colds and ear infections 

may become frequent. As time progresses, the other symptoms become 

more obvious. 

Excretion of mucopolysaccharides such as heparin sulfate B and 

condroitin in the patient’s urine is one of the easiest ways to diagnose 

the condition but blood enzyme level tests are perhaps the most certain 

method. Genetic screening is also used to test for mutations in the gene, 

but this is usually used as a confirmatory test. A number of techniques 

can be used for prenatal diagnosis of MPS I. 

Causes
MPS I is a hereditary congenital metabolic disease and the inheritance is 

autosomal recessive; the disease occurs when both copies of a person’s 

alpha-L-iduronidase genes have a mutation that causes them to 

malfunction. Without this gene the enzyme alpha-L-iduronidase, which 

One of the world’s foremost biotechnology companies, Genzyme 
is dedicated to making a major positive impact on the lives of 
people with serious diseases. Founded in Boston in 1981, 
Genzyme has grown from a small start-up to a diversified 
enterprise with annual revenues of $3.8 billion in 2007 to 10,000 
employees in locations spanning the globe.

With many established products and services helping patients in 
nearly 90 countries, Genzyme is a leader in the effort to develop 
and apply the most advanced technologies in the life sciences. 
The company’s products and services are focused on rare 
inherited disorders, kidney disease, orthopaedics, transplant, 
cancer and diagnostic testing. Genzyme’s commitment to 
innovation continues today, with a substantial research and 
development programme focused on these fields, as well as 
immune disease, infectious disease and other areas of unmet 
medical need.

Genzyme Ireland was established at a bio-pharmaceutical plant 
in Waterford in 2001 on a 37-acre site. The Waterford facility, 
which has 440 employees at present, originally manufactured a 
tablet medicine used in the treatment of kidney dialysis patients 
all over the world. 

In 2005, Genzyme expanded its Waterford manufacturing 
Process, research and development facility to support clinical 
trial product manufacture. This development allows Genzyme to 
expand its capability to produce clinical supplies in sachet and 
liquid form, as well as in tablet form.

The Waterford site also formulates, fills and finishes biological 
proteins and enzymes. These dosage forms are sterile and filled 
into vials that are administered as small volume ‘parenteral’ 
products that are administered to the body by injection. The 
products processed in the Waterford plant are focused on the 
treatment of rare genetic disorders as well as in organ transplant 
procedures and in the treatment of diseases affecting the 
immune system.

New product introductions during 2008 will bring to eight the 
number of products supplied to patients all over the world from 
Waterford Genzyme facility.
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in the US in April, 2003 and is available by prescription. Enzymes are 

proteins and as such are difficult to administer orally because they will 

be broken down to amino acids in the digestive tract. Enzyme 

replacement therapy is usually given by intravenous infusion in hospital 

every week for a patient’s entire life. Side effects are generally relatively 

benign but severe allergic reactions can occur. It seems that the enzyme 

has difficulty crossing the blood-brain barrier and so does not reverse 

the neurological aspects of the disease.

2) Bone marrow transplantation (BMT)
There has been some success with bone marrow transplantation from a 

matched donor; such donors, however, are hard to find. Following 

successful transplantation, cardiac deterioration stops and 

mucopolysaccharides slowly disappear from the heart, liver, lungs and 

marrow. Vision and hearing generally improve and IQ stabilises. BMT 

carries significant risks of infection and other serious complications. 

3)  Transplants of blood or umbilical cord tissue 
These techniques are being tried, to provide cells that can produce the 

enzyme through the growth of normal healthy blood cells. These blood 

cells appear to provide the enzyme to other cells and preserve 

neurological function. The earlier any transplant is performed the better 

the results; however it must be done before the patient reaches two 

years of age.

4) Gene Therapy
In gene therapy genes are introduced into the patient’s cells using a 

virus as a vector. The cells then produce the enzyme and behave 

normally. This is one possible way forward.

Production of enzyme
Biotechnology requires the integration of several fields of science (e.g. 

microbiology, biochemistry and engineering) for large-scale industrial 

manufacturing processes.

Through genetic engineering genetic make-up of an organism can be 

altered so that it can produce human enzymes. The gene for the enzyme 

is taken from the human chromosome using restriction enzymes and 

then inserted into the CHO [Chinese hamster ovary] cells causing them 

to express [make] the enzyme. Using this technology – known as 

recombinant DNA technology – it is possible to produce the enzyme in 

any required quantity.

The manufacture must be carried out in absolutely sterile conditions. 

Some replacement enzymes need to be injected directly into the 

bloodstream, the enzyme must maintain the highest possible levels of 

purity. Then, after extensive quality control procedures, the enzyme can 

be distributed and administered to patients.

normally catalyses the breakdown of glycosaminoglycans [GAG], is not 

synthesised; they build up in all tissues of the body causing progressive 

deterioration and eventually death. (See Fig. 1)

Carriers of MPS I (Hurler syndrome) have one normal gene and one with 

a mutation; carriers do NOT have Hurler’s syndrome; being a carrier is 

not known to lead to any health problems. However carriers can be 

identified by the reduced activity of the enzyme in their bodies and also 

by genetic screening. About 1 in 150 people (less than 1% of the 

population) are Hurler’s carriers.

Two heterozygous [carrier] parents have a one in four chance of having 

a child who has the disease, and a one in two chance of having a child 

who is a carrier. The disease is so severe that knowing if you are a carrier 

is very important. Genetic counselling is advised for carriers.

In all cases the earlier the treatment starts the better because it greatly 

delays the onset of serious symptoms. 

1) Enzyme Replacement Therapy
Aldurazyme [laronidase] is a replacement enzyme that can enter the 

lysosomes to break down GAGs. This medication received FDA approval 

Hurler syndrome is the most severe form of 
mucopolysaccharidosis type I (MPS I) and takes its name 
from Gertrude Hurler, the general practitioner who described 
children with the condition in 1919. At the time little was known 
about its cause. In 1962, Dr. Scheie reported patients with 
corneal clouding and other effects that came to be known as 
Scheie syndrome. In 1971 it was discovered that Scheie and 
Hurler syndromes were due to the same enzyme deficiency. 
Later in the 1970s intermediate conditions were described as 
Hurler-Scheie syndrome; it now seems that all three conditions 
are part of a wide spectrum of effects of a defect in the gene 
that codes for the production of the enzyme alpha-L-
iduronidase. The body produces a variety of important 
substances called glycosaminoglycans (GAGs) – formerly 
known as mucopolysaccharides. They are composed of 
sugar and amino acid sub-units; examples include dermatan 
sulfate and heparin. In the absence of alpha-L-iduronidase 
GAGs accumulate in tissues and cause numerous problems.

Symptoms
The symptoms of the disease include any or all of the following: dwarfism, 

hunchback, coarse gargoyle-like facial features, mental retardation, 

corneal clouding, deafness, chronic runny nose, hernia, heart problems, 

enlarged tongue, hyperactivity, depression, painful and stiff joints, as 

well as a dramatically shortened life span; sufferers rarely live beyond 10 

or 15 years of age. The symptoms are wide-ranging and severe because 

every tissue in the body is affected. 

Diagnosis 
It is a rare disease with an incidence of around 1:100,000 for both sexes. 

The equal frequency in both sexes indicates that it is not sex-linked. An 

affected child may appear normal until about one year old, but then the 

head may appear to become abnormally large or colds and ear infections 

may become frequent. As time progresses, the other symptoms become 

more obvious. 

Excretion of mucopolysaccharides such as heparin sulfate B and 

condroitin in the patient’s urine is one of the easiest ways to diagnose 

the condition but blood enzyme level tests are perhaps the most certain 

method. Genetic screening is also used to test for mutations in the gene, 

but this is usually used as a confirmatory test. A number of techniques 

can be used for prenatal diagnosis of MPS I. 

Causes
MPS I is a hereditary congenital metabolic disease and the inheritance is 

autosomal recessive; the disease occurs when both copies of a person’s 

alpha-L-iduronidase genes have a mutation that causes them to 

malfunction. Without this gene the enzyme alpha-L-iduronidase, which 

One of the world’s foremost biotechnology companies, Genzyme 
is dedicated to making a major positive impact on the lives of 
people with serious diseases. Founded in Boston in 1981, 
Genzyme has grown from a small start-up to a diversified 
enterprise with annual revenues of $3.8 billion in 2007 to 10,000 
employees in locations spanning the globe.

With many established products and services helping patients in 
nearly 90 countries, Genzyme is a leader in the effort to develop 
and apply the most advanced technologies in the life sciences. 
The company’s products and services are focused on rare 
inherited disorders, kidney disease, orthopaedics, transplant, 
cancer and diagnostic testing. Genzyme’s commitment to 
innovation continues today, with a substantial research and 
development programme focused on these fields, as well as 
immune disease, infectious disease and other areas of unmet 
medical need.

Genzyme Ireland was established at a bio-pharmaceutical plant 
in Waterford in 2001 on a 37-acre site. The Waterford facility, 
which has 440 employees at present, originally manufactured a 
tablet medicine used in the treatment of kidney dialysis patients 
all over the world. 

In 2005, Genzyme expanded its Waterford manufacturing 
Process, research and development facility to support clinical 
trial product manufacture. This development allows Genzyme to 
expand its capability to produce clinical supplies in sachet and 
liquid form, as well as in tablet form.

The Waterford site also formulates, fills and finishes biological 
proteins and enzymes. These dosage forms are sterile and filled 
into vials that are administered as small volume ‘parenteral’ 
products that are administered to the body by injection. The 
products processed in the Waterford plant are focused on the 
treatment of rare genetic disorders as well as in organ transplant 
procedures and in the treatment of diseases affecting the 
immune system.

New product introductions during 2008 will bring to eight the 
number of products supplied to patients all over the world from 
Waterford Genzyme facility.
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in the US in April, 2003 and is available by prescription. Enzymes are 

proteins and as such are difficult to administer orally because they will 

be broken down to amino acids in the digestive tract. Enzyme 

replacement therapy is usually given by intravenous infusion in hospital 

every week for a patient’s entire life. Side effects are generally relatively 

benign but severe allergic reactions can occur. It seems that the enzyme 

has difficulty crossing the blood-brain barrier and so does not reverse 

the neurological aspects of the disease.

2) Bone marrow transplantation (BMT)
There has been some success with bone marrow transplantation from a 

matched donor; such donors, however, are hard to find. Following 

successful transplantation, cardiac deterioration stops and 

mucopolysaccharides slowly disappear from the heart, liver, lungs and 

marrow. Vision and hearing generally improve and IQ stabilises. BMT 

carries significant risks of infection and other serious complications. 

3)  Transplants of blood or umbilical cord tissue 
These techniques are being tried, to provide cells that can produce the 

enzyme through the growth of normal healthy blood cells. These blood 

cells appear to provide the enzyme to other cells and preserve 

neurological function. The earlier any transplant is performed the better 

the results; however it must be done before the patient reaches two 

years of age.

4) Gene Therapy
In gene therapy genes are introduced into the patient’s cells using a 

virus as a vector. The cells then produce the enzyme and behave 

normally. This is one possible way forward.

Production of enzyme
Biotechnology requires the integration of several fields of science (e.g. 

microbiology, biochemistry and engineering) for large-scale industrial 

manufacturing processes.

Through genetic engineering genetic make-up of an organism can be 

altered so that it can produce human enzymes. The gene for the enzyme 

is taken from the human chromosome using restriction enzymes and 

then inserted into the CHO [Chinese hamster ovary] cells causing them 

to express [make] the enzyme. Using this technology – known as 

recombinant DNA technology – it is possible to produce the enzyme in 

any required quantity.

The manufacture must be carried out in absolutely sterile conditions. 

Some replacement enzymes need to be injected directly into the 

bloodstream, the enzyme must maintain the highest possible levels of 

purity. Then, after extensive quality control procedures, the enzyme can 

be distributed and administered to patients.

normally catalyses the breakdown of glycosaminoglycans [GAG], is not 

synthesised; they build up in all tissues of the body causing progressive 

deterioration and eventually death. (See Fig. 1)

Carriers of MPS I (Hurler syndrome) have one normal gene and one with 

a mutation; carriers do NOT have Hurler’s syndrome; being a carrier is 

not known to lead to any health problems. However carriers can be 

identified by the reduced activity of the enzyme in their bodies and also 

by genetic screening. About 1 in 150 people (less than 1% of the 

population) are Hurler’s carriers.

Two heterozygous [carrier] parents have a one in four chance of having 

a child who has the disease, and a one in two chance of having a child 

who is a carrier. The disease is so severe that knowing if you are a carrier 

is very important. Genetic counselling is advised for carriers.

In all cases the earlier the treatment starts the better because it greatly 

delays the onset of serious symptoms. 

1) Enzyme Replacement Therapy
Aldurazyme [laronidase] is a replacement enzyme that can enter the 

lysosomes to break down GAGs. This medication received FDA approval 

Hurler syndrome is the most severe form of 
mucopolysaccharidosis type I (MPS I) and takes its name 
from Gertrude Hurler, the general practitioner who described 
children with the condition in 1919. At the time little was known 
about its cause. In 1962, Dr. Scheie reported patients with 
corneal clouding and other effects that came to be known as 
Scheie syndrome. In 1971 it was discovered that Scheie and 
Hurler syndromes were due to the same enzyme deficiency. 
Later in the 1970s intermediate conditions were described as 
Hurler-Scheie syndrome; it now seems that all three conditions 
are part of a wide spectrum of effects of a defect in the gene 
that codes for the production of the enzyme alpha-L-
iduronidase. The body produces a variety of important 
substances called glycosaminoglycans (GAGs) – formerly 
known as mucopolysaccharides. They are composed of 
sugar and amino acid sub-units; examples include dermatan 
sulfate and heparin. In the absence of alpha-L-iduronidase 
GAGs accumulate in tissues and cause numerous problems.

Symptoms
The symptoms of the disease include any or all of the following: dwarfism, 

hunchback, coarse gargoyle-like facial features, mental retardation, 

corneal clouding, deafness, chronic runny nose, hernia, heart problems, 

enlarged tongue, hyperactivity, depression, painful and stiff joints, as 

well as a dramatically shortened life span; sufferers rarely live beyond 10 

or 15 years of age. The symptoms are wide-ranging and severe because 

every tissue in the body is affected. 

Diagnosis 
It is a rare disease with an incidence of around 1:100,000 for both sexes. 

The equal frequency in both sexes indicates that it is not sex-linked. An 

affected child may appear normal until about one year old, but then the 

head may appear to become abnormally large or colds and ear infections 

may become frequent. As time progresses, the other symptoms become 

more obvious. 

Excretion of mucopolysaccharides such as heparin sulfate B and 

condroitin in the patient’s urine is one of the easiest ways to diagnose 

the condition but blood enzyme level tests are perhaps the most certain 

method. Genetic screening is also used to test for mutations in the gene, 

but this is usually used as a confirmatory test. A number of techniques 

can be used for prenatal diagnosis of MPS I. 

Causes
MPS I is a hereditary congenital metabolic disease and the inheritance is 

autosomal recessive; the disease occurs when both copies of a person’s 

alpha-L-iduronidase genes have a mutation that causes them to 

malfunction. Without this gene the enzyme alpha-L-iduronidase, which 

One of the world’s foremost biotechnology companies, Genzyme 
is dedicated to making a major positive impact on the lives of 
people with serious diseases. Founded in Boston in 1981, 
Genzyme has grown from a small start-up to a diversified 
enterprise with annual revenues of $3.8 billion in 2007 to 10,000 
employees in locations spanning the globe.

With many established products and services helping patients in 
nearly 90 countries, Genzyme is a leader in the effort to develop 
and apply the most advanced technologies in the life sciences. 
The company’s products and services are focused on rare 
inherited disorders, kidney disease, orthopaedics, transplant, 
cancer and diagnostic testing. Genzyme’s commitment to 
innovation continues today, with a substantial research and 
development programme focused on these fields, as well as 
immune disease, infectious disease and other areas of unmet 
medical need.

Genzyme Ireland was established at a bio-pharmaceutical plant 
in Waterford in 2001 on a 37-acre site. The Waterford facility, 
which has 440 employees at present, originally manufactured a 
tablet medicine used in the treatment of kidney dialysis patients 
all over the world. 

In 2005, Genzyme expanded its Waterford manufacturing 
Process, research and development facility to support clinical 
trial product manufacture. This development allows Genzyme to 
expand its capability to produce clinical supplies in sachet and 
liquid form, as well as in tablet form.

The Waterford site also formulates, fills and finishes biological 
proteins and enzymes. These dosage forms are sterile and filled 
into vials that are administered as small volume ‘parenteral’ 
products that are administered to the body by injection. The 
products processed in the Waterford plant are focused on the 
treatment of rare genetic disorders as well as in organ transplant 
procedures and in the treatment of diseases affecting the 
immune system.

New product introductions during 2008 will bring to eight the 
number of products supplied to patients all over the world from 
Waterford Genzyme facility.
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in the US in April, 2003 and is available by prescription. Enzymes are 

proteins and as such are difficult to administer orally because they will 

be broken down to amino acids in the digestive tract. Enzyme 

replacement therapy is usually given by intravenous infusion in hospital 

every week for a patient’s entire life. Side effects are generally relatively 

benign but severe allergic reactions can occur. It seems that the enzyme 

has difficulty crossing the blood-brain barrier and so does not reverse 

the neurological aspects of the disease.

2) Bone marrow transplantation (BMT)
There has been some success with bone marrow transplantation from a 

matched donor; such donors, however, are hard to find. Following 

successful transplantation, cardiac deterioration stops and 

mucopolysaccharides slowly disappear from the heart, liver, lungs and 

marrow. Vision and hearing generally improve and IQ stabilises. BMT 

carries significant risks of infection and other serious complications. 

3)  Transplants of blood or umbilical cord tissue 
These techniques are being tried, to provide cells that can produce the 

enzyme through the growth of normal healthy blood cells. These blood 

cells appear to provide the enzyme to other cells and preserve 

neurological function. The earlier any transplant is performed the better 

the results; however it must be done before the patient reaches two 

years of age.

4) Gene Therapy
In gene therapy genes are introduced into the patient’s cells using a 

virus as a vector. The cells then produce the enzyme and behave 

normally. This is one possible way forward.

Production of enzyme
Biotechnology requires the integration of several fields of science (e.g. 

microbiology, biochemistry and engineering) for large-scale industrial 

manufacturing processes.

Through genetic engineering genetic make-up of an organism can be 

altered so that it can produce human enzymes. The gene for the enzyme 

is taken from the human chromosome using restriction enzymes and 

then inserted into the CHO [Chinese hamster ovary] cells causing them 

to express [make] the enzyme. Using this technology – known as 

recombinant DNA technology – it is possible to produce the enzyme in 

any required quantity.

The manufacture must be carried out in absolutely sterile conditions. 

Some replacement enzymes need to be injected directly into the 

bloodstream, the enzyme must maintain the highest possible levels of 

purity. Then, after extensive quality control procedures, the enzyme can 

be distributed and administered to patients.

normally catalyses the breakdown of glycosaminoglycans [GAG], is not 

synthesised; they build up in all tissues of the body causing progressive 

deterioration and eventually death. (See Fig. 1)

Carriers of MPS I (Hurler syndrome) have one normal gene and one with 

a mutation; carriers do NOT have Hurler’s syndrome; being a carrier is 

not known to lead to any health problems. However carriers can be 

identified by the reduced activity of the enzyme in their bodies and also 

by genetic screening. About 1 in 150 people (less than 1% of the 

population) are Hurler’s carriers.

Two heterozygous [carrier] parents have a one in four chance of having 

a child who has the disease, and a one in two chance of having a child 

who is a carrier. The disease is so severe that knowing if you are a carrier 

is very important. Genetic counselling is advised for carriers.

In all cases the earlier the treatment starts the better because it greatly 

delays the onset of serious symptoms. 

1) Enzyme Replacement Therapy
Aldurazyme [laronidase] is a replacement enzyme that can enter the 

lysosomes to break down GAGs. This medication received FDA approval 

Hurler syndrome is the most severe form of 
mucopolysaccharidosis type I (MPS I) and takes its name 
from Gertrude Hurler, the general practitioner who described 
children with the condition in 1919. At the time little was known 
about its cause. In 1962, Dr. Scheie reported patients with 
corneal clouding and other effects that came to be known as 
Scheie syndrome. In 1971 it was discovered that Scheie and 
Hurler syndromes were due to the same enzyme deficiency. 
Later in the 1970s intermediate conditions were described as 
Hurler-Scheie syndrome; it now seems that all three conditions 
are part of a wide spectrum of effects of a defect in the gene 
that codes for the production of the enzyme alpha-L-
iduronidase. The body produces a variety of important 
substances called glycosaminoglycans (GAGs) – formerly 
known as mucopolysaccharides. They are composed of 
sugar and amino acid sub-units; examples include dermatan 
sulfate and heparin. In the absence of alpha-L-iduronidase 
GAGs accumulate in tissues and cause numerous problems.

Symptoms
The symptoms of the disease include any or all of the following: dwarfism, 

hunchback, coarse gargoyle-like facial features, mental retardation, 

corneal clouding, deafness, chronic runny nose, hernia, heart problems, 

enlarged tongue, hyperactivity, depression, painful and stiff joints, as 

well as a dramatically shortened life span; sufferers rarely live beyond 10 

or 15 years of age. The symptoms are wide-ranging and severe because 

every tissue in the body is affected. 

Diagnosis 
It is a rare disease with an incidence of around 1:100,000 for both sexes. 

The equal frequency in both sexes indicates that it is not sex-linked. An 

affected child may appear normal until about one year old, but then the 

head may appear to become abnormally large or colds and ear infections 

may become frequent. As time progresses, the other symptoms become 

more obvious. 

Excretion of mucopolysaccharides such as heparin sulfate B and 

condroitin in the patient’s urine is one of the easiest ways to diagnose 

the condition but blood enzyme level tests are perhaps the most certain 

method. Genetic screening is also used to test for mutations in the gene, 

but this is usually used as a confirmatory test. A number of techniques 

can be used for prenatal diagnosis of MPS I. 

Causes
MPS I is a hereditary congenital metabolic disease and the inheritance is 

autosomal recessive; the disease occurs when both copies of a person’s 

alpha-L-iduronidase genes have a mutation that causes them to 

malfunction. Without this gene the enzyme alpha-L-iduronidase, which 

One of the world’s foremost biotechnology companies, Genzyme 
is dedicated to making a major positive impact on the lives of 
people with serious diseases. Founded in Boston in 1981, 
Genzyme has grown from a small start-up to a diversified 
enterprise with annual revenues of $3.8 billion in 2007 to 10,000 
employees in locations spanning the globe.

With many established products and services helping patients in 
nearly 90 countries, Genzyme is a leader in the effort to develop 
and apply the most advanced technologies in the life sciences. 
The company’s products and services are focused on rare 
inherited disorders, kidney disease, orthopaedics, transplant, 
cancer and diagnostic testing. Genzyme’s commitment to 
innovation continues today, with a substantial research and 
development programme focused on these fields, as well as 
immune disease, infectious disease and other areas of unmet 
medical need.

Genzyme Ireland was established at a bio-pharmaceutical plant 
in Waterford in 2001 on a 37-acre site. The Waterford facility, 
which has 440 employees at present, originally manufactured a 
tablet medicine used in the treatment of kidney dialysis patients 
all over the world. 

In 2005, Genzyme expanded its Waterford manufacturing 
Process, research and development facility to support clinical 
trial product manufacture. This development allows Genzyme to 
expand its capability to produce clinical supplies in sachet and 
liquid form, as well as in tablet form.

The Waterford site also formulates, fills and finishes biological 
proteins and enzymes. These dosage forms are sterile and filled 
into vials that are administered as small volume ‘parenteral’ 
products that are administered to the body by injection. The 
products processed in the Waterford plant are focused on the 
treatment of rare genetic disorders as well as in organ transplant 
procedures and in the treatment of diseases affecting the 
immune system.

New product introductions during 2008 will bring to eight the 
number of products supplied to patients all over the world from 
Waterford Genzyme facility.

Fig. 1 Inheritance of recessive gene
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Syllabus References

Leaving Certificate Biology 
1.3.7  Metabolic Role of Biomolecules – Carbohydrates and lipids 

as primary sources of energy for metabolic activity. 
Proteins as enzymes.

2.2.3   Enzymes – Definition of “enzymes”– reference to their protein 
nature, folded shape, and roles in plants and animals. 
Special reference to their role in metabolism. 

2.5.2   Heredity – Definition and example of “heredity” and “gene 
expression”.

2.5.3  Genetic Code – Definition and role of a “gene”.

2.5.6   Genetic Inheritance – Gamete formation. …Study of the 
inheritance to the first filial (F1) generation of a single 
unlinked trait.

Learning Outcomes

On completing this lesson the student should be able to:
• Understand the pathophysiology of Hurler syndrome/

mucopolysaccharidosis type I (MPS I)

• Be aware of the biochemistry behind the cause of the disease

• List the symptoms associated with Hurler syndrome

• Appreciate that this is a hereditary genetic disease that is caused 
by a gene defect

• Explain the prevalence of the disease

• List and describe the different treatments available for MPS I 
sufferers. 

 (iii)   If both parents are heterozygous what is the percentage chance 
that one of their children may inherit the condition? Explain how 
you obtained your answer.

 (iv)  What is meant by genetic screening?

 (v)   Parents who are suspected of being carriers of disease-causing 
alleles may be advised to consider a genetic test. Suggest a role 
for such a test after in-vitro fertilisation.

Did You Know?

• A replacement enzyme therapy made by Genzyme and BioMartin is 
the first FDA approved specific treatment for people with MPS I. 

• In 2003, the International Human Genome Sequencing Consortium 
announced that it produced a finished draft of the human genome; 
knowledge of the human genome has had a major impact in the 
fields of medicine and biotechnology.

• The word ‘genome’ is a combination of the words ‘gene’ and 
‘chromosome’.

• Our genes are very similar to those of other species; for example we 
share 98% of our genes with chimpanzees and 99% with mice.

• April 2008 marked the 55th anniversary of the discovery of the 
double helix structure of DNA by Franklin, Watson and Crick.  

• The Royal College of Physicians estimates that 2-3% of births result 
in babies with either congenital or genetically determined 
abnormalities.

• A mutation occurs when a gene is damaged or changed in such a 
way as to alter the genetic message carried by that gene. Mutations 
are not all bad news; they increase genetic variability and thereby 
play an important role in evolution.

Biographical Notes

Payne and Persoz 
In 1833, Payne and Persoz found that an alcohol precipitate of malt 
extract contained a substance that converted starch to sugar. This was 
the first recognition of an enzyme. Payne and Persoz named it diastase 
and subsequently proposed that in naming enzymes the suffix ‘ase’ 
should be the added to the root that indicated which substances was 
being acted on by the enzyme. This method of naming enzymes has 
continued to the present day. The term enzyme was derived from the 
Greek for ‘in yeast’ and was coined in 1876 by W.F. Kühne. 

True/False Questions

a) Hurler-Schie syndrome is the most severe form of 
mucopolysaccharidosis. T F

b) Mucopolysaccharides are glycosaminoglycans. T F

c) MPS I has a spectrum of symptoms that range in severity,  
not all suffers exhibit the same symptoms. T F

d) MPS I disease has a higher incidence in males. T F

e) Urine tests to determine enzyme concentrations are the  
most certain way to diagnose MPS I. T F

f) As MPS I is recessive, if parents are both carriers their child  
is certain to have MPS I disease. T F

g) In a healthy person alpha-L-iduronidase breaks down GAGs 
in the lysosome. T F

h) None of the available treatments provide a solution to reverse  
the neurological damage of the disease. T F

Check your answers to these questions on www.sta.ie

There are many websites that provide information and support for 
parents of children with MPS and related diseases.  Many of these 
have links to similar websites. 

• If parents are both carriers they have a one in four chance of having 
a child with the disease. 

• Treatments include enzyme replacement therapy, bone marrow 
transplantation, transplants of blood or umbilical cord tissue and 
gene therapy.

• Enzyme replacement therapy involves recombinant DNA technology 
to manufacture a replacement enzyme that is then injected into the 
bloodstream to breakdown GAGs.

• Bone marrow transplants are quite successful; however they are 
complex because exact donor matches need to be established. 

• Transport of blood or umbilical cord tissue provides normal blood 
cells that can supply the enzyme to other cells.

• Gene therapy introduces normal genes in patients’ cells using a vector.

Student Activities

Examine the data below of a dihybrid cross (height and eye colour) and 
then fill in the gaps in the table. 

F1 Generation
Phenotype of Parents Tall, Blue × Short, Brown
Genotype of Parents TT, BB × tt, bb
Genotype of Gametes TB, TB, TB, TB × tb, tb, tb, tb

Punnet Square

TB TB TB TB

tb TtBb TtBb TtBb

tb TtBb TtBb TtBb

tb TtBb TtBb

tb TtBb TtBb TtBb

Genotype of offspring: …………….
Phenotype of offspring: Tall Blue
Ratio:……………… 

F2 Generation
Phenotype of Parents Tall Blue × Tall Blue
Genotype of Parents TtBb × TtBb
Genotype of Gametes TB, Tb, tB, tb × TB, Tb, tB, tb

Punnet Square

TB Tb tB tb
TB TtBB TtBb
Tb TTBb TTbb Ttbb
tB ttBB
tb TtBb Ttbb

Genotypes 
of offspring

TTBB
TTBb
TtBb
TtBB

TTbb
Ttbb

ttBB
ttBb

Phenotype 
of offspring

Tall Blue Tall brown Short Blue Short 
brown

Ratio 9: 3: 1

General Learning Points

• Hurler syndrome is the most severe form of mucopolysaccharidosis 
type I.

• It is caused by a defect in a gene that codes for the production of 
the enzyme alpha-L-iduronidase.

• Alpha-L-iduronidase is involved in the breakdown of 
glycosaminoglycans (GAGs) in the cell.

• GAGs are long unbranched polysaccharides that form an important 
component of connective tissue; without the enzyme that breaks 
them down they accumulate in the tissues.

• Some of the symptoms of the disease include: dwarfism, coarse 
facial features, mental retardation, corneal clouding, deafness, 
heart problems, stiff joints and a reduced life expectancy. 

• Genetic and prenatal screening can be used to test for mutations in 
the gene; a urine test can also diagnose the disease. 

• Hurler syndrome is an autosomal recessive disease; it occurs only 
when both copies of the gene have mutations.

• Carriers of MPS I disease have one defective gene and one normal gene.

Examination Questions 

Leaving Certificate Biology, 2008 Higher Level
Explain the following terms which are used in genetics: homozygous, 
recessive, phenotype. 

In the fruit fly, Drosophila, the allele for grey body (G) is dominant to the 
allele for ebony body (g) and the allele for long wings (L) is dominant to 
the allele for vestigial wings (l). These two pairs of alleles are located on 
different chromosome pairs.

 (i)   Determine all the possible genotypes and phenotypes of the 
progeny of the following cross: grey body, long wings 
(heterozygous for both) X ebony body, vestigial wings.

 (ii)  What is the significance of the fact that the two allele pairs are 
located on different chromosome pairs? 

(c)  Haemophilia in humans is governed by a sex-linked allele. The allele for 
normal blood clotting (N) is dominant to the allele for haemophilia (n).

 (i)  What is meant by sex-linked?

 (ii)  Determine the possible genotypes and phenotypes of the 
progeny of the following cross: haemophilic male X 
heterozygous normal female. 

Leaving Certificate Biology, 2005 Higher Level
(a) (i)  What is meant by genetic engineering?

 (ii)   State two applications of genetic engineering, one involving a 
micro-organism and one involving a plant. 

(b)  Cystic fibrosis is a serious condition that affects the lungs and 
digestive system. The condition results from the inheritance of a 
single pair of recessive alleles.

 (i)  Explain each of the underlined terms.

 (ii)   Suggest why a person with a heterozygous allele pair does 
not suffer from the condition.

Revise The Terms

Can you recall the meaning of the following terms? Reviewing 
the terminology is a powerful aid for recall and retention.

autosomal recessive, carrier, chromosome, congenital, donor, 
enzyme, gene, genetic screening, glycosaminoglycans, hereditary, 
hernia, heterozygous, intravenous, lysosomes, metabolic, 
mucopolysaccharidosis, mutation, neurological, prenatal, restriction 
enzymes, sex-linked, sterile, vector.

Check the Glossary of Terms for this lesson at www.sta.ie
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For more information on the work of Genzyme check 
www.genzyme.ie or www.sta.ie

in the US in April, 2003 and is available by prescription. Enzymes are 

proteins and as such are difficult to administer orally because they will 

be broken down to amino acids in the digestive tract. Enzyme 

replacement therapy is usually given by intravenous infusion in hospital 

every week for a patient’s entire life. Side effects are generally relatively 

benign but severe allergic reactions can occur. It seems that the enzyme 

has difficulty crossing the blood-brain barrier and so does not reverse 

the neurological aspects of the disease.

2) Bone marrow transplantation (BMT)
There has been some success with bone marrow transplantation from a 

matched donor; such donors, however, are hard to find. Following 

successful transplantation, cardiac deterioration stops and 

mucopolysaccharides slowly disappear from the heart, liver, lungs and 

marrow. Vision and hearing generally improve and IQ stabilises. BMT 

carries significant risks of infection and other serious complications. 

3)  Transplants of blood or umbilical cord tissue 
These techniques are being tried, to provide cells that can produce the 

enzyme through the growth of normal healthy blood cells. These blood 

cells appear to provide the enzyme to other cells and preserve 

neurological function. The earlier any transplant is performed the better 

the results; however it must be done before the patient reaches two 

years of age.

4) Gene Therapy
In gene therapy genes are introduced into the patient’s cells using a 

virus as a vector. The cells then produce the enzyme and behave 

normally. This is one possible way forward.

Production of enzyme
Biotechnology requires the integration of several fields of science (e.g. 

microbiology, biochemistry and engineering) for large-scale industrial 

manufacturing processes.

Through genetic engineering genetic make-up of an organism can be 

altered so that it can produce human enzymes. The gene for the enzyme 

is taken from the human chromosome using restriction enzymes and 

then inserted into the CHO [Chinese hamster ovary] cells causing them 

to express [make] the enzyme. Using this technology – known as 

recombinant DNA technology – it is possible to produce the enzyme in 

any required quantity.

The manufacture must be carried out in absolutely sterile conditions. 

Some replacement enzymes need to be injected directly into the 

bloodstream, the enzyme must maintain the highest possible levels of 

purity. Then, after extensive quality control procedures, the enzyme can 

be distributed and administered to patients.

normally catalyses the breakdown of glycosaminoglycans [GAG], is not 

synthesised; they build up in all tissues of the body causing progressive 

deterioration and eventually death. (See Fig. 1)

Carriers of MPS I (Hurler syndrome) have one normal gene and one with 

a mutation; carriers do NOT have Hurler’s syndrome; being a carrier is 

not known to lead to any health problems. However carriers can be 

identified by the reduced activity of the enzyme in their bodies and also 

by genetic screening. About 1 in 150 people (less than 1% of the 

population) are Hurler’s carriers.

Two heterozygous [carrier] parents have a one in four chance of having 

a child who has the disease, and a one in two chance of having a child 

who is a carrier. The disease is so severe that knowing if you are a carrier 

is very important. Genetic counselling is advised for carriers.

In all cases the earlier the treatment starts the better because it greatly 

delays the onset of serious symptoms. 

1) Enzyme Replacement Therapy
Aldurazyme [laronidase] is a replacement enzyme that can enter the 

lysosomes to break down GAGs. This medication received FDA approval 

Hurler syndrome is the most severe form of 
mucopolysaccharidosis type I (MPS I) and takes its name 
from Gertrude Hurler, the general practitioner who described 
children with the condition in 1919. At the time little was known 
about its cause. In 1962, Dr. Scheie reported patients with 
corneal clouding and other effects that came to be known as 
Scheie syndrome. In 1971 it was discovered that Scheie and 
Hurler syndromes were due to the same enzyme deficiency. 
Later in the 1970s intermediate conditions were described as 
Hurler-Scheie syndrome; it now seems that all three conditions 
are part of a wide spectrum of effects of a defect in the gene 
that codes for the production of the enzyme alpha-L-
iduronidase. The body produces a variety of important 
substances called glycosaminoglycans (GAGs) – formerly 
known as mucopolysaccharides. They are composed of 
sugar and amino acid sub-units; examples include dermatan 
sulfate and heparin. In the absence of alpha-L-iduronidase 
GAGs accumulate in tissues and cause numerous problems.

Symptoms
The symptoms of the disease include any or all of the following: dwarfism, 

hunchback, coarse gargoyle-like facial features, mental retardation, 

corneal clouding, deafness, chronic runny nose, hernia, heart problems, 

enlarged tongue, hyperactivity, depression, painful and stiff joints, as 

well as a dramatically shortened life span; sufferers rarely live beyond 10 

or 15 years of age. The symptoms are wide-ranging and severe because 

every tissue in the body is affected. 

Diagnosis 
It is a rare disease with an incidence of around 1:100,000 for both sexes. 

The equal frequency in both sexes indicates that it is not sex-linked. An 

affected child may appear normal until about one year old, but then the 

head may appear to become abnormally large or colds and ear infections 

may become frequent. As time progresses, the other symptoms become 

more obvious. 

Excretion of mucopolysaccharides such as heparin sulfate B and 

condroitin in the patient’s urine is one of the easiest ways to diagnose 

the condition but blood enzyme level tests are perhaps the most certain 

method. Genetic screening is also used to test for mutations in the gene, 

but this is usually used as a confirmatory test. A number of techniques 

can be used for prenatal diagnosis of MPS I. 

Causes
MPS I is a hereditary congenital metabolic disease and the inheritance is 

autosomal recessive; the disease occurs when both copies of a person’s 

alpha-L-iduronidase genes have a mutation that causes them to 

malfunction. Without this gene the enzyme alpha-L-iduronidase, which 

One of the world’s foremost biotechnology companies, Genzyme 
is dedicated to making a major positive impact on the lives of 
people with serious diseases. Founded in Boston in 1981, 
Genzyme has grown from a small start-up to a diversified 
enterprise with annual revenues of $3.8 billion in 2007 to 10,000 
employees in locations spanning the globe.

With many established products and services helping patients in 
nearly 90 countries, Genzyme is a leader in the effort to develop 
and apply the most advanced technologies in the life sciences. 
The company’s products and services are focused on rare 
inherited disorders, kidney disease, orthopaedics, transplant, 
cancer and diagnostic testing. Genzyme’s commitment to 
innovation continues today, with a substantial research and 
development programme focused on these fields, as well as 
immune disease, infectious disease and other areas of unmet 
medical need.

Genzyme Ireland was established at a bio-pharmaceutical plant 
in Waterford in 2001 on a 37-acre site. The Waterford facility, 
which has 440 employees at present, originally manufactured a 
tablet medicine used in the treatment of kidney dialysis patients 
all over the world. 

In 2005, Genzyme expanded its Waterford manufacturing 
Process, research and development facility to support clinical 
trial product manufacture. This development allows Genzyme to 
expand its capability to produce clinical supplies in sachet and 
liquid form, as well as in tablet form.

The Waterford site also formulates, fills and finishes biological 
proteins and enzymes. These dosage forms are sterile and filled 
into vials that are administered as small volume ‘parenteral’ 
products that are administered to the body by injection. The 
products processed in the Waterford plant are focused on the 
treatment of rare genetic disorders as well as in organ transplant 
procedures and in the treatment of diseases affecting the 
immune system.

New product introductions during 2008 will bring to eight the 
number of products supplied to patients all over the world from 
Waterford Genzyme facility.

Fig. 1 Inheritance of recessive gene
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For more information on the work of Genzyme check 
www.genzyme.ie or www.sta.ie

in the US in April, 2003 and is available by prescription. Enzymes are 

proteins and as such are difficult to administer orally because they will 

be broken down to amino acids in the digestive tract. Enzyme 

replacement therapy is usually given by intravenous infusion in hospital 

every week for a patient’s entire life. Side effects are generally relatively 

benign but severe allergic reactions can occur. It seems that the enzyme 

has difficulty crossing the blood-brain barrier and so does not reverse 

the neurological aspects of the disease.

2) Bone marrow transplantation (BMT)
There has been some success with bone marrow transplantation from a 

matched donor; such donors, however, are hard to find. Following 

successful transplantation, cardiac deterioration stops and 

mucopolysaccharides slowly disappear from the heart, liver, lungs and 

marrow. Vision and hearing generally improve and IQ stabilises. BMT 

carries significant risks of infection and other serious complications. 

3)  Transplants of blood or umbilical cord tissue 
These techniques are being tried, to provide cells that can produce the 

enzyme through the growth of normal healthy blood cells. These blood 

cells appear to provide the enzyme to other cells and preserve 

neurological function. The earlier any transplant is performed the better 

the results; however it must be done before the patient reaches two 

years of age.

4) Gene Therapy
In gene therapy genes are introduced into the patient’s cells using a 

virus as a vector. The cells then produce the enzyme and behave 

normally. This is one possible way forward.

Production of enzyme
Biotechnology requires the integration of several fields of science (e.g. 

microbiology, biochemistry and engineering) for large-scale industrial 

manufacturing processes.

Through genetic engineering genetic make-up of an organism can be 

altered so that it can produce human enzymes. The gene for the enzyme 

is taken from the human chromosome using restriction enzymes and 

then inserted into the CHO [Chinese hamster ovary] cells causing them 

to express [make] the enzyme. Using this technology – known as 

recombinant DNA technology – it is possible to produce the enzyme in 

any required quantity.

The manufacture must be carried out in absolutely sterile conditions. 

Some replacement enzymes need to be injected directly into the 

bloodstream, the enzyme must maintain the highest possible levels of 

purity. Then, after extensive quality control procedures, the enzyme can 

be distributed and administered to patients.

normally catalyses the breakdown of glycosaminoglycans [GAG], is not 

synthesised; they build up in all tissues of the body causing progressive 

deterioration and eventually death. (See Fig. 1)

Carriers of MPS I (Hurler syndrome) have one normal gene and one with 

a mutation; carriers do NOT have Hurler’s syndrome; being a carrier is 

not known to lead to any health problems. However carriers can be 

identified by the reduced activity of the enzyme in their bodies and also 

by genetic screening. About 1 in 150 people (less than 1% of the 

population) are Hurler’s carriers.

Two heterozygous [carrier] parents have a one in four chance of having 

a child who has the disease, and a one in two chance of having a child 

who is a carrier. The disease is so severe that knowing if you are a carrier 

is very important. Genetic counselling is advised for carriers.

In all cases the earlier the treatment starts the better because it greatly 

delays the onset of serious symptoms. 

1) Enzyme Replacement Therapy
Aldurazyme [laronidase] is a replacement enzyme that can enter the 

lysosomes to break down GAGs. This medication received FDA approval 

Hurler syndrome is the most severe form of 
mucopolysaccharidosis type I (MPS I) and takes its name 
from Gertrude Hurler, the general practitioner who described 
children with the condition in 1919. At the time little was known 
about its cause. In 1962, Dr. Scheie reported patients with 
corneal clouding and other effects that came to be known as 
Scheie syndrome. In 1971 it was discovered that Scheie and 
Hurler syndromes were due to the same enzyme deficiency. 
Later in the 1970s intermediate conditions were described as 
Hurler-Scheie syndrome; it now seems that all three conditions 
are part of a wide spectrum of effects of a defect in the gene 
that codes for the production of the enzyme alpha-L-
iduronidase. The body produces a variety of important 
substances called glycosaminoglycans (GAGs) – formerly 
known as mucopolysaccharides. They are composed of 
sugar and amino acid sub-units; examples include dermatan 
sulfate and heparin. In the absence of alpha-L-iduronidase 
GAGs accumulate in tissues and cause numerous problems.

Symptoms
The symptoms of the disease include any or all of the following: dwarfism, 

hunchback, coarse gargoyle-like facial features, mental retardation, 

corneal clouding, deafness, chronic runny nose, hernia, heart problems, 

enlarged tongue, hyperactivity, depression, painful and stiff joints, as 

well as a dramatically shortened life span; sufferers rarely live beyond 10 

or 15 years of age. The symptoms are wide-ranging and severe because 

every tissue in the body is affected. 

Diagnosis 
It is a rare disease with an incidence of around 1:100,000 for both sexes. 

The equal frequency in both sexes indicates that it is not sex-linked. An 

affected child may appear normal until about one year old, but then the 

head may appear to become abnormally large or colds and ear infections 

may become frequent. As time progresses, the other symptoms become 

more obvious. 

Excretion of mucopolysaccharides such as heparin sulfate B and 

condroitin in the patient’s urine is one of the easiest ways to diagnose 

the condition but blood enzyme level tests are perhaps the most certain 

method. Genetic screening is also used to test for mutations in the gene, 

but this is usually used as a confirmatory test. A number of techniques 

can be used for prenatal diagnosis of MPS I. 

Causes
MPS I is a hereditary congenital metabolic disease and the inheritance is 

autosomal recessive; the disease occurs when both copies of a person’s 

alpha-L-iduronidase genes have a mutation that causes them to 

malfunction. Without this gene the enzyme alpha-L-iduronidase, which 

One of the world’s foremost biotechnology companies, Genzyme 
is dedicated to making a major positive impact on the lives of 
people with serious diseases. Founded in Boston in 1981, 
Genzyme has grown from a small start-up to a diversified 
enterprise with annual revenues of $3.8 billion in 2007 to 10,000 
employees in locations spanning the globe.

With many established products and services helping patients in 
nearly 90 countries, Genzyme is a leader in the effort to develop 
and apply the most advanced technologies in the life sciences. 
The company’s products and services are focused on rare 
inherited disorders, kidney disease, orthopaedics, transplant, 
cancer and diagnostic testing. Genzyme’s commitment to 
innovation continues today, with a substantial research and 
development programme focused on these fields, as well as 
immune disease, infectious disease and other areas of unmet 
medical need.

Genzyme Ireland was established at a bio-pharmaceutical plant 
in Waterford in 2001 on a 37-acre site. The Waterford facility, 
which has 440 employees at present, originally manufactured a 
tablet medicine used in the treatment of kidney dialysis patients 
all over the world. 

In 2005, Genzyme expanded its Waterford manufacturing 
Process, research and development facility to support clinical 
trial product manufacture. This development allows Genzyme to 
expand its capability to produce clinical supplies in sachet and 
liquid form, as well as in tablet form.

The Waterford site also formulates, fills and finishes biological 
proteins and enzymes. These dosage forms are sterile and filled 
into vials that are administered as small volume ‘parenteral’ 
products that are administered to the body by injection. The 
products processed in the Waterford plant are focused on the 
treatment of rare genetic disorders as well as in organ transplant 
procedures and in the treatment of diseases affecting the 
immune system.

New product introductions during 2008 will bring to eight the 
number of products supplied to patients all over the world from 
Waterford Genzyme facility.

Fig. 1 Inheritance of recessive gene
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Syllabus References

Leaving Certificate Biology 
1.3.7  Metabolic Role of Biomolecules – Carbohydrates and lipids 

as primary sources of energy for metabolic activity. 
Proteins as enzymes.

2.2.3   Enzymes – Definition of “enzymes”– reference to their protein 
nature, folded shape, and roles in plants and animals. 
Special reference to their role in metabolism. 

2.5.2   Heredity – Definition and example of “heredity” and “gene 
expression”.

2.5.3  Genetic Code – Definition and role of a “gene”.

2.5.6   Genetic Inheritance – Gamete formation. …Study of the 
inheritance to the first filial (F1) generation of a single 
unlinked trait.

Learning Outcomes

On completing this lesson the student should be able to:
• Understand the pathophysiology of Hurler syndrome/

mucopolysaccharidosis type I (MPS I)

• Be aware of the biochemistry behind the cause of the disease

• List the symptoms associated with Hurler syndrome

• Appreciate that this is a hereditary genetic disease that is caused 
by a gene defect

• Explain the prevalence of the disease

• List and describe the different treatments available for MPS I 
sufferers. 

 (iii)   If both parents are heterozygous what is the percentage chance 
that one of their children may inherit the condition? Explain how 
you obtained your answer.

 (iv)  What is meant by genetic screening?

 (v)   Parents who are suspected of being carriers of disease-causing 
alleles may be advised to consider a genetic test. Suggest a role 
for such a test after in-vitro fertilisation.

Did You Know?

• A replacement enzyme therapy made by Genzyme and BioMartin is 
the first FDA approved specific treatment for people with MPS I. 

• In 2003, the International Human Genome Sequencing Consortium 
announced that it produced a finished draft of the human genome; 
knowledge of the human genome has had a major impact in the 
fields of medicine and biotechnology.

• The word ‘genome’ is a combination of the words ‘gene’ and 
‘chromosome’.

• Our genes are very similar to those of other species; for example we 
share 98% of our genes with chimpanzees and 99% with mice.

• April 2008 marked the 55th anniversary of the discovery of the 
double helix structure of DNA by Franklin, Watson and Crick.  

• The Royal College of Physicians estimates that 2-3% of births result 
in babies with either congenital or genetically determined 
abnormalities.

• A mutation occurs when a gene is damaged or changed in such a 
way as to alter the genetic message carried by that gene. Mutations 
are not all bad news; they increase genetic variability and thereby 
play an important role in evolution.

Biographical Notes

Payne and Persoz 
In 1833, Payne and Persoz found that an alcohol precipitate of malt 
extract contained a substance that converted starch to sugar. This was 
the first recognition of an enzyme. Payne and Persoz named it diastase 
and subsequently proposed that in naming enzymes the suffix ‘ase’ 
should be the added to the root that indicated which substances was 
being acted on by the enzyme. This method of naming enzymes has 
continued to the present day. The term enzyme was derived from the 
Greek for ‘in yeast’ and was coined in 1876 by W.F. Kühne. 

True/False Questions

a) Hurler-Schie syndrome is the most severe form of 
mucopolysaccharidosis. T F

b) Mucopolysaccharides are glycosaminoglycans. T F

c) MPS I has a spectrum of symptoms that range in severity,  
not all suffers exhibit the same symptoms. T F

d) MPS I disease has a higher incidence in males. T F

e) Urine tests to determine enzyme concentrations are the  
most certain way to diagnose MPS I. T F

f) As MPS I is recessive, if parents are both carriers their child  
is certain to have MPS I disease. T F

g) In a healthy person alpha-L-iduronidase breaks down GAGs 
in the lysosome. T F

h) None of the available treatments provide a solution to reverse  
the neurological damage of the disease. T F

Check your answers to these questions on www.sta.ie

There are many websites that provide information and support for 
parents of children with MPS and related diseases.  Many of these 
have links to similar websites. 

• If parents are both carriers they have a one in four chance of having 
a child with the disease. 

• Treatments include enzyme replacement therapy, bone marrow 
transplantation, transplants of blood or umbilical cord tissue and 
gene therapy.

• Enzyme replacement therapy involves recombinant DNA technology 
to manufacture a replacement enzyme that is then injected into the 
bloodstream to breakdown GAGs.

• Bone marrow transplants are quite successful; however they are 
complex because exact donor matches need to be established. 

• Transport of blood or umbilical cord tissue provides normal blood 
cells that can supply the enzyme to other cells.

• Gene therapy introduces normal genes in patients’ cells using a vector.

Student Activities

Examine the data below of a dihybrid cross (height and eye colour) and 
then fill in the gaps in the table. 

F1 Generation
Phenotype of Parents Tall, Blue × Short, Brown
Genotype of Parents TT, BB × tt, bb
Genotype of Gametes TB, TB, TB, TB × tb, tb, tb, tb

Punnet Square

TB TB TB TB

tb TtBb TtBb TtBb

tb TtBb TtBb TtBb

tb TtBb TtBb

tb TtBb TtBb TtBb

Genotype of offspring: …………….
Phenotype of offspring: Tall Blue
Ratio:……………… 

F2 Generation
Phenotype of Parents Tall Blue × Tall Blue
Genotype of Parents TtBb × TtBb
Genotype of Gametes TB, Tb, tB, tb × TB, Tb, tB, tb

Punnet Square

TB Tb tB tb
TB TtBB TtBb
Tb TTBb TTbb Ttbb
tB ttBB
tb TtBb Ttbb

Genotypes 
of offspring

TTBB
TTBb
TtBb
TtBB

TTbb
Ttbb

ttBB
ttBb

Phenotype 
of offspring

Tall Blue Tall brown Short Blue Short 
brown

Ratio 9: 3: 1

General Learning Points

• Hurler syndrome is the most severe form of mucopolysaccharidosis 
type I.

• It is caused by a defect in a gene that codes for the production of 
the enzyme alpha-L-iduronidase.

• Alpha-L-iduronidase is involved in the breakdown of 
glycosaminoglycans (GAGs) in the cell.

• GAGs are long unbranched polysaccharides that form an important 
component of connective tissue; without the enzyme that breaks 
them down they accumulate in the tissues.

• Some of the symptoms of the disease include: dwarfism, coarse 
facial features, mental retardation, corneal clouding, deafness, 
heart problems, stiff joints and a reduced life expectancy. 

• Genetic and prenatal screening can be used to test for mutations in 
the gene; a urine test can also diagnose the disease. 

• Hurler syndrome is an autosomal recessive disease; it occurs only 
when both copies of the gene have mutations.

• Carriers of MPS I disease have one defective gene and one normal gene.

Examination Questions 

Leaving Certificate Biology, 2008 Higher Level
Explain the following terms which are used in genetics: homozygous, 
recessive, phenotype. 

In the fruit fly, Drosophila, the allele for grey body (G) is dominant to the 
allele for ebony body (g) and the allele for long wings (L) is dominant to 
the allele for vestigial wings (l). These two pairs of alleles are located on 
different chromosome pairs.

 (i)   Determine all the possible genotypes and phenotypes of the 
progeny of the following cross: grey body, long wings 
(heterozygous for both) X ebony body, vestigial wings.

 (ii)  What is the significance of the fact that the two allele pairs are 
located on different chromosome pairs? 

(c)  Haemophilia in humans is governed by a sex-linked allele. The allele for 
normal blood clotting (N) is dominant to the allele for haemophilia (n).

 (i)  What is meant by sex-linked?

 (ii)  Determine the possible genotypes and phenotypes of the 
progeny of the following cross: haemophilic male X 
heterozygous normal female. 

Leaving Certificate Biology, 2005 Higher Level
(a) (i)  What is meant by genetic engineering?

 (ii)   State two applications of genetic engineering, one involving a 
micro-organism and one involving a plant. 

(b)  Cystic fibrosis is a serious condition that affects the lungs and 
digestive system. The condition results from the inheritance of a 
single pair of recessive alleles.

 (i)  Explain each of the underlined terms.

 (ii)   Suggest why a person with a heterozygous allele pair does 
not suffer from the condition.

Revise The Terms

Can you recall the meaning of the following terms? Reviewing 
the terminology is a powerful aid for recall and retention.

autosomal recessive, carrier, chromosome, congenital, donor, 
enzyme, gene, genetic screening, glycosaminoglycans, hereditary, 
hernia, heterozygous, intravenous, lysosomes, metabolic, 
mucopolysaccharidosis, mutation, neurological, prenatal, restriction 
enzymes, sex-linked, sterile, vector.

Check the Glossary of Terms for this lesson at www.sta.ie


