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18.1 Introduction

This chapter deals with the inborn errors of catabolism (degradation) of
mucopolysaccharides (or the new term glycosaminoglycans). The mucopo-
lysaccharidoses are a group of heritable disorders of man that are charac-
terized by accumulation of glycosaminoglycans in the lysosomes of all cells
of the body (except red blood cells) and increased excretion in the urine.

Patients with the Hurler syndrome appear normal at birth. Onset of the
disorder occurs between 6 and 24 months of age. Among the earliest fea-
tures present are enlarged scaphoid head, hernias, thoracic kyphosis, large
tongue, and recurrent infections. Infants younger than six months of age
with coarse features and symptoms of a lysosomal storage disorder should
be differentiated from GM;-gangliosidosis, mucolipidosis II, sialidosis, or a-
mannosidosis.

Scheie syndrome is a clinically milder form of Hurler syndrome. Onset
of the disease occurs at about age 5 years. Growth and intelligence are nor-
mal. The development of joint stiffness is pronounced. Clouding of the cor-
neas is severe. With increasing age the development of aortic valve disease
becomes apparent. Median nerve compression and cervical cord compres-
sion occur and require immediate intervention.

What is referred to as the Hurler-Scheie compound disorder is a clinical
phenotype intermediate between Hurler syndrome and Scheie syndrome.
Onset of the disorder occurs about 3 years of age. Growth is delayed. Intel-
ligence is normal. Corneal clouding and deafness become debilitating.

The incidence of these disorders in British Columbia has been estimated
to be about one in 100,000 live births for the Hurler syndrome and one in
500,000 for Scheie [1]. In a study conducted in Australia the prevalence for
all type I mucopolysaccharidoses has been estimated to be about 1 in
88,000 [2].

Hunter syndrome is associated with a milder phenotype than that of
Hurler syndrome. While there is no corneal clouding as seen in Hurler syn-
drome, there can be mild retinal degeneration. A gibbus may be present.
Developmental delay occurs in the severe type. The hallmark of Hunter syn-
drome is skin changes. The scapulae contain pebbly, white in color, patches
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that may extend to the nape of the neck and to the pits of the arms. The
pebbly patches occur after about 2 years of age. Other clinical features are
similar to the mucopolysaccharidoses type I. A mild form of Hunter syn-
drome occurs and survival can be into the fifth decade. The clinical find-
ings in the Hunter syndrome are similar to the Hurler syndrome but, in
general, are less severe. The prevalence of Hunter syndrome in the popula-
tion of Australia is estimated to be 1 in 136,000 [2].

The Sanfilippo syndrome, type A presents with severe and progressive
mental retardation with sleep disturbances and behavioral problems as the
most prominent features. The organ enlargement and joint stiffness seen in
the other mucopolysaccharidoses is not present or occurs later in life. Diar-
rhea can be more severe and recurrent than in the other mucopolysacchari-
doses. Onset of the disorder is usually between 1 and 6 years of age. Stud-
ies of the basic defect in Sanfilippo syndrome revealed that there are four
separate disorders. The type of Sanfilippo syndrome is based on enzyme
deficiency. The clinical symptoms in the four types overlap. The prevalence
of Sanfilippo syndrome in the Netherlands is estimated at 1 in 24,000 for
three of the four types [3]. However, using all four types of Sanfilippo syn-
drome, the study from Australia estimates the prevalence at 1 in 60,600,
which is about 2.5 times lower than that in the Netherlands [2]. The Sanfi-
lippo syndrome, type A, is estimated at 1 in 114,000 [2].

In the Sanfilippo syndrome, type B, severe and mild forms exist. The
clinical features overlap for each with the type A disorder. Prevalence is
estimated at 1 in 211,000 [2].

In the Sanfilippo syndrome, type C, clinical features are, in general,
milder than those found in Sanfilippo syndrome, type A. Prevalence is esti-
mated at 1 in 1,407,000. This is about 6.5 times lower than that of the San-
filippo syndrome, type B and over 10 times less frequent than type A [2].

In the Sanfilippo syndrome, type D, the clinical features are more vari-
able than any of the other types. The clinical features overlap for each of
the Sanfilippo disorders. The urine of patients with Sanfilippo syndrome,
type D, shows a variable increased excretion (or normal level) of the glycos-
aminoglycan, heparan sulfate. The presence of heparan sulfate does not
distinguish the type of Sanfilippo syndrome. Measurement of specific en-
zymes involved in the catabolism of heparan sulfate determines the type.

There are two forms of Morquio syndrome. The Morquio syndrome, type A
is characterized by significant physical and skeletal abnormalities after birth
with no neurological problems in childhood. Corneal clouding, enlarged liver,
development of abnormal teeth, and hearing loss occur later in the course of
the disease. Urinary excretion of increased quantities of keratan sulfate and/
or chondroitin-6-sulfate is strongly suggestive of the Morquio syndrome. The
prevalence of Morquio syndrome, type A is estimated at 1 in 169,000 [2].

The Morquio syndrome, type B is somewhat milder than that of the type
A. Onset is about the same as in the type A. The milder clinical manifesta-
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tions include short trunk, dwarfism, kyphoscoliosis, and thoracic defor-
mity. Survival is generally longer than in type A. No estimate of the preva-
lence exists for type B [5].

The Maroteaux-Lamy syndrome is characterized by its Hurler-like fea-
tures with normal intelligence. Skeletal abnormalities, corneal clouding,
and joint stiffness are apparent at an early age. The disease is usually rec-
ognized in the third or fourth year of life. Clinically, there is a severe form
and a mild form of the disease. Dermatan sulfate is the predominant spe-
cies of glycosaminoglycan found in increased quantities in the urine of pa-
tients. The prevalence of Maroteaux-Lamy syndrome is estimated at 1 in
235,000 [5].

The Sly syndrome is similar in clinical features to that of the mucopoly-
saccharidosis type I disorders. Patients have unusual facies, depressed nasal
bridge, prominent maxillae, and anteverted nostrils. By 2.5 years of age, de-
velopmental retardation is observed. Several cases of f-glucuronidase defi-
ciency have been reported in newborns with non-immune hydrops fetalis.
Urinary excretion of glycosaminoglycans are elevated and variable [1]. The
prevalence of Sly syndrome is estimated at 1 in 2,111,000, the rarest of all
mucopolysaccharidoses [2].

The Natowicz syndrome was described in a 14 year-old female with
short stature, mildly dysmorphic features, flattened nasal bridge, bifid uvu-
la, soft tissue cleft palate, and multiple periarticular soft-tissue masses in
ankle, finger and patella. These masses were associated with pain and swel-
ling. The basic enzyme defect in the Natowicz syndrome is a deficiency of
hyaluronidase. Only one case of this disorder has been reported [6].
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18.2 Nomenclature

B Mucopolysaccharidoses: Disorders of Glycosaminoglycan Catabolism

Type Syndrome MIM Urinary GAGs Enzyme deficiency Chromo-
MPS number some locus
181 IH Hurler 252800  Dermatan sulfate a-L-Iduronidase 4p16.3
IH/S Hurler-Scheie Heparan sulfate
IS Scheie
18.2 1II Hunter (mild or severe) 309900 Dermatan sulfate Iduronate-2-sulfatase Xq28
Heparan sulfate
18.3 IIIA Sanfilippo A 252900  Heparan sulfate Heparin sulfamidase 17q25.3
18.4 IIIB Sanfilippo B 252920  Heparan sulfate N-Acetyl-a-D-glucosami- 17q21
nidase
18,5 IIIC Sanfilippo C 252930  Heparan sulfate Acetyl CoA: a-glucosa-
minidase
N-acetyltransferase 14q
18.6 IIID Sanfilippo D 252940  Heparan sulfate N-acetylglucosamine-6- 12q14
sulfatase
18.7 IVA Morquio A 253000  Keratan sulfate N-acetylgalactosamine-  16q24
6-sulfatase
Chondroitin-6-sulfate (Galactose 6-sulfatase)
18.8 IVB Morquio B 253010  Keratan sulfate f-Galactosidase 3p21
189 VI Maroteaux-Lamy 253200  Dermatan sulfate N-acetylgalactosamine-  5q12
(mild or severe) 4-sulfatase
18.10 VII Sly 253220  Dermatan sulfate p-Glucuronidase 7q22

Heparan sulfate
Chondroitin sulfate

GAG’s is the abbreviation for glycosaminoglycans.
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18.3 Metabolic Pathways

Catabolism of dermatan sulfate
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Fig. 18.1. The catabolism of dermatan sulfate. The arrows point to the group removed by
the action of a glycosidase (removal of a monosaccharide) or sulfatase (removal of a sulfate
group). The degradation starts at the non-reducing terminus of the molecule and removes
modifications such as sulfate followed by the removal of the monosaccharide group until
the polysaccharide is degraded to its individual components
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Catabolism of heparan sulfate
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Fig. 18.2. The catabolism of heparan sulfate. The arrows point to the group removed by
the action of a glycosidase (removal of a monosaccharide) or sulfatase (removal of both
N- and O-sulfate groups)
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Catabolism of keratan sulfate
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Fig. 18.3. The catabolism of keratan sulfate. The arrows point to the group removed by
the action of a glycosidase (removal of a monosaccharide) or sulfatase (removal of a sul-
fate group)
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18.4 Signs and Symptoms

Table 18.1a. a-L-Iduronidase (Hurler syndrome, MPS IH, Severe)

System Symptoms/markers Neonatal Infancy Childhood Adolescence Adulthood
Characteristic clinical Coarse facial features * ++ +++
findings Macrocephaly + +++ +++
Scaphocephaly + + +
Skeleton Dysostosis multiplex ++ +++
Kyphosis + + ++
Short stature + + +
Ear Hearing loss + +
Eye Corneal opacities + ++
Cardiac Valvular thickening + ++
GI Hernias + ++ +++
Hepatomegaly + ++ +++
Special laboratory Total urinary GAGs ™ " "
Dermatan sulfate ™ ™ "
Heparan sulfate ™ ™ "
Enzyme a-L-iduronidase activity L L L
CNS Psychomotor retardation ++ +++ +++
Seizures + + +
Other Respiratory infection + ++ +++
Splenomegaly ++ +++
Joint contractures ++ +++
Hypertrichosis + ++
Short neck + + +
Enlarged tongue + + +
Claw hand + ++

Table 18.1b. a-L-Iduronidase (Scheie syndrome, MPS IS, Mild)

System

Symptoms/markers Neonatal Infancy

Childhood Adolescence Adulthood

Characteristic clinical
findings
Skeleton

Ear
Eye

Cardiac
GI

Special laboratory

Coarse facial features
Macrocephaly
Dysostosis multiplex
Kyphosis

Short stature
Hearing loss
Corneal opacities
Glaucoma

Valvular thickening
Hernias
Hepatomegaly

Total urinary GAGs
Dermatan sulfate
Heparan sulfate

+ ++ ++

+

+ ++ +++

+

+ ++ +++
+ +

+ ++ +++

+ + +

+

T | 1

T T 1

1 T 1
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Table 18.1b (continued)

System Symptoms/markers Neonatal Infancy Childhood Adolescence Adulthood
Enzyme activity a-L-iduronidase L 1l L
CNS Psychomotor retardation
Seizures
Other Respiratory infection + + +
Splenomegaly + + +
Joint contractures + ++ ++
Hypertrichosis +
Short neck + + +
Enlarged tongue
Claw hand + ++ +++

Table 18.1c. a-L-Iduronidase (Hurler-Scheie syndrome, MPS IH/S, Intermediate)

System

Symptoms/markers

Neonatal

Infancy Childhood

Adolescence Adulthood

Characteristic clinical
findings
Skeleton

Ear
Eye

Cardiac
GI

Special laboratory

Enzyme activity
CNS

Other

Coarse facial features
Macrocephaly
Dysostosis multiplex
Kyphosis

Short stature
Hearing loss

Corneal opacities
Glaucoma

Valvular thickening
Hernias
Hepatomegaly

Total urinary GAGs
Dermatan sulfate
Heparan sulfate
a-L-iduronidase
Psychomotor retardation
Spinal cord compression
Respiratory infection
Splenomegaly

Joint contractures
Hypertrichosis

Short neck

Enlarged tongue
Claw hand

Sleep apnea

+

+

+ 4+ o+ 4+

+

++ ++
++ +++
+ ++
++ +++
+ +
++ +++
+ +
T 1
T 1
1 T
W W
+ ++
+ +
+ +
++ ++
+ +

+
++ +++
+ +
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Table 18.2. Iduronate 2-sulfatase (Hunter syndrome, MPS II)

System Symptoms/markers Neonatal Infancy Childhood Adolescence Adulthood
Characteristic clinical Coarse facial features + ++ ++ ++
findings Macrocephaly ++ ++ ++ ++
Skeleton Dysostosis multiplex + + ++ ++
Kyphosis
Short stature + + + +
Ear Hearing loss + + + +
Eye Corneal opacities
Retinal degeneration + +
Cardiac Valvular thickening + +
GI Hernias + ++ ++ ++
Hepatomegaly + ++ +++ +++
Special laboratory Total urinary GAGs " " " " i
Dermatan sulfate " " " " "
Heparan sulfate " " " " "
Enzyme activity Iduronate 2-sulfatase L L L L L
CNS Psychomotor retardation + + +
Seizures
Other Respiratory infection + ++ ++ ++
Splenomegaly + ++ ++ ++
Joint contractures + ++ ++ ++
Hypertrichosis + ++ ++ ++
Short neck + + + +
Enlarged tongue + + + +
Claw hand + + + +
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Table 18.3. Heparin sulfaminidase (Sanfilippo syndrome, type A, MPS IIIA)

System

Symptoms/markers

Neonatal

Infancy Childhood

Adolescence Adulthood

Characteristic clinical

findings
Skeleton
Ear

Eye

Cardiac
GI

Special laboratory

Enzyme activity
CNS

Other

Coarse facial features

Hyperactivity
Aggressiveness

Dysostosis multiplex

Hearing loss
Corneal opacities

Retinal degeneration

Valvular thickening
Hernias
Hepatomegaly
Total urinary GAGs
Heparan sulfate

Heparin sulfaminidase
Psychomotor retardation

Seizures
Cortical atrophy

Respiratory infection

Coarse hair
Hypertrichosis
Diarrhea
Insomnia

+
++
++
+
+

H+ H+ I+

| 1
W Wi
+

++
++
++
++
+

+++

|
W

+++

++

++

++
+
+
++
+

+
+

+++

Il
I
W

+++

++

++

Table 18.4. N-Acetyl-a-D-glucosaminidase (Sanfilippo syndrome, type B, MPS IIIB)

System

Symptoms/markers

Neonatal

Infancy Childhood

Adolescence Adulthood

Characteristic clinical

findings
Skeleton
Ear

Eye

Cardiac
GI

Special laboratory

Enzyme activity
CNS

Other

Coarse facial features

Hyperactivity
Aggressiveness

Dysostosis multiplex

Hearing loss
Corneal opacities

Retinal degeneration

Valvular thickening
Hernias
Hepatomegaly
Total urinary GAGs
Heparan sulfate

N-acetyl-a-D-glucosaminidase
Psychomotor retardation

Seizures
Cortical atrophy

Respiratory infection

Coarse hair
Hypertrichosis
Diarrhea
Insomnia

+ +
+ +
+ +
+
+
+
1 [l
[ 1
W Wi
+ +
+
+
+ ++
+
+

++
++
++
+
+

++

1
W

++

++

++

++

+ 4+ + +

+ +

++
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W

+++
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Table 18.5. Acetyl CoA: a-glucosaminidase N-acetyltransferase (Sanfilippo syndrome, type C, MPS IIIC)

System Symptoms/markers Neonatal Infancy Childhood Adolescence Adulthood
Characteristic clinical Coarse facial features + + ++ ++
findings Hyperactivity + + ++ +
Aggressiveness + + ++ +
Skeleton Dysostosis multiplex + + +
Ear Hearing loss + + +
Eye Corneal opacities
Retinal degeneration +
Cardiac Valvular thickening +
GI Hernias
Hepatomegaly + ++ ++
Special laboratory Total urinary GAGs " " " "
Heparan sulfate " " " M
Enzyme activity Acetyl CoA ¢-D-glucosamini- L Ll L L
dase
N-acetyltransferase
CNS Psychomotor retardation + + ++ +++
Seizures + +
Cortical atrophy + +
Other Respiratory infection * ++ ++
Coarse hair + + +
Hypertrichosis + ++ ++ ++
Diarrhea + + +

Insomnia + + +
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Table 18.6. N-Acetylglucosamine 6-sulfatase (Sanfilippo syndrome, type D, MPS IIID)

System

Symptoms/markers

Neonatal

Infancy Childhood

Adolescence Adulthood

Characteristic clinical
findings

Skeleton

Ear

Eye

Cardiac
GI

Special laboratory

Enzyme activity

CNS

Other

Coarse facial features
Hyperactivity
Aggressiveness
Dysostosis multiplex
Hearing loss

Corneal opacities
Retinal degeneration
Valvular thickening
Hernias

Hepatomegaly

Total urinary GAGs
Heparan sulfate
Monosulfated monosaccharide
N-acetylglucosamine 6-sulfa-
tase

Psychomotor retardation
Seizures

Cortical atrophy
Respiratory infection
Coarse hair
Hypertrichosis

Diarrhea

Insomnia

Synophrys

+ + o+ + +

+ &> 55 W
— —

+ W

+ +

++
++
++
+
+

++
n_

W

++

++

++

++

++

+ + + +

++
n_

W

++

++

++

++
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Table 18.7. N-Acetylgalactosamine 6-Sulfatase (Morquio syndrome, type A, MPS IVa)
Table 18.8. 5-D-Galactosidase (Morquio syndrome, type B, MPS IVB)*®

System Symptoms/markers Neonatal Infancy Childhood Adolescence Adulthood
Characteristic clinical Coarse facial features + + +
findings Growth retardation ++ +++ +++
Skeleton Dysostosis multiplex + ++ ++
Lumbar gibbus + + +
Flaring ribs + + +
Hypoplasia of odontoid + + +
Sternal bulging + ++ +++
Ear Hearing loss + + +
Eye Corneal opacities + ++ +++
Glaucoma + +
Cardiac Valvular thickening + +
GI Hernias
Hepatomegaly + +++ +++
Special laboratory Total urinary GAGs n-71 n-1 n n
Keratan sulfate n-1 n-1 n n
Chondroitin sulfate 1 1 n-1 n-1
Enzyme activity MPS IVA N-acetylgalactos- L W L L
amine 6-sulfatase
MPS IVB f-galactosidase L 1l 1l L
CNS Psychomotor retardation + +
Spinal cord compression + ++ ++
Other Respiratory infection * ++ ++
Knock-knees + + +
Flat feet + + +

# The Morquio syndrome, type B phenotype encompasses similar symptoms, is more variable and is rarer than type A.
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Table 18.9. N-Acetylgalactosamine 4-sulfatase (Maroteaux-Lamy syndrome, MPS VI)

System

Symptoms/markers Neonatal

Infancy Childhood

Adolescence Adulthood

Characteristic clinical
findings
Skeleton

Ear
Eye

Cardiac
GI

Special laboratory
Dermatan sulfate

N-acetylgalactosamine
4-sulfatase
Psychomotor retarda-
tion

Spinal cord compres-
sion

Respiratory infection
Splenomegaly

Joint contractures
Hypertrichosis

Claw hand

Coarse facial features
Growth retardation
Dysostosis multiplex
Lumbar kyphosis
Sternal protrusion
Hearing loss
Corneal opacities
Glaucoma

Valvular thickening
Hernias
Hepatomegaly

Total urinary GAGs

)

+ o+ o+ o+

=8+ o+ o+

«—

+

+ W

+

++

++ ++

+ +

+++ +4++

+ +

+ +

+ +

++ +4++

++ ++

++ +4++

+ +

+ +

n-7 n-1

" Enzyme
activity

| CNS

++ Other

+

+

++

+

+++
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Table 18.10. -D-Glucuronidase (Sly syndrome, MPS VII)?*

System

Symptoms/markers

Neonatal® Infancy Childhood

Adolescence Adulthood

Characteristic clinical
findings

Skeleton
Ear

Eye
Cardiac

GI

Special laboratory

Enzyme activity
CNS

Other

Coarse facial features
Macrocephaly

Short stature
Dysostosis multiplex
Kyphosis

Hearing loss
Corneal opacities
Valvular thickening
Hernias
Hepatomegaly

Total urinary GAGs
Dermatan sulfate
Heparan sulfate
Chondroitin sulfate
f-Glucuronidase

1
(N
W

Psychomotor retardation

Seizures
Hydrocephalus
Respiratory infection
Splenomegaly

Joint contractures
Hypertrichosis

I+

++ ++
+
+ +
+ +

+
+ +
+ ++
+ ++
++ +++
+ ++
T 1
1 T
1 "
7 "
W Wi
+ ++
+ +
++ t
++ +
++ +++
+ ++

++ ++
+ +
+ ++
++ ++
++ ++
| 1
T 1
| 1
" [N
W W
++ ++
+ +

? The Sly syndrome spans a wide variety of clinical phenotypes.

® The neonatal form expresses as nonimmune hydrops fetalis with ascites and survival is not more than a few months

[5].

18.5 Reference Values

Age Uronic acid N-sulfated hexosamine
(years/months)
Number of controls Carbazole method*  Orcinol method? MBTH method ®

1-11 mo. 10 25.5+18.3¢ 15.2+14.9 19.8+22

1-1y1llm 10 38.91+30.1 20.9+16.1 31.3+22.2

2-3y1llm 10 16.9+£9.9 10.718.1 15.8+12.3

4-6y1lm 10 16.8+14.9 13.7+11.4 20.9+16.1

7-8 y 11m 10 7.41+5.2 4.613.2 12.6+9.8
9y-11y1lm 10 8.3+4.4 5.0+3.2 8.8+5.1

12 y-18y 5 10.0+2.7 5.0x1.9 4.0£3.0

* mg/g creatinine.

® MBTH-3-methyl-2-benzothiazolone hydrazone HCL.
¢ Mean * standard deviation.
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18.6 Pathological Findings

Disorder

Urinary glycosaminoglycans
Range of values

Carbazole method Orcinol method

MBTH method

Qualitative

18.1a,b, c Hurler,
Scheie, Hurler-Scheie
18.2 Hunter

18.3 Sanfilippo A
18.4 Sanfilippo B
18.5 Sanfilippo C
18.6 Sanfilippo D
18.7 Morquio A

18.8 Morquio B
18.9 Maroteaux-Lamy

18.10 Sly

157-537(5) 153-783(5)
311-461(2) 200-302(2)
116-297(7) 29-89(7)
63-272(4) 25-108(4)
180-242(2) 48-135(2)
14-27(2) 7-14(2)
23-108(2) 40-161(2)
148 (1) 103 (1)

20-75(5)

44-99(2)
30-88(7)
37-59(4)
43-57(2)
2-6(2)

2-7(2)

14 (1)

Dermatan sulfate and
Heparan sulfate

(as 18.1)

Heparan sulfate

(as 18.3)

(as 18.3)

Heparan sulfate
Keratan sulfate* and
chondroitin sulfate
(as 18.7)

Dermatan sulfate and
chondroitin sulfate
(as 18.1)

() Numbers in parentheses are the number of individuals studied.

Values for each of the three reactions are expressed in mg/g creatinine.
* Keratan sulfate does not form a reaction product with any of the methods described; subsequently quantitative glyco-
saminoglycans in Morquio syndrome are not reliable.
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18.7 Diagnostic Flow Chart

Clinical examination with the impression of MPS

Urinary glycosaminoglycan
Isolation & measurement by
chemical analysis

Elevated values Normal values

Separation of urinary
Glycosaminoglycans
by electrophoresis

Separation of urinary
Glycosaminoglycans
by electrophoresis

DS & HS HS DS & CS CS £ HS KS & CS DS & HS
Enzyme assay
Enzyme assay Enzyme assay
Hurler | Hunter  Sly  Sanfilippo Maroteaux-Lamy Normal Morquio Mucolipidosis Il
MPS1 | MPSII MPSVII  MPS I MPS VI ) Enzyme assay Mucolipidosis Il
18.1 182 18.10 Enzyme assay  18.9 T:‘” layer N or
grromator?ra.z Y Multiple sulfatase
Assay of A B C D e T\j\PS WA MpsIvB . Jeficiency
sulfatses see Chapter 19
) 183 184 185 186 Abnormal | Normal 18.7 188\ P )
Multiple sulfatase
deficiency Enzyme assays
(see Chapter 19) Glycoprotein Glycosphingolipidoses
p Y/ Y/
Storage diseases

or
Glycosphingolipidoses
(see Chapter 19)

(see Chapter 19)

Fig. 18.4. The diagnosis of the mucopolysaccharidoses can be performed by a screening of the urine followed by assay
of indicated specific enzymes
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18.8 Specimen Collection

Disorder  Procedure Specimen  Volume Handling Interference
18.1 Quantitative and quali- Urine 20 ml Keep frozen (-20°)  Specimen has low creatinine; con-
tative glycosaminogly- centration; medications; protein in
cans urine; increase in heparan sulfate
in certain other diseases (4, 7)
18.2
18.3
18.4
18.5
18.6
18.7
18.8
18.9
18.10
18.7 Carbohydrate analysis Urine 20 ml Keep frozen (-20°) High carbohydrate diet; medica-
tions
18.8 Oligosaccharides
18.1 Enzyme assay Leukocytes 5 ml hep- Room temperature
arinized
blood

18.8 Cultured  Skin Room temperature

skin fibro- biopsy

blasts
18.9 (as 18.8)
18.10 (as 18.8)
18.2 Enzyme assay Serum 1 ml Frozen
18.4 Plasma 1 ml Frozen
18.11 Leukocytes 5 ml Room temperature

Cultured  Skin Room temperature

skin fibro- biopsy

blasts
18.3 Cultured  Skin Room temperature

skin fibro- biopsy

blasts
18.5 (as 18.3)
18.6 (as 18.3)
18.7 (as 18.3)
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18.9 Prenatal Diagnosis

Disorder Source Enzyme assay

18.1 Cultured amniocytes a-L-Iduronidase

18.2 Cell-free amniotic fluid and Iduronate 2-sulfatase

cultured amniocytes

18.3 Cultured amniocytes Heparin sulfaminidase

18.4 Cultured amniocytes N-Acetyl-a-D-glucosamidase

18.5 Cultured amniocytes Acetyl CoA: a-glucosaminide
N-Acetyltransferase

18.6 Cultured amniocytes N-Acetylglucosamine 6-sulfatase

18.7 Cultured amniocytes N-Acetylgalactosamine 6-sulfatase
(galactose 6-sulfatase)

18.8 Cultured amniocytes p-Galactosidase

18.9 Cultured amniocytes N-Acetylgalactosamine 4-sulfatase

18.10 Cultured amniocytes p-Glucuronidase

18.10 DNA Analysis

Disorder Gene symbol Tissue Methods
18.1 Hurler IDUA WBC, FB RT-PCR
Scheie Sequencing
Hurler-Scheie SSCP
18.2 Hunter IDS WBC, P, S, FB RT-PCR
Sequencing
SSCP
18.3 Sanfilippo A SGSH WBC, FB RT-PCR
Sequencing
18.4 Sanfilippo B NAGLU WBC, P, S, FB RT-PCR
Sequencing
18.6 Sanfilippo D GMS FB RT-PCR
Sequencing
18.7 Morquio A GALN FB RT-PCR
Sequencing
18.8 Morquio B GLBI WBC, FB RT-PCR
18.9 Maroteaux-Lamy ARSB WBC, FB RT-PCR
Sequencing
18.10 Sly GUSB WBC, P, S, FB RT-PCR
Sequencing
SSCP
18.11 Natowicz HYAL-1 P, S, FB Sequencing




References 397

18.11 Therapy

B 18.1: Hurler, Scheie, Hurler-Scheie

Bone marrow transplantation has been shown to be an effective therapy for
patients with mucopolysaccharidosis, type I. Patients who were less than
two years of age responded the best (9.12).

Recently, specific treatment for mucopolysaccharidosis, type I, using re-
placement therapy of the missing enzyme activity, a-L-iduronidase, with re-
combinant human enzyme has been successful in a one-year clinical trial
involving ten patients [8]. The results are promising in that there was a re-
duction in size of some of the somatic tissue, i.e., liver and spleen. A re-
duction in the stiffness of joints was observed. Also, there was a decrease
in excretion of urinary glycosaminoglycans by 63% [8].

M 18.2: Hunter

In contrast to enzyme replacement therapy, one study of gene replacement
therapy of a patient with mucopolysaccharidosis, type II, Hunter syndrome,
did not show any benefit [10]. While this is discouraging at present this
may be modified for future trials and may prove to be successful.

B 18.9: Maroteaux-Lamy

In general, patients with milder or no neurological involvement will have a
better outcome with bone marrow transplantation. Patients with Maro-
teaux-Lamy syndrome, mucopolysaccharidosis, type VI, have a mild to no
neurological involvement. Therefore, bone marrow transplantation has been
shown to be an effective therapy for these patients [12].
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