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Normal MPS excretion, but dermatan sulphaturia,
combined with a mild Maroteaux-Lamy phenotype

T T0nnesen, H N Gregersen, F Guttler

Abstract
A mildly affected Maroteaux-Lamy patient is
described. Electrophoretic separation of acid muco-
polysaccharides (MPS) in the urine showed an
increased excretion of dermatan sulphate in spite of
a normal total excretion of MPS.

Mucopolysaccharidosis VI, Maroteaux-Lamy syn-
drome, is caused by a deficiency of the lysosomal
enzyme arylsulphatase B (N-acetylgalactosamine4-
sulphatase). 1 The enzyme locus has been assigned to
Sql l-ql3.

Severe, mild, and intermediate phenotypes have
been observed. The severe and the mild forms are
probably the result of allelic mutations, and the
intermediate form is most likely a genetic compound
form.6 In all three forms intelligence is normal,
although mental retardation has been suggested in a
few cases.7 8

In the severe form, growth retardation is apparent
at the age of 2 to 3 years. Genu valgum, lumbar
kyphosis, and anterior sternal protrusion are gradually
progressive thereafter. The face becomes coarse, the
corneas become clouded, and articular movement is
severely restricted with progressive development of
claw hands. Involvement of the heart valves causes
the development of murmurs and heart failure.
Hydrocephalus and neurological complications caused
by hypoplasia ofthe odontoid process and consequently
adantoaxial subluxation also occur. The hips, speci-
fically the femoral heads, are severely involved. The
patients become severely disabled owing to their gross
skeletal deformity and usually die before their late
twenties.
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In the mild form, the patients have only mild
stiffness of the hands and, apart from short stature,
they are without severe skeletal deformities and are,
owing to normal intelligence, able to maintain normal
life. Bilateral 'Legg-Perthes disease' is seen in child-
hood and corneal clouding is found in the twenties.
The murmur of aortic stenosis can be found in
childhood. In both the severe and the mild forms of
the disease, mucopolysacchariduria (mainly dermatan
sulphate) is found.6 9 Two clinically mild patients
have been reported with dermatan sulphaturia
accompanied by normal MPS excretion. '° The
residual activity of arylsulphatase B is not correlated
with the phenotypic presentation.6

In this paper we report a patient with mild
Maroteaux-Lamy disease with dermatan sulphaturia
combined with normal total excretion of mucopoly-
saccharides.

Case report
The proband was a 33 year old male, the first born of
three sibs, to non-consanguineous, healthy parents.
The two male sibs are normal. At the age of 6 years he
was examined in a department of orthopaedic surgery
because of pain in both hips and a limping gait.
Decreased movements in both hip joints and a slightly
increased thoracic kyphosis were found. X rays of
both hips showed significant changes both in the
femoral heads and in the acetabula. No diagnosis was
achieved and no treatment was given, but the patient
was advised to avoid heavy work. He completed high
school and college with no major problems and was
trained as an engineer.

Six years ago the patient was admitted to the
department of orthopaedic surgery, Aalborg Hospital
with pain in both hips. On examination we found
changes in his thoracic spine and in the hips, as
mentioned above. X rays showed hip dysplasia on
both sides, but no other bone or joint abnormalities
were seen. His height was 160 cm and weight 57 kg.
Cardiological and ophthalmological examinations
were normal. Histopathology of a skin biopsy was
normal. Urine was analysed for MPS and lysosomal
enzyme activities were determined.
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Table I MPS excretion in urine when the patient was 27years
old. MPS was isolated from a 24 hour urine sample and
analysed as previously descnrbed." The numbers in brackets
represent the mean [SD] for age matched controls. The results
for the severe Maroteaux-Lamy patient are taken from
Vestermark et al.3

MPS excretion in the urine

mg uronic acid/
g creatinine Ratio CH DS HS

Patient 4 18 (2-75 [0-55]) 0 11 40 50 10
Severe Maro-

teaux-Lamy
disease 87-2 (17-5 [9 2]) 2-75 10 85 5

Ratio= ratio of CPC precipitable over CPC non-precipitable MPS.
CH=chondroitin sulphate. DS=dermatan sulphate. HS=heparan
sulphate.

Table 2 Enzymatic activities of arylsulphatase B and the
control enzyme, hexosaminidase, were determined as previously
described. The values represent the mean of a duplicate
analysis and are expressed as nmollhlmg protein. The results for
the severe Maroteaux-Lamy patient are taken from Vestermark
et al.8

Enzymatic activities of
arylsulphatase B

Arylsulphatase B Hexosaminidase

Patient 30 7767
Severe Maroteaux-Lamy

disease 41 16 380
Control range (n=10) 280-871 4353-10 086
Control median 440 6486

Results
When the patient's urine was investigated, the
following results were obtained (table 1). The total
amount of uronic acid was just above the 99% limit.
For comparison the significantly increased uronic acid
excretion from a severe Maroteaux-Lamy patient is
shown. The ratio of cetyl pyridinium (CPC) preci-
pitable over CPC non-precipitable MPS, which for
normal persons is below 1, was normal in the patient.
For the severe Maroteaux-Lamy patient, as for other
mucopolysaccharidosis patients, this ratio is signi-
ficantly increased. By electrophoretic separation of
the MPS, the present patient showed 50% and the
severely affected patient showed 85% dermatan
sulphate. In controls, no more than 15% dermatan
sulphate is usually observed.

Determination of arylsulphatase B activities in the
patient's fibroblasts showed a greatly reduced level of
activity (table 2). The residual activity was even lower
than that of the severe Maroteaux-Lamy patient.

Discussion
The present patient was thought for many years to

suffer from Morquio's syndrome owing to his skeletal
x ray changes. He was not properly diagnosed until
he was 27 years of age. During these final investi-
gations we found that this patient had dermatan
sulphaturia in spite of a normal total MPS excretion
and a normal ratio of CPC precipitable over CPC
non-precipitable MPS. These two last results are used
to exclude a mucopolysaccharidosis in the event that
they are both normal. From the electrophoretic
separation of MPS, we observed an approximately
three fold increase in the amount of dermatan
sulphate. This last observation underlines the fact
that in cases where clinical suspicion points towards a
mucopolysaccharidosis, it is mandatory to perform
electrophoretic separation of MPS, even when the
total MPS excretion is normal. Normal total MPS
excretion was also recently found in a patient with
Hunter's disease and a,-antitrypsin deficiency."I
The residual activity of arylsulphatase B in our

patient is very low. The activity is in the same range as
in our previously reported mentally retarded Maro-
teaux-Lamy patient. This previous patient presented
with significantly increased total MPS excretion. We
have thus seen the same residual enzyme activity in
both a mildly affected and a severely affected patient.
This means that there is no strict correlation between
the clinical state and the residual enzyme activity in
Maroteaux-Lamy syndrome.
Our patient and the two previously published

patients might suggest an additional subgroup with
normal total MPS excretion among mildly affected
Maroteaux-Lamy patients.
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Correction

In the March 1991 issue of the Journal (J Med Genet 1991; 28: 169), table 3 in the paper of Zeng et al on 'Analysis
of RFLPs and DNA deletions in the Chinese Duchenne muscular dystrophy gene' should have appeared
as below.

Table 3 Deletions in the DMD patients relative to exon containing HindIII fragments detected with cDNA probes.

Probe 1-2a 2b-3 4-Sa 5b-7 8 9-14

C-4 r~ie-C. 0I OI?" r Or-.10P11l ~r- 00 In 00I? .4 I?00I? -~-a e- 0- 51v q0 0O a-.-00I?~00 000 rOSize (kb) C;,r t0 0*f '" N -C4mt ^" 40 o"

Case 7
Case 51
Case 24
Case 12
Case 4 I
Case 21 -4
Case 34
Case 56
Case 46
Case 60
Case 3
Case 6
Case 58
Case 53 -

Case 62
Case26'-
Case 44
Case 40
Case 2
Case 47 -.
Case 28 t-

Case 10 F-

The patients who were subjected to the whole series of cDNA detection are presented.
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