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Abstract

Mucopolysaccharidoses (MPS) are agroup of inherited disorders caused by the deficiency of specific
lysosomal enzymes involved in glycosaminoglycans (GAGS) degradation. Currently, there are 11
enzyme deficienciesresulting in seven distinct MPS clinical syndromesand their subtypes. Different
MPS syndromes cannot be clearly distinguished clinically due to overlapping signs and symptoms.
M easurement of GA Gs content in urine and separation of GAGs using high-resolution el ectrophoresis
(HRE) arevery useful initial screening testsfor i sotyping of M PS before specific enzyme diagnostics.
In this study, we measured total urinary GAGs by a method using dimethylmethylene blue (DMB),
and followed by isolation and separation of GAGs using high resolution electrophoresis (HRE)
technique. Of 760 urine samples analyzed, 40 have abnormal GAGs HRE patterns. Thirty-five
of these 40 cases have elevated urinary GAGs levels as well. These abnormal HRE patterns could
be classified into 4 patterns: Pattern A (elevated DS and HS; suggestive of MPS I, Il or VII; 16
cases), Pattern B (elevated HS and CS; suggestive of MPS I11; 17 cases), and Pattern C (elevated
KS and CS; suggestive of MPS 1V, 5 cases), and Pattern D (elevated DS; suggestive of MPS V1;
2 cases). Based on the GAGs HRE pattern and a few discriminating clinical signs, we performed
selective enzymatic investigation in 16 cases. In all except one case with MPS V11, the enzymatic
diagnosis correlated well with the provisional MPS type as suggested by the abnormal HRE pattern.
Our results showed that GAGs HRE is a useful, inexpensive and practical first-line screening test
when MPS is suspected clinically, and it provides an important guide to further enzymatic studies
on a selective basis.

Keywords: Glycosaminoglycans (GAGs), mucopolysaccharidoses (MPS), keratan sulfate (KS),
chondroitin sulfate (CS), heparan sulfate (HS) and dermatan sulfate (DS).

INTRODUCTION

Glycoaminoglycans (GAGs) are composed of
long sugar chains containing repeating units
of highly sulfated, alternating hexuronic acid
and hexosamine residues. Depending on the
composition of the repeating units, four different
types of GAGsareknown - keratan sulfate (KS),
heparan sulfate (HS), dermatan sulfate (DS) and
chondroitin sulfate (CS). GAGs are essential
components of bones, cartilage, skin, tendons,
cornea, cardiac valves and synovid fluid.?
Mucopolysaccharidoses (MPS) are a group

of inherited disorders caused by deficiency of
specific lysosomal enzymes involved in GAGs
degradation. These enzyme deficiencies lead
to the accumulation of GAGs in the lysosomes
of cells, resulting in cell, tissue and organ
dysfunction. Currently, there are 11 enzyme
deficiencies resulting in seven distinct MPS
clinical syndromes and their subtypes! The
enzymes involved are o-L-iduronidase (MPS
I Hurler, Scheie, Hurler/Scheie), iduronate
sulfatase (MPS 11), heparan N-sulfatase (MPS
I11A), o-N-acetylglucosaminidase (MPS 111B),
acetyl-CoA-glucominidase acetyltransferase
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(MPS 111C), N-acetylglucosamine 6-sulfatase
(MPS 111D), gaactose 6-sulfatase (MPS IVA),
a-galatosidase (MPS 1VB), arylsulfatase B
(MPS V1), a-glucuronidase (MPS VII) and
hyaluronidase (MPS 1X).?  Different MPS
syndromes share many clinical similarities.
Most of them are characterized by multisystem
involvement including skeletal abnormalities,
stiff joints, macrocephaly, coarse facies,
psychomotor delay, neuro-regression, corneal
clouding, hearing | oss, hepatosplenomegaly and
cardiac dysfunction.*?3

Definitive diagnosis of specific type
of MPS syndrome is important because
specific treatments such as haematopoietic cell
transplantation or enzyme replacement therapy
areavailablefor some.*? Althoughitispossible
to differentiate each type clinically to a certain
extent, a definitive diagnosis of specific type of
MPS can only be achieved by enzyme analysis.
It is not feasible to examine al the 11 enzymes
for every suspected patient. A simple screening
test, along with clinical features, is needed to
narrow down the list of potential patients and
enzymesto beassayed. Itisknownthat all MPS
lead to increased urinary GAGs excretion. Itis
also known that different enzymes deficiencies
|ead to different urinary GA Gsexcretion patterns.
Increased amount of DS and HS are excreted in
MPSI and Il; HSinal MPSIII subtypes; KSin
MPSIV; DSinMPSVI; CS,DSand HSin MPS
VI1I.2 Therefore, a comprehensive quantitative
and qualitative analysis of urinary GAGs isthe
first step to diagnose MPS in suspected patients
before further confirmation by specific enzyme
assays.*

Currently in Malaysia, a significant number
of MPS patients are diagnosed based solely
on clinical signs and symptoms, and skeletal
radiological findings becausethe diagnostic tests
need to be outsourced from overseas |aboratory.
Our aimisto establish alocal diagnostic facility
for patients with suspected MPS. In this study,
we have established a quantitative analytical
method to measure the total urinary GAGs and
subsequently characterized the isotypes of MPS
by separating the urinary GAGS using high
resolution electrophoresis (HRE).

MATERIALSAND METHODS

Sample

From 2005 to 2008, 760 urine samples were
obtained from patients who exhibited signs and
symptoms of MPS from Institute Paediatrics,
Kuala Lumpur Hospital and other hospitals in
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Malaysia. They were paediatric patients of age
between 11 daysto 15 years. The urine samples
were collected in sterile bottles without any
preservatives and stored frozen at -80°C until
analysis.

Equipment
Discontinuous Electrophoresis System, 15°C
cooling water system and power pack.

Materials

Sample applicator; cellulose acetate plate
(Titan 11 94 x 76 mm); Whatman filter paper;
buffers: cetylpyridinium chloride (CPC)/citrate,
0.1 M Barium Acetate, 1% v/v citric acid, 2 M
lithium chloride, ethanol, phenol red and alcian
blue 8GX; GAGs standards: CS (99% bovine
cartilage) and HS (sodium salt from bovine
kidney).

Method

Quantitation of urinary GAGs

Urine creatinine concentration was measured
using achemistry analyzer. Urinary total GAGs
content was measured using dimethylmethylene
bluedye (DMB). GAGsinurinewerecalculated
as per mmol/L creatinine. Volume of urine (ml)
used to precipitate at least 600 g GAGs was
calculated using the formula; 45/ [GAGS/urine
(mg/L)] x 2.

Isolation of GAGs

Pre-treatment of urinewas performed essentially
by the method described by Hopwood and
Harrison (1982)°with some modifications. The
calculated amount of urine used was centrifuged
at 3000 rpm for 15 min at 25°C to remove
debris. Equal volume of CPC/citrate buffer was
added to urine samples, mixed and incubated
in the water bath at 37°C for 30 minutes. The
resulting CPC-GAGs complex was separated
by centrifuging at 4500 rpm for 10 minutes at
25°C. The supernatant was decanted and the
centrifuge tube drained inverted for 5 minutes.
The pellet was dissolved in 150 pl 2M lithium
chloride and mixed with 800u! ethanol followed
by vortexing it at full speed for 5 seconds or
until pellet iswell mixed. The mixture wasthen
transferred into 1.5 ml micro-centrifuge tube,
let stand for 15 minutes at room temperature,
then centrifuged at 3500 rpm for 15 minutes
at 25°C. The supernatant was then decanted
and the pellet containing GAGs was dried by
inverting the microcentrifuge tube on a tissue
paper. 10ul of 0.5 g/L phenol red wasthen added



onto the pellet, vortexed vigorously to dislodge
the pellet and dissolve the GAGs. The dissolved
GAGs sample was stored frozen before HRE
was performed.

High resolution electrophoresis (HRE)

HRE was performed essentially by the method
described by Hopwood & Harrison (1981)°
and Cappelletti et al (1979)¢ with minor
modifications. The high resolution is achieved
by making use of the different solubility of each
GAGs in different concentration of ethanolic
barium acetate buffer. The electrophoresis
system was pre-cooled to 15°C. Cellulose
acetate plate was initially immersed in 0.1 M
barium acetate agueous, pH 5.0 and 3 mm
Whatman paper was applied to form a wicks
and the system was pre-electrophoresed for 30
minutesin 1 L 1 M barium acetate buffer, pH5.0
at 180 V constant voltage. Constant voltage of
180 V was used throughout the electrophoresis.
By using a sample applicator, 0.15 mg of each
standard and 2 ul (equivalent to 120 mg) of
GAGs were loaded onto the cathode side of
cellul ose acetate plate which had been pre-soaked
in 0.1 M agqueous barium acetate, pH 5.0 for 10
minutes. The plate was blotted with filter paper
to remove excess buffer. The cellulose acetate
was subjected to 7 minutes electrophoresis,
which was then removed from the tank and
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immersed in 0.1 M barium acetate in 15%
ethanol, pH5.0 for 3 minutes. The cellulose
acetate plate was then blotted and replaced
again in the tank to continue electrophoresis
for afurther 25 minutes. Cellulose acetate was
taken out once again, immersed in 0.1 M barium
acetate in 50% ethanol, pH5.0 for 3 minutes,
blotted before replacing it back into the tank and
continued with electrophoresis for 15 minutes.
Theelectrophoresisbanding pattern on cellulose
acetate plate was visualized by staining with 5.0
g/L dcianblue8GX for 20 minutesand destained
with 1% v/v acetic acid twice for 15 minutes
each time with gentle mixing. Cellulose acetate
plate was left immersed overnight in sterile
water for completedestaining. Cellulose acetate
was then scanned to capture the freshly stained
electrophoresisbanding pattern for interpretation.
The electrophoresis banding pattern was
analyzed to determine the excretion GAGs and
to characterize the isotypes of MPS.

RESULTS

We determined the detection limit of GAGs
on cellulose acetate plate using the positive
patient’s sample (MPS I1) as shown in Figure 1.
Application volume of GAGsfrom the patient’s
sample was 2 ul, equivalent to approximately
120 mg of GAGs as this gave electrophoresis

CS
DS2

HS

DS1

120 mg 60 mg 30 mg 15 mg

7.5mg GAGs

FIG. 1: Detectionlimit of GAGson cellulose acetate plate high resol ution electrophoresis. Electrophoretic pattern
using five different amounts of urinary GAGs obtained from a positive MPS 11 control. The minimal
GAGs amount required to give an interpretable electrophoretic pattern was 30 mg. CS: chondroitin
sulphate; HS: heparin sulphate; DS: dermatan sulphate. DS was split into two bands (DS1 and DS2).
120 mg of urinary GAGswas used for al patients’ samples because it gave el ectrophoretic pattern with

high resolution.
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FIG. 2: Electrophoresis banding patterns of urinary GAGs. Abnormal HRE banding patterns could be classified
into 4 patterns: Pattern A: elevated DS and HSwhich issuggestive of MPSI, 11 or V1. Pattern B: elevated
HS and CSwhich is suggestive of MPS 111. Pattern C: elevated KS and CS which is suggestive of MPS
1V. Pattern D: elevated DS which is suggestive of MPS VI.
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banding pattern with the highest resolution.

From 760 urine samples analyzed, 40 samples
exhibited abnormal urinary GAGs HRE pattern.
Clinical characteristicsof these 40 casesand their
electrophoresis banding patternsare summarized
in Table 1. Seventeen cases have elevated DS
and HS (HRE Pattern A or MPS I/11/VIl); 16
cases have elevated HS and CS (HRE Pattern
B or MPS I11); five cases have elevated KS and
CS (HRE Pattern C or MPS1V) whiletwo cases
has elevated DS only (HRE Pattern D or MPS
V1) (Figure 2). From the 40 cases with abnormal
HRE patterns, 35 of them also have elevated
urinary GAGs level.

Of the 40 positive cases, 17 cases were
investigated further with enzymatic studies
(in an accredited commercial laboratory from
Australia) according to the diagnostic flowchart
as shown in Figure 3. These enzymatic studies
revealed that 9 cases were confirmed to have

ISOTYPING OF MUCOPOLYSACCHARIDOSES

MPS I, MPS | (1 case), MPS I11A (3 cases),
MPS IVA (2 cases), MPS VI (1 case) and MPS
VIl (1 case).

DISCUSSION

Our study was amed to establish a simple,
inexpensive and practical method to detect
patients with MPSin Malaysia. We also aimed
to differentiate various types of MPS so that the
number of specific lysosomal enzymes needed
to be studied could be minimized and be more
affordable. With careful analysis of patients’
urinary GAGs HRE banding patterns, we were
able to give a provisional diagnosis of which
MPS types the patient was suffering from.
This was fairly straightforward for MPS IlI,
MPS 1V and MPS VI which gave HRE patterns
distinct from other MPS types. On the other
hand, HRE patterns of MPS I, Il and VII were

Clinical susp

icion of MPS

y

/

| Urinary GAGs quantitation and high resolution electrophoresis (HRE) |

!

y

7

/

Abnormal HRE pattern
+/- elevated GAGs

Normal/inconclusive HRE
pattern + elevated GAGs

Normal HRE pattern +
normal GAGs

Y A

Y

HRE: Pattern A HRE: Pattern B HRE: Pattern C HRE: Pattern D
TDS, THS, TCS THS, TCcs TKsS, Tcs DS, Tcs
Y Y Y
Enzyme panel for Enzyme panel for Enzyme panel for
MPSIII MPSIV MPSVI
\ \ Y
Abnormal Normal Abnormal
neurocognitive neurocognitive neurocognitive
Corneal opacities Corneal opacities Corneal clear
Y Y Y
Enzyme study Enzyme study Enzyme study
for for MPSISor for MPS 1
MPSIH MPSVII

FIG. 3: Diagnostic flowchart for laboratory diagnosis of mucopolysaccharidoses.

Key: CS: chondroitin sulphate; HS: heparan sulphate; D

S: dermatan sulphate; KS: keratan sulphate
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indistinguishable from each other. However,
by using a practical diagnostic flowchart which
incorporated a few discriminative clinical signs
and symptoms, we were able to select one or
two lysosomal enzymes study to confirm the
definite MPS type.

From the specific lysosomal enzymes study,
we were able to confirm 17 cases out of the
40 cases identified as abnormal in the HRE
screening. In most cases, we were ableto arrive
at the final diagnosis of MPS type by doing
assay limited to one or two enzymes. Using the
diagnostics flowchart, we were able to decide
the probable enzyme or group of enzymesto be
analyzed inmost cases. However, thisiscontrary
in exceptional cases such asin Patient 15 where
enzyme activities were found to be normal for
MPSI, Il & VI. It is only with further enzyme
analysis, that it wasfinally confirmed to be MPS
VIl which is an extremely rare MPS isotype.

Our finding aso showed that five cases had
normal urinary GAGs level but were shown to
have abnormal urinary GAGs HRE patterns.
Thisincluded one patient who was subsequently
confirmed to be MPS Il by enzymatic study.
Thus, this showsthat quantitation of total urinary
GAGs done is inadequate to screen for MPS,
Urinary GAGs HRE is an essential component
of the screening test for patients with suspected
MPS. Gray G et al have made similar observation
previously.”

Of the 17 patients in whom the definite
lysosomal enzyme defects were known, MPS
Il appears to be more common than other MPS
types. Thismay be an interesting observation as
MPSI isthemost common M PStypeworldwide.!
However, definite conclusion wasnot possible as
wedo not have enzyme assay for >50% of cases.
In most cases, we did not have access to the
patients’ blood samplesto perform the necessary
enzyme assay in commercial |aboratory.

CONCLUSION

In this study, we have shown the usefulness
of HRE pattern in determining the provisiona
diagnosis of MPS. With this provisional
diagnosis, specific enzymatic analysis can be
identified. Thisis aless expensive test method
and can reduce the cost for MPS diagnostics.
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