
M
ucolipidosis II/III [ML II/III] are rare
autosomal recessive lysosomal storage
disorders with a joint incidence of 1 in
325,000 live births [1]. It is a progressive

disorder involving multiple organ and tissues with a
wider clinical spectrum and fatal outcome. It has
overlapping clinical phenotypes with mucopoly-
saccharidosis (MPS) disorders. ML II/III collectively
results from a deficiency of the enzyme N-
acetylglucosamine-1-phosphotransferase, which phos-
phorylates target carbohydrate residues on N-linked
glycoproteins [2]. In absence of this phosphorylation,
the glycoproteins are not destined for lysosomes, and
escape outside the cell resulting in an extracellular
accumulation of the hydrolases producing variable
phenotypes with multi-organ involvement [2-5].

Various strategies for early detection such as
lysosomal protein markers LAMP-1 and Sapocin-C [6],
tandom mass spectroscopy (TMS) [7], and more recently
reported, high throughput multiplex assay [8] are
available; however, underutilized [8]. In the present
study, a simple chemical screening method using plasma
sample is used, which is followed by confirmative
enzyme study.

METHODS

Present study includes 147 children in the age range of 3
months to 16 years having dysmorphic features such as
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coarse facial features, enlargement of liver and spleen,
skeletal abnormality, respiratory complications and
neuroregression as the presenting features.
Simultaneously, 100 age-match normal healthy controls
were also included for the screening test. Institutional
ethical committee approval, and an informed written
consent were obtained from each enrolled subjects prior
to the study initiation.

Plasma was separated from the heparinised blood by
centrifugation and stored at -20°C till further analysis.
All the subjects were initially studied by chemical
screening method where 30μL of plasma was mixed with
the enzyme p-nitrocatechol sulphate (pNCS) or (2-
hydroxy-5-nitrophenyl sulphate - pNCS) prepared in
sodium acetate buffer (pH: 5.0) and incubated at 37ºC
for 30 minutes. The reaction was terminated using 1N
NaOH. Parallel standard p nitrocatechol (pNC) and
blank (distilled water) were also processed with each set
of experiments. Development of brown color was
suggestive of screen positive for ML II/III, similar to
pNC standard. Yellow or no change in color was
suggestive of normal for ML II/III, similar to blank.

All test subjects including screen positive and screen
negative were further processed for lysosomal enzyme -
Hexosaminidase-T, Arylsulfatase-A, β-galactosidase, α-
fucosidase and β-glucuronidase in plasma using
techniques described earlier [9-11].
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RESULTS

Of the 147 test subjects investigated, six (4.08%) were
found to be screen positive for ML II/III. Further
confirmative study carried out in plasma showed
significantly raised activity of all five enzymes
(hexosaminidase-T, arylsulphatase-A, β-galactosidase,
β-glucuronidase and α-fucosidase) Table I. Remaining
141 children had normal enzyme activity for the above
mentioned leukocyte enzymes. Of these, 42 (28.5%)
were confirmed to have various types of MPS. All 100
age match controls were screen negative.

DISCUSSION

At present, very few screening tests are available for
lysosomal storage disorders, such as urine GAG study
for MPS, Chitotrosidase for Gaucher and Niemann Pick
type-A/B but none exists for ML II/III that can be rapidly
performed with high specificity and sensitivity, and is
cost effective.  In this study of 147 clinically suspected
children and 100 normal controls evaluated using a two-
tier process, there were no false negatives or false
positives for ML II/III, as confirmed by plasma
lysosomal enzymes.

The foremost suspicion of ML II/III is the clinical
presentation followed by decreased lysosomal enzyme
activities in cultured cells and increased enzyme
activities in plasma/serum samples to indicate the
presence of the disease [10,12,13]. However, it should

be noted that not all lysosomal enzymes are affected with
the same degree; sulphatase enzymes are nearly 10-100
fold in ML II/III, which forms the basis of the present
screening strategy. Nonetheless, the definitive diagnosis
of ML II/III disease involves the identification of a
functional deficiency of N-acetylglucosamine 1-
phosphotransferase enzyme activity and molecular
genetic lesions associated with either one of the two
subunits of N-acetylglucosamine 1-phosphotransferase.
This is the difficult exercise mainly due to the disease
complexity and limited availability of N-
acetylglucosamine 1-phosphotransferase enzyme study.
Currently, the only screening test available for ML is
multiplex assay where deficient protein is used as marker
for LSD [8]. Multiplex assay requires high technical
sophistication and its use as a screening strategy for low
prevalence diseases like ML II/III, is inappropriate, and
led to the search for another alternative. Present study
has demonstrated the simple chemical test where
synthetic substrate pNCS gets hydrolysed in presence of
Arylsulfatase-A (ASA) when excessively present in the
plasma and catalyzes to form excess pNC, and gives dark
brown colour in alkaline solution which is visible to the
naked eye [14,15]. This test assay can be processed by
any laboratory for screening suspected cases for ML II/
III, followed by further confirmatory study from plasma
enzymes at a specialized centre. The sensitivity and
specificity of the test was found to be 100 percent with
high positive and negative predictive values. This study
clearly demonstrates its usefulness in the children with
aforementioned clinical phenotypes as a first tier
screening test followed by enzymatic activity from the
plasma as a confirmative tool.
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