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Introduction: Pompe Disease is a type of lysosomal storage disease that is caused by
a deficiency of the lysosomal alpha glucosidase. Pompe disease, as a multi-systemic
disorder has a broad spectrum of clinical symptoms. The objective of this research
was to validate and standardize the fluorometric method to detect alpha glucosidase
activity, which can be used to identify patients with Pompe disease.

Methods: This study was performed on 45 Pompe patients and 50 healthy control
subjects. Dried blot spots were collected and subjected to an alpha glucosidase
activity assay using the fluorometric method. The obtained fluorometric outcomes
were then compared to those of the validated MS-MS method.

Results: The control group showed a greater level of lysosomal alpha glucosidase
activity compared to patients with Pompe disease (P value <0.001). A strong
correlation was observed between fluorometric and MS-MS methods, as indicated by
the high correlation coefficient (R0.955=2).

Conclusion:Accurate and reliable detection of Pompe disease is based on laboratory
diagnosis. Alpha glucosidase activity assays are used for initial diagnosis because
of they are cost-effective and simple. However, the current research shows that
the fluorometric method is also a reliable, cost-effective, and simple alternative to
identify Pompe disease.
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Introduction

divided into infantile-onset (severe) and late-onset

Pompe Disease (PD) is a type of lysosomal
storage disease. PD is caused by a deficiency of the
lysosomal alpha glucosidase (GAA), which results
in the accumulation of glycogen in the lysosomes of
skeletal and cardiac muscles. The frequency of PD
is estimated to be one in every 40000 live births in
the United States. PD is a multi-systemic disorder
and has a wide range of clinical symptoms that
vary depending on the age of onset and include
cardiomegaly, hepatomegaly, macroglossia, etc. PD is

(mild) clinical forms (1-5).

Clinical involvement in the severe infantile-
onset form appears in the first weeks after birth
with progressive hypertrophic cardiomyopathy
and generalized muscular weakness, which
leads to death due to cardiorespiratory failure. In
individuals with the mild late-onset form, clinical
symptoms emerge during their second or third
decade of life. It should be noted that signs and
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symptoms are limited to muscular myopathy and
cardiac dysfunction is not seen (1,6).

The GAA activity assay and molecular examination
are standard tests used for laboratory diagnosis of
Pompe patients (7,8). However, the GAA activity
assay is not performed in Iran and DBSs are sent
to other countries, resulting in prolonged detection
time. Hence, the objective of this research was to
validate and standardize the fluorometric method as
an alternative to the GAA activity assay to accurately
and easily detect alpha glucosidase activity to
diagnosis Pompe patients.

Materials and Methods
Subjects and ethics

This study was performed on 45 infantile
Pompe patients and 50 healthy control subjects.
The inclusion criteria were: age<2 years, patients
screened by the MS-MS method, and confirmation
by an endocrinologist and metabolism specialist.
Before conducting this study, the clinical and MS-
MS enzymatic assay confirmed the diagnosis for all
patients (9). The procedures followed in this study
were consistent with the ethical standards set forth
by the Committee on Human Experimentation at
Kermanshah University of Medical Science (KUMS),
as evidenced by project No. 95311.

Sampling

To obtain dried blot spots (DBS), a blood sample
was collected in an EDTA tube and immediately
spotted onto Whatman 903® specimen collection
paper, which served as a filter paper. DBSs were
stored at -20°C until analysis time.

Fluorometric assay for GAA in DBS

The GAA activity assay was performed by the
fluorometric method (modified Chamoles method)
(9,10). Briefly, a 3.2 mm punch from DBS was
transferred to a microtube. Then 300ul of distilled
water was added to it, and the microtube was sealed
with plastic sealing film. Samples were shaken at
37°C using a shaker orbit at 250 rpm for one hour.

Next, microtubes were centrifuged at 3,000xg

for two min. GAA activity was run by mixing
150ul of DBS extract, 250 pl artificial substrate
4-methylumbelliferyl-a-D-glucoside (1.4 mM, in 40
mM sodium acetate (NaCH3COO) buffer at pH 3.8),
and 50pl of 80 uM acarbose solution. Following a
20-hour incubation period at 37°C, the reaction
was stopped through the introduction of 1000
ul of EDTA buffer (0.5 M, pH 11.5). All tests were
run in duplicate.A standard curve was employed
for 4-methylumbelliferone, with concentrations
ranging from 0 to 8 pmol, to determine enzyme
activities. The calculations were based on this curve.
The fluorescence was read on a Perkin-Elmer LS45
instrument (em: 360 nm, ex: 450 nm). GAA activity
was reported by pmol/h/liter.

Fluorometric assay for beta galactosidase in DBS

The beta galactosidase (BGAL) activity assay
was performed by the fluorometric method as the
external control. For DBS extract, 200 pl of citrate
phosphate buffer (0.1 M, pH=5) and 200 pl of
sodium chloride (0.9%) were added to a microtube,
and 3.2 mm punch from DBS was transferred to it.
Microtubes were shaken at 25°C using a shaker
orbital at 250 rpm for one hour. Then microtubes
were centrifuges at 3000xg for two min. BGAL
activity was run by mixing 200 pl of DBS extract, 150
ul of artificial substrate 4-methylumbelliferyl-§3-D-
galactopyranoside (0.8 mM).

After incubation for 20 hours at 37°C, the reaction
was stopped by the addition of 200ul EDTA buffer
(0.5 M, pH 11.5). All tests were run in duplicate. We
used a standard curve for 4-methylumbelliferone,
and contained concentrations of 0 to 8 pmol, which
was used for the calculation of enzyme activities.
The fluorescence was read on a Perkin-Elmer LS45
instrument (em: 360nm, ex: 450 nm). BGAL activity
was reported by pumol/h/liter.

Results
Characteristics of GAA and BGAL by the
fluorometric method

Characteristics and the laboratory data for GAA
and BGAL activity are presented in Table 1.

Tablel. Characteristics of the alpha glucosidase (GAA) activity assay and beta galactosidase (BGAL) activity assay in our study

population

GAA activity BGAL activity

(numol/h/liter) Pvalue (umol/h/liter) P value
Parameter

PD patients (n=45) Controls (n=50) PD patients (n=25)  Controls (n=50)
Sex (males) 28 25 >0.05 16 25 >0.05
Age (years) 1.9+0.5 2.1+0.3 >0.05 1.9+0.5 2.1+0.3 >0.05
Average of enzyme activity 0.78 4.1 <0.001 4.5 4.5 >0.05
Minimum of enzyme activity 0.11 2.0 <0.001 3.3 3.2 >0.05
Maximum of enzyme activity 2.7 6.2 <0.001 5.5 6.1 >0.05
Cut-off 2.0
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The control group showed a greater level of GAA
activity compared to patients with PD (P value
<0.001). BGAL activity has no significant difference

in both groups (P value >0.05). Dot plot curve for
GAA activity assay in PD patients and control group
are shown in Figure 1.
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Figure 1. Dot plot curve for GAA activity assay

Standardization and validation of the GAA
activity assay by the fluorometric method
ROC curve for the fluorometric GAA activity

Groups

assay is shown in Fig 2. GAA activity had %100
sensitivity and %98.4 specificity
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Figure 2. ROC curve for GAA activity (AUC=area under curve)

The coefficient of variation (CV) in between run
and within run was 12.3% and 3.1%, respectively.
Also, accuracy was 98.6%.

Linear regression of GAA activity for comparison
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between fluorometric and MS-MS methods are
presented in Fig 3. A strong correlation was
observed between the methods, as indicated by the
high correlation coefficient (R2=0.955).
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Figure 3. Regression curve for GAA activity to compare fluorometric and MS-MS methods

Discussion

In Pompe disease, clinical manifestations not
only are varied and non-specific, but are also
overlapping with other metabolic disorders,
making the diagnosis of Pompe disease
challenging (11-15).

Hence, laboratory diagnosis is crucial to
precisely diagnosis patients with PD. Alpha
glucosidase activity assays are commonly utilized
24

as a primary diagnostic tool and are typically
incorporated into newborn screening programs
because they are cost-effective and simple (8).
Early diagnosis and timely treatment for Pompe
patients is important because it can reduce some
irreversible damage and improve their quality
of life (16,17). The GAA activity assay is not
performed in Iran and DBSs are sent to
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other countries, resulting in long detection
time. This is the first study performed on an
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