ORIGINAL ARTICLE

Pompe Disease Screening in a Sample of Iranian Patients
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Abstract- The reason why the experiments were done: previous studies have shown that the incidence rates
vary in different populations. Now we report the preliminary results of the screening study. Pompe disease is a
rare but potentially treatable disorder caused by the deficiency of the lysosomal enzyme acid-a-glucosidase
(GAA). GAA activity was measured on DBS in 65 patients with undiagnosed myopathies presenting to the
hospital of the research setting in Isfahan, Iran, from 2016 to 2017 and then was confirmed by genetic analysis.
Of the total of 65 patients, 29 (44.6%) were male, and 36 (55.4%) were female. The mean age of the patients
was 29+12.55 years, and their mean age at the disease onset was 17+12.75. Two patients (one male and one
female) were diagnosed with a low acid alpha-glucosidase activity. Only one patient (female) showed a
compound heterozygotic mutation of the GAA gene (c.-32-13T>G). Early diagnosis of Pompe disease is

important for improving the outcome.
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Introduction

Pompe Disease (PD; GSD IlI) is an autosomal
recessive disorder caused by the deficiency of the
lysosomal enzyme acid-o-glucosidase (GAA) and
leading to the generalized accumulation of lysosomal
glycogen, especially in the heart, skeletal and smooth
muscles as well as the nervous system (1). A deficiency
of this enzyme results in neuromuscular symptoms,
ranging from severe early-onset disease, which presents
with hypertrophic cardiomyopathy, muscular hypotonia,
hepatomegaly, and cardio-respiratory failure (1-3) to
juvenile and Later-Onset PD (LOPD), which has milder
disease progression that can range from isolated
asymptomatic hyperCKemia (4) to slowly progressive
muscle weakness (5) and has a diaphragm involvement in
up to 20% of the cases (5).

The diagnosis of LOPD is a challenging endeavor.
Muscle biopsy is used as a diagnostic tool for detecting
metabolic myopathies such as Pompe disease (6), but in
9-30% of the cases, a muscle biopsy is nonspecific or
normal in LOPD patients (7-10). The rarity of the
disorder, histopathological variability, the broad
phenotypic spectrum, and variable diagnostic approaches

in different countries lead to delays or failure in the
diagnosis of LOPD (11,12).

Effective enzyme replacement therapy has been
available since 2006. ERT was less effective in patients
with LOPD than in infants (12-14), and since earlier
diagnosis is important for prognosis, the development of
more rapid diagnostic techniques such as the Dried Blood
Spot (DBS) to detect GAA activity can contribute to an
earlier LOPD diagnosis (15,16).

The present study thus examined patients with
undiagnosed myopathy or proximal myopathies in the
lower limbs or those with more proximal rather than distal
involvement in terms of the prevalence of Pompe disease
using the DBS as the main screening tool.

Materials and Methods

Research design and sampling

A total of 65 patients with undiagnosed myopathies
presenting to the hospital of the research setting in
Isfahan, Iran, were investigated from 2016 to 2017. The
research project was approved by the ethics committee of
the Isfahan University of Medical Sciences. Written
consent was obtained from each participant before
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enrollment in the study. All the patients were enrolled in
the study based on the inclusion criteria.

Inclusion and exclusion criteria

We performed a DBS of patients with suspected
LOPD: (1) Age >1 year; and (2) Proximal myopathies in
the lower limbs or symptoms of Limb-Girdle Muscle
Weakness (LGMW) or proximal and distal muscle
involvement (proximal >distal) of an unknown etiology.

All the patients underwent an electromyography
examination, and seven of the 65 underwent a muscle
biopsy examination as well. They were then followed by
genetic testing when required.

Data collection

The DBS samples were sent to the metabolic
laboratory, Hamburg University Medical Center that
specialized in metabolic disorders, so as to measure their
GAA activity using fluorometry techniques. GAA
activity in the DBS was assessed using fluorometry with
the methylumbelliferyl-a-D-glucoside substrate (17).
Based on the filter paper containing Acarbose, the
depressed activity of Alpha-1, 4-glucosidase was deemed
pathological if found to be <0.9 nmol/spot 21h (18).
Genetic, molecular analysis was performed [Centogene
AG (Rostock, Germany), ARCHIMED Life Science
GmbH (Vienna, Austria)] for all patients with reduced
enzyme activity. For genetic analysis, the GAA gene was
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analyzed by Sanger sequencing.

Statistical analysis
The statistical analysis of the data was carried out in
SPSS-25.0. The results are presented as mean (xSD).

Results

Of the total of 65 patients, 29 (44.6%) were male, and
36 (55.4%) were female. The mean age of the patients
was 29+12.55 years, and the mean age at the disease onset
was 17+12.75 years. A total of 40 patients (61%)
presented with hyperCKemia (CK >170 U/l), 34 (52%)
with LGMW, 12 (18%) with proximal myopathy of the
lower limbs, and 19 patients (29%) with proximal and
distal muscle involvement. Of the recruited patients, 41
(63%) had a positive family history of myopathy, and 41
(63%) were children of consanguineous marriages. Six of
the recruited patients (9.2%) presented with facial paresis,
two (3.1%) with cardiomyopathy, and 17 patients
(26.2%) with skeletal deformities. Table 1 summarizes
the clinical features and laboratory data of all the patients.

In the present study, two patients (one male and one
female) were diagnosed with low acid alpha-glucosidase
activity. Only one patient (one female) (1.53%) received
positive genetic confirmation of Pompe disease.

Table 1. The results of the clinical and neurological examination

Clinical findings (N=65) Mean+SD
Age (year) 29.50+12.55
Age at onset 17.46212.75
Male 29(44.6)
Female 36(55.4)
Being parents 41(63.1)
Family history 41(63.1)
HyperCKemia 40 (61)
LGMW 34(52)
Gender frequency (percentage) Proximal myopathy of lower limb 12(18)
Proximal and distal involvement 19(29)
Facial paresis 6(9.2)
Dysphagia 2(3.1)
Respiratory Distress 3(4.6)
Cardiomyopathy 2(3.1)
Skeletal deformities 17(26.2)

Limb Girdle Muscle Weakness: LGMW; HyperCKemia: CK >170 U/I

Case

The patient was a 35-year-old female. Her chief
complaint was muscular exertion intolerance associated
with fatigue and muscle cramps, and also LGMW. The
symptoms had begun at the age of 25. There was no
family history of neuromuscular disease involved. The
CK value was 471 U/l. The GAA activity was 0.31
nmol/spot 21 h. The electromyography revealed a

myopathic pattern in the proximal muscles with myotonic
discharge. She had not undergone any muscle biopsies.
The human genetic examination for Pompe disease
showed a compound heterozygotic mutation of the GAA
gene (c.-32-13T>G). No signs of respiratory problems or
cardiomyopathy were found in the patient.

Discussion
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Pompe disease screening

Pompe disease is a rare disorder with an estimated
worldwide incidence of 1/40000 (19). Nonetheless, the
exact prevalence is not known because the disease can be
difficult to diagnose, and there may be a larger number of
undiagnosed patients. Data from the Pompe Registry (20)
indicate that 20% of patients have Infantile-Onset Pompe
Disease (IOPD). Several studies have shown that the
incidence rates may vary in different populations from 1
in 14,000 to 1 in 30,000 (21). Taiwanese populations had
a higher incidence of Pompe disease, with the rate of
IOPD being 1/57000 and LOPD 1/261500 (22), and the
incidence was 1/14000 in African-American populations
(19). Musumeci et al., evaluated 1051 individuals, and 30
(2.9%) were diagnosed with DBS in the initial screening
(23). From a sample of 3076 individuals with LGMW and
hyperCKemia, 232 individuals (7.6%) had low GAA
activity on the DBS (24).

In one study, the prevalence of Pompe disease was
reported as 3.22% in a high-risk population in Tehran
(25); in the present study, which was conducted in
Isfahan, this rate was 1.53%; the lower incidence in the
present study may be due to the smaller number of
patients who were enrolled in the study and also because
patients with isolated hyperCKemia were not included in
this study.

Pompe disease can present anytime, ranging from
right after birth through late adulthood, and there is no
definitive genotype-phenotype correlation for it (26);
however, an earlier onset of symptoms is associated with
more severe disease and a greater chance of cardio-
respiratory failure. In LOPD, the initial symptoms are
usually related to proximal muscle weakness and also
respiratory failure (5). In the present study, the patients
presented with exercise intolerance, cramps, and LGMW
without respiratory distress.

Diagnosis has often been made by muscle biopsy in
LOPD (27,28), however, there is a significant chance for
false-negative results due to the sporadic accumulation of
glycogen in the muscle fiber or washed-out glycogen
during processing. Our case had not undergone any
muscle biopsies.

Another test was to measure GAA activity in the
blood, which has been proven problematic in the past for
obtaining a pure lymphocyte sample; however, the direct
measurement of GAA enzyme activity using the DBS has
recently emerged as a valid screening method (27-29) that
is fast and safe and has minimal invasiveness (28);
however, in some other screening trials, it has led to false-
positive results, perhaps due to incorrect storage or long
transports (23,26,28,30). One case of a false positive
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result was also observed in the present study.

In this group of patients, the DBS assay was used as
the main screening tool to check GAA activity, and one
sample was found with low GAA activity on the DBS.

The most common mutation found in Caucasians is c.-
32-13T>G (also known as IVS1). This mutation was
found in more than 70% of children and adults (31), and
this case also showed this mutation.

The entire (100%) Iranian population showed
hyperCKemia, 95.7% showed LGMW, and 4.3% showed
proximal myopathy of the lower limbs (25), and the case
reported also presented with exercise intolerance and
LGMW.

Since the introduction of ERT (Myozyme and
Lumizyme), there has been an increased awareness about
this disease, and patients with LGMW should be screened
for it using DBS.

Beyond this, we selected patients from the hospital of
the research setting in Isfahan, Iran, with genetically
unclassified LGMD and limb-girdle muscle weakness
and then screened for Pompe disease by enzyme analysis
on dried blood spots. Hereby, we report the preliminary
results of the screening study.
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