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ARTICLE INFO ABSTRACT

The high frequency (3.3-3.9%) of acid a-glucosidase pseudodeficiency, c.[1726G>A; 2065G>A] homozygote
(AA homozygote), in Asian populations complicates newborn screening for Pompe disease (glycogen storage
disease type Il or acid maltase deficiency) on dried blood spots, since AA homozygotes have a considerably
low enzyme activity. We observed that hemoglobin in the enzyme reaction solution strongly interferes with
the fluorescence of 4-methylumbelliferone released from 4-methylumbelliferyl a-p-glucopyranoside (4MU-
aGlc) by acid a-glucosidase. Therefore, we have searched for a method to effectively eliminate hemoglobin in
the reaction solution. Hemoglobin precipitation with barium hydroxide and zinc sulfate (Ba/Zn method)
carried out after the enzyme reaction considerably enhances the fluorescence intensity while it does not
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Acid maltase reduce the intensity to any extent as can occur with conventional deproteinization agents like trichloroacetic
Acid alpha-glucosidase acid. The Ba/Zn method greatly improved the separation between 18 Japanese patients with Pompe disease
Dried blood spot and 70 unaffected AA homozygotes in a population of Japanese newborns in the assay with 4MU-aGlc on

Newborn screening

‘ ) dried blood spots. No overlap was observed between both groups. We further examined acid a-glucosidase
Genetic polymorphism

activity in fibroblasts from 11 Japanese patients and 57 Japanese unaffected individuals including 31 ¢[1726G;
2065G] homozygotes, 18 ¢.[1726G; 2065G]/[1726A; 2065A] heterozygotes and 8 AA homozygotes to confirm
that fibroblasts can be used for definitive diagnosis. The patients were reliably distinguished from three
control groups. These data provide advanced information for the development of a simple and reliable
newborn screening program with dried blood spots for Pompe disease in Asian populations.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Early diagnosis is a critical issue for effective enzyme replacement
therapy in lysosomal storage diseases. To this end, efforts have been
made to develop methods for newborn screening. Most methods are
based on the direct measurement of lysosomal enzyme activities in
dried blood spots (DBSs) [1-6]. Other procedures include antibodies

Abbreviations: AaGlu, acid a-glucosidase; AA homozygote, c.[1726A 2065A]
homozygote acid a-glucosidase pseudodeficiency; GG/AA heterozygote, c.[1726G
2065G}/c.[1726A 2065A] heterozygote; GG homozygote, c.[1726G 2065G | homozygote;
4MU, 4-methylumbelliferone; 4MU-aGle, 4-methylumbelliferyl ce-p-glucopyranoside;
DBS, dried blood spot; TCA, trichloroacetic acid; Ba/Zn method, barium hydroxide and
zinc sulfate method.

* Corresponding author at: Department of Biomedical Laboratory Sciences, Faculty of
Life Sciences, Kumamoto University, 4-24-1, Kuhonji, Kumamoto 862-0976, Japan.
Fax: +81 96 373 5492.

E-mail address: okumiyat@kumamoto-u.ac.jp (T. Okumiya).

1096-7192/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.ymgme.2011.01.006

to increase the specificity of the assay, or to determine the amount of
enzyme protein rather than activity, or to probe lysosomal disease
markers [7-10]. Multiplex assays with the parallel measurement of
several lysosomal enzyme activities are aimed to improve the cost
effectiveness of newborn screening [11-14].

Using DBSs a first large scale newborn screening program in
Taiwan was shown to improve clinical outcomes for patients with
Pompe disease [4], also known as glycogen storage disease type Il or
acid maltase deficiency (OMIM No. 232300). Pompe disease is an
autosomal recessive disorder of glycogen metabolism resulting from a
generalized deficiency of the lysosomal enzyme acid a-glucosidase
(AoGlu; EC 3.2.1.20/3). The enzyme deficiency causes intralysosomal
glycogen storage in numerous tissues, but predominantly in muscle.
The disorder exhibits a broad clinical spectrum with regard to age of
onset, cardiac involvement and progression of skeletal muscle
dysfunction. Since 1999, several clinical trials have shown that
patients with Pompe disease can benefit from enzyme replacement
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therapy [15-20]. The effect of enzyme therapy in severely affected
infants is readily recognized by regression of the cardiomegaly,
prolonged survival and acquirement of motor skills. Beneficial effects
of enzyme replacement therapy in children, adolescents and adults with
Pompe disease also have been reported and are promising, but the
crucial outcome of long term treatment has still to be awaited [18-22].
Further, it appears that infants with rather well preserved muscle
morphology respond better to therapy than those who are diagnosed
late and have severe muscle damage at start of treatment. Early
diagnosis seems a must in Pompe disease to optimize any form of
therapeutic intervention [23].

Previously, we examined AaGlu activity in 715 apparently healthy
Japanese newborns with DBSs and showed that the distribution of the
activity was bimodal. The median activity of the minor group (31
individuals, 4.3% of the samples) was 6.5 times lower than that of major
group [6]. Genetic analysis revealed that 28 individuals of the minor
group were homozygous for c.[1726G>A; 2065G>A], also known as
pseudodeficiency (AA homozygote). Four of the AA homozygotes had
activities in the patients' range (the AaGlu activity range of the AA
homozygotes is 1.4-10.1 pmol/h/disk; the activity range of the Pompe
patients is 0-2.8 pmol/h/disk). The AaGlu pseudodeficiency allele has a
much higher frequency in the Asian compared to the Caucasian
populations [6,24]. Substitution p.E689K caused by ¢.2065G>A charac-
terizes the “GAA4" allozyme, which is found in Chinese and Japanese
populations with frequencies of 0.27-0.28 and 0.27-0.31, respectively,
and reduces the AaGlu activity by 50-60% of average normal [25-27;
JSNP, http://snp.ims.u-tokyo.ac.jp/]. On the contrary, substitution p.G576S
caused by c.1726G> A reduces the AaGlu activity to such extent that it
may overlap with the patient range [24]. Thus, to achieve reliable
newborn screening for Pompe disease in Asian populations, sensitivity
and selectivity of the method should be improved to distinguish
pseudodeficiency from pathologic deficiency. We were informed that
hemoglobin precipitation with trichloroacetic acid (TCA) improves
4MU-based diagnostic assays for lysosomal storage disease in DBSs
because it eliminates quenching of the fluorescence signal [28].

In this study, we have looked for the most effective method to
eliminate hemoglobin from the reaction solution in order to maximize
the separation between newborns with Pompe disease and AA
homozygotes in Asian populations. We here describe that hemoglobin
precipitation with barium hydroxide and zinc sulfate after the enzyme
reaction considerably improves the 4MU fluorescence intensity and
circumvents the potential problem of signal reduction by TCA
precipitation.

2. Subjects, materials and methods
2.1. Subjects and DBS collection

DBSs from 252 Japanese newborns (second to fifth day postpar-
tum) and 18 Japanese patients with Pompe disease were used in this
study. The patient group included one child with classic infantile
Pompe disease, 6 juveniles, 10 adults, and one patient with unknown
phenotype. The DBSs on filter paper were obtained with the standard
heel-stick for collecting newborn screening samples, or prepared by
drop-wise application of EDTA-blood samples on the filter paper
(filter paper #510ADO01, Advantec, Tokyo, Japan) that is routinely used
for newborn screening in Japan. DBSs were dried at room temperature
for at least 3 h but no more than 16 h, and were subsequently stored at
—20 °Cin sealed plastic bags until use. Written informed consent was
obtained from all subjects, and all samples from these subjects were
prepared and analyzed in accordance with the protocols approved by
the Ethics Committee for Gene Analysis and Genome Research of
Kumamoto University.

Fibroblasts from 57 Japanese unaffected individuals (controls) and
11 patients with Pompe disease were used for this study. Fibroblasts
were cultured under standard conditions in Dulbecco’s modified Eagle's

medium with 10% fetal calf serum and antibiotics (50 kU/L penicillin,
50 mg/L streptomycin). After reaching confluency, the fibroblasts were
harvested and washed with phosphate-buffered saline. The cell pellets
were stored at —40 °C until use. The pellets (2-4x 10° cells) were
homogenized in 500 pL water by sonicating on ice for two times 10's,
using a UP50 ultrasonic processor (Hielscher, Teltow, Germany) with a
2mm diameter tip size, set at 100 um amplitude. The protein
concentration of the cell homogenates was measured using the Pierce
BCA protein assay reagent kit (Rockford, IL) with bovine serum albumin
as a calibrator. The protein concentration of the homogenates was
adjusted to 0.6-1.2 mg/mL unless otherwise indicated.

2.2. Chemicals, reagents and instrument

4-Methylumbelliferyl a-p-glucopyranoside (4MU-aGlc), glycogen
(type 111, from rabbit liver) and glucose were purchased from Sigma-
Aldrich (St. Louis, MO). Acarbose and 4-methylumbelliferone (4MU)
were from Toronto Research Chemicals (North York, Canada) and
Nacalai Tesque (Kyoto, Japan), respectively. The chromogen, 10-N-
methylcarbamoyl-3,7-bis(dimethylamino)phenothiazine, for highly
sensitive detection of glucose from glycogen were provided from
Kyowa medix (Tokyo, Japan). Other chemicals were of reagent grade
and from Sigma-Aldrich or Nacalai Tesque. The fluorescence intensity
of 4MU liberated from 4MU-AaGlu by AaGlu was measured with the
CORONA spectrofluorometer (MTP-800AFC, Colona Electric, Hitachi-
naka, Japan) at excitation and emission wavelengths of 360 nm and
450 nm, respectively. COBAS MIRA automatic analyzer (Roche, Basel,
Switzerland) was used to measure AaGlu activity with glycogen as a
substrate.

2.3. Effect of hemoglobin elimination on 4MU detection

A solution of 60 pmol/L 4-methylumbelliferone in a buffer
consisting of 0.2 mol/L citrate/0.4 mol/L potassium-phosphate at pH
4.0 with different concentrations of hemoglobin added to it (0, 225,
450, 900 and 1800 mg/L in the final reaction mixture) was used to
compare two different methods for hemoglobin elimination. For the
hemoglobin precipitation with TCA (TCA method), 60 pL of the sample
solution in a 1.5 ml reaction tube was incubated at 37 °C for 120 min,
and then 20 pL of 16% chilled TCA was added. After vortex mixing and
incubation at 4 °C for 10 min, the sample solution was centrifuged at
10,000 g at 4 °C for 5 min. 60 pL of the supernatant was transferred
to a 96-well black microwell-plate (PerkinElmer, Boston, MA), and
then 190pL of 0.5 mol/L sodium-carbonate/sodium-bicarbonate
buffer at pH 10.7 containing 0.1% Triton X-100 was added for
measurement of fluorescence intensity. For the hemoglobin precip-
itation with barium hydroxide and zinc sulfate (Ba/Zn method),
60 L of the sample solution in a 1.5 mL reaction tube was treated
with the Ba/Zn method as described below and the fluorescence
intensity was measured. As a control, 60 pL of the sample solution
was treated as in the TCA method except that distilled water was
used instead of 16% TCA.

2.4. Measurement of AaGlu activity in DBSs

We assayed AaGlu activity in DBSs with two different methods.
One method was without hemoglobin elimination, as previously
published (previous method) [6]. In the other we used the Ba/Zn
method to eliminate hemoglobin. For the previous method, a 3.2-mm
diameter disk punched from the DBSs was incubated in a well of a 96-
well clear microwell-plate (Corning, New York, NY) with 100 pL
distilled water for 1h at room temperature while mixing gently. A
20pL aliquot of the water extract was then added to 40pL of
2.0 mmol/L 4MU-AaGlc in 0.2 mol/L citrate/0.4 mol/L potassium-
phosphate buffer at pH 4.0 containing 4.5 pmol/L acarbose (3.0 umol/L
in final concentration) in a 96-well black microwell-plate
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(PerkinElmer). The reaction mixture was incubated at 37 °C for 24 h,
and the reaction was stopped by addition of 190 pL of 0.2 mol/L
glycine/NaOH buffer at pH 10.7 containing 0.1% Triton X100 to
measure fluorescence intensity. For the Ba/Zn method, a similar 3.2-
mm diameter disk punched from the DBSs was placed in a 1.5 mL
reaction tube and gently mixed for 10 min at room temperature in
60 pL of 0.2 mol/L citrate/0.4 mol/L potassium-phosphate buffer at pH
4.0 containing 2.0 mmol/L 4MU-AaGlc and 3.0 pmol/L acarbose. The
reaction mixture was then incubated at 37 °C for 24 h. After this
period, 30 pL of 0.15 mol/L barium hydroxide was added and, after
vortex mixing, the reaction tube was left at room temperature for
5 min. Thereafter, 30 il of 0.15 mol/L zinc sulfate was added and
again, after vortex mixing, the tube was left for 10 min at room
temperature. The tube was then centrifuged for 5 min at 10,000 g and
4 °C. Finally, 90 pL of the supernatant was transferred to a S6-well
black microwell-plate (PerkinElmer), and 160 pL of 0.4 mol/L glycine/
NaOH buffer at pH 10.7 containing 0.1% Triton X-100 was added to
measure fluorescence intensity. We used stock solutions of 0, 6.25,
12.5, 25, 50 and 100 pmol/L 4MU in 20 mmol/L sodium-phosphate
buffer at pH 7.0 to calibrate the measurement of liberated 4MU. The
enzyme activity was expressed as picomoles 4MU released per hour
per 3.2 mm diameter disk { prol/h/disk). Each assay was performed
in duplicate.

2.5, Measurement of AaGlu activity in fibroblasts

AoGlu activity in fibroblasts was measured with 4MU-aGlc as
substrate as described [29] with minor changes. Briefly, 10 pL of the cell
homogenate was added to 40 pL of the substrate solution containing
2.0 mmol/L of 4MU-aGlc in 0.2 mol/L citrate/0.4 mol/L potassium-
phosphate buffer at pH 4.0 with 3.75 pmol/L acarbose (3.0 umol/L in
the final concentration) in a well of a 96-well black microwell-plate
(PerkinElmer). The reaction mixture was incubated at 37 °Cfor 1 h, and
the reaction was stopped by addition of 200 pL of 0.2 mol/L glycine/
NaOH buffer at pH 10.7 containing 0.1% Triton X100 to measure
fluorescence intensity, and corrected for substrate blank. We used a stock
solution of 250 pumol/L 4-methylumbelliferone in 20 mmol/L sodium-
phosphate buffer at pH 7.0 to calibrate the measurement of liberated
4MU. Each assay was performed in duplicate. The enzyme activity was
expressed as nanomoles 4MU released per hour per milligram cellular
protein (nmol/h/mg protein).

AaGlu activity in fibroblasts was also measured with glycogen as
substrate followed by an enzymatic determination of liberated glucose.
Briefly, 12 pL of the cell homogenates was added to 48 pL of the substrate
solution containing 62.5 mg/mL glycogen in 0.1 mol/L citrate/0.2 mol/L
sodium-phosphate buffer at pH 4.0 with 3.75pmol/L Acarbose
{3.0 pmol/L in the final concentration) and incubated for 1 h at 37 °C
in a 1.5 mL reaction tube. The reaction was terminated by heating at
95 °C for 5 min. Then the reaction tube was immediately cooled on ice
and centrifuged at 10,000 g for 3 min. An aliquot of the supernatant was
subjected to quantitative analysis for liberated glucose with two
reagents on COBAS MIRA automatic analyzer. Reagent 1 consisted of
0.15 mmol/L of 10-N-methylcarbamoyl-3,7-bis(dimethylamino)phe-
nothiazine, 0.38 kU/L mutarotase (from porcine kidney, Wako, Osaka,
Japan), 0.77 mmol/L triethylenetetraminehexaacetic acid, 0.2% Triton
X100 and 0.23 mol/L Tris/0.36 mol/L sodium-phosphate buffer at pH
7.0. Reagent 2 consisted of 86 kU/L of glucose oxidase (from Aspergilles
niger, Sigma-Aldrich), 3.8 kU/L peroxidase (from horseradish, TOYOBO,
Tokyo, Japan), 70 pmol/L potassium ferrocyanide and 0.23 mol/L Tris/
0.36 mol/L sodium-phosphate buffer at pH 7.0. The analytical conditions
on the COBAS MIRA automatic analyzer were as follows: sampling
volume, 15 pL (washing distilled water volume, 35 uL); the reagent 1
volume, 130 pL; the reagent 2 volume, 70 uL; wavelength, 660 nm;
temperature, 37 °C; and calculation mode, endpoint assay with a
reagent blank. Timing (25 s per one cycle) for sample and reagent
additions was: sample and the reagent 1, cycle 1; the reagent 2, cycle 5.

Timing for readings was: first, cycle 4; and last, cycle 30. The reaction
time after the addition of the reagent 2 was 10 min 50 s. The enzyme
activity was expressed as nanomoles glucose released per hour per
milligram cellular protein (nmol/h/mg protein). To avoid erroneous
results attributable to turbidity of the glycogen solution and the free
cellular glucose, we also performed the assay without adding the cell
homogenate (glycogen blank) and without adding the glycogen
(sample blank). Each assay was performed in duplicate. The activity
was calculated after correcting for glycogen and sample blanks. As a
calibrator for the measurement of glucose, we used 400 umol/L glucose
dissolved in distilled water.

3. Results and discussion

The high frequency of c.{1726G> A;2065G>A] homozygotes {3.3-
3.9%; AA homozygotes) with a very low AaGlu activity (AaGlu
pseudodeficiency) critically complicates newborn screening for
Pompe disease in Asian populations [6,24,30,31]. Complete separa-
tion between affected infants with hardly any residual AaGlu activity
and AA homozygotes demands a very sensitive assay. We have
followed up on the observation that elimination of hemoglobin by
TCA precipitation greatly improves the measurement of the AaGlu
activity with 4MU-aGlc substrate {28]. To this end we have
compared two different methods to precipitate hemoglobin from
the reaction mixture. Fig. 1 shows the results obtained with either
TCA or barium hydroxide/zinc sulfate precipitation. While hemoglo-
bin greatly decreases the fluorescence intensity in a dose-dependent
manner, both precipitation methods significantly restore the loss of
fluorescence intensity. However, we noticed an important difference
between the two methods: over the whole range of hemoglobin
concentrations the actual fluorescence intensities obtained with the
TCA method were 28-34% lower than that with Ba/Zn method. This
counter effect of TCA on the free 4MU fluorescence intensity proved
highly dependent on the precise analytical conditions (e.g.. wave-
length and band-pass) and type of the spectrofluorometer (data not
shown). Based on these resuits, we chose the hemoglobin precipita-
tion method with barium hydroxide/zinc sulfate to measure the AaGlu
activity in DBSs from 18 Pompe patients, 70 AA homozygotes, 70 c.
[1726G; 2065G])/c[1726A; 2065A] heterozygotes (GG/AA heterozy-
gotes) and 112 ¢[1726G; 2065G] homozygotes (GG homozygotes).
Comparison of Figs. 2A and B shows that the separation between the
patient group and the control groups is greatly improved by
application of the Ba/Zn method. The overlap between 11 of the 70
AA homozygotes (15.7%) and the patient group (Fig. 2A + inset) in
our previously used procedure was virtually resolved using the Ba/Zn
method (Fig. 2B + inset). These data suggest that newborn screening
in Asian populations can be improved by applying Ba/Zn precipita-
tion of hemoglobin.

With regard to the definitive diagnosis, it is true that the activities of
somne AA homozygotes remained very close to the patient range despite
the Ba/Zn method. Hence, if large numbers of newborns are subjected to
the screening program, some AA homozygotes will still be scored false
positive. Fig. 3 illustrates that measuring the activity of AaGlu in
cultured fibroblasts using 4MU-aGlc and glycogen as substrates can
make the final diagnosis. Others have used a lymphocyte assay for this
purpose {31]. Examining 11 Pompe patients and 57 unaffected
individuals with three different genotypes including 8 AA homozygotes,
18 GG/AA heterozygotes and 31 GG homozygotes, we found that the
three subgroups of unaffected individuals were completely separated
from the patient group in both assay methods using either 4MU-aGlc or
glycogen as substrate (Fig. 3).

Any attempt to compare the results of existing methods for
measuring the activity of AoeGlu in DBS using 4MU-aGlc as substrate
is complicated by the fact that each laboratory uses its preferred DBS
extraction methodology, substrate concentration, incubation time,
measuring procedure and activity units. However, a priori it is evident
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Fig. 1. Effect of hemoglobin elimination on the fluorescence intensity of 4MU. 4MU solution in the presence of different concentrations of hemoglobin (0-1800 mg/L in final reaction
mixture} was subjected to two different treatments for hemoglobin elimination, and the fluorescence intensity was assayed as described in the subjects, materials and methods. The
symbols represent as follows; open circles, treatment with barium hydroxide and zinc sulfate; closed triangles, treatment with TCA; closed circles, without treatment. The detected
fluorescence intensity was expressed as actual reading vajue (A) and ¥ of those without hemoglobin (B).

that the highest 4MU fluorescence intensities will be measured and
the best separation between affected and unaffected individuals will
be obtained using the most concentrated DBS samples with
nevertheless the lowest hemoglobin concentration. A substrate
concentration of at least 2 times the Km of AaGlu for 4MU-aGlc
(>2 mmol/L) will further optimize the separation between affected
and unaffected individuals. Our new method approaches these ideal
conditions since the DBS is not extracted in water like in other
procedures and the AaGlu extract is not diluted prior to the
incubation with substrate. Instead, the DBS as a whole is immediately
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immersed in the substrate solution containing a final 4MU-aGlc
concentration of 2 mmol/L. All other published procedures use lower
substrate concentrations ranging from 0.7 to 1.47 mmol/L. The Ba/Zn
method eliminates the negative effect of the relatively high
hemoglobin concentration in the DBS extract obtained with our
procedure. In other procedures the negative effect of hemoglobin is
partially eliminated by the water extraction and sample dilution, but
that action leads to reduction of the final output signal in terms of
fluorescence units and negatively affects the separation between the
activity ranges of affected and unaffected newborns.
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Fig. 2. AaGlu activity in DBSs with the previous and Ba/Zn methods. The AaGlu activity was measured with the previous (A) and Ba/Zn (B) methods with DBSs from 18 Japanese
Pompe patients and 252 Japanese healthy newborns [112 GG homozygotes (GG/GG), 70 GG/AA heterozygotes (GG/AA), 70 AA homozygotes (AA/AA)]. The enzyme activities
{mean + SD, pmol/h/disk) with the previous method were 33.3 + 13.7 for the GG/GG, 20.1 £ 6.7 for the GG/AA, 4.5 + 1.7 for the AA/AA and 0.77 £ 0.75 for the patients, and the
range of the activities were 8.5-79.3 for the GG/GG, 10.2-42.3 for the GG/AA, 1.2-10.2 for the AA/AA and 0-2.8 for the patients. The enzyme activities with the Ba/Zn method
were 55.1 +20.3 for the GG/GG. 36.6 + 9.8 for the GG/AA, 11.8 + 3.4 for the AA/AA and 3.4 + 1.3 for the patients, and the range of the activities were 15.4-106.9 for the GG/GG,
20.9-61.1 for the GG/AA, 6.4-21.4 for the AA/AA and 0.9-5.9 for the patients. The measurement was performed as described in the subjects, materials and methods, and the data
were expressed as an average of duplicate determinations. The inset shows the enlarged distribution of the activities for the patients and AA homozygotes.
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Fig. 3. AaGlu activity in fibroblasts with 4MU-aGlc and glycogen as substrate, The AaeGlu activity was measured with 4MU-aGlc (A) and glycogen (B) as substrate in fibroblasts from
11 Japanese Pompe patients and 57 Japanese unaffected individuals (31 GG/GG, 18 GG/AA, 8 AA/AA). The enzyme activities {mean + 5D, nmol/h/mg protein) with 4MU-aGlc were
136 + 58 for the GG/GG, 82 + 30 for the GG/AA, 60 & 12 for the AA/AA and 1.2 & 2.0 for the patients. and the range of the activities were 40-304 for the GG/GG, 30-134 for the GG/AA,
35-75 for the AA/AA and 0.1-6.6 for the patients. The enzyme activities with glycogen were 954 + 419 for the GG/GG, 515 + 207 for the GG/AA, 294 + 65 for the AA/AA and 3.5+ 8.4
far the patients, and the range of the activities were 282-2163 for the GG/GG, 146-900 for the GG/AA, 164-364 for the AA/AA and 0-26 for the patients. The measurement was
performed as described in the subjects, materials and methods, and the data were expressed as an average of duplicate determinations.

4. Conclusion

We have demonstrated that the elimination of hemoglobin with
barium hydroxide/zinc sulfate greatly improves the enzymatic
diagnosis of Pompe disease in DBSs. This new method provides the
solution for the critical issue of newborn screening for Pompe disease
in Asian populations due to high incidence of AA homozygotes with a
very low AaGlu activity.
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