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To investigate the feasibility of newborn screening for glycogen storage disease type Il (GSDIf; Pompe dis-
ease or acid maltase deficiency) in the Japanese population, we assayed the acid o-glucosidase activity in
dried blood spots from 715 Japanese newborns and 18 previously diagnosed patients using a fluorometric
procedure; The enzyme activity of apparently healthy newbomns showed a bimodal distribution. The
median activity of the minor group (31 individuals, 4.3% of the samples) was 6.5 times lower than that
of the major group. Four of the 715 control samples (0.56%) fell in the patient range, We then analyzed
genomic DNA,; extracted from the. same: blood spots, for the occurrence of two sequenice variants,
¢.1726G>A and ¢.2065G>A, known to cause “pseudodeficiency™. This analysis revealed that 27 of 28 indi-
viduals homozygous for ¢[1726A; 2065A] belonged to the minor group: One ¢.[1726A; 2065A] homozy-
gote had just slightly higher activity. Twelve of the 18 patients with GSDIl either had one (3 cases) or two
(3 cases) c.[1726A; 2065A} alleles, The frequency of this allele was double in the patient compared to the
control group (0.42 vs 0.19) at the expense of a lower frequency of the c.{1726G; 2065G] and ¢[1726G;
2065A] alleles (0.58 vs 0.71 and 0 vs 0.1). These findings illustrate that ¢[1726A; 2065A] homozygosity
among apparently healthy individuals (3.9 per 100} complicates newborn screening for GSDII in Japan,

and further that one or more pathogenic mutations are associated with the ¢.[1726A; 2065A] allele.

© 2009 Elsevier Inc. All rights reserved.

Enzyme replacement therapy for lysosomal storage diseases has
focused attention on the need for early diagnosis in order to opti-
mize the therapeutic outcome. Along this line several initiatives
have been taken to develop methods for newborn screening. Most
methods are based on the direct measurement of lysosomal en-
zyme activities in dried blood spots (DBSs) [1-5]. Other procedures
include ‘antibodies to: increase the specificity of the assay, or to
determine the amount of enzyme protein rather than-activity, or
to probe lysosomal disease markers [6-9]. Multiplex assays with
the measurement of several lysosomal enzyme activities are aimed
to improve the cost effectiveness of newborn screening [10-13].

From several clinical trials since 1999, the picture emerges that
patients with glycogen storage disease type Il (GSDII) can benefit
from enzyme replacement therapy [14-18]..GSDII, also known as
Pompe disease or acid maltase deficiency (OMIM No. 232300) is
an-autosomal recessive disorder of glycogen metabolism resulting
from a'generalized deficiency of the lysosomal enzyme acid a-glu-

*:‘Corresponding author. Fax: +81:96 373 5492.
E-mail address: okumiyat@kumamoto-uac.jp (T Okumiya).

1086-7192/$ - see front matter. © 2009 Elsevier Inc. All rights reserved,
doi:10.1016/j.ymgme.2009.03.004

Please cite this article in press as: S. Kumamoto et al., High frequency of acid a-ghicosidase pseudodeficiency complicates newborn screening for glycogen
storage disease type Il in the Japanese population, Mol Genet, Metab. (2009), doi:10.1016/j.ymgme.2009.03.004

cosidase (AaGlu'; EC 3.2.1.20/3). The enzyme deficiency causes
intralysosomal glycogen storage in numerous tissues, but predomi-
nantly in muscle.. The: disorder exhibits a broad' clinical spectrum
with regard to age of onset, cardiac involvement and progression
of skeletal muscle dysfunction. The effect of therapy in severely af-
fected infants is readily recognized by regression of the cardiomeg-
aly, prolonged survival and acquirement of motor skills. Beneficial
effects of enzyme replacement therapy in children, adolescents and
adults with GSDII also have been reported and are promising, but the
crucial outcomes of larger clinical trials is still to be awaited as well
as the long term effects [17-20]. Further, it appears that infants with
rather well preserved mutiscle morphology réspond better to therapy
than those who are diagnosed late and have severe muscle damage
at start of treatment. Early diagnosis seems a must in GSDII to-opti-
mize any form of therapeutic intervention [21}.

Recently, we “have ‘established: an assay procedure for: the
reliable diagnosis of GSDII in mixed leukocytes whereby acarbose
is- used  to inhibit: the 'interfering o-glucosidase - activity of

Y- Abbreviations. used:' AaGlu, acid: a-glucosidase; GSDII; glycogen storage disedse
type II; 4MU-uGlc, 4-methylumbelliferyl a-p-glucopyranoside; DBS, dried blood spot.
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maltase-glucoamylase [22). Of note, acarbose was introduced ear-
lier to eliminate the interfering maltase-glucoamylase activity in
DBS assays [10] and is more suitable for that purpose than maltose
{3]. Given the recent interest in newborn: screening and the
awareness. that the. diagnosis of GSDII in: Japan and in other
Asian populations might be complicated by the existence of a
“pseudodeficiency” allele [23,24], we performed a pilot experiment
investigating the feasibility of newborn screening in Japan. “Pseud-
odeficiency” of AaGlu is associated. with. two SNPs, ¢.1726G>A
(p.G5768) and ¢.2065G>A (p.E689K) that have a different distribu-
tion in Asian compared with Caucasian populations {23-25]. Sub-
stitution p.E689K caused by ¢.2065G>A characterizes 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%. at most. [26-28; JSNP, http:/[snp.ims.
u-tokyo.ac.jp/map/cgi-bin/aa. XM.cgi?NM.000152.2]..On the con-
trary, substitution p.G576S caused by ¢.1726G>A reduces the activ-
ity to'such extent that it falls into the patient range [24]: Recently,
it was shown that the structural changes brought about by each of
the two substitutions are small and do not affect the active site of
AcGlu [23].

Here, we present: the results of the experiment in which we
measured the AgGlu activity in DBSs with: a fluorometric proce-
dure while we performied in paralle] haplotype analysis on DNA ex-
tracted from the same spot. Based on our findings we conclude that
the high frequency of the “pseudodeficiency” allele in the Japanese
population complicates the finding of an enzymatic screening pro-
cedure that is both sensitive and specific,

Subjects, materials and methods
Subjects and DBS collection

Seven hundred and fifteen Japanese newborns (second to fifth
day postpartum) and 18 Japanese patients with GSDII were en-
rolled in this study. The patient group included one patient with
classic infantile form, 6 with juvenile form, 10 with adult form
and one with unkriown phenotype. The DBSs on filter paper were
obtained with the standard heel-stick for: collecting  newborn
screening samples, or prepared by drop-wise addition of EDTA-
blood samples on the filter paper (filter paper #510AD01, Advan-
tec, 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°C in
sealed plastic bags until use. Written informed consent was ob-
tained from all subjects, and all samples from these subjects were
prepared and analyzed in accordance with the protocols approved
by the institutional responsible committee.

Chemicals and reagents

4-Methylumbelliferyl: a-p-glucopyranoside - (4MU-0Glc) was
purchased from Sigma-Aldrich (St. Louis, MO). Acarbose, 4-methyl-
umbelliferone ‘and Proteinase K were from. Toronto Research
Chemicals (North York, Canada), Nacalai: Tesque (Osaka, Japan)
and Roche (Basel, Switzerland), respectively. Ampdirect™ Plus with
NovaTag™ Hat Start DNA polymerase was obtained from Simadzu
(Kyoto, Japan). Other chemicals were of reagent grade and from
Sigma-Aldrich or Nacalai Tesque.

Enzymatic assay
A 3.2-mm diameter disk was punched out from the DBS on the

filter paper and incubated in a well of a 96-well clear microwell-
plate (Corning, New York, NY) with 100 L distilled water by mix=

ing gently for 1 h at room temperature. The water extract was
used for the enzymatic assay. The disk was recovered for DNA
extraction and genotype analysis. The AoGlu activity was mea-
sured fluorometrically with 4MU-aGlc as substrate according to
our ‘previous report with minor changes [22] Briefly, 20 uL of
the extract was added to 40 uL of the substrate solution contain-
ing 2.0 mmol/L 4MU-aGlc in 0.2 mol/L citrate/0.4 mol/L sodium-
phosphate buffer, at pH 4.0 with 4.5 pmol/L acarbose (3.0 pmol/
L in final concentration), in a 96-well black microwell-plate (Perk-
inElmer, Boston, MA). 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: The fluorescence intensity was measured with
the CORONA spectrofluorometer (MTP-600F, Colona Electric, Hit-
achinaka, Japan) at excitation and emission wave-lengths of
360 nm and 450 nm, respectively, and corrected for substrate
blank. We used: a stock solution of 100 pmol/L 4-methylumbellif-
erone in 20 mmol/L sodium-phosphate buffer (pH 7.0) to calibrate
the measurement of liberated 4-methylumbelliferone, The en-
zyme: activity was. expressed: as pico. moles 4-methylumbellifer-
one released per hour per: 3.2 mm diameter disk (pmoi/h/disk).
Each assay was. performed in. duplicate; The measured values
per. - group. -are . expressed . as. .means £ SD. unless - otherwise
indicated.

Disk clean-up dnd genotype analysis

After extraction with distilled water for assay of enzyme activ-
ity, the disk was recovered, washed with a 100 pL solution of 0.1%
Triton X100 in water and incubated in 100 gL digestion buffer con-
taining 0.2 mg/ml Proteinase K, 0.5% sodium dodecy! sulfate, 5 mM
EDTA, 400 mM NaCl and 20 mM Tris-HCI {pH 8.0), in a 1.5 ml reac-
tion tube, at 55 °C for 1 h. The reaction was terminated by heating
for 10 min on a Heat block at 95 °C. The disk was rinsed twice with
500 pL of 10 mM Tris~HCl containing 1 mM EDTA (pH 8.0), once
with 400 pL isopropanol, and then dried on a heat block at 70°C
for 60 min. The cleaned-up disk was stored at 4 °C until use for
genotype analysis. Genotype analysis was performed by PCR-based
detection (amplification refractory mutation system; ARMS). Each
cleaned-up disk was cut into 4 pieces with scissors or with a scal-
pel,-and the pieces were placed into 4 PCR tubes each containing
10 uL Amipdirect™ Plus (including PCR buffer and dNTPs), 0.5 units
NovaTaq™ Hot Start DNA polymerase; and a'set of specific primers
{each 0.5 umol/L), in a total volume of 20 pl reaction mixture. We
designed 4 different oligonucleotide primers for 4 PCR sets includ=
ing either, 5-TACAACCTGCACAACCTCAACG-3" (F1) or 5-TACAA
CCTGCACAACCTCAACA-3' (F2) as forward primer: and either; 5'-
GGCCTGCTIGGGCCGACTC-3 (R1) or 5-GGCCTGCTGGGCCGACTT-3!
{R2] as reverse primer for the amplification of 4 different GAA al-
leles characterized by different SNPs: the combination F1 +R1 for
¢[1726G; 2065G}, F1+R2 for c|1726G; 2065A}, F2+R1 for
¢.[1726A; 2065G}, and F2 + R2 for c.[1726A; 2065A). Each oligonu-
cleotide primer was designed to have a one-base mismatch nucle-
otide at the —4 base position from the 3’ terminal end to improve
the selectivity for allele detection. PCR was performed under the
following conditions; an initial denaturation at 96 °C for .10 min;
40 cycles amplification with denaturation at 96 °C for 20 s, anneal-
ing at 64.°C for 20's and extension at 72°C for 90s; and extra
extension at 72 °C for 7 min: The PCR products (1208 bp fragments)
were separated by 2% agarose gel electrophoresis and visualized
with ethidium bromide staining. This method allows determining
10 different diplotypes, which were constructed from the combi-~
nation of the 4 haplotypes (Tables 1 and 2). To confirm the reliabii-
ity of the present method; DNA sequencing analysis was performed
according to the procedure described elsewhere {24] for all diplo-
types from 18 individuals.

Please cite this article in press as: 5. Kumamoto et al., High frequency of acid &-glucosidase pseudodeficiency complicates newborn screening for glycogen
storage disease type Il in the Japanese population, Mol. Genet. Metab, (2009), doi:10.1016/j.ymgme.2009.03.004
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Table 1

Frequency of the GAA haplotype in the controls and the patients.

Haplotype® Controls Patients

Number Frequency Numb Frequency

GG 1017 071 21 0.58

AA 274 0.19 15 042

GA 138 0.10 a 000

AG 0 0.00 1] 0.00
Total 1430 1.00 36 1.00

Statistically significant differenices between controls and patients in each haplo-
type; GG, p=0.145; AA, p=0.004; GA, p=0.053.

#Abbreviations for haplofype are depicted as follows; GG, c{1726G; 2065G]; AA,
c]1726A; 2065A}; GA, c[1726G; 2065A}; AG; ¢.[1726A; 2065G]:

Statistical analysis

The measured values are expressed as means + SD unless other-
wise indicated. Two-sample independent-groups t-test was used
for data comparison between the two groups. Data comparison
among three or more groups was based on analysis of variance
(ANOVAY) with respective all pair-wise multiple comparison post-
hoc ‘analysis utilizing the Bonferroni's method. Categorical vari-
ables were compared with chi-square analysis. Results were comn~
sidered to be significant at p < 0.05.

Results
Validation of the measurement of AaGlu activity in DBSs

The within-imprecision of the present method was estimated
by repeated analysis of some DBSs with different activities. The
within-run CVs (n=12) were 1.8-5.6%. To estimate between-day
imprecision, the DBSs in sealed plastic bags were stored at
—20°C and then assayed with the present method over 12 days.
The between-day CVs (n =12} were 3.4-6.8%. The stability of the
enzyme activity in DBSs was assessed by determining the average
activity of 5 different DBSs stored at room temperature, at 4 °C and
at =20°C for 2, 4. 8 and 16 weeks. The activity change was less
than 10% for 16 weeks at either 4 or —20.°C.

AaGlu activity in DBSs from healthy newborns and patients with GSDII

The AaGlu activity in DBSs from 715 healthy Japanese new-
borns (controls) and 18 patients with GSDII was measured with

AMU-oGlc in the presence of acarbose. As shown in Fig. 1 there
was no. normal Gaussian distribution of activities in the control
group, instead. there appeared to be a bimodal distribution: a
minor group with less than 9.0 pmol/h/disk of enzyme activity
and a major group with activities of more than 9.0 pmol/h/disk,
Four individuals in the minor control group fell into the range of
activities: measured in the patient group (0-2.8 pmolfh/disk). The
poor separation between the minor control group and the pa-
tient group was not improved by taking the ratio of acarbose-
inhibited -over  uninhibited  activity into -account (data: not
shown),

Genotyping with DBSs from healthy niewborns and patients with GSDII

We then examined the allele frequencies of 4 GAA hapiotypes
and’ 10 diplotypes as determined by two SNPs (¢.1726G>A and
c:2065G>A) using DNA extracted from the same blood spots that
were used to measure the AoGlu activity (Tables 1-and 2). Sig-
nificant’ correlation: was observed between the enzyme activity
in the DBS and the diplotype of the DNA from the same spot.
Twenty-seven of the 28 individuals homozygous for ¢[1726A;
2065A] (3.9% of the total number of controls) belonged to the
minor group with low enzyme activity, whereas individuals: het-
erozygous for ¢[1726G; 2065G} and c.[1726A; 2065A] formed
together a broad range of activities overlapping with those from
c.[1726A; 2065A] or ¢.]1726G:; 2065G]- homozygotes: (Table 2),
The mean  activity of '¢.[1726G: 2065A] homozygotes was: only
slightly lower (82%) than that of ¢.[1726G; 2065G] homozygotes,
but c.[1726A; 2065A] homozygotes had markedly lower activity
{12%).

The ¢.{1726A; 2065A] allele had a significantly higher frequency
(42%) in the patient group than in the control group (19%). Twelve
of the 18 patients had either one (9 cases).or two (3 cases)
c[1726A; 2065A] allele(s). indicating linkage disequilibrium of
the two SNPs between controls and patients. None of the controls
nor patients had a ¢.[1726A; 2065G] allele.

Validation of genatyping with DBSs

Six of the diplotypes that. we identified with the present
method were confirmed by sequence analysis of genornic DNA
from 18 DBS samples (six diplotypes, n =3 each), There was no
discrepancy between the resulfs obtained by either method (data
niot shown).

Table 2
Frequency of the GAA diplotype and AaGlu activity in the controls and the patients.
Diplotype? Controls Patients
Number, Frequency Enzyme activity! Number Frequerncy Enzymie activity®
Mean£SD Range Mean+SD Range
GGJGG 360 0.503 364£11.2 12.4-102.1 6 0.333 0.5+05 0-1.1
GG[AA 194 0271 19.5+6.9 7.7-474 9 0.500 1.0£09 0-2.8
AAIAA 28 0.039 44+1.7 1.4-10:.1 3 0.167 0.5%0.3 0.2-0.8
GG[GA 103 0144 32.8+96 6.7-58.0 a 0 = .
GA[GA 6 0.008 208+93 16.0-41.2 a 0 = =
GAJAA 24 0.034 174z 41 11.3-2886 0 1} = =
AGJAG o [1} - - [ 0 = i
GGIAG 1] 1] = - [1] 0 = =
GAJAG 0 0 = - 0 1] = Z
AG/AA Q 4] = - Yy 0 - -
Total 715 1.000 294 +132 1.4-102:1 18 1.000 08408 0-2.8

2 ‘Abbreviations for diplotype are depicted as the combination of the haplotypes described in Table 1.

P AaGlu activity in a 3.2-mm diameter disk from DBSs of Japanese newborns (controls) and Japanese patients with GSDIl was measured in duplicate with 4-methyhim-
belliferyl «-p-glucopyranoside as substrate in the present of 3 jimol/L acarbose. The activity was expressed as: pmol: méthylumbelliferone/h/disk. Statistically: significant
differences between GG/GG and other diplotypes; GG/AA, p < 0.001; AA[AA; p<0.001; GG/GA, p = 0.052; GA[GA, p = 0.057; GAJAA, p < 0.001;
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Fig. 1. Distribution of AxGlu activity in DBSs from controls and patients. The AaGlu activity was measured with 4MU-aGlu as substrate in the presence of acarbose using
DBSs from 715 Japanese healthy newborns (controls) and 18 Japanese patients with GSDII. Open and hatched bars représent the controls and the patients, respectively. The
enzyinie activities (mean £ SD, pmol/h/disk) were 29.4 £'13.2 for the controls and 0.8 £ 0.8 for the patients, and the range of the activities were 1.4=102.1 for the controls and
0-2.8: for' the patients.. The measurement was performed as: described . in: Subject, materials ‘and' methods, and: the' data. were ‘expressed  as an’ average: of duplicate

determinations. Inset indicates the area of low activities enlarged.

Discussion

In this study, we measured the AoGlu activity in 715 randomly
collected DBSs from Japanese newborns, and obtained a bimodal
distribution of the activities (a major group with 684 individuals
and a minor group with 31 individuals). We: could then demon-
strate by ARMS that 27 of 31 control individuals (minor group)
with an activity of less than 9.0 pmol/h/disk (30.6% of total mean)
were ¢.[1726A; 2065A] homozygotes. Three other individuals with
very low activity (7.7, 7.9 and 8.8 pmol/h/disk) were ¢}1726G;
2065G]/c[1726A; 2065A] heterozygotes and  one individual
(6.7 pmol/h/disk) was ¢.[1726G;2065G}/c.[1726G;2065A] hetero-
zygote. One  c[1726A; 2065A] homozygote had slightly higher
activity (10.1 pmol/h/disk) (Table 2). The 28 homozygotes with
c.[1726A; 2065A) representing 3.9% of the study group (Table 2)
had on average a markedly lower AaGlu activity (12%) than the
homozygotes with ¢.[1726G;2065G] forming approximately 50%
of the study group. Thus, we observed a close corrélation between
the enzymie activities and the genotypes of the donors. The actual
diplotype frequency of ¢.[1726A; 2065A]/c.{1726A; 2065A] in our
sample collection (3.9%) comes close to what we could calculate
from the published ¢.[1726A; 2065A] allele frequency in the Japa-

nese population based on the allele frequencies in the NCBl and in
our own sample set [24]. Four of the 28 (14%) homozygotes with
¢[1726A;2065A] had an AoGlu activity: that fell in the patient
range (0-2.8 pmol/h/disk). This poses a serious problem for new-
born screening in Japan. If 3.9% of the population is homozygote
with cf1726A; 2065A] and 14% of them has very low activity it
means: that newborn screening potentially results in 0.56% false
positive cases, which is too: many to handle. Heterozygotes with
genotype ¢.[1726G; 2065G]/c.[1726A; 2065A] had about half the
activity (54%) of c.[1726G; 2065G] homozygotes. None of the DBSs
from these heterozygotes or those from individuals with other
diplotypes overlapped with the patient range.

The AaGhu activity distribution curves depicted in Fig. 2 are
based on the frequencies of the three GAA genotypes, ¢.1726G/G,
¢.1726G/A and ¢.1726A/A, in the Japanese population and illustrate
the problem encountered in newborn screening. Obviously, the
high number of false positives is caused by the high frequency of
the c.1726A/A allele in the Japanese population. The same problem
will be encountered in other Asian countries [24]. Especially, in
Taiwan higher frequency of ¢.1726A/A (14% of normal individuals)
was reported as compared to that in Japan (3.9%)[29]. In practice,
the very first:large scale newborn screening for GSDII in: Taiwan

— - Total
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Fig. 2. Estimated distribution of AxGlu activity in DBS in Japan based o’: the frequericy of the three genotypes, ¢.1726G/G. ¢.1726GJA and ¢.1726A/A. Gaussian' curves
illustrating the distribution of AnGlu activities in DBS were drawn for the Japanese populations based on the frequencies of the three relevant GAA genotypes; and their mean
and SD of the enzyme activity; ©.1726G/G, 33.0 £ 16.0 (n=469); c.1726G[A, 18,5+ 5.5 (n=218); and c.1726AJA, 44 £ 1.7 pmol/h/disk (n=28).
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encompassing 132,538 newborns required a second DBS from
1093 newborns {0.82% of total) when the cut-off value was set at
25% of normal mean AaGlu activity [4]. Most of these recalls might
have been c,[1726A; 2065A] homozygotes. After publication of the
Taiwanese study, we tried to improve the feasibility of the screen-
ing procedure by adopting the assay conditions described by Chien
et al. [4]. Forty DBSs from 12 patients and 28 c.[1726A; 2065A]
homozygotes were subjected to the screening procedure with the
following cut-off values; the AaGlu activity, less than 8% of normal
mean; the ratio of neutral over acid a-glucosidase activities, more
than 60: and the percentage inhibition of total a-glucosidase activ-
ity by acarbose, more than 80% [4]. Using the combination of these
criteria, none of the ¢.[1726A; 2065A] homozygotes was identified
as false positive, but 2 of the 12:patients were misdiagnosed
(unpublished data). The use of a different substrate coupled to a
different assay procedure (e.g. the newly developed substrates
for tandem mass spectrometry) might solve the problem [10-13].
Tandem: mass spectrometry worked remarkably well in a pilot
study in 10,279 Austrian newborns. The calculated: recall rate
would have been onily 0.039% [5]..But, it must be emphasized that
the great majority of Austrians is Caucasian, and that the frequency
of ¢.[1726A; 2065A] homozygotes in that population is probably
very low.

As it'stands, our method based on the measurement of AaGlu
activity in DBSs using 4MU-aGlc in the presence. of 3.0 pmol/L
acarbose detects 1.5% of Japanese newborns as potential patients
at a cut-off value of 4.0 pmol/h/disk without false negative ouf-
comes. But; at lower cut-off value some patients will be missed
(Tables 2 and 3). We have demonstrated the feasibility of obtaining
GAA genetic information from the DNA that remains on the DBSs,
but the application is not sufficient as second tier test, If an activity
of less than 3 pmol/h/disk is found in an individual with any dipl-
otype other than c.[1726A; 2065A] homozygote, this individual is
very likely to have GSDIL However, 3 c{1726A; 2065A] homozy-
gote with low activity remains to be diagnosed.

Notably, there were three c[1726A; 2065A] homozygotes
among the 18 proven patients. Although the sample size is small,
it seems that the frequency of the ¢.[1726A; 2065A] allele is higher
in the patient (42%) than in the control population (19%), which is
suggestive for a founder effect. This hypothesis can be investigated
by GAA sequence analysis of the 12 patients that are either homo-
zygote or heterozygote for c.[1726A; 2065A]. They are then ex-
pected to share a common pathogenic mutation besides the
linked ¢.1726G>A and ¢.2065G>A SNPs. Gene sequencing is in pro-
gress to clarify this possibility. Interestingly, ¢.1935C>A leading to
amino:acid substitution D645E is the most common. pathogenic
mutation in-the Southeastern part of China and:in Taiwan..This
mutation was. first reported by Shieh and Lin {28} to be linked to
¢.2065G>A, whereas: linkage to ¢.1726G>A was not: investigated
at that time, Recently, Wan et al. reported that they could not find
any specific polymorphism that links to the pathogenic €.1935C>A
mutation in the same Chinese population [29]. This would mark

Table 3

Diagnostic property of newborn screening with different cut-off values on DBSs from
715 controls and: 18 patients in Japanese populations.

Cut-off value' - Normal mean activity (%) False positive (%) False negative (%)

(pmol/h/disk)

10.0 340 39715 (5.5) 0/18(0)
4.0 30.6 31/715(4.3) 0/18(0)
8.0 272 30/715(42) 0/18 (0}
7.0 238 28715 (3.9) 0/18(0)
6.0 204 26{715 (356) 0/18.(0)
50 170 18/715:(2.5) 0/18(0)
4.0 136 11715 (1.5) 0/18.(0)
30 10.2 4/715(0.6) 0/18:(0)
2.0 6.8 2[115.(0.3) 1/18(5.5)

position ¢.1935 as a mutational hotspot, although ¢.1935C>A is

not very common in Japan among patients with GSDII (6.8% of
the mutant alleles) [30,31].

In conclusion, our findings illustrate that homozygosity for the
¢.[1726A; 2065A] allele, resulting in “pseudodeficiency” of AuGluy,
complicates newborn screening for GSDII in the Japanese and other
Asian populations. Our findings also suggest that one or more path-
ogenic mutations are associated with this allele. Further investiga-
tions are required to optimize the selectivity of the newborn
screening procedure and to minimize the number of cases that
have to be recalled for second or third tier testing.
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