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Table 1

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

Haplotype® Controls Patients

Number Frequency Number Frequency

GG 1017 071 21 0.58

AA 274 0.19 15 042

GA 139 0.10 0 0.00

AG 0 0.00 0 0.00

Total 1430 1.00 36 1.00

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

2 Abbreviations for haplotype are depicted as follows; GG, ¢[1726G; 2065G}; AA,
¢[1726A; 2065A1; GA, €.[1726G; 2065A); AG, c[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
(ANQVA) 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 con-
sidered to be significant at p < 0.05.

Results
Validation of the measurement of AoGlu 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 1.9-5.6%. 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.

AcGlu activity in DBSs from healthy newborns and patients with GSDII

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

4MU-aGlc 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 pmol/h/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 newborns and patients with GSDII

We then examined the allele frequencies of 4 GAA haplotypes
and 10 diplotypes as determined by two SNPs (c.1726G>A and
¢.2065G>A) using DNA extracted from the same blood spots that
were used to measure the AaGlu 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 c.[1726A;
2065A] (3.9% of the total number of controls) belonged to the
minor group with low enzyme activity, whereas individuals het-
erozygous for c1726G; 2065G] and c¢.f1726A; 2065A] formed
together a broad range of activities overlapping with those from
c.[1726A; 2065A] or c[1726G; 2065G] homoezygotes (Table 2).
The mean activity of ¢[1726G; 2065A] homozygotes was only
slightly lower (82%) than that of c[1726G; 2065G] homozygotes,
but ¢.[1726A; 2065A)] homozygotes had markedly lower activity
(12%).

The c.[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 genotyping with DBSs

Six of the diplotypes that we identified with the present
method were confirmed by sequence analysis of genomic DNA
from 18 DBS samples (six diplotypes, n=3 each). There was no
discrepancy between the results 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 Frequency Enzyme activity®

Mean £ 5D Range Mean SD Range
GGJ/GG 360 0.503 364112 12.4-102.1 6 0333 0505 0-1.1
GGJAA 194 0271 19.5+£69 7.7-474 9 0.500 1.0+£09 0-2.8
AAJAA 28 0.039 4417 14-10.1 3 0.167 05103 0.2-0.8
GGJGA 103 0.144 328196 6.7-58.0 0 0 - -
GA[GA 6 0.008 298+93 16.0-41.2 g 0 - -
GAJAA 24 0.034 17441 11.3-28.6 0 0 - -~
AGJIAG [1] 0 - - 0 0 - -
GGJAG ) 0 - - 0 0 - -
GAJAG 0 0 - - 0 0 - -
AGJAA 0 0 - - 0 0 - -
Total 715 1.000 2944132 14-102.1 18 1.000 08108

0-2.8

3 Abbreviations for diplotype ave depicted as the combination of the haplotypes described in Table 1.
b f.aGlu 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-methylum-
belliferyl o-p-glucopyranoside as substrate in the present of 3 pmol/L acarbose. The activity was expressed as pmol methylumbelliferonefh/disk. Statistically significant

differences between GG/GG and other diplotypes; GGJ/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 A«Glu activity in DBSs from controls and patients. The AuGlu 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 represent the controls and the patients, respectively. The
enzyme activities (mean + SD, pmol/h/disk) were 2.4 £ 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 AaGlu 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] homnozygotes. Three other individuals with
very low activity (7.7, 7.9 and 8.8 pmol/h/disk) were c[1726G;
2065G][c.[1726A; 2065A] heterozygotes and one individual
(6.7 pmol/h/disk) was ¢.[1726G;2065G}/c[1726G;2065A] hetero-
zygote, One ¢.[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 approxirnately 50%
of the study group. Thus, we abserved a close correlation between
the enzyme activities and the genotypes of the donors. The actual
diplotype frequency of c.[1726A; 2065A]/c.[1726A; 2065A] in our
sample collection (3.9%) comes close to what we could calculate
from the published c.[1726A; 2065A] allele frequency in the Japa-

nese population based on the allele frequencies in the NCBI 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 ¢[1726A; 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 c¢.[1726G; 2065G}/c.[1726A; 2065A] had about half the
activity (54%) of ¢.[1726G; 2065G] homozygotes. None of the DBSs
from these heterozygotes or those from individuals with other
diplotypes overlapped with the patient range.

The AaGlu activity distribution curves depicted in Fig. 2 are
based on the frequencies of the three GAA genotypes, c.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 newbomn screening for GSDII in Taiwan
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Fig. 2. Estimated distribution of AxGlu activity in DBS in Japan based on the frequency of the three genotypes, c.1726G/G, ¢.1726G/A and ¢.1726A/A. Gaussian curves
illustrating the distribution of AxGlu 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 £ 10.0 (n = 469); c.1726G/A, 18.5+ 5.5 (n=218); and c.1726A/A, 4.4 2 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 AuGlu activity {4], Most of these recalls might
have been c[1726A; 2065A] homozygotes. After publication of the
Tajwanese 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 AoGlu 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 only 0.039% [5]. But, it must be emphasized that
the great majority of Austrians is Caucasian, and that the frequency
of c]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 pumol/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 out-
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 ¢[1726A; 2065A] homozygote, this individual is
very likely to have GSDII. However, a 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 seemns that the frequency of the c.[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.f{1726A; 2065A). They are then ex-
pected to share a common pathogenic mutation besides the
linked c.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
c.2065G>A, whereas linkage to c.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 [28]. This would mark

Table 3
Diagnostic property of newbom 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 39/715 (5.5) 0/18 (0)
9.0 306 31/715 (4.3) 0/18 (@)
8.0 272 30/715 (4.2) 0/18 (0)
7.0 23.8 284715 (3.9) 0/18 (0)
6.0 204 26715 (3.6) 0/18 (0)
5.0 17.0 18/715 (2.5) 0/18 (0)
40 136 11/715 (1.5) 0/18 (0)
3.0 10.2 4/715 (0.6) 0/18 (0)
20 6.8 2/715 (0.3) 118 (5.5)

position ¢.1935 as a mutational hotspot, although c.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
c.[1726A; 2065A] allele, resulting in “pseudedeficiency” of AaGly,
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.

Acknowledgments

We wish to thank Mitsuyasu Ikeda, Sho-hei Shigeto and Yasushi
Ueyanagi of Kumamoto University for their excellent technical
supports, This work was supported by grants from The Japan Soci-
ety for the Promotion of Science (Grant-in-Aid for Scientific Re-
search C, T.0.), and connected to the Dutch TI Pharma initiative
to commence a project on Sustainable Orphan Drug Development
through Registries and Monitoring (T6-208).

References

[1] N.AA. Chamoles, G. Niizawa, M. Blanco, D. Gaggioli, C. Casentini, Glycogen
storage disease type Il: enzymatic screening in dried blood spots on filter
paper, Clin. Chim. Acta 347 (2004) 97-102.

[2] M. Spada, S. Pagliardini, M. Yasuda, T. Tukel, G, Thiagarajan, H. Sakuraba, A.
Ponzone, RJ. Desnick, High incidence of later-onset Fabry disease revealed by
newborn screening, Am. J. Hum, Genet. 79 (2006) 31-40.

|3] H. Zhang, H. Kallwass, S.P. Young, C. Carr, J. Dai, P.S. Kishnani, D.S. Millingten, J.
Keutzer, Y.T. Chen, D. Bali, Comparison of maltose and acarbose as inhibitors of
maltase-glucoamylase activity in assaying acid alpha-glucosidase activity in
dried blood spots for the diagnosis of infantile Pompe disease, Genet. Med. 8
(2006) 302-306.

[4] YH. Chien, S.C. Chiang, XK. Zhang, ]. Keutzer, N.C. Lee, A.C. Huang, CA. Chen,
M.H. Wu, PH. Huang, EJ. Tsai, Y.T. Chen, W.L. Hwu, Early detecticn of Pompe
disease by newborn screening is feasible: results from the Taiwan screening
program, Pediatrics 122 (2008) e39-45.

{5] A. Dajnoki, A. Muhl, G. Fekete, ]. Keutzer, J. Orsini, V. Dejesus, XK. Zhang, O.A.
Bodamer, Newborn screening for Pompe disease by measuring acid alpha-
glucosidase activity using tandem mass spectrometry, Clin. Chem, 54 (2008)
1624-1629.

[6] K. Umapathysivam, A.M. Whittle, E. Ranieri, C. Bindloss, EM. Ravenscroft, O.P.
van Diggelen, }J. Hopwood, PJ. Meikle, Determination of acid alpha-
glucosidase protein: evaluation as a screening marker for Pompe disease and
other lysosomal storage disorders, Clin. Chem. 46 (2000) 1318~1325.

[7] K. Umapathysivam, JJ. Hepweod, PJ. Meikle, Determination of acid alpha-
glucosidase activity in blood spots as a diagnostic test for Pornpe disease, Clin.
Chem. 47 (2001) 1378-1383.

{8] PJ. Meikle, E. Ranieri, H. Simonsen, T. Rozaklis, S.L. Ramsay, P.D. Whitfield, M.
Fuller, E. Christensen, F. Skovby, |J. Hopwood, Newborn screening for
Iysosomal storage disorders: clinical evaluation of a two-tier strategy,
Pediatrics 114 (2004) 909-916.

[9] PJ. Meikle, DJ. Grasby, CJ. Dean, D.L. Lang, M. Bockmann, AM. Whittle,
MJ. Fietz, H. Simonsen, M. Fuller, D.A. Brooks, JJ. Hopwood, Newborn
screening for lysosomal storage disorders, Mol. Genet. Metab. 88 (2006)
307-314.

[10] Y. Li, CR. Scott, N.A. Chamoles, A. Ghavami, B.M. Pinto, F. Turecek, M.H. Gelb,
Direct multiplex assay of lysosomal enzymes in dried blood spots for newborn
screening, Clin, Chem. 50 (2004) 1785-1796.

{11} MH. Gelb, F. Turecek, CR. Scott, N.A. Chamoles, Direct multiplex assay of
enzymes in dried blood spots by tandem mass spectrometry for the newbom
screening of lysosomal storage disorders, J. Inherit. Metab. Dis, 29 (2006) 397~
404

{12] XK. Zhang, CS. Elbin, W.L. Chuang, S.K. Caoper, C.A. Marashio, C. Beauregard,
JM. Keutzer, Multiplex enzyme assay screening of dried blood spots for
lysosomal storage disorders by using tandem mass spectrometry, Clin. Chem.
54 (2008) 1725-1728.

[13] V.R. De Jesus, XK. Zhang, ]. Keutzer, O.A. Bodamer, A. Muhl, ). Orsini, M.
Caggana, RF. Vogt, W.H. Hannon, Development and evaluation of quality
control dried blood spot materials in newborn screening for lysosomal storage
disorders, Clin. Chemn. 55 (2008) 158~164.

(14] H.Van den Hout, A}J. Reuser, A.G. Vuito, M.C. Loonen, A. Cromme-Dijkhuis, AT.
Van der Ploeg, Recombinant human alpha-glucosidase from rabbit milk in
Pompe patients, Lancet 356 {2000) 397-398.

[15] L. Klinge, V. Straub, U. Neudorf, T. Voit, Enzyme replacement therapy in
classical infantile Pompe disease: results of a ten-month follow-up study,
Neuropediatrics 36 (2005) 6-11.

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




6 S. Kumnamoto et al /Molecular Genetics and Metabolism xxx (2009) xxx-xxx

[16} B.S. Kishnani, D. Corzo, M. Nicolino, B. Byrne, H. Mandel, W.L. Hwu, N. Leslie, J.
Levine, C. Spencer, M. McDonald, J. Li, J. Dumontier, M, Halberthal, Y.H. Chien,
R. Hopkin, S. Vijayaraghavan, D. Gruskin, D. Bartholomew, A. van der Ploeg, J.P.
Clancy, R Parini, G. Morin, M. Beck, G.S. De la Gastine, M. jokic, B. Thurberg, S.
Richards, D. Bali, M. Davison, M.A. Worden, Y.T. Chen, ].E. Wraith, Recombinant
human acid [alpha}-glucosidase: major clinical benefits in infantile-onset
Pompe disease, Neurology 68 (2007) 99-1089.

[17] M. Rossi, G. Parenti, R. Della Casa, A. Romano, G. Mansi, T. Agovino, F.
Rosapepe, C. Vosa, E. Del Giudice, G. Andria, Long-term enzyme replacement
therapy for Pompe disease with recombinant human alpha-glucosidase
derived from Chinese hamster ovary cells, J. Child Neurol. 22 (2007) 565-573.

{18] C1. van Capelle, LP. Winkel, M.L. Hagemans, S.X. Shapira, W.F. Arts, P.A, van
Doorn, W.C. Hop, AJ. Reuser, AT. van der Ploeg, Eight years experience with
enzyme replacement therapy in two children and one adult with Pompe
disease, Neuromuscul. Disord. 18 (2008) 447~452,

[19] LP. Winkel, M. Van den Hout, JH. Kamphoven, JA. Disseldorp, M.
Remmerswaal, W.F. Arts, M.C. Loonen, AG. Vulto, P.A. Van Doorn, G. De
Jong, W. Hop, G.P. Smit, S.K. Shapira, M.A. Boer, O.P. van Diggelen, AJ. Reuser,
AT. Van der Ploeg, Enzyme replacement therapy in late-onset Pompe's
disease: a three-year follow-up, Ann. Neurol. 55 (2004) 495-502.

{20] T. Merk, T. Wibmer, C. Schumann, S. Kruger, Glycogen storage disease type Il
(Pompe disease)-influence of enzyme replacement therapy in aduits, Eur. J.
Neurol. 16 (2009) 274-277.

{21} A.T.van der Ploeg, AJ. Reuser, Pompe's disease, Lancet 372 (2008) 1342-1353.

[22] T. Okumiya, JL. Keulemans, M.A. Kroos, NM. Van der Beek, M.A. Boer, H.
Takeuchi, O.P. Van Diggelen, AJ. Reuser, A new diagnostic assay for glycogen
storage disease type Il in mixed leukocytes, Mol. Genet. Metab. 88 (2006)22-28.

[23] Y. Tajima, F. Matsuzawa, S, Aikawa, T. Okumiya, M. Yoshimizu, T. Tsukimura,
M, Ikekita, S. Tsujino, A. Tsuji, T. Edmunds, H. Sakuraba, Structural, biochemical

studies on Pompe disease and a “pseudodeficiency of acid alpha-glucosidase”,
J. Hum, Genet. 52 (2007) 898-906.

[24] MAA. Kroos, RA. Mullaart, L. Van Viiet, RJ. Pomponio, H. Amartino, EH.
Kolodny, G.M. Pastores, RA. Wevers, A.T. Van der Ploeg, D.J. Halley, A]. Reuser,
p.{G576S; E689K]: pathogenic combination or polymorphism in Pompe
disease?, Eur J. Hum. Genet. 16 (2008) 875~879.

[25] Y. Suzuki, A. Tsuji, K. Omura, G. Nakamuras, S. Awa, M. Kroos, AJ. Reuser, Kmn
mutant of acid alpha-glucosidase in a case of cardiomyopathy without signs of
skeletal muscle involvement, Clin. Genet. 33 (1988) 376-385.

[26] BE. Nickel, PJ. McAlpine, Extension of human acid alpha-glucesidase
polymorphism by isoelectric focusing in polyactylamide gel, Ann. Hum.
Genet. 46 (1982) 97-103.

[27] ML Huie, M. Menaker, P.J. McAlpine, R. Hirschhorn, Identification of an E689K
substitution as the molecular basis of the human acid alpha-glucosidase type 4
allozyme (GAA 4), Ann. Hum. Genet. 60 (1996) 365-368.

{28] }J. Shieh, C.Y. Lin, Frequent mutation in Chinese patients with infantile type of
GSD 1 in Taiwan: evidence for a founder effect, Hum. Mutat. 11 (1998) 306~
312,

[29] L Wan, C.C. Lee, CM. Hsu, W.L Hwy, C.C. Yang, CH. Tsai, F.J. Tsai, Identification
of eight nove! mutations of the acid a~glucosidase gene causing the infantile or
juvenile form of glycogen storage disease type H, ]. Neurol. 255 (2008) 831~
838.

[30] S. Tsujino, M. Huie, N. Kanazawa, H. Sugie, Y. Goto, M. Kawai, 1. Nonaka, R.
Hirschhorn, N. Sakuragawa, Frequent mutations in Japanese patients with acid
maltase deficiency, Neuromuscul, Disord. 10 {2000) 599-603.

{31] J.R. Pipo, ].H. Feng, T. Yamamoto, Y. Ohsaki, E. Nanba, S. Tsujino, N. Sakuragawa,
F. Martiniuk, H. Ninomiya, A. Oka, K. Ohno, New GAA mutations in Japanese
patients with GSDH (Pompe disease), Pediatr. Neurol. 29 (2003) 284-
287.

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




BLIRERIUE DA Z AT LD
B 0 #i5 %47 - 72 Madelung 20 1 4

B o AE IWE—HF, HTE & B &,

%,
R YL, hE FRAl

%20 W HAEWMIBES
ORI BT FE & AL SR AR B



— & & & (4)
BURBREUE OMAZBEZ I D E DM 21T -
72 Madelung 2 ® 1 #

5] i, HE %, ELE—RF, BTE ¥ BE B 5B FEE bHE |
EyREESEY ¥ —ERAE

New procedure of replaced wedge osteotomy for Madelung deformity:
A case report

Atsuhito Seki, Yasushi Morisawa, Shinichirou Takayama, Hiroshi Kusakabe,
Hiroaki Matsumoto, Eiryu Takao, Mikinori Tkeda

Department of Orthopaedics, National Center for Child Health and Development

B Key words W& b 25° O %307, M XET
By 9 #F (Osteotomy), ¥ — TN v 7&K W@BEBOERELEY, REESTAEKE, =
(Madelung deformity), BURE (wedge) PR BFAREHEMERHE 22D

72(E01). 3DCT TH RO R EL72(H2).

Madelung ZFAZH T HEFEICONWTIE, »E
PIEENFEIEIL SN TS Lidvn R 2w,
SEbhbiug, BEELEH>OBRIKE Y]
WL, ChzEA2r0@BAERETSFHIZE
DB BEE B OTHRET 5.

ENT I3BEKBRTHL. 200041 LVER
DFEEHLOER LEBHIRFZERICIZY, F
XFOLEFHEHTREEBLOE 2ok, [
£7HIGEE, SBASINTERERZ L.

MNZEHR. EFEH TR 10° £ 40° B8 X 2. #787 3DCT (Hifirp HAL)
40° RJE 10° 4L 10° FIR 45° TH D, EEER L
WS % s 7z, RN AMRE 10° B il 135° T,

X 3. ﬁhCP XP. %ﬁ‘v%ﬂé @”“"iﬂl f& DAL TH
RE2O 0 BT ORAHMAGER OBIR
ERAERENT s EHN~BE @OE[ASL -

1. W2 XP MNEE, REEICERBHE

uull
§E
b

520 W BAREESIREERAREMA 47



X 4.

WEE XP. BRERDIEE
BIZAEVERZLRVEII

® 5 #itk7# A XP

it
MP‘!-“Z&

Ty

B

4011lTRY
2R

X 6.

48

= BEET T B

i

601

XpPEHBTRE
BEFEEL

103

2007 F 10 AW EFBE RO T 2 17 o 72,

FWMFHETRT. BEE umbﬁtféwt“
Wo2AmroEN FRKELZRS, EH
%$Y®Eﬁ%®&ﬁa%@bwﬁ.%@®ﬁ
Mtk r B, EILTCEM»roBKELE
A CORBEEEMESREEIZEDCL I
TN 7 P &L ZORETCER LS mm ®
Kirschner S 2 FIA L CE HICEE/MP L TV —
FCEELZ. BRICEBESTE I
EhLBERAOBMEET o2 (K3). B0
DFER, BERKBESEI L E/LL, REHEL
ZHEOBELZ VPR Zo22 D, BEN
ETEEL-ZE05h5 (H4). BRENE
HEL7:7- 0% 3 % B2 6 3 » A HEBEREH
BEEAERA LAY, WE7y Bo XBETE
EﬁmﬂﬁAwat(mm.

RAEIT BhigE, FRIETEE 40° 2JE 250, 4t
6@@W7Wt&%tt.ADLT@,%%%Wﬁ
BHICRY, FEZODVWTHEAMECEITEE
oz (M6).

mEZ %
Madelung ER L, BEORARAEHRER
TREHEZEIERTHL Y. BEREMER
n‘v?%é}ﬂﬁl HOBREBREIERT 2L 3NE0E
ODERIITHTH 5. 1ME, B SHEEAK
BHE, Leri-Weill /MAFE (RTREEMEZ-&0F) (2B
BT L, EREZETAHESTIE, FEHRE |
AHIRR, REETMZEEMBOFEALENIZLS
WEOREIFRZ E 22D 2 &%\

BEEE, L BEEREERS LTRRE
W04 (BB URESE) Y F-aREYD
#i7 ¥, Langenskiold i © (& ¥ #% B8 85 31 12 B AR
FSHERIBRIC L VIR E LB LERPHFES
5) BT Cws, 2 REFMERIITLT
REE#HE YWY, Sauve-Kapandji %, Darrach
EDVHASLN, BEERICELTUIL & 2.0 S
nTes 3 BEERE REFHRLE R



WES 5 BT lizarov HE? BRALNT WS
B, AFEMETHHERERABEZ LMD
INICET A F/, 4 FHOEALEEICHL
TEFAREHEZEISRESIN TS,

i W
Madelung ZF 123t LT, BREMAE 2 FY)
DATIC &) RIF AR/ ONT 1B RE L7

[x k]
1) dos Reis, F.B, et al: Osteotomy of the radius
and ulna for the Madelung deformity. J Bone
Joint Surg. 80-B: 817-824, 1998.

2)

3)

4)

5)

6)

Herring, J. A.: Madelung' s deformity; Tachd-
jlans pediatric orthopaedics, pp547-553, Saun-
ders, Philadelphia, 2008

Houshian, P.B., et al. Madelung Deformity
treated with Ilizarov technique: A report of
two cases. J. Hand Surg. 25B: 4: 396-399, 2000
BHEEAITD  Madelung ZRIZATT 5 F4if
5 HFS5E, 21(3) 261-266, 2004
Schmidt-Rohlfing, B., et al. Madelung defor-
mity: clinical features, therapy and results. J
Pediatric Orthop. 10(4): 344-348, 2001.
Vickers D, et al. Madelung deformity: Sur-
gical prophylaxis during the late growth
period by resection of the dyschondrosteosis
lesion. J. Bone Joint Surg. 17B: 401-407, 1992

%20 | BAERABZERERARETRANSE 49



H/NE£EE (J Jpn Ped Orthop Ass) 18(1) : 22-26, 2009.

VW 3R & EENERICK 2 TEYR & DAz EI oW T

B REED L 5 — B

HTER He® W E—HF -
& #Z-5

%

L0 QT VR NI <

E B vwhorzRERELRYBEE»EZEHONRICB VT, KES»SEBERAAEPLELE
AR L WERE AR LAY, BRRE LA SERMEREL VL OILAVLNAFELTH S,
AESLMER L OEUBLEDOLILTbR TV 2HLHICT IR, BURTEE LY

¥ -BEARIOMZ BE 2 NRICHAERT %,

2004 £ 1 FHOENMREERL v F —EWAROWEER 1010605 5, 2361(2.3%)H
—EBERVWhWaRER LB SN Twi, YETZETNIC O ZRER &SI S T ERIL 8
BT, 95 2B UBM2RCEHAVNERIN, TNFNULTF AR L, BHEREEE% 146
THhol, HRHZBWTHH T, WHhWARERE LM I NIERAX 158 Tth o7,

WHD B REE L OIS, MORBICENINIERD, 23T 2 MRS s, SEHAET
DEFLWT I BMMEREEA & SV TFRAFETH o 7208, BENEBRIZRBIIFRETIEOLDLH 3
7.0, ENZHOBRENBEECHIILEERTLLE, BEREITASIFERL 2oL LEEDNS,

£482.]

WhHIDBEEE L\ BRI, DD ¥
BN T, BEE» S TRE2RLEL
- EALIC R L WRER SR Z 528, Hiizig
A EERBSHEBEL ZREICN L TEbATY
3. BENEESRLAAY, BERTHOKE .
TNTW3,
EREEIMLL OO EERCTHRERL, &8
BERRS v, BLOERE BT 2 BHW
BREOENPEETH S, REBLMEERLD
EAREZHO»ICT 570, BuREEEL
» —BHABOMBRELNRICAE LT

P 3

2004 =0 1 EFHOENREER L v ¥ —EF
ARDYZEREDI L, VOO IRERE LW
N LDHBERIZOVT, ZOHBDOERIC L
DA EBEINEFSOFERICOVTHEL
7z,

7o, BOREM E BRIRRER 2, DHas
BEEL-1BlE, BRINCVWDOIRRE LR
TS N FlicBEL ¢, HBRET L 7=,

5 R

2004 £ 1 EBOEYRBEEE L v ¥ B
AR OWLEEHILIO0FATH - 2D
5, 23612.3%)B—ERVbIRER L2

Key words : growing pains (BREJE), differential diagnosis (#%1), transient synovitis of the hip (EAIEIREAET ), Lege-

Calvé-Perthes’ disease (V7 Z¥F)

RS T 157-8535 MEHHEARARK2-10-1 BUYREFERY vy —EBAE BTE & 55(03)3416-0181

2B PR20F2H1H
22



& 1. eWAEEAOBE
» Case 1 :
—2i VT AR '
<R, EE), STEBEERLC, EELW@W@E&%
- B TR
- 1BRECE, BTHD
- ER, EROERHE
- Case 2
—Eo W BAGERREEE
- FELCBESHE, LBESITAE, ZoBER
- WREE TRV

L
£ 3. KEHBERORN
—EROAICER
<104
—RHEOAIZREL %\
<1181
—I LB EER 24
—RFIcEBHD
EERLR Y 341
* 2O
—ENR 14
—IEEDO®H & 14
—HEE I b oNKE 146
—FMoH, BERRE 148

shcnl, BR134, KR104), LRR2R
THERIT 6B TH o 7.

LBFDI L, EXZED D 2REHIH 21 I
91%)HH, ZDH b FNURLIZINIC VDY
ZREBLEHIN T, 20880 L 24
DUBIZRICEBHEVERE I N, Zhrthn
7 A, BMERBEMA, & 18chok(RD.
(BT, ZH&EEAERT. ) 20 28loflic, 2
WGDEE L otz otz,
CD2HERL L, BRIEICVHOIRREEL
BN 2L B2.1%) o7, HRHCE
WTHHT, Wb LERRE LB NIERIX
15BICH o, FRETR, VbW 2 REEIE
FICIZRERERH & BRI A LI P 7 B EE DA
Siieds, BHAEEG TR, Z0&) RERR
ot (38 2),

VK B BREAES OB HER ORI R E
AIBETZ2LO» 104, BREOAKIKBREL
b1l 6l L EEIKBEORBRL TE
h, BHAEEFACR TR TEREOAKBREL T
Wi (3 3).

® 2. FOIRERAL

, BEHE DWALEES  total
RREER A 3 1 4
RERE~BRROERRAE 18 1 19
THA~ R 6 0 6
BUAHE - 20t 2 0 2

n=23 EHFUOEESD

® 4. ZPWR
LHWPRECHOIVHYIREEEFOEE

—SHEHRE 2.1%
—BEARRRICE Y 2BEORE
+ 197148 ¢ 1.9%
- 1985~1990 4 : 2.9%

—Reported frequency of visits (Macarthur C, 1996)
+ Pedeatric OS+RH : 2% (1-4)
+ Pediatricians : 1% (1-3)
« Family physicians : 1% (1-2)

T, BRFC XY, Rilicksb0e LT
EEE LR EGH), ZoMELSEL FORREE
2RO,

B

BRERL V) EHRIEEORBREMEZTL T
2HITIREL, BASREHOACEIB LW
IBRICET(EENLEFEALTFEIN T
27 L LEDBOREZDOLDIHEIREAL
VA, BENRERNS LYY,

Peterson i E &L I BRITFREICW-LD
ELbDTHD, EEMZIRTHEVIEED
bDTHBH, RERBBEZOLOVEREDORER
EBBIEREBVBEOELTORY,

Noonan 5%, BDRED, ERERICE 3
EWIEMIEROFER,? S, REBOEREMER
HRMERICECZ 2L EOBEERERL T
3205, BILEORET AHETO—BOATKR
HEOBERELZBSHTLHOIR,

BRERO/NRCIIREEER - BRk EoaH
NEHLI LS LAEOERVBRZVEEREZN
TED, ZARSE, BFERE LTomRELRE
R,BTHLAEELCHIERCEBL, 7V —
FREOERD SREZFUNOBTE 2B ICEEYS
T Z)w).

Wh®LRERBOBEREIIE 2.6~49.4% £ &

23



% 5 DMREOTEBEOELERGE L 1991)

. BEYRE

A) SMBIEERE

—RREYT, BEHREIT ESEI, BHEY, HESRESE), overusesyndrome, B, BH, WHEE, BREE BY
%, BE, BEmiE, FHARES, BESERE, compartmental syndrome, KEEETOEL LY

B) RIEWERE

fehRiEEaER (B, ERY, B, (CIRRmiZk, HpIERINTZ, HRMERIMR, (LIRMERIES, (LIRIEIUIRRIEIR,

BEAR, BEERIEE, BiK, Vv EiRRY
C) Bk

SNTARE, AAT =t -T2 Ty TR, 7K, 774 — U, BEERE, EREETRERRE

D) BER :
HEWEEY v F, REHR, ARERY
E) W%, mikKE
MEE, Vgl MRS, SRk Y
F) S%REERE

SRERBGHA GERAE, AEVERTLE), ERREE, FRRA =272, SHEES, RERHACERE, TR,
RREEGE, REBRIEGHEELY), SREEEES GERERTR), HiARESZH) 25RMMEL L

G) BEtERE

Rt EHBEE BRE EMRE SOREX BREE RHEEEERVRE ~—1-EERY
B BAE Ewing A REASAE SEBEEE(HEFMRELZY), okl

H) zoft

Hiftlenden-strecksteife (R~ =7, ERWEEE), —OEHGEEEHRAR), RinEERRL

I, TEHEREE

A) BB
BRRHS AIERR (FRERT)
B) KeBgeS
XHMUOHRE), KRR, CHMIRE) 2L
C) B
NERFER, ARRE, KRR, BREIR), MERY

. FERAH

Vb 3 RER (DLER RS

BHEDH 27, SEORETR, BIRETER
vy -1 EHOXWBERED ) bAKEBR
21 B1(2.1%) <, EM/NRFEERICBT 2:8E0HR
ETIX, 1971 FD 1 EMT1.9%, 1985~1990 £
DEEMTIL2.9% L, 2WBEHEINT IR
WRiz—ERMLb0n, 20HBIEHE HEWL

LTwin?(Ee).

Macarthur 5D b2 ¥ FTOMRRIE, RE
B, MNEEBABE, MNERY Y eFEOZBIRN
RETRE, 1~4%7T, MREEARE, NNREY Y
T FETRFEH 2% LbThIicEro 7Y (F ),

WHWBREROERRIHENS S, —FD
e cERAR, MEREZZ LR, EHT
E300TRRY, £, EYRBEEERLY S —
TORREZDEEONERZREIX 1% L&,
ZHECKHEEREL TV LI EELH 3,

L, BEODNRBEOBTLSERTET

24

(C#k 4) & h5IAD

I, RICAERcRET 2—BETERRBIC OV
T, VHOIERRLVIBHOTICAEI
KGRI T 2548, REEVRERLVIZ
o udr i E, EREZRDTHEDE
BEEELHN T IREREERL, wbWwIEE
L REETHOTEE TH 543, BENERL
DERDVROEETHDH, BEALEEORELL
BHoTRRORVEBELTWVSY,

Wh 3 HEER, EREIRBEL COEER
THAEML, BEHEERSNRLY, BoS
HHERIC L 2 THEEICE, —Eo{LIEEREETA
7 EOREERBPESGEEEEER Y, FHEX
RObDbHBH(E5), choBENEERK
LBEFEEDERNEERTH B,

5]

3

1) BuREERE Y 7 —EHNRO 2004 £




01 EMoTmZEERRRIC, WHOWIRREL
DBEHICN T 2ENRRAEZ T,

2) LVHWBREREOBHY, BAPEEL
iz TIERIAS, 23 BIch 261(8.7%) IcRD b iz,

3) LVHWBREFETIE, BIEHMIEAE»S
HREEARICS , RBHRERETIEHECRRE
T35 DREHICED D, BHAEEH T
DEEIZR S, BERREZT TR, BE»LY
hERBAT s LT EEbR, JEE
Bz I3, —EHRB G~ BRLEE)KEET S
DHEXH D ERDNRS,

4) VHOEIREFEOFRIIBIFTHID, H
LOEREZET2HENERBICIFEIROLD
L5, BHZHORMENERETH S,

X &'

1) Brenning R : Growing pains. Acta Societatis
Medicorum Upsaliensis 65 : 185-201, 1960.

2) Evans AM, Scutter SD. Prevalence of “Grow-
ing Pains” in young children. ] Pediatr 145 :
255-258, 2004.

3) Macarthur C, Wright JG, Srivastava R et al :
Variability in physicians’ reported ordering and

perceived reassurance value of diagnostic tests
in children with ‘Growing Pains’. Arch Pe-
diatr Adolesc Med 150 : 1072-1076, 1996.

4) NEBA  AEHRET 2 —BETERE. 4
BEE 32:1533-1560, 1991.

5) Naish JM, Apley J : Growing pains ; a clinical
study of non-arthritic limb pains in children.
Arch Dis Child 26 : 134-140, 1951.

6) Noonan KJ, Farnum CE, Leiforman EM et al :
Growing pains : are they due to increased
growth during recumbency as documented in a
Lamb model? ] Pediatr Orthop 24 : 726-731,
2004.

7) Oster ] : Growing pain ; a symptom and its
significance. A review. Dan Med Bull 19 : 72-
79, 1972.

8) Peterson HA : Leg aches. Pediatr Clin North
Am 24 :731-736, 1977.

9) Sheldon WPH : On aches and pains in the limb
so-called growing pains. In diseases of infancy
and childhood 5th ed, London, ] & A. Churchill,
p.611-613, 1946.

10) BABA, HLEEX, THERED: wbhY3
BEECowT, HAMESEE 6(1) :95-99,
1996,

25



26

Differential Diagnosis between Growing Pains and
Limb Pains comes from Other Organic Factors

Hiroshi Kusakabe, M. D, et al.
Division of Orthopedics, Department of Surgery Subspecialties, National Children’s Medical Center,
National Center for Child Health and Development

The condition of “growing pains”is characterized by severe pain in the legs and the around knees,
usually occurring at night in childhood. To clarify a differential diagnosis for these pains, we
surveyed all new patients who visited the National Center for Child Health and Development,
during one year.

Of the 1010 new patients who visited between January and December in 2004, 23(2.3% ) cases
had been suggested as “growing pains”.

15 cases were diagnosed as “growing pains” after the first visit. A further 8 cases had been
diagnosed as “growing pains” elsewhere prior to visiting our department. However, 2 of these 8
were misdiagnosed, and on their first visit the diagnoses was changed to transient synovitis of the
hip in one, and to Legg-Calvé-Perthes’ disease in the other.

There were 2 of the 23 cases whose diagnosis was differentiated from “growing pains”. The
differential diagnoses were transient synovitis of the hip and Legg-Calvé-Perthes’ disease in this
study. However, considering the poor prognosis in some other cases with limb pain, the
misdiagnosis in these 2(8.7%)of 23 cases presented to the Center was significant and alarming.
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Reconstruction of the Thumb and Fingers in Congenital Flexion
Contracture of Multiple Fingers

Yasushi Morisawa, M. D, et al.
Department of Orthopaedic Surgery, Natiqnal Center for Child Health and Development

Freeman-Sheldon syndrome, congenital windblown hand, congenital contractural arachnodactly
and arthrogryposis multiplex congenita, each involves congenital flexion contracture of multiple
fingers. In this study, we examined the outcome of thumb and finger reconstruction in 11 patients
involving 15 thumbs treated surgically in the past 5 years. Of the 11 patients, the fingers of 8 hands
were also treated surgically. They consisted of & males and 3 females, with an average age at the
time of surgery of 8 years. The average follow-up period after surgery was 24 months. At surgery
on a thumb, there are three points which have to be improved including the first web space
contracture, the thumb metacarpo phalangeal joint (MPJ])flexion contracture and the dysfunction
of opposition and MPJ extension. The postoperative results for the thumbs were evaluated by the
range of motion (ROM) of MPJ and the comparison between preoperative and final follow-up for 3
grades (improved, no change and worsened) in above 3 points. The results for the fingers were
evaluated by comparison of the proximal interphalangeal joint (PIP]) flexion contracture angle
between pre-operative and final follow-up. In the thumbs and fingers, good results were generally
obtained. Although to improve the opposition and extension of the thumbMP]J is the most difficult in
above three points, abductor pollicis brevis transfer is very effective.



H/NEE4 5 (] Ipn Ped Orthop Ass) 18(1) @ 128-131, 2009.

5 HEEE D 15 R R

EIREERL v ¥ B R

oI e
HT& &

B ol E—HR - B
&

%
2K B

BB RAMNINECRFEMEZEITLEROBRNER W THEL, REOSE, WEHH:
FRBe U, EEIE 11 BB 6B, KRS N2 BT, ARRERIZ TP A~BRESETH
- RIENSHIEERERIC L o TRR L, BESARE RN T U 2ESNE 19 BE(90%) T,
BIREINE] - FIGTE 10 BE(48%) o, BHAEMEMT (LB S0k, BIEREIES) & 11 Bh(52%) I HEfT L,
B RN R T U 2RI 12 B (G7%) Th o7,
REOBBIIFROGEL I TESH, BENERPEL L. ROBMRETIE, BE»EL,
BT EEOBEIRO VI E, BELAUSHZLREEY A XOHISET B I L EPBRED
HiEL 2%, BMBFAORENFICIIELGE - PREOBRGEE, dEEOUKRLE2ITY, F
Wi & ABCEEELE S N, BEFEOWMRK 3RBEROTBROATRRANS D, BED

LI AR TE BHENLR,

FC®IC

EERHLRETHY, EEPERIEWEL
AT, BAED & & AWML I NIREE R,
¥/, FOEREER, ROEMECET 2%
LEonBERS RV, BROEREDRERIFOD
EISEDRE L MR TEAN - BEBHNERPER
ZEEZD, RADBINE TICFMMFELEITL
FROBMEC DV CHAEL, REORE, BF
Fetz ERRE L,

HEEKUFE

W 1984~2007 4E £ TR FMEIETL
HROBME 11 HI(BR 66, ZESHN2LAT
H5. FWBEERILT DB ~23 %, PEFMRE
BIZ 1L »B»5 238, FH740—Tv 7iE5

% 1. f&fH
8 (Tentamy OB £ PHE
True macrodactyly AEE 2
Static type 7 hERE
Progressive type 3 BEBE 1
Hyperostotic macrodactyly 0
Proteus syndrome 0
Klippel-Weber syndrome 1

E50BTPA~UELPB)TH L,

A 8 15 ik, 2 541 6 BEC, BEAITIZ T At 3 B,
DREOBE, MBt4mE, VREE2HEE, VEEIHTH-
72, Tentamy DB T}, true macrodac-
tyly @ static type 7 #l, progressive type 3 i,
Klippel-Weber syndrome 1 I¢H - 7z,

AHHEL LTI, AERE2H, EE2H, I
BAIE 1 BiDsEE & (R 1),

Key words : macrodactyly (B RLiE), treatment policy (J&###f), epiphysiodesis (B 3R#RE ), resection (W),

phalanges (AH#i8)

MRS T 157-0074 FEEHAAEAR 2-10-1 EMREERL s BB SIEA 855 (03)3416-0181

248 FR2044816H
128



