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Fig. 1 Muscle pathology of Danon disease and X-linked congenital AVM.
A. Tiny vacuoles in Danon disease look more like basophilic granules rather than vacuoles (hematox-
ylin and eosin).

B. Vacuolar membranes express acetylcholinestrase in Danon disease, showing the nature of AVSF

(acetylcholiesterase stain).

C. AVSF can also be seen in X-linked congenital AVM (acetylcholinesterase stain)
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Non-treated DMRV

Fig. 2 Muscle pathology of DMRV model mice with or without sialic acid supplementation.
Without sialic acid treatment, DMRV mice show numerous rimmed vacuoles, in addition to marked
variation in fiber size, at age 53 weeks. These features are essentially identical to those seen in hu-
man DRMV /HIBM patients. In contrast, with sialic acid treatment, DMRV mice show virtually no ab-
normality. clearly demonstrating that sialic acid can preclude DRMV/HIBM. ManNAc and sialyllac-
tose also showed essentially the same efficacy. Modified Gomori trichrome stain. Gastrocnemius

muscles.

FAT AT T4 72X, LAMP2A, 2B, 2CD 3
DDTA VT A —LhELND,

—BlOBETIE, 7TL—4 - Y7 MERNTZ VL IBIC
HY, LAMP2B 74 V74— LDHEBRYH L. ZoWDT
BELbLWAYIAY Y - 7uy T, RO
A E R, O FIELAMP2ATA V74 —L4 %
KB L Twa &2 05, L EOERKE R, SHEHRO060
T. LAMP2B A EELT AV 74 —LTHbLnIHIEL
BC—FHLTWwD, £/ ZOLFIZ WO 1Rtz
WL OO, LEER I A NF— b BE LRIBELEZ S
NIkt LAMP-2B RIEOATH Danon HAEB Y 9
LI EERLTWS, BEF— 77 I—ITI3EA LRREN
HLIENHONTETEY, ZORT, HoHENEHAHKIX
TN yE LAMP2A 24 LTT 4 Y/ — ANICEHER
DAFNTHEENLEIRTWAY. 20, ¥ yRu M
# 4+ — b 7 ¥ ¥ — (chaperone-mediated autophagy :
CMA) EMEh 2 8H1E, LAMP2 2D b @ % K < Danon
FWleBW T BELTVWARWVWIZT THD, Danon
HORED—MIECMADRBIHLVWI LIZLLZHDEED
EHROLEZL 25, LA L, LAMP-2B K Hi19 & T Danon
W RIET HBEOHEL AL LERBROHIIBV
Tit, CMARRFELEEIZRELL TRV REEAREL
Twh.

LAMP2 /v 2 7% b= ADKRFHEREH S1E, LAMP2
RIUE D, —BDFA V= LBEDIAY =T 4 7
2kh, gAY/ —anEEL EBIER AW EAMLRT
VWA LLIOZE A Danon HOFELHRETHL LS
1£, Danon b — kDT 4 v/ — LAREAL OB KEUE & O

ML 7o, 72, Wi Tt LAMP2 A =770 —
LOBMRICHBL VB LofmELH S, LA L, Danon
BOFMLHE, LI, € AVSF 2B S LD 0hik.
FoLAHTHY, WhEIBRIIFLETHD.

2. TOM®D AVSF I F/NF—

a) BEZHCEAEZ L) X #mEHN I 4/ F—

MERVCHAEZE L4 X gtk I 4 /3 F— (X-linked
myopathy with excessive autophagy : XEMA) i3, H#7 1
Yo FHLEE SN HBNEED IA 1 F—ThHa".
Danon i & 2 X740, 1o AS SN, LHREIIE S
e, 60 %8 X THBRITHER BIA% <. Danon #5 &t
HWLUTPHRAEE SNTV5. BHHREFLMICIE. Danon 7 &
FREIZ AVSF 224 5. AT, BE# L, EKBEAGERLLL.
Mz AN 7L EHECGIDLFEIGALD LN
200 i, REEMAS, T4 S — AN ORI RER
%8 % HT 5 vacuolar ATPase D7t > 7Y R f % a—
F45VMA21 DERIZE DI EAH LML L0,
XMEA @ Tlx, BS54 v V= ANOBBEIEIE T L TW
LIEDMESNTWS. Danon#d XMEA L & 41271
U/ ABEERFIIL DV RETLIHRETHD I L ITHRE
VL SR RIS, BTHRARS RVM L, AT VY
= LAMIRAREHEAFET 5.

b) FLWR/ ERB A a4 F—

bivbiud, ThF Tl LB EER AVMY R X #E§HfE %
T AOREELAE L. ETRLDERE IAF RO
IR A2 T2 R0 E L Tw5Y . 2ok AVSE



50 1 4 ERER®E#EESE 50% 1 % (2010: 1)

A LTHED, DanoniF XMEA % 25E 5 H & L%
Do 7oh, RIEFEM EHEED L 252 L26, Hlo AVM
L2 oD, HRBEYEMNIZIE, AVSFEAEDL E L I
(Fig. ), JLKB o Rd{L & #hifk C5b-9 O PRI~ D LA H5d
D, Y550k wngl XMEA IS WREATRE SRS,

o BMARBECHAEZRYE I AF—

Nonakal &id, BN THHEBMIZEHO AVSE 24 L,
fig, O, BF, Bl B EEREESE SR HE L Twh DA,
ZOHNHN - HEILE S THTH 22, 5% X512,
AVSF 2 84 5 3+ 1 F =2 FzichnZEhTuw o
RIS,

3. BRYZEREELLIEME I A/NF—

a) AR

RVM OfCZ & LT, S EHax b b 7% ) @R 3 48
F— (distal myopathy with rimmed vacuoles : DMRV) OHf
RERD YD, ARELNE, BT, S5 AR 43
F — (hereditary inclusion body myopathy : HIBM) & Ifi¥h
Two- 4 RO EEHEOMBRLTH D, YT P8
ST, EE 15 & ~40 ETRIET 5. BIIEE 5 & KERA TN
AR SN, KBRIYTEM LM &I £ THEM R
NL. HiEAT I ORGHE 2 B LT, £ L DU HTT LA
FEIRTH L. FHWIIIREGY 12 ERECRITARE A
D, ERFIREE 2255 Siid, BRNEFEERETO®E S
DD ESOENHLI VMO NL LI -TET
Wi,

BEYIHAREMNIZ 150 Ad 5 400 AFEEL FHIL, &
FVHEHRTH 5.

b) a3

BRI 2N E AT IRHEE H A RO B CTh 5. ik
Wl BI L2y, p-7I0f MLER Y v &RBAE) B
Evo HEEMRBIIMAELLLA LD HN 57 B
DR, EHRIZEN SR ROEETH Y, DMRV
FHCEEERE I AN F L LTOMELELT VL. &
MU Z T AR OZEMRREL A L 05 bhubiugs
fEB L7 DMRV £ 7L w7 A TORMERA S 1L, £
FAEFHRITLTHBL, KIZB-TIins FakHEL, 0
B, ML MR ) ALY I AHBILTL 52 L5 A
W2 TWBES,

) HEH#ET

2001 A AFTNDOZ L —TI2 L D HIBM OGS
THLT VY GRRBREAMEL - FT L GNETH 5
CEAHOAIIE N K DMRY BETL IS GNE
EWUHNRGEINDL I EHAL, DMRV X HIBM (6 —# 18
THhHILEHIELLY. THETIIROhoBEOTL
WD 95% PEAI ALy ZENTHD, nul EREH7 L L
WKAETABIEACEShTwaw. ZhiE. Gre /v 27 b
YO AREEBIETHAFEL LEHLTWEY . KT
1 p.VST2L ZWA %% <. pDIT6V ENA 2 F 2 S

d) GfHRELEFL<Y A

BEOMM. HHELRL HEFMHR HEMRT v 7VRkE
AET L, ECIIHBEMRIZBVWTIR MIRKEDO Y 7)) Lk
AET LCTwDY, 3610, K@M 3F s X OiAs My
BwT, GNER#BEWON-TEF L=< /4 3> (Man-
NAc) FLEFEELRITLABTHSL /145 3 V8 (Neude) D
LD, TROARIEL MM ATATS 7Y
MEARBEDBE A AL D LMD Z & %R L72Y, Ziud, s
7Y VLKA A DRMV ORETH 2 %4 51, invitro Tl&
FTCICHEMIETHL L ERL TS,

bhvbitd Gne /v 779 boOAFuELSKrY AL L
b GNEp.D176V EMEKERBIT L 7 AV 2z v o3
AxEBLTHIT&HYE, ¥ GNEpDI76V % GNE / » 7
TNy 775y FTRBT S Gue hGNE D176V-Tg
27 A (DMRV 7L<y A) 2l L2, bhvbhov
AL, A2 AL D, RERD L EHLY. 31 ELD
BEMHENOT I o4 Fikd, A18E0 ) S8y Y. ERE
HMEPERS AMK, LD oo BBlE A Lo, Wi, Z84MirTo
DTAVERKTEBEOMECKELA2A LD Th
X, bivbhwod = 245 & b DMRV %R - RN -
HALEMIZ BT A IR TIE Lo To DMRV 'HIBM £ 7L
YIATHLILERLTWDL. MAT, bhvbhiovy Al
Lh, 7304 FRAiASRELD 7eu X D & BRI SR 12 B
ENLZZTEHBILOTHLALEYD, KRED -SRI S
y il

bihvbho< ATOMAIZLE N, DMRV/HIBM Tk &
HONLFEN) ERIZEIEL LD THOBRRTHLH Z L HH
L L ol T, HAIRL R BRI AR LD
SNLFELRIBEHLTWS, Cobik, AVSFA £33
IFANRF=NFTA V- LREERFE AR AL LTSI L E
B CH D, HERE.

e) GH#FEHRE

NeuAc 2 ManNAc FHET L L8 2 5 THRPIZHEF X A
TLEITLEAALHOSNT VS, 22T, Fi~y A TR
NG LIRS 28 L2 25, SIS0 R G~
DPFMEREEATE . 3612, 455 2 B e o i rp i g b & A -
o, w2 —HIZH 120K ESB 29 2L s, HEIK
KIZE DRI B 2, FORFEDRART LY

T4, FAERELVL TW AR WEIE o 15 85§ o DMRV
w7 A LT, 300 kS (20, 200, 2000mg kg
K, H) TManNAc #527-5 24, WFhofREIZHE W
T, HEHEMTHIUL, FIZTTXTOWKIEHZ2 D 55D
FATOIERMPA LD ONLh 0 Z2T ZORNEE
b Hu, ManNAc 2T AT, NeuAe, Y TLEBESYWTH D
ST YN A MBED A S =N TB I kot &
DFRER, EOFEAIZBVLTL, ManNAc & [AEIZ, 55 B
FUCIHIZC A DMRY S8 % H0) C & 72 HI2a9Cd .
AR, B-7 IO FiLE BRI TREE . Lo
WL A LD h 72 (Fig 2). FRE L E~0#HD & ¢
ZAEOHOLNLE -7 . SHHDOHURIL, GNE {# i h



FIEA 2R 3 A F — OFIBMRY] L Gt

DMRV IZH LTHBCH A Z L IR T L FEFI, M
IS 7 VEEIREAS DMRY OEH TH L Z L X BHEIZR L
LBRTHERNFKE V.

SHODORREEBT AL L, S Rike FToOWE. T4
bHEBEERRBRE VW) Ll D, ARTBIobh b &K
FWERMBOKREL, BHEEROBICELK F 721EHCK TOBLKRE
HOERNEKEX HWETZLOTHSL. bhbhORHLNE
D, ThET. HEAOWEES HOEBRIFERRIEINT,
DMRV @ & 9 7% [#8] fid&EHmIIa T 2 EHEOHES. &
EUEOBRBE»LEATEI 2bh/AZ Eidkvs. DMRV
DOEBEREIL, KHIIBTL25EORMAIERERMBRED
RERALRZEEZOND.

T EH

AVM i3, 208 BEEAEL IS ARLASOH D, 5
BSOSO BERBPAVEIR T I LA EE
Z6h3a. AVSF #4925 3 479F—1d Danon #§ & XMEA
OFERBETFAHLIERY, ELIITM V- ARERE
FEREAE LTV ATHBEL TS, —FH, DMRVA YD
RVM 15 4 VvV —LHHIRAMERY DD, ZOTHRBESR
FLTHOAESERSIN TV SIESEAE V. wihicg
X, S®%XLICHENFY] SN THEEHEVEL 2 & 10k
2 THHIN, DL L[BIFHVEROGHRERIEIIH L
T.ARIEEDEI A Y ATHATOL OH, TRIEV KR
DLYETHSH .

BB AVMBIREZHEOLE -T2 BA TS5 LB H
Hh LAV TIREA B TE) T TEVHM - MLy
Bi itbe it ORI, Danon PR T SR8 2 v 72K
a0y ¥ 7 K% m@#MNE Michio Hirano %4 7% & UFIZ Salvatore
DiMauro %4, Z LT, w2 L —#IHREZED TR TV B EZ
Hith - gL Y 7 —HEHRENERTES —MoHE L BEON
e, LB EEBOTERTMARNT DMRV BRI %
A HEE L BRE % F 72 May Malicdan E#fi L FOERRICERHE
wiLEF. 7. AOBIRICIHAOTE > EGEOKEN
BEBIVIEEOH 4, UM I AR F—BEEIOH £ IIRH
weLEd.

X ™

1) Nishino I. Autophagic vacuolar myopathy. Semin Pediatr
Neurol 2006;13:90-95.

Nishino 1. Autophagic vacuolar myopathy. Curr Neurol
Neurosci Rep 2003:3:64-69.

Danon MJ. Oh S]. DiMauro S, et al. Lysosomal glycogen

oo

3)
storage disease with normal acid maltase. Neurology
1981:31:51-57.

1) Sugie K. Yamamoto A, Murayama K. etal. Clinicopa-

—

thological features of genetically confirmed Danon dis-
ease. Neurology 2002,58:1773-1778.
Schorderet DF, Cottet S, Lobrinus JA, et al. Retinopathy

6

=

7

g

8)

£

10

=

11)

12

-

13

14)

15)

16)

17)

18

19)

20

=

21)

in Danon disease. Arch Ophthalmol 2007;125:231-236.
Prall FR. Drack A. Taylor M. et al. Ophthalmic manifesta-
tions of Danon disease. Ophthalmology 2006:113:1010-1013.
Sugie K. Noguchi S. Kozuka Y, et al. Autophagic vacuoles
with sarcolemmal features delineate Danon disease and
related myopathies. ] Neuropathol Exp Neurol 2005;64:
513-522.

Murakami N, Goto Y-, [toh M, et al. Sarcolemmal inden-
tation in cardiomyopathy with mental retardation and
vacuolar myopathy. Neuromuscul Disord 1995.5:149-155.
Muntoni F, Catani G, Mateddu A, et al. Familial cardio-
myopathy, mental retardation and myopathy associated
with desmin-tvpe intermediate filaments. Neuromuscul
Disord 1994:4:233-241.

Nishino I, Fu J. Tanji K, et al. Primary LAMP-2 deficiency
causes X-linked vacuolar cardiomyopathy and myopathy
(Danon disease). Nature 2000:406:906-910.

Tanaka Y, Guhde G. Suter A, etal. Accumulation of
autophagic vacuoles and cardiomyopathy in LAMP-2-
deficient mice. Nature 2000;406:902-906.

Fukuda M. Biogenesis of the lysosomal membrane. Sub-
cell Biochem 1994;22:199-230.

Kaushik S, Cuervo AM. Chaperone-mediated autophagy.
Methods Mol Biol 2008,445:227-244.

Eskelinen EL. Illert AL, Tanaka Y, et al. Role of LAMP-2
in lysosome biogenesis and autophagy. Mol Biol Cell 2002;
13:3355-3368.

Saftig P, Beertsen W, Eskelinen EL. LAMP-2: a control
step for phagosome and autophagosome maturation.
Autophagy 2008:4:510-512.

Kalimo H, Savontaus M-L, Lang H, et al. X-linked myopa-
thy with excessive autophagy: a new hereditary muscle
disease. Ann Neurol 1988;23:258-265.

Villanova M, Louboutin JP, Chateau D, etal. X-linked
vacuolated myopathy: complement membrane attack
complex on surface membranes of injured muscle fibers.
Ann Neurol 1995.37:637-645.

Louboutin JP. Villanova M, Lucas-Heron B, et al. X-linked
vacuolated myopathy: membrane attack complex deposi-
tion on muscle fiber membranes with calcium accumula-
tion on sarcolemma. Ann Neurol 1997;41:117-120.
Ramachandran N, Munteanu I, Wang P. et al. VMAZ21 de-
ficiency causes an autophagic myopathy by compromis-
ing V-ATPase activity and lysosomal acidification. Cell
2009:137:235-246.

Yamamoto A. Morisawa Y, Verloes A. etal. Infantile
autophagic vacuolar myopathy is distinct from Danon
disease. Neurology 2001;57:903-905.

Yan C, Tnaka M. Sugie K, et al. A new congenital form of



50 :6 ERPRHREESE  50% 17 (2010 1)

X-linked autophagic vacuolar myopathy. Neurology 2005; the mouse model of DMRV /hIBM. Physiol Genomics
65:1132-1134. 2008:35:106-115.

22) Kaneda D, Sugie K. Yamamoto A, etal. A novel form of 27) Eisenberg 1. Avidan N, Potikha T, etal. The UDP-N-
autophagic vacuolar myopathy with late-onset and mul- acetylglucosamine 2-epimerase / N-acetylmannosamine
tiorgan involvement. Neurology 2003:61:128-131. kinase gene is mutated in recessive hereditary inclusion

23) Nonaka 1. Noguchi S, Nishino I Distal myopathy with body myopathy. Nat Genet 2001:29:83-87.
rimmed vacuoles and hereditary inclusion body myopa- 28) Nishino I, Noguchi S, Murayama K, et al. Distal myopathy
thy. Curr Neurol Neurosci Rep 2005,5:61-65. with rimmed vacuoles is allelic o hereditary inclusion

24) Malicdan MC, Noguchi S, Nishino I. Recent advances in body myopathy. Neurology 2002:59:1689-1693.
distal myopathy with rimmed vacuoles (DMRV) or hIBM: 29) Schwarzkopf M. Knobeloch KP, Rohde E, et al. Sialylation
treatment perspectives. Curr Opin Neurol 2008:21:596- is essential for early development in mice. Proc Natl
600. Acad Sci USA 2002:99:5267-5270.

25) Malicdan MC, Noguchi S, Nonaka I, et al. A Gne knockout 30) Noguchi S, Keira Y, Murayama K. et al. Reduction of
mouse expressing human GNE D176V mutation develops UDP-N-acetylglucosamine 2-epimerase.’N-acetylmannosamine
features similar to distal myopathy with rimmed vacu- kinase activity and sialylation in distal myopathy with
oles or hereditary inclusion body myopathy. Hum Mol rimmed vacuoles. J Biol Chem 2004;279:11402-11407.
Genet 2007;16:2669-2682. 31) Malicdan MC. Noguchi S, Hayashi YK, et al. Prophylactic

26) Malicdan MC, Noguchi S, Havashi YK, etal. Muscle treatment with sialic acid metabolites precludes the de-
weakness correlates with muscle atrophy and precedes velopment of the myopathic phenotype in the DMRV-
the development of inclusion body or rimmed vacuoles in hIBM mouse model. Nat Med 2009;15:690-695.

Abstract
Eludication of pathomechanism of and development of therapy for autophagic vacuolar myopathies

Ichizo Nishino, M.D.

Department of Neuromuscular Research, National Institute of Neuroscicence,
National Center of Neurology and Psychiatry (NCNP)

Autophagic vacuolar myopathy (AVM) is an entity defined by the presence of autophagic vacuoles on muscle
pathology. There are two emerging categories in AVM in addition to the best characterized Pompe disease.

One is Danon disease and its related disorders, which are characterized by autophagic vacuoles with unique
sarcolemmal features (AVSF). AVSF express virtually all sarcolemmal proteins, in addition to acetyl-
cholinesterase, on their vacuolar membranes. Danon discasc is caused by primary dcficiency of a lysosomal mem-
brane protein, LAMP-2. Interestingly, in this disease, the number of AVSF increases as the patients age. Other
AVSF myopathies include X-linked myopathy with excessive autophagy which is now known to be caused by
VMA21 mutations.

The other AVM is typified by the presence of rimmed vacuoles, which are actually clusters of autophagic
vacuoles on electron microscopy. One of the well known discases in this group is distal myopathy with rimmed
vacuoles (DMRYV), also called hereditary inclusion body myopathy (HIBM). DMRYV is caused by mutations in GNE
gene that encode a rate-limiting enzyme in the sialic acid biosynthetic pathway. Interestingly, in DMRV model
mice, sialic acid supplementation almost completely precluded the disease phenotype. indicating that decreased
sialic acid is the cause of myopathic phenotype and sialic acid supplementation can prevent the disease process.

Interestingly. both genetically diagnosable AVSF myopathies are primarily due to lvsosomal dysfunctions. In
contrast, rimmed vacuoles are secondarily caused by extra-lysosomal defects, such as hyposialylation in DMRV
HIBM., and are formed at later stages of the disease.

(Clin Neurol 2010:50:1-6)
Key words: autophagy, distal myopathy, hereditary inclusion body myopathy, rimmed vacuole, sialic acid. GNE




of p62 positive aggregates correlate pretty well with myofiber
atrophy. In general the degradation systems appear to be’ still
functioning in these patients and seem to contribute positively
to counteract disease progression. In conclusion, present data
underline the role of unproductive autophagy and accumulation
of aggregate-prone ubiquitinated proteins in the pathogenesis of
GSDII, especially in more severely affected patients.

SM202. An exploratory analysis of scoliosis

in 182 children and adults with Pompe disease
from the Pompe Registry
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The prevalence of scoliosis and its relationship with respira-
tory function are explored in patients enrolled in the Pompe Reg-
istry. Scoliosis status was reported for 575 patients, 182 of whom
had scoliosis (25 children age 0 to < 2 years or 2 2 to < 13 years; 24
teenagers age 2 13 10 < 20 years, and 133 adults age = 20 years).

Children age > 2 years with scoliosis had a mean age at
Pompe symptom onset of 1.1 years, identical to children without
scoliosis. Teenagers with scoliosis had a mean age at symptom
onset of 5.8 years compared with 9.1 years in teenagers without
scoliosis. Adults with scoliosis had mean age at symptom onset of
25.3 years compared with 32.8 years in adults without scoliosis.

Among the subset of patients with FVC data, children age
> 2 years (n = 6) and teenagers (n = 9) with scoliosis had lower
% predicted forced vital capacity (FVC) upright median scores
(68.0% and 59.0%, respectively) than those in similar age groups
without scoliosis (15 children, 5 teenagers; 77.0% and 91.1%,
respectively). Children age > 2 years with scoliosis (n = 3) had
lower median % predicted FVC supine scores than those in simi-
lar age groups without scoliosis (n = 5) (47.0% versus 70.0%,
respectively). Supine scores for teenagers without scoliosis were
unavailable. Among adults, FVC % predicted upright and supine
median scores were similar regardless of scoliosis status.

Further analysis and collection of detailed scoliosis and
respiratory function data is needed to better understand this re-
lationship and how scoliosis affects quality of life in patients
with Pompe disease.

SM203. Quantitative metabolome profiling

of biopsied muscle in the patients with
glycogen storage diseases using capillary
electrophoresis mass spectrometry

Fukuda, Tokiko'; Sugie, Yoko®; Sugie, Hideo’

!Jichi Medical University, Tochigi, Japan; *Hamamatsu Medical
Universiry, Pediatrics, Hamamatsu, Japan; “Jichi Medical University,
Pediatrics, Shimotsuke, Japan

Metabolome analysis has lately been applied for the char-
acterization of disease-specific metabolism. Recently developed

X ICNMD Abstracts Program

capillary electrophoresis time-of-flight mass spectrometry (CE-
TOFMS) has enabled quantitative analysis of charged metabo-
lites by the simultaneous measurement of their levels in tissues. In
order to characterize the metabolism of muscular glycogen stor-
age diseases (M-GSD), and also to evaluate whether CE-TOFMS
could be a valuable diagnostic tool for M-GSD, we applied CE-
TOFMS to measure the metabolites involved in energy produc-
tion in the muscles of M-GSD. Biopsied muscles were obtained
from each patient with GSDIIa, IIb, 111, V, VII, and phosphoglyc-
erate kinase (PGK) deficiency. Histologically normal muscles
from three myopathy patients with normal CK values were used
as controls. We identified 10 metabolites involved in glycoly-
sis, 8 in TCA cycle, and 4 in pentose phosphatase pathway. The
amounts of glycolytic intermediates locating downstream of G-1-
P in the glycolytic pathway were much less in muscles of GSD
11 and V than in control muscles, while the amounts of glyco-
Iytic intermediates locating upstream of FDP (G-6-P, G-1-P and
F-6-P) and those locating upstream of 3-phosphoglycerate were
significantly high in muscles of GSD VII and in PGK deficiency,
respectively. There was no difference in the amounts of glycolytic
intermediates between GSD II and controls. The amounts of the
metabolites in TCA cycle were higher in muscles of GSD II than
in controls. The metabolome analysis of biopsied muscles had
clearly determined the blockage of the metabolic pathway. We
conclude that this method could be a high through-put and good
method for diagnosis in M-GSD.

SM204. Adult Pompe disease: bone mineral
density before and after enzyme replacement
therapy

Papadimas. George-Konstantinos'; Terzis, Gerasimos®;
Methenitis, Spyridon’; Spengos, Konstantinos’; Papadopoulos,
Constantinos®; Kavouras, Stavros’; Michelakakis, Helen’;
Manta, Panagiota®

!University of Athens, Medical School, Neurology, Athens, Greece;
2University of Athens, Athens, Greece;*‘Ag. Sophia’ Children’s Hospital,
Athens, Greece

Pompe disease is an autosomal recessive disorder caused by
lysosomal o-glycosidase deficiency. The infantile form is char-
acterized by cardiomegaly and severe muscle weakness with an
early fatal outcome, while the adult form is usually milder with
progressive muscle weakness and respiratory dysfunction. Bone
mineral density (BMD) seems to be decreased in the infantile
form leading to osteopenia and fractures, but data concerning the
adult form of the disease are still limited. The aim of the present
study is to evaluate BMD in patients with the adult form of Pompe
disease before and after enzyme replacement therapy (ERT).

Body composition was examined by means of dual x-ray
absorptiometry at baseline and after 9-12 months of ERT in five
patients with the adult onset form of Pompe disease.

One patient had reduced BMD in total body, L2-1L.4 spine
and femoral neck in the range of osteopenia, one other had re-
duced L2-L4 spine BMD and two patients had slightly reduced
femoral neck BMD. After 9-12 months of ERT, BMD was not
considerably altered in any patient.

A slight reduction of BMD among patients with the adult
form of Pompe disease might be occasionally found. The short-



PEDIATRICS Offcial Jourl of *
|NTERNAT|ONAL Dd;fla('m: Society X ‘
Pediatrics International (2011) 53, 129-130

Letter to the Editor

Liver biopsy is an important procedure in the diagnosis of glycogen

storage disease type IV

Tatsuki Mizuochi," Akihiko Kimura,' Hiroshi Nishiura,' Yukihiro Inomata,* Hideaki Okajima,* Hideo Sugie,”

Hiroshi Mitsubuchi,” Minoru Yagi? and Masayoshi Kage®

Departments of 'Pediatrics and Child Health, and *Pediatric Surgery, and *Pathology, Kurume University School of
Medicine, Kurume, and Departments of *Pediatric Surgery and Transplantation and *Pediatrics, Kumamoto University
Graduate School of Medical Science, Kumamoto University, Kumamoto, and °Department of Pediatrics, Jichi Medical

University and Jichi Children’s Medical Center, Tochigi, Japan

Glycogen storage disease type IV (GSD IV) is a rare autosomal
recessive metabolic disorder characterized by deficient glycogen
branching enzyme (GBE) activity. This severe metabolic disease
results in abnormal deposition of amylopectin-like glycogen in
multiple organs, such as the liver, muscle, heart, and the nervous
system.'” This disease most frequently presents in the first few
months of life, with hepatosplenomegaly and failure to thrive.
This is followed by progressive liver cirrhosis with portal hyper-
tension, ascites, esophageal varices, and death by 5 years of age.’
Generally, diagnosis of GSD does not require liver biopsy.
However it is difficult to diagnose GSD IV when symptoms
extend to multiple organs. No specific treatment for this disease
exists. Liver transplantation has been proposed as a treatment;***
however, this may not improve extrahepatic manifestations in the
same patients.*

We experienced a case of GSD IV in a 5-month-old boy
who was born without complications after 38 weeks of gesta-
tion. He had no significant family history and developed nor-
mally until the age of 4 months, at which time he experienced
high fever, tachypnea. and poor feeding. On admission to our
hospital, he had hepatosplenomegaly with elevation of serum
transaminases (aspartate aminotransferase [AST]. 312 IU/l and
alanine aminotransferase [ALT]. 108 IU/); hypotonia: cardi-
omegaly (cardiothoracic ratio, 67%); elevated white blood
count (27 570/ul) and C-reactive protein (9.1 mg/dl). Ultra-
sonography revealed pericardial effusion and increased myocar-
dial thickness. After admission, the patient rapidly developed
signs of cardiomyopathy and respiratory distress accompanied
by high fever and petechiae. However, serum creatine phospho-
kinase concentration was normal. Therefore. his cardiac
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findings may have been due to a respiratory problem, such as
infection, or to a combination of abnormal deposition of
amylopectin-like glycogen and infection. He was treated with
respiratory therapy. antibiotics, y-globulin, and a diuretic.
However, his condition did not improve, and his liver function
sharply deteriorated: AST, 729 IU/: ALT, 146 1U/I; total biliru-
bin, 2.6 mg/dl; and prothrombin. 54% (normal range: >60%).
At that time we were still unable to make a diagnosis so we
carried out an open liver biopsy. We did not evaluate leuko-
cytes.’ The biopsy specimen showed periodic acid-Schiff-
positive cytoplasmic inclusions, largely resistant to diastase
digestion (Fig. 1). GBE activity in a sample from the specimen
was very low (0.09 umol Pi/min/mg protein; control, 1.2 £+ (.3),
as measured in the laboratory of Dr H. Sugie.

From the above results, especially the histological findings
from the biopsy, the patient was diagnosed as having GSD [V.
He received a living-donor liver transplant from his mother at
Kumamoto University Hospital. After transplantation. his
symptoms, including abnormal liver function, cardiomyopathy,
dyspnea, hypotonia, and petechiae, rapidly improved except for
fever. Histological findings from the liver biopsy specimen, par-
ticularly the faintly stained basophilic inclusions in hepatocytes,
were very useful and ultimately led to the diagnosis of GSD IV.
We therefore consider liver biopsy very important for the diag-
nosis of this disease. However, it should be kept in mind that
enzyme assay in the liver can be very tricky when the liver is
cirrhotic.

We carried out living-donor liver transplant with the
patient’s mother as the donor. After liver transplantation, all
disease manifestations except for fever abated. Resorption of
extrahepatic deposits of abnormal glycogen has been demon-
strated after liver transplantation:®’ the mechanism for resorp-
tion of deposits in organs apart from the liver remains
unknown.

In conclusion, we report a 5-month-old boy with GSD 1V,
including fever of unknown origin both before and after liver
transplantation, and emphasize the importance of liver biopsy in
the diagnosis of GSD IV.
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Fig. 1
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Liver biopsy specimen from our patient with GSD IV. (a) Hepatocytes are enlarged and contain faintly stained basophilic cytoplasmic

inclusions (hematoxylin—eosin stain, x100). (b) The inclusions are periodic acid-Schiff-positive and diastase-resistant (x400). (¢) Ultrastruc-
turally, hepatocytes are occupied by large aggregates consistent with amylopectin (x10 000). N, nucleus; Amy. amylopectin.
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Case of glycogen storage disease type VI (phosphorylase deficiency)
complicated by focal nodular hyperplasia
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Although it is well known that hepatic tumors often develop in
patients with glycogen storage disease (GSD) types la and I11, the
formation of these tumors has not been reported in other forms of
hepatic GSD. In this report, a patient with GSD type VI (phos-
phorylase deficiency; OMIM 232700) complicated with a hepatic
benign tumor, focal nodular hyperplasia (FNH), is presented.
This case indicates that regular check-ups for hepatic tumors are
necessary, not only in patients with GSD types la or 111, but also
in patients with other forms of hepatic GSD.

Case Report

A female patient was referred to our hospital when she was 5
years of age for further investigation of hepatomegaly, which had
been detected when she had visited a clinic when she was 5 years
old. She was born to healthy non-consanguineous parents and
had no history of hypoglycemia or nasal bleeding. On physical
examination, her height was 101 cm (=1.5 SD) and her body-
weight was 16 kg (=1.0 SD). The liver was firm and palpable
7 ¢cm below the right costal margin, whereas the spleen was not
palpable. The results of a fasting blood test collected at that time
were as follows: aspartate aminotransferase 37U/L, alanine ami-
notransferase 24U/L, blood glucose 85 mg/dL. lactate 6.2 mg/
dL, uric acid 5.9 mg/dL, total cholesterol 229 mg/dL and
triglyceride 88 mg/dL. A plain abdominal computed tomography
(CT) scan showed an enlarged liver with a density considerably
higher than that of the spleen (CT values: liver, 80; spleen, 42)
(Fig. 1). Glucose and galactose loading tests were performed.
The serum lactate level was not elevated when glucose was
loaded, although it increased to a maximum of 56 mg/dL one
hour after loading (normal <35 mg/dL). A glucagon loading test
was performed after a 15-h fast, with the serum glucose level
increasing from 71 to 128 mg/dL one hour after loading. On the
basis of these data, GSD was suspected and accordingly the
enzyme activities of hepatic GSD, that is, debranching enzyme.
phosphorylase and phosphorylase b kinase, were measured in
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peripheral blood. The results of all these tests were normal
(Table 1). Informed consent for a liver needle biopsy for mea-
surement of enzyme activity was not obtained. Although the
enzyme activity of phosphorylase b kinase measured in periph-
eral blood was normal, a tentative diagnosis of GSD type IX
(phosphorylase b kinase deficiency) was made based on the
physical, laboratory and radiological findings and the results of
the loading tests. Regular check-ups including abdominal CT
scans for potential formation of hepatic tumor were performed
every year. The patient’s growth curve showed that she attained
mean values around the time of puberty. The results of blood tests
obtained between 5 and 14 years of age were as follows (mean *
SD): uric acid 5.9 * 0.6 mg/dL, total cholesterol 208 *
21.0 mg/dL and triglyceride 198 + 111 mg/dL.

When the patient was 15 years of age, the early phase of a
contrast-enhanced abdominal CT scan revealed an enhanced
lesion in the liver (Fig. 1). After obtaining informed consent,
specimens were obtained by needle biopsy from the tumor and
non-tumor part of the liver. Histological findings of the non-
tumor specimen showed strong periodic acid-Schiff (PAS) stain-
ing in hepatocytes that disappeared following diastase treatment,
findings compatible with GSD. Histology of the tumor specimen
demonstrated pericellular fibrosis, compatible with the diagnosis
of FNH (Fig. 2). Fibrous bands containing bile ductules were not
observed in the specimens. Enzyme activities of hepatic GSD
were measured using liver tissue from the non-tumor section,
which revealed that phosphorylase enzyme activity was
2.3 nmol/min/mg protein, a value corresponding to 24% of
normal. The enzyme activity of both debranching enzyme and
phosphorylase b kinase was normal (Table ). Informed consent
for gene analysis of phosphorylase (PGYL) could not be
obtained. We concluded that the patient’s diagnosis was GSD VI
(phosphorylase deficiency) complicated by FNH. We elected to
forego surgical treatment in favor of long-term observation. The
size of the tumor has been monitored regularly with ultrasonog-
raphy. As of now, the tumor does not appear to be enlarging.

Discussion

In this report we present a patient with GSD type VI complicated
by FNH. This is the first report of a hepatic tumor complication



Fig. 1 (a) The findings of a plain abdominal computed tomogra-
phy (CT) scan at 5 years of age. The CT value of the liver
was markedly elevated compared with that of the spleen and
kidneys. (b) The findings of the early phase of a contrast-enhanced
abdominal CT scan at 15 years of age showing an enhanced lesion.
(¢) The findings of the same section as (b), without contrast
enhancement.

in a patient with GSD type VI, a different hepatic form of GSD
than types la or I11. As hepatic tumors are often found in patients
with GSD types la and 111, regular check-ups for these tumors are
performed routinely in these patients. However, this report indi-
cates that regular check-ups for hepatic tumor are also necessary
in patients with hepatic forms of GSD other than types Ia or I]1.

Case of GSD VI complicated by FNH el5|

In patients with GSD type la, hepatic adenoma is the
most common tumor described; however other tumors,
including hepatocellular carcinoma (HCC).! described in
patients with GSD 1I1,* hepatoblastomas,* and FNH* have also
been reported.

Hepatic adenomas are a benign tumor, consisting of a
nodular proliferation of hepatocytes arranged in cords having
no relationship to portal tracts. They often have a pushing
border abutting against the surrounding liver. The hepatic
adenoma has, on rare occasions, been known to progress (o
HCC," and this is one of the most important reasons why
regular check-ups and follow up after the discovery of an
adenoma are necessary in a patient with GSD la. FNH
is typically a single mass in an otherwise healthy liver
characterized by central scarring that radiates between multiple
nodules of regenerating parenchyma. Like the hepatic adenoma.
it is also a benign tumor parenchyma but the potential for
malignant transformation of FNH into HCC has not been
demonstrated. However, a case of HCC arising within FNH
has been reported recently’ and this report emphasizes the
importance of detecting FNH. even though the FNH itself is
benign.

The mechanism of tumor formation in GSD type la is con-
sidered to occur by the following sequence.® Increased amounts
of free fatty acids are released from adipose tissue, taken up by
the liver and channeled into triglyceride formation. Malonyl-
CoA is a key lipogenic intermediate in this process, which, in
turn. causes inhibition of carnitine palmitoyltransferase 1 and
limitation of mitochondrial beta-oxidation. This results in fatty
acids being more likely to be channeled into extramitochondrial
pathways, such as within peroxisomes, leading to an increase in
hydrogen peroxide generation. This results in increased genera-
tion of free radicals that are capable of inflicting direct DNA
damage, which may initiate the development of hepatic tumors.
Although the patient reported here was diagnosed with GSD
type VI hypertriglyceridemia was almost always observed
during the clinical course of the disease, similar to that seen in
cases with type I GSD. We anticipate this would have resulted
in increased generation of free radicals by the mechanism
described above and could possibly have caused the formation
of FNH we observed in the patient.

In our patient we observed a difference in phosphorylase
activity between peripheral blood and liver tissue. Three isoforms
of phosphorylase exist, that is. liver, brain and muscle. As the
liver isoform is expressed in peripheral blood.”* phosphorylase
activity in peripheral blood and the liver should be the same. The
reason why phosphorylase activity in peripheral blood and liver
was different in our patient is not clear, although similar findings
have been reported elsewhere.” Mutation analysis of the liver
glycogen phosphorylase gene (PYGL) is necessary for further
confirmation of this diagnosis.

In summary, we report a patient with GSD V1 complicated
with FNH. This case indicates that regular check-ups for
hepatic tumors are necessary, not only in patients with GSD
types la or III. but also in patients with other forms of hepatic
GSD.

© 2010 Japan Pediatric Society
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Fig. 2 Histological findings of the liver from (a-d) non-tumor and (e-h) tumor specimens. (a and e) Hematoxylin—eosin (HE) stain, (b and
f) silver staining, (c and g) periodic acid-Schiff (PAS) staining and (d and h) PAS staining after diastase treatment. In the non-tumor specimen.
the hepatocytes had (a) clear cytoplasm with (b) no fibrosis observed. (¢ and d) All the hepatocytes were stained strongly by PAS, which
disappeared following diastase treatment. (e and f) In tumor specimens, pericellular fibrosis was observed, whereas fibrous bands in which bile
ductules were proliferating were not. On the basis of the finding of pericellular fibrosis, a diagnosis of focal nodular hyperplasia was made. The
original magnification was x20.

-

-

Table 1  Results of enzyme activity measurements in the patient and controls

Peripheral blood Patient Control 1 Control 2
Debranching enzyme 14.8 249 19.1 Nmole glucose/hour/mg
Phosphorylase 6.3 6.1 7.2 Nmole/min/mg
Phosphorylase b kinase 45.8 44.5 42.0 Nmole/min/g Hb
Liver Patient Controls
Debranching enzyme 2434 197.4 £ 328 (n = 10) Nmole glucose/hour/mg
Phosphorylase 23 96+ 1.7 (n=10) Nmole/min/mg
Phosphorylase b kinase 49.6 627+ 118 (n=9) Nmole/min/mg
References with review of the literature. World J. Gastroenterol. 2006; 12:
6567-71.
I Franco LM, Krishnamurthy V, Bali D er al. Hepatocellular carci- 6 Lee PJ. Glycogen storage disease type I: Pathophysiology of liver
noma in glycogen storage disease type la: A case series. J. Inherit. adenomas. Eur. J. Pediatr. 2002; 161(Suppl 1): S46-9.
Metab. Dis. 2005; 28: 153-62. 7 Proux D, Dreyfus JC. Phosphorylase isoenzymes in tissues: Preva-
2 Demo E, Frush D, Gottfried M er al. Glycogen storage disease type lence of the liver type in man. Clin. Chim. Acta 1973; 48: 167-
HI-hepatocellular carcinoma a long-term complication? J. Hepatol. 72.
2007; 46: 492-8. 8 Proux D, Vibert M, Meienhofer MC. Dreyfus JC. The isozymes of
3 Ito E. Sato Y. Kawauchi K er al. Type la glycogen storage disease glycogen phosphorylase in human and rabbit tissues. 11. Electrofo-
with hepatoblastoma in siblings. Cancer 1987; §9: 1776-80. cusing in polyacrylamide gels. Clin. Chim. Acta 1974 57: 211-
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5 Petsas T. Tsamandas A, Tsota | eral. A case of hepatocellular (PYGL) underlying glycogenosis type VI. Am. J. Hum. Genet. 1998:
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Abstract

Multiple genes are involved in the pathogenesis of autism. To study the causative gene, the relationship between autism endo-
phenotypes and their closely related genes has been analyzed. There is a subgroup of autism spectrum disorder (ASD) in which
the ratio of second digit length to fourth digit length (2D/4D) is low (short digit group, SDG). We studied the relationship between
ASD and HOXD genes, which are located in the candidate locus for ASD and are associated with digit morphogenesis, with a par-
ticular focus on SDG. We analyzed 25 SNPs of HOXD1I, HOXDI12, and HOXDI3 in the subject of 98 ASD, 89 healthy controls,
and 16 non-autistic patients (non-ASD). There was no significant difference in the genotype frequencies between the ASD and the
healthy controls. However, the G-112T heterozygote in the promoter region of HOXDII was observed in only four patients with
ASD and in none of the healthy controls or non-ASD subjects. Moreover, this HOXD/II G-112T was observed in three of 11 SDG
with ASD but in none of the 15 non-SDG patients with ASD. There were eight SDG patients among the non-ASD ones, but this
polymorphism was observed in none of them. Considering the above results, it is expected that candidate genes will be further iden-
tified, using HOXD11 G-112T polymorphism as a marker, by analyzing genes located near 2q in a larger number of ASD subjects
with clinical signs of SDG.
© 2009 Elsevier B.V. All rights reserved.
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social interaction and communication, and a limited
range of activities and interests. As the diagnosis of aut-
ism is made on the basis of patients’ behavioral charac-
teristics, the disorder is not caused by only one factor. It
is considered that various genetic and environmental
factors are involved in the occurrence of autism, and
their interactions are complex. In 1998, the International
Molecular Genetic Study of Autism Consortium
(IMGSC) reported their genome-wide linkage analysis
of families in which there was more than one member
with idiopathic autism [1]. On the basis of the results
of a subsequent large-scale genome-wide scan, candidate
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gene loci, including 7q21.2-q36.2, 16pi2.1-pl13.3,
6q14.3q23.2, 2924.1-q33.1, 17q11.1-q21.2, 1q21-q44,
and 3q21.3—q29, were identified [2]. In an attempt to
increase the linkage, a nearly homogeneous group was
selected among patients with autism of heterogeneous
causes. Autism patients were classified into subgroups
or subsets in accordance with the phenotype of autism
[3], such as through a quantitative trait locus (QTL)
analysis of the constituent elements of endophenotypes
in autism {4}, and an ordered-subset analysis [5] was car-
ried out. The ratio of second digit (2D} length to fourth
digit (4D) length (2D/4D) is very low in some autism
patients [6,7]. The homeo box D (HOXD) gene family
is involved in skeletal morphogenesis, and correlations
between digit length and the expression levels of
HOXDI11, HOXDI2, and HOXD!3 have been observed
{8.9]. In addition, HOXD genes form a cluster at 2q24.1-
q33.1, which has been found to be a candidate locus by a
genome-wide scan [3]. Therefore, we considered that
digit length is one of the small physical signs of autism.
Hence, we investigated the relationships between autism
and polymorphism of HOXDI!!, HOXDI2, and
HOXDI13. Moreover, we classified autism patients into
two categories: patients with a low 2D/4D formed the
short digit group (SDG), while the remaining patients
formed the non-short-digit group (non-SDG). We also
examined the genetic polymorphism of these three genes
between SDG and non-SDG with autism and also
between SDG with and without autism. No analysis of
autism focusing on these relationships has been reported
to date.

2. Subjects and methods

Seven patients with autism in the SDG were screened
for the presence or absence of gene mutations in the
exon and intron of HOXDII, HOXDIi2, and HOXDI3,
and for gene polymorphisms. The genotypic frequencies
of the detected polymorphisms and the polymorphisms
already listed in the GenBank were compared between
the autism patients and the controls. Finally, the geno-
types of the above polymorphisms of the autism patients
in SDG were investigated.

2.1. Subjects

The subjects examined by genetic analysis in this
study were 98 patients who visited the Department of
Pediatrics, Hamamatsu University School of Medicine
and Hamamatsu City Medical Center for Developmen-
tal Medicine, and who were diagnosed as having autism,
PDD-NOS, and Asperger syndrome on the basis of the
criteria in the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV [10]). Patients with clear
underlying diseases such as chromosomal abnormalities,
tuberous sclerosis, and Fragile X syndrome were

excluded from the study. The patients were of 82 males
and 16 females with ages ranging from 5 years and
2 months to 31 years and 10 months (mean age: 12 years
and 7 months). In terms of ethnicity, 95 patients had
Japanese parents, 2 had Japanese fathers and Filipino
mothers, and | had Bangladeshi parents. Eighty-nine
subjects without any neurological abnormality served
as healthy controls for gene analysis; all of them were
Japanese and their sex and age were not determined.
Thirty patients were also examined as disease controls,
including 16 non-autistic patients, 14 mentally retarded
patients, and 2 AD/HD patients, all of whom were
Japanese.

2.2. Measurement of second and fourth digit lengths

A digital camera providing three-megapixel images
was used for the measurement of the 2D and 4D lengths.
Each subject’s right hand was placed palm-up on a flat
desk, and was photographed with the camera 20 cm
above the hand. Three pediatric neurologists separately
measured the 2D and 4D lengths from the line of the
base to the tip of the digits three times using the image
analyzing software Scion Image (NIH). The mean ratio
of 2D length to 4D length (2D/4D) was calculated. In
this study, patients with lower than the mean 2D/4D
of the autism patients reported by Osawa et al., that
is, a 2D/4D of 0.94 or lower, were classified as SDG [7].

2.3. Gene analysis

Seven patients with autism (6 males and 1 female) in
the SDG were screened for the presence or absence of
gene mutations and gene polymorphisms by the direct
sequencing method. HOXDI11, HOXD!2, and HOXDI3
— each consisting of two exons and one intron — were
searched for in a region from approximately 500 bp
upstream, including a promoter, to approximately
500 bp downstream of the gene. Genomic DNA
extracted from lymphocytes using a DNA extraction
kit (Takara Co., Shiga, Japan) was used. DNA was
amplified by PCR using a Taq PCR Core kit (QIAGEN
Co., CA, USA), and the base sequence was obtained by
the direct sequencing method. Genotypes were deter-
mined for single nucleotide polymorphism (SNP) in five
loci that were newly found by this method in this study
and for SNP in 20 loci that are listed in the online data-
base GenBank (NCBL dbSNP). Genotypes in some loci
were also determined by real-time PCR analysis using a
TagMan allelic discrimination assay (Applied
Biosystems).

2.4. Statistical analysis

Genotypic frequency and allelic frequency of the aut-
ism patients were compared to those of the healthy con-
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trol group using a x” test or Fisher’s exact test with SPSS
12.0J for a Windows-based System. A statistical signifi-
cance level of p < 0.05 was set.

3. Results

2D/4D was determined in 28 patients (24 males and 4
females) out of the 98 autism patients. Eleven patients (9
males and 2 females) of these 28 patients were classified
as SDG. The clinical features of these patients, including
sex, age, and the severity of mental retardation, are
shown in Table 1. A high percentage of patients with
severe mental retardation were observed in SDG with
autism, whereas no patients with severe mental retarda-
tion were observed in non-SDG with autism. We also
measured 2D/4D in 16 non-autistic patients in the dis-
ease control group, and 8 patients were classified as
SDG and 8 patients as non-SDG. The results of the
2D/4D values of the 28 ASD and 30 non-ASD patients
are shown in Fig. |.

The results of the polymorphism analysis are shown
in Table 2. No significant difference in polymorphism
was observed between the autism patients and the
healthy control group. However, with regarding to

Table 1
Clinical features of patients.
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Fig. 1. 2D/4D values for the ASD28 cases and the non-ASD30 cases.
Mean + SD was presented. The M-ASD line is the average for the
ASD cases; at or below this line is the SDG. As a reference, we showed
the mean + SD for normally healthy children as calculated by Osawa
et al. {7}, The arrow indicates cases with HOXDI! heterogeneity.

SNP in the promoter region of HOXDI!1 G-112T, heter-
ozygosity was observed in 4 autism patients, but not in
the healthy or disease control group. The SNP in the
promoter region of HOXDI2 -C226A and the SNP in

All the autistic disorder patients

Patients with 2D/4D determined

Total SDG NSDG
Number of patients 98 28 i1 17
Sex
Males:females 82:16 (5.1:1) 24:4 (5.5:1) 9:2 (4.5:1) 15:2 (7.5:1)
Age Sy2m-31y 10m Sy4m-3ly 10m Sy lm-3ly10m S5y4m-16y 7m
Median Ity6m 12y 0m l4y4m 9y2m
Mean 12y 7m 12y Il m 16y 6m 10y 4m
Family history: (3 generations)
With* 22 (22.4%) 10 (35.7%) 3 (30.0%0) 7 (41.2%)
Those with autism 7 (7.3%) 5(17.9%) 2 (20.0%) 3(17.4%)
Without 69 (70.4%) 16 (57.1%}) 7 (70.0%) 7(41.2%)
Mental retardation
Without 10 (10.3%) 7 (25.0%) 2 (18.2%) 5{29.4%)
Minor 21 (21.6%) 6 (21.4%) 2 (18.2%) 4 (23.5%)
Moderate 44 (45.4%) 10 (35.7%) 2 (18.2%) 8 (47.1%)
Severe 22 (22.7%) 5(17.9%) 5 (45.5%) 0
Age at walk alone 9-48 m (91 cases) 9-48 m (26) 11-48 m (10) 9-18 m (16)
Median 13m 12m 12m 2m
Mean ’ 139m 143 m 18m 12.9m
Age at first word 10 m-6y 10 m (80 cases) I m-6y 10m (25) I lm-6y 10m(10) ly3m-3y 5m(l5)
Median lyém lyém lyém, lylim ly [Om
Mean ly9m 2ylm 2y4m lyllm
No. of patients 2y or over 28 10 4 6
Age at first phrase 1y 6 m-5y 0 m (31 cases) ly7m-5y0Om(l}) 2y 6m-5y Om (5) ly7m—4y0m(8)
Median 2y llm 2yllm 3yOm 2y
Mean 2y 1I0m 2y9m 3y2m 2yS5m
No. of patients 3y or over 16 5 3 2

4 Family history with psychiatric disorders including major depression, autism etc.
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