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same high dose DEX pulse regimen as our patient’s
[7,8], half of patients attained complete, sustained
OMS remission and one fifth had no neurological seque-
lae, without serious adverse reactions despite treatments
exceeding 1 year. Thus, DEX pulse therapy has several
advantages over other treatment regimens for OMS:
DEX is cheap, only minor side effects (e.g., dysphoria,
weight gain, and reversible glucosuria) have been
reported [7,8], and out-patient treatment is possible.

As with other OMS patients [3,6], the OMS in our
patient was associated with low PB CD4-positive T-cell
frequencies, low PB CD4/CDS8 ratios, higher CSF B-cell
frequency, and high CSF/PB B-cell ratio, and DEX
pulse therapy gradually reversed these aberrant values
and improved the neurological symptoms. The analyzed
cell number in CSF for immunophenotyping in our case
was more than thousand, which was a reasonable
amount as in previous reports [4,11]. It is reported that
glucocorticoid treatment restores the impaired suppres-
sive function of regulatory T cells (both CD4 and
CD25-positive cells) in patients with multiple sclerosis
[12] that is autoimmune central nervous system (CNS)
disease as well as OMS. In our patient immune dysreg-
ulation attributed to underlying reduced CD4-positive
T-cell frequency might be ameliorated by the DEX pulse
therapy. The evidences supporting an important role of
CSF B-cell expansion in the pathogenesis of OMS have
been accumulated, such as intrathecal autoantibody
production, neurological severity correlating with the
degree of CSF B-cell expansion and promising therapeu-
tic effects of B-cell depletion with rituximab [11]. The
expanding B lineage cells can survive in the inflamma-
tory CNS environment for many years [13], which might
be associated with remitting relapsing manner of OMS.
Our patient who showed greater B-cell expansion than
has been reported previously [11] may have had severe
OMS. The alterations of lymphocyte subsets observed
in our patient may be responsible for the development
of OMS and these could serve as DEX pulse treatment
markers.

He has a considerably good prognosis in the motor
development; however, we need further careful follow-
up for his verbal development to determine the efficacy
of this promising treatment.

Acknowledgements
The authors thank Dr. Tohru Inaba (Kyoto Prefec-

tural University of Medicine, Kyoto, Japan) for con-
ducting the immunophenotype analyses.

159

References

[1] Matthay KK, Blaes F, Hero B, Plantaz D, De Alarcon P, Mitchell
WG, et al. Opsoclonus myoclonus syndrome in neuroblastoma a
report from a workshop on the dancing eyes syndrome at the
advances in neuroblastoma meeting in Genoa, Italy, 2004. Cancer
Lett 2005;228:275-82.

[2] Rudnick E, Khakoo Y, Antunes NL, Seeger RC, Brodeur GM,
Shimada H, et al. Opsoclonus-myoclonus-ataxia syndrome in
neuroblastoma: clinical outcome and antineuronal antibodies-a
report from the Children’s Cancer Group Study. Med Pediatr
Oncol 2001;36:612-22.

[3] Pranzatelli MR, Travelstead AL, Tate ED, Allison TJ, Lee ND,
Fisher J, et al. Immunophenotype of blood lymphocytes in
neuroblastoma-associated opsoclonus-myoclonus. J Pediatr
Hematol Oncol 2004;26:718-23.

[4] Pranzatelli MR, Travelstead AL, Tate ED, Allison TJ, Verhulst
SJ. CSF B-cell expansion in opsoclonus-myoclonus syndrome: a
biomarker of disease activity. Mov Disord 2004;19:770-7.

[5] De Grandis E, Parodi S, Conte M, Angelini P, Battaglia F,
Gandolfo C, et al. Long-term follow-up of neuroblastoma-
associated opsoclonus-myoclonus-ataxia syndrome. Neuropedi-
atrics 2009;40:103-11.

[6] Pranzatelli MR, Tate ED, Travelstead AL, Barbosa J, Bergamini
RA, Civitello L, et al. Rituximab (anti-CD20) adjunctive therapy
for opsoclonus-myoclonus syndrome. J Pediatr Hematol Oncol
2006;28:585-93.

[71 Rostdsy K, Wilken B, Baumann M, Miiller-Deile K, Bieber I,
Girtner J, et al. High dose pulsatile dexamethasone therapy in
children with opsoclonus-myoclonus syndrome. Neuropediatrics
2006;37:291-5.

[8] Ertle F, Behnisch W, Al Mulla NA, Bessisso M, Rating D,
Mechtersheimer G, et al. Treatment of neuroblastoma-related
opsoclonus-myoclonus-ataxia syndrome with high-dose dexa-
methasone pulses. Pediatr Blood Cancer 2008;50:683-7.

[9] Sugie H, Sugie Y, Akimoto H, Endo K, Shirai M, Ito M. High-
dose i.v. human immunoglobulin in a case with infantile opso-
clonus polymyoclonia syndrome. Acta Paediatr 1992;81:371-2.

[10] Tkuzawa M, Matsushita Y, Nakase A, editors. The Kyoto Scale of
Psychological Development. Kyoto (in Japanese): Nakanishiya
Publishers; 1995.

[11] Pranzatelli MR, Travelstead AL, Tate ED, Allison TJ, Moticka
EJ, Franz DN, et al. B- and T-cell markers in opsoclonus—
myoclonus syndrome: immunophenotyping of CSF lymphocytes.
Neurology 2004;62:1526-32.

[12] Xu L, Xu Z, Xu M. Glucocorticoid treatment restores the
impaired suppressive function of regulatory T cells in patients
with relapsing-remitting multiple sclerosis. Clin Exp Immunol
2009;158:26-30.

[13] Meinl E, Krumbholz M, Hohlfeld R. B lineage cells in the
inflammatory central nervous system environment: migration,
maintenance, local antibody production, and therapeutic modu-
lation. Ann Neurol 2006;59:880-92.



19:70

FEHE, 19(1) 1 70-76, 2011

R - BEHEREZG

{&®)

HEAEDFERZET ETREEICE DL /-
BEDREEMEICDOWTY

Key Words : autism, genetic disorder, synaptic func-

tion, metabolic disorder, biomarker

i U ®ic

HEHED 5 VIZTEWERCTHBEA RS b T
LEEASD) IIHAENOMEE, 23227 —1T 3
YOREE, ARCITE O REN TH S %
EOERERTEEATH 52, FOREFIILIE
IZhizoTwab., BWEEIZHTIIOT, W
JEEZW DO ZEIZHRBLAY— T (4 212
HWIZICT ER ., AR SIE, E51I2KDA
ATHERZZRE LD, SHBDOEEICRIFAZ L
PEELRREEE LN THLH. HEEDIGE
WZDWTIE, BRIMITIZ 0 b 65, #EEHE,
ST TERIEFICERE RS2 HOLDIEED
FTh v, Fiz, ERICEDEEYFEED
VETH L, UL, WEIKEILE#EE, |
HAEeeXxbHbZl eicdh, ZLOTEFORHSE
R o T bDTH A, HBiddhwi
DOFRFELEDONELZBMEDHRESNTET
WA, AT, HEEORRE LTEE
ENTVEHEE, HFICBERREEST 71—
FENTVLERBIZOVWTHEATS.

EBFEICIE, JEME Y (syndromic), JFEIEMEN
(nonsyndromic) & 53409 5 HiENH L. —fkhY

2, EEEOSAE, ERC SR & x
F#2H ELTEWIRY ZEh, HEL T
T EWEn, FBRNERSPEREMEER Y
D FRET RASHEE 23541, HARE IR
Jeft (AR T CIIFEWB M TEE L, Fh
FNOEERFENICLE L GEFETHA L Toh
Twa., BREREZFOHEN EVEETIE,
£ OREIRE IR % Tl U C OIS ANE T |27
DRATNTWLZE ERD, R GETRA
Z L BREDBWAYEIC 4 S BB I BRI A
DHEE L7oHrEid, BEEERIAE LTTik
B FOHEEIHET LoD EIRE L THH
SNTW ZEERS.

ASDDIRERRE & EEF

HHECRRNZ CEZRTEIREFEZ LN
TwhA, §74bbH, common genetic variants of
weak allele (HFAEY) A 7 BIETFOERD)ERKT
2 A, LoL, FNTTId 7% { rare genetic
variants of strong allele ( B B i 1& (= F O 1% ik 2
B)FNEMCHBAEZ PEREITIEbHMbN
T3, BREDERIIAHE L ES S\ 25,
WA BT 505 FEYEOESIHFG, BES
CEDI~20%IEFETEXDEENS. HME
DEROHFT, L NVORE L RTESE
BRI 5 %LT, a2 ¥—HZER(CNV) & LTt
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ENBHDH5~10%, E—BEnTHEREOHHET
BHDN5 %KL SN TVWEY, CNVOFER
KHREIIR-> TWE 00, BKFTRAHE
THWHBETOLCNVE & O AR TRE
DRDONDB I EDH Y, SHBEEBE AR
HENDEZDEEFITEML TV DD LHER
Sha. £LC, BHEKEST, £{nHE—
BIZTERBRIIBWT, BETFEFEORMOLHE
HEERICHEDS) BRO 6N, BIETFEEDS
ROLNTHEFERTHEILIBLL VT
EBHBHLTETWE, Z0Zenbd, HE
HEEDHIBELTEZDL LI, AT b
T L, B 5 \WIIREIAVFRBE (broad phenotype)
ER LTV LERS I LTITE20TH 5.
ASDICE 5§ 2 EEZFI3100L EH Y, &5
B 2 #2lF TV % & Betancur (384 L T 59,
BEDEEFEEIZEZ V., £O—D>—DDEK
BB 2 BHERE RTEIED, ;LTEL
ZVRHDOBETNTVWAE, 20oHT, DASDH
hallmarks (B8 224580 & % 258, @ASDA—
IZE (RO LN LHE, QASDIFSEETIEAR
WHNR D R LEE S NBEED 3EICSTTTw
L, FORTHEEEIILT, ThFNOER
2B 5 EMERDOED SN BEE, ASDER
Wr S NFEBNCBIT 2 FDRED 5D L E 4,
ZTOREDRERELRIICE LD/,

ASDE L FTADEE

ASDDOFEROHT, HENLZVE SNLER
INEES X AEMREE, REIMERRLE, AngelmanfEfE
#f, SHANK3/22q deletion syndrome, Prader-
WIllEEEREA S T o N5, TS DBEEFH T—
N B5 237 OREEICEKBL TS Z &,
VFTRIBIF BB P Do TWA LW
ZETHAD.

We5s X FEERE IR ERORRE L L TR O
FEDE\ (2.6~8.7%", HAANTIZ0.8~2.4%2)
EERELTHONTWE, 203K LETHH
FER (E BAPEREE30%, pervasive developmental
disorder-not otherwise specified (PDD-NOS)
30%)% /"L, ASDD 1~3 % IZAEIED Hh
5. BRATIEBM4,000 12 1 A (Z 48,000 A0) 12
1TALEINED, BRTEENRLIVALRL LA
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ANZITANESNBEDY, BIKETR & LTI
#, BERSEA, BEEBMEND S, MNERIC
FHEBNZEBICZ L, BRIES T 51
BT E VRN RERIZOVTY, 4%
DIREDHEDIE Z ORI 2 A THEMA D 5.
Z DEEISFMRIEZFDCGGD ) ¥ — MEAR00
DEE %2 EBIZTFORBEIIHSINL Z LI
LVRFETH. FMRIBZTFICa—-F&hsy v
/32 EOFMRPIZmRNADEEE #5055 LTHE D
VI T ADEERREII L b o TWE, JEE
XEFEBETE Y FTRACBIARHE VS 3
VB ZMR (mGIuR1/5) DEEREDRE STV B
ZENRENY, ZORRED LIRS X FEREED
WHEE LT, ZOmGIuRl/5% FEHLT 5 3 H5E)
WMEBTIRT, 77X A TRIBBREREICAST
WaHY, T/, e X EEMETHEML WS ¥
737 @ 1 2Zmatrix metalloproteinase 9 (MMP-
NHH5H., I /34 IZMMCIDEFER %
HHIT 2R S Y, RBICEERINTWDY,

ZDEDPITY T TADEE LB Db o
T\ 5 BIET I X neuroligin 3/neuroligin 4,
neurexin 1, CNTNAP2, PAK2/PAK3, MeCP27z &
BHIToNb,

e fK15q11-q135E UL K E R EEIFE S 1) %
FTWEMTH Y, AngelmanfEfEEE, Prader-Willi
EFEFZEATYS, ZOMEBRICE T 1 5cyto-

plasmic FMR1-interacting protein 1(Cyfipl) {Z

FMRP & 4 LT 7 XA CmRNADEIR # Faki
LTw5, '
22qI3RIIEBREIEEORHESEOEN,
BORIRT, BRUERTEIRRM, BRE, BEOD
BEREELHEMET L. LL, BEFERA
J) VT TREABK IS — b H N0,
NEFVIZ L BEREOPI I FET LW HE
WAH 5., ZOEIBICEF 1 HSHANKSEIEF
DEENEREEZZOLNTVWS., ZLC, 20
SHANK3EZF R Y F TAD IS I VEESE
R BB E D% CREY VX % a—
FLTW5,

B R CAE (AR R R B O — IR TN

HEE, TAMA, BHEZEICEHHOBERE,

EBREZ R E T4, BECH D ATSCI
BIZF L TSC2EIETFIE Y F 7T A BIT 5 EHE
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R 519% B15

1 ASDOEREREERE, {BOHHEREF S HEEE (syndromic ASD)
e DEED ASDIZ B BOH
R WEF aSoliie oRBORE (DAMEDE)
- ASDBELBRRERO—D L 2 ER
H—Bn¥ M5 X AEREE FMRI B60%, 2r20% 1~3 % 25N/8, 125N/
7, 1I0A/HARA
H—gEF Ly MEEE MECP2 wFNL3I%  7T~10A
BE—REF EEEEIE TSC1, TSC2 16~60% 11~13%  10A
H—®&EF Timothy/EfEs CACNAIC 60~80% o
H—®@ET ADSL ~50% b
H—#{EZF  Smith-Lemli-OpitzfE {55 DHCR7 50~75% 25~5 N, BRAS
H—B{5T CNTNAP2
H—®&{5F SHANK3/22q/K 2k fE R SHANK3 4%~ LIZ LK 1.0~13%
H—@{5F AngelmanfEffEit UBE3A 50~63% 1~3 % 5~10A
“ASDOFERD L BN BER
H—&ET B V7 F U RIBE SLC6A8\Z 7 LiELiE
H—B{ZF Cornelia de Lange/EEE: NIPBL, SMCIA  47~67% 10A
H—@{r+ CHARGEEEE CHD7 68% 12A
H—#{ETF CohenfEfEEE VPS13B 49% 1A
H—#{EZF JouberthEMREE & BY A REE AHITE A 13~36%
B —&fxF Myotonic dystrophy typel DMPK 35~50%
H—%fxF Potocki-LupskifE &R RAI1 LiELE
¥ —#&(EF Smith-Magenis/E 8 RAII LiZLiF90% 4~6 A
H—B{xF Xlinked female-limited epilepsy and ID PCDH19 22~38%
HB—RET Xq28REERE MECP2
BeBE{EF 5pE/ ¥ 3 —(Cridu Chat syndrome) 5p/R % 39%
BB EF WillamsfE R 7q11.23% % 50%
BRI TF 7qll.23EHEREE 7q11.23E% 40%
BBRET 8p23.1K%k 8qg23. 1R % 57%
BB {ETF WAGRAEfREE 11p13% % 52%
MR {EF  Prader-WillifE R 15q11-q13 23% 4~6 A
BEEET  16pll.2fhRk L B/NER 16p11.2%% - ER 1%
BRI TF  17ql2R%E 17q12% % 66%
BEHEBIET  22qUIRSIEMEE (velocardiofacial/ 22¢117% & 14~50%
DiGeorge syndrome)
-ASDOEHEE TR VAL (RESNTVWALER
B-—&fzF Duchenne® & Beckerflfh Y 2 b o DMD 19%
74 —fE
H—#{5T PTENBIEEREE PTEN 15% KEFEDLT7% 0.5N 7
B—®{zF Cardiofacio-cutaneousfEE#E KARS, BRAFIZH  23%
H—%®{ZF NoonanfEE# PTPNI1 8% 40~100A, 10N
(HEAN)
BEEETF 1L ER RS ~10% FEERE+ID+5%
. KEFF0.2%
B ET  2037TREEER 24%
WEBET 3B/ RE 26%
BBRET 997 77 0 A 7 REEFER
BEBET LqREERE 13%
BEEETF  15q24M/NR K ERRE 22%
“ASDD ) A7 DB b LA kR
P REE 5 EERE 21V 3= 5~15% 126 A
RERBRE 45— —EREE 45, X %3.3% ZFT50~100 A
PERBEE 754 2T VY —EER 47, XXY 11~48% HITI66A
R REE XYYERE 47, XYY 19%
PR RE 45 X/46, XYEF A 7 fE 45,X/46, XY 7%

162



Psychiatry July 2011

E#FH F 2% %5 mammalian target of rapamycin
(mTOR) DIEHE X FAH LTV 5.

PTEN (the phosphatase and tensin homologue
gene) hamartoma tumor syndrome® 7% *C %
Bannayan-Rikey-RuvalcabafiE f%&f (BRRS) 14 KFH
fiE, BERORE, MEME, RBREAZILE, BB
BWEREM R K- A% E#E L, ASDR{ES
ZEDPHRESIN TS, KEELHE) HEED
4.7% \ZPTENBEFOEEMRE S TB Y,
3SD=DKIEIEDHMETIEAZ ) — =2 ZDp
EDVHBTHA). ZOPTENEETF S TSCIR
TSC2EFEIZMTORDIGEERRET I Db o T b,

ENETNDOEEVPEBIEICED 5E &34 <
THOENENH 1L RBELDPLRVH, Y7+
WAz ANSEEZ DL E®E L RELEINEX
HENDTRERH D, HEOEE~NDOILHT
TICRELRELTRERIZVWEEDREY, D
) CHRIETOREVHHAYT 5 &, 20EETF
DT TP L L THEENEER SETY
CTEDTRMENHTL 5.

ASD E R EEE

ASDDOEN & L TR EEREIIFEF IR TH
L. 2L, I{HmohTnws i, 7=
Vo b VEREER, HERBICAZ -7
NWCREGEISIEE Y, HERBUAIICALN
7REIRIE, B BRER % & o THRERGBRE ISR
ELROLNE L Z>TWA, Z0DE31Z, &
BHFTRTHIEENEINTWE 0, CH
EEICERNT2EME*RR LT 413
THREEZLHEEETHL. HEERERTE
BlEkE Db o 7B REIEL ZOSZER, N
Ad~—Th—, BEEEZR2IRLL.

INODRHEEOFTHERDEH ST
O, W7 VT FURIEBETHS(FRS). A
7 LT F IR DATPOETRE & BAICEE 2%
FleiHoTnad, By L7 F v /RIEFERER (cerebral
creatine deficiency syndrome ; CCDSs) (Z (3B AE
SODBEIETFORENMONTWE, ZLTFv
EHEE L LT, Dguanidinoacetate methyl-
transferase (GAMT) K$8£E, (@arginine : glycine
aminotransferase deficiency (AGAT) KI8FED 2 &
$#H, 7L 7T Duptake DEETH 5, GBcreatine

163

1973

transporter (SLC6A8) KIEHE (X EEEMED 7 L 7 F
VIERERE) TH A, ERICIZIEDS D Y, FIERLY
HMMEE, TADA, SEEINEER, BEEZE
SESETHAH. —FRMICCCDSsDIERIE, 4NhY
BESFERTH S5, GAMTIIBETIE, TAD
AT93%, TTEIEE (BMTTEICEE) 7580%,
RER /ARSI R AEIRDS45% (2500 LA . ZefEld
SHAMNL 3/ TH A, AGATRIBREDTRE L F
7247 { S BIDAHTH DATEIEE 1L 2\, SLC6AS
RIBEIZEED O BEFEOMNEERLSIENEN,
TAPA(LI0%) &, BEERDOITEIREEH D
ENB. B 2 A 5 66R L IEMILV. &1
DT TDFIB0% I FEBLATEIORED A LS.
GAMTR & E & AGAT/RIEJE Tl [creatine
monohydrate THXPI 7 L 7 F > N X & 2 1G5
B ENTWA, 5|2, GAMTRIEETIHAS
DT NVFZUHIREF N =F > DF T ) A ME
R S5 . SLC6ASKIESE T b #%[Ccreatine
monohydrate2Si{A SN TWAPHED & & A%
RIIFBDO LN T, L7 VFZ U HlTEEDR)
ROFFETIIRELR L L5158 H 5 L THHIPRLTH
512, BHRIZIER % BN L 75 A ORIREDE T
DWTRELRETH Y, SHBEFOEEIVE
Thb, BEHOFHIY & 2 FFTRIZOWTI,
GAA (guanidinoacetate) i 13 GAMT/RIBHE T/
{, AGATRIEBHE T, SLC6ASKRIBSHETIEH
THa. 7L TTF ViEEIIGAMTXRIESE &£ AGAT
RAGFE T, SLC6ASKIBIETE W (7272 LItF
TREEDHLCIIEME) 7 LT F /2 LTF=>
{GAMT/RIEAE & AGAT/RIBAE CIEH, SLC6A8/K
BECHBIRTEV (XFTHIEED 5V IIEHE) T
H5. MFEDGAAITGAMTXRIESE TIEH D20~30
&, AGAT/RIBJE T <, SLC6ASKIBSAE TIXIE
FThbH, MES L7 F VIIGAMTRIERE T,
WEZW TIEGAMTRERIG M, AGATR:RIE:+
HIE S 5. SLCOASKIBAETIE L 7 F VIR
BREBIETFEMTEAT) . HEICDOWTIE, SLCAS
RIBSFE ISR E O B IR 021%2, 1Q
0L T DEREREND H B BFD2.2%9 & DL
dHbH, BREOMMWEECEHEETHL I L2
2 L 7-Lion-Francois®™ 5%, ZAHEvy MRTZ L7
FU/IVTFZVEGAA/ 7 VT F U EREL,
FEHEEZ TR L7HEFIIZAMRS (H-MRS) & SLC6A8
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F2 ASDERBMEEER

B BIEF  ASDIEREIS

ZEIEIR

NAFT =9 — i

T rZ—= i b VR PAH

BRI 7% /NEIE, TADA

Me7z=VTI=v BEINY, BEEE

N GHE% 0% SifE, BHAREBIES
A3 ALemli-A € v EfEE DHCR7  50~8% £%EHE, RFEE HIVATUu-VIE BIVATU- VA,

BT AR

W2 LT F o RIBE

TVEZ VY F)Y VT GATM  16%
JFIUATI—HRI (AGAT)

fiE

TPV VT I)TRT— GAMT

MR UAT 2T —ERIB

$iE

VT F VERBRRIBE SLC6A8  LIXLIE

TADARE, #ES RTGAARIE, GAMT &0 2 L7 F ¥ kAl

BERIEN W, 7TVE= IR

£, ROFNV=F

FWREL L, $755 REGAAKE, 717 &07 V7 F kil
EASRY

F /&1E, AGATEER
g

TABAORLT, 17 RIVTF2/2VTF LTVEZ U HfEE
BEE

BRI F7ERE)

—VEE

TrEZaanyigy) 7—¥x ADSL 50%
18

BERIET, TADA K - HESAdo

SAICAr D i

INTEET VT FERAKE ALDH5AL 12%
(SSADH) K#EJE (4-v Fu ¥
S EEEIREE)

FRERT, v JRd4-hydroxybutyric Vigavatorin (FEEE7 L)
A, BB, NIRRT,  acdHfn, BEEY VS
EREE

BKSSADHIEHHE T

YA F = ¥ — B RIBE BDT ERHRE HERET, dvh BEEE Yt F kS
b, BEE
L2t Rudy 7 Vo VEERE L2HGDH ANB - SERALERIESR,  L2-HGAM I BB R e

KEAE, FER - K
Bx &t 0B RE

FNZF L TV AAMNT OTC

PUENEr, EREE, T ESTEME NE BT 2 TS7MEE

7 — ¥ RIBIE BIRERE, TEBE VIVIAVEERE

Sanfilippos A T . SGSH %8, 4%, HE, BH RENST VHEBOY BEHTEOFES
5 i

BV — B RIBHE CNSN FEEER R AL B

v M)V RIBAE SLC25A FURyEER, &y BT 2 b= AME,
E, TwhA, BEE 8873/ BadE
HE, REEE

v AF Y U E HAL FwhA, BEEE SvxFYUmE

WERBIIZE AL

BH4 : tetrahydrobiopterin, GAMT : guanidinoacetate methyltransferase, AGAT : L-arginine : glycine
amidinotransferase, SLC6A8 . SLC6A8-related creatine transporter, GAA . guanidinoacetate, S-Abo :
succinyladenosine, SAICAr : succinylaminoimidazole carboxamide ribotide, SSADH . succinic semialdehyde de-

hydrogenase, 1L-2-HGA . L-2-hydroxyglutaric acidia

PCAMT D BALTHRE CHEESH 217> T 5.
FEGISHERE 2 & HPEERERE ORI D 118% (5511441,
wTAB) DD LBFDHD 5 FIZEEIFR SR,
ZO5FOMPEEITERET, 568F 3F1ICH
BRERAZRD 5N TS, Lz > T, HEIRES
KD2.7%, BROLA%TH 72, FiEMEIL 2 6]
T54%, FEFHEMEIEIFICLI% E VIHETH -
7z,

fhoFmEICL B L, BHERHE STV
TS D44 (3 # > & T6RE) 1 7 51 (0.74%) 12
BOWURBRETERABHEE BB SN LD

WEDH L. THOH L ERMNITEIZ AL T
Wz 5 BIOWERIE, BN LT F v RIBSE 3 B,
adenylosuccinate lyase/Kf84E 1 ffl, 7 = =— )
TN URIE(R 7 ) — = v LRI HAE) LB TH -
72, DL IZHFMFTRAIERFRTZ L,
PERBERAH L Z 2 5N TWIHEROHIZH AT
HEFEZRBEICHARTAHADL LEEROR 2%
FEBIDH Y, BT LT F o RIBREMSZFOH
THHEDFLWITRENDH 5.

164



Psychiatry July 2011

19175

®3 RILT7FORBEGRBOERERFAR

AEIR FRET 5L
RiB | ASDOIREE | MEyRsE T A A SR e TVTFy JVTTZ/
f ®E MR ek | CAARE g 7M7Y
GAMT | 16% B~E 93% H~F = & 1E
AGAT B~ 20% e & JiS E
SLC6A8| LidLid | B~&F <10% & B = [
T IE E~% E~%

GAMT ! guanidinoacetate methyltransferase, AGAT . L-arginine : glycine amidinotransferase,
SLC6AS8 : SLC6A8-related creatine transporter, GAA : guanidinoacetate
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v, ROBRESNAREE, L, TLA
CGH, MLPA: 7z & DEGFR B IZHRETH 5 5 .
Lo L, MEKEHESLSIA POEIIZ, HHE
H2HEZOBROMUESEO TS T ST LERE
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Abstract

Muscle glycogen storage disease 0 (GSDO) is caused by glycogen depletion in skeletal and cardiac muscles due to deficiency of
glycogen synthase 1 (GYSI), which is encoded by the GYSI gene. Only two families with this disease have been identified. We report
a new muscle GSDO patient, a Japanese girl, who had been suffering from recurrent attacks of exertional syncope accompanied by muscle
weakness and pain since age 5 years until she died of cardiac arrest at age 12. Muscle biopsy at age 11 years showed glycogen depletion in
all muscle fibers. Her loss of consciousness was gradual and lasted for hours, suggesting that the syncope may not be simply caused by

cardiac event but probably also contributed by metabolic distress.

© 2011 Elsevier B.V. All rights reserved.

Keywords: Glycogen storage disease; Glycogen synthase; Glycogen; Syncope; Sudden death

1. Introduction

Glycogen is a high molecular mass polysaccharide that
serves as a repository of glucose for use in times of meta-
bolic need. It is stored in liver, cardiac and skeletal muscles,
and broken down to glucose to produce ATP as energy as
needed. For the synthesis of glycogen, at least two proteins,
glycogenin (GYG) and glycogen synthase (GYS), are
known to be essential. GYG is involved in the initiation
reactions of glycogen synthesis: the covalent attachment
of a glucose residue to GYG is followed by elongation to
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form an oligosaccharide chain [1]. GYS catalyzes the
addition of glucose monomers to the growing glycogen
molecule through the formation of alpha-1,4-glycoside
linkages [2].

Defect in either GYG or GYS can cause glycogen
depletion. Recently, muscle glycogen deficiency due to a
mutation in a gene encoding muscle GYG, GYGI, was
reported [3] and named as glycogen storage disease type
XV. In contrast, glycogen depletion caused by the GYS
gene mutation is called glycogen storage disease type 0
(GSDO0). GSDO was first reported in 1990 in patients with
type 2 diabetes who had a defect in glycogen synthesis in
liver, which was caused by a defect in liver GYS, GYS2,
and the disease was named as liver GSDO (or also called
GSD0a) [4,5].

The disease of muscle GYS, GYS1, was first described in
2007 in three siblings and named muscle GSDO0, which is
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also called GSDOb [6]. One of the patients initially mani-
fested exercise intolerance, epilepsy and long QT syndrome
since the age of 4 years, then died of sudden cardiac arrest
after exertion when he was 10.5-year-old. The other two
siblings were then genetically confirmed as muscle GSD0
with mutations in GYSI and cardiac involvement was also
found in both. The second muscle GSDO family was
reported in 2009 [7]. The 8-year-old boy had been healthy
before collapsing during a bout of exercise, resulting in
death. Post-mortem examinations and studies verified the
diagnosis of muscle GSDO. He had a female sibling who
died at 6days of age of undetermined cause. Here we
report the first muscle GSDO patient in Asia with some dis-
tinct clinical manifestations from other reported cases.

2. Case report

An 1l-year-old Japanese girl with repeated episodes of
post-exercise loss of consciousness, weakness, and myalgia
since age 5 years, was admitted to the hospital. She was the
first child of unrelated healthy parents. She was born
uneventfully and was normal in psychomotor development.
At age 2 years, she developed the first episode of generalized
tonic-clonic seizure while she was sleeping. At age 4 years,
she had the second episode of generalized tonic-clonic sei-
zure when she was under general anesthesia for tonsillec-
tomy, whose cause was thought to be hypoglycemia due to
prolonged fasting. In both episodes, seizure was followed
by strong limb pain. Atage 5 years, she suffered from the first
episode of syncope while climbing up stairs. She recovered
after a few hours. One year later, she had the second synco-
pal attack after running 50 m, which was accompanied by
subsequent limb muscle weakness and myalgia. Since then,
similar episodes were repeated several times a year. For each
bout, she first developed leg muscle weakness immediately
after exercise, making her squat down, and gradually lost
the consciousness. She recovered her consciousness after a
few hours but always experienced strong myalgia in legs
which lasted for several hours. Blood glucose level was not
decreased during these attacks.

On admission, general physical examination revealed no
abnormal finding. On neurological examination, she had
mild proximal dominant muscle weakness and mildly limited
dorsiflexsion of both ankle joints. T1-weighted images of
skeletal muscle MRI showed high signal intensities in gluteal
and flexor muscles of the thigh, which were assessed to be
fatty degeneration (Fig. 1). Systemic investigations includ-
ing electrocardiography, echocardiography, stress cardiac
catheterization, stress myocardial scintigraphy, brain imag-
ing, electroencephalography, and screening tests for meta-
bolic diseases revealed no abnormality except for a mild
ischemic finding on exercise electrocardiography. Ischemic
and non-ischemic forearm exercise tests [8] showed the lack
of lactate elevation, raising a possibility of glycogen storage
disease. A few months later, resting electrocardiography, 24-
h holter monitoring and resting echocardiography were re-
evaluated and again revealed normal findings.

Fig. 1. Muscle MRI, T2W], axial. It shows high intensity in gluteus
maximus and biceps femoris muscles.

3. Histological analysis of skeletal muscle

Muscle biopsy was performed from biceps brachii.
Serial frozen sections were stained with hematoxylin and
eosin, modified Gomori trichrome, and a battery of histo-
chemical methods. The most striking finding was depletion
of glycogen in all muscle fibers but not in the interstitium
on periodic acid-schiff (PAS) staining (Fig. 2A). Phosphor-
ylase activity was also deficient in all fibers (Fig. 2B). Mito-
chondria especially at the periphery of muscle fibers were
prominent on modified Gomori trichrome (Fig. 2D). ATP-
ase staining revealed type 2 fiber atrophy. Electron micro-
scopic analysis showed mitochondrial proliferation at the
periphery of muscle fibers with no notable intramitochon-
drial inclusions (Fig. 2E).

4. Biochemical and molecular analysis

Both the activity of GYSI and the amount of glycogen
in the skeletal muscle were markedly reduced (Table 1). On
western blotting, GYS1 in the patient’s skeletal muscle was
undetectable (Fig. 2F). The GYSI gene sequence
analysis revealed compound heterozygous mutation of
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Fig. 2. Histological, genetic and protein analyses. Periodic acid-schiff (PAS) staining shows marked depletion of glycogen in muscle fibers but not in the
interstitium (A). Phosphorylase activity is also deficient in all fibers (B). Hematoxylin and eosin staining shows mild fiber size variation (C). On modified
Gomori trichrome, mitochondria are prominent especially at the margin of each muscle fiber (D). On electron microscopy (EM), mitochondria are
increased in number at the periphery of muscle fibers (E). Bars represent 100 pm for histochemistry and 7 um for EM. On western blotting using anti-
GYS1 antibody (Abcam), GYSI protein is absent in skeletal muscle from the patient (F). Sequence analysis for the GYS/ gene reveals a compound
heterozygous mutation of ¢.1230-2A > G and ¢.1810-2A > G (G). cDNA analysis showed insertion of intron 9 between exon 9 and 10 and 36-bp deletion
from the beginning of exon 15 (H).

Table 1
Analyses of enzymatic activity and glycogen content. The activity of GYS and glycogen content in skeletal muscle were markedly reduced.

Glycogen synthase (mol/min/mg)

UDPG-pyrophosphorylase (nmol/min/mg)

Glycogen contents (% of wet weight)

Patient 0.9
Control 420+ 11.2

30.5
31.2£35

0.03
0.94 +0.55

Italicized values: lower than control range.

¢.1230-2A > G in intron 9 and ¢.1810-2A > G in intron 14
(Fig. 2G). cDNA analysis confirmed the insertion of the
full-length intron 9 between exons 9 and 10 and a 36-bp
deletion in the beginning of exon 15 (Fig. 2H).

169

5. Clinical course after diagnosis

Upon the diagnosis of GSDO, exercise was strictly lim-
ited to avoid syncope resulted from glucose depletion. In
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addition, oral intake of cornstarch (2 g/kg, every 6 h) was
started to maintain blood sugar level. Her condition had
been stable for 1year after diagnosis. However, at age
12 years, she was found lying unconsciously on the stairs
at her school. She had persistent asystole despite ambu-
lance resuscitation. The blood glucose level in the emer-
gency room was above 100 mg/dl.

6. Discussion

We identified the first Asian patient with muscle GSDO,
who manifested recurrent episodes of syncope with subse-
quent muscle weakness and myalgia, and eventually devel-
oped cardiac arrest.

Findings in our patient seem to be similar to previous
reports, but some differences indicated the possibility of
another pathogenesis of the disease. Our patient repeatedly
suffered from episodes of syncope. In contrast to two ear-
lier reports, those patients never had syncope, although
the last attack led to sudden death [6,7]. In support of this
notion, most muscle glycogen synthase knock-out mice
died soon after birth due to impaired cardiac function [8].
However, the pattern of loss of consciousness in our
patient cannot be explained by simple cardiac dysfunction,
as she lost her consciousness gradually after exercise and
took hours to regain, which is different from typical cardiac
syncope, usually showing sudden loss of consciousness and
rapid recovery. Alternatively, defective glycogen synthesis
in brain may be related to syncope, as GYS1 is also
expressed in brain, albeit not so much as in cardiac and
skeletal muscles. Another possibility may be intermittent
arrhythmia. However, electrocardiogram during the epi-
sode was never obtained. Further studies are necessary to
answer this question.

On muscle pathology and electron microscopy, we found
profound deficiency of glycogen in all muscle fibers accom-
panied by mitochondrial proliferation, which is similar to
previous reports. The mitochondrial proliferation may
reflect a compensatory mechanism for supplying ATP to gly-
cogen-depleted muscles. Interestingly, phosphorylase activ-
ity on histochemistry seemed deficient. This is consistent
with the fact that endogenous glycogen is used as a substrate
of phosphorylase on histochemistry. Previous reports
described the reduced number of type 2 fibers. In our patient,
type 2 fiber atrophy, but not type 2 fiber deficiency, was seen.
Although type 2 fiber atrophy is a nonspecific finding, this
picture might also reflect the dysfunction of glycogen-depen-
dent muscle fibers.

7. Conclusion

We identified the first Asian patient with muscle GSDO.
In our patient, recurrent episodes of syncope and eventual
sudden death may not be simply explained by cardiac dys-
function. Further studies are necessary to elucidate the
mechanism of syncope in muscle GSDO and to establish
appropriate guideline of management for these patients
to prevent sudden death.
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ABSTRACT: No effective treatment for McArdle disease
exists. We report a Japanese patient with McArdle disease who
was treated with vitamin Bg supplementation (60—90 mg/day).
After treatment, increased muscle phosphorylase activity was
confirmed by follow-up muscle biopsy (3.8 times higher than
pretreatment levels). Increased lactate levels were seen on the
forearm exercise test, and regular work activities could be
resumed. Vitamin Bg supplementation can enhance residual
phosphorylase activity and improve insufficient anaerobic glycol-
ysis of skeletal muscle.

Muscle Nerve 45: 436440, 2012

McArdle disease is a rare metabolic myopathy
caused by a deficiency in muscle phosphorylase,
which has an important role in anaerobic glycolysis
of skeletal muscle. Clinical features of McArdle dis-
ease include muscle cramps, myalgia, exercise
intolerance, fatigue, and slowly progressive weak-
ness, although the type and amount of exercise
needed to precipitate these symptoms varies from
patient to patient and from day to day. Muscle ne-
crosis and myoglobinuria caused by an inadequate
energy supply to skeletal muscle during exercise
occur in about half of patients, and half of
them develop acute renal failure.! A diagnosis of
McArdle disease is suspected based on patient
history and elevation of serum creatine kinase
(CK) levels.!

The forearm exercise test, during which serum
ammonia and lactate levels are measured, is a sim-
ple, sensitive, and specific test for disorders of mus-
cle glycolysis. In McArdle disease, patients fail to
produce lactate during this test.?

Several groups have reported the use of vitamin
Bg treatment in McArdle disease. However, a
repeat muscle biopsy in the same patient after
treatment has not been performed; thus, the effi-
cacy of this treatment is not well documented. To

Abbreviations: CK, creatine kinase; H&E, hematoxylin and eosin; MMT,
manual muscle testing; PAS, periodic acid-Schiff, PLP, pyridoxal
5'-phosphate

Key words: anaerobic glycolysis; follow-up muscle biopsy; McArdle
disease; muscle phosphorylase; vitamin Bg supplementation
Correspondence to: S. Sato; e-mail: sato_s@neuro.med.kyusha-u.ac.jp
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date, there is no conclusive evidence of significant
benefits from nutritional or pharmacological treat-
ments in McArdle disease.?

We report an adult Japanese patient who was
treated with oral vitamin Bg supplements (60-90
mg/day) for >2 years. Efficacy of treatment was
evaluated using manual muscle testing (MMT: —4
= paralysis; —3.5 = paralysis-severe weakness; —3
= severe weakness; —2.5 = severe—-moderate weak-
ness; —2 = moderate weakness; —1.5 = moderate—
mild weakness; —1 = mild weakness; —0.5 = mild
weakness-normal power; 0 = normal power), the
forearm exercise test, and a follow-up muscle bi-
opsy; we also measured serum CK levels.

CASE REPORT

In March 2008, a 4l-year-old Japanese man was
brought to our emergency room with severe myal-
gia and brown urine after being injured in a fight
with his brother. He indicated that, since child-
hood, he had experienced muscle cramps and my-
algia after exercising. His parents were consanguin-
eous, and he had a history of hypertension and
subarachnoid hemorrhage. Blood chemistry
showed markedly elevated serum CK level (420,950
IU/L), but vitamin Bg levels were within the nor-
mal range (pyridoxine <0.3 ng/ml, pyridoxamine
<0.2 ng/ml, pyridoxal 6.5 ng/ml). He developed
severe thabdomyolysis and acute renal failure, but
hemodialysis in the intensive care unit greatly
improved his renal function.

In April 2008, his height and body weight were
167 cm and 54 kg, respectively, and neurological
examination showed moderate weakness of proxi-
mal muscles in the upper and lower limbs (MMT
= —2). The forearm exercise test revealed virtually
no increase in serum lactate level, although
increases in lactate levels after the forearm exercise
test were five- or sixfold higher than baseline levels
in healthy subjects (Fig. 1).2 An electromyogram
was normal. Computed tomography scans of all his
extremities indicated slight atrophy of the proxi-
mal muscles. Muscle biopsy of his left biceps
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FIGURE 1. Forearm exercise test. For this test, rhythmic (1-Hz)
handgrip exercise at maximal voluntary contraction was per-
formed for 2 minutes. Results showed no increase in serum lac-
tate levels before treatment with vitamin Bg was started. An
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Moreover, lactate markedly increased 1 year after treatment
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5.0-20.0 mg/dl; ammonia 9-45 ug/dl.

10  Time (min)

brachii, which was performed 40 days after the
severe rthabdomyolysis, showed variation of muscle
fiber size and frequent internal nuclei on hematox-
ylin and eosin (H&E) staining (Fig. 2A). When
muscle phosphorylase activity is preserved, muscle
fibers are stained brown or violet with phosphoryl-
ase because of their reaction to the iodine-potas-
sium iodide solution used for phosphorylase stain-
ing. The higher the activity of phosphorylase, the
deeper violet the muscle fibers are stained. How-
ever, his muscle fibers did not show phosphorylase
staining (Fig. 2B). Periodic acid-Schiff (PAS) stain-
ing revealed many glycogen deposits under the sar-
colemma of muscle fibers. Under histochemical
staining for ATPase activity at pH 4.4, the propor-
tion of type 1 and type 2 fibers was 44% and 56%,
respectively. Muscle phosphorylase activity was 3.8
nmol/min/mg protein [control: 589 * 175
nmol/min/mg protein (mean * SD)]. He was
found to be homozygous for a single-codon dele-
tion at codon 708/709 in exon 17, which is the
most common mutation of muscle phosphorylase
among Japanese patients with McArdle disease.*

In August 2008, treatment with oral vitamin Bg
supplements (60 mg/day, 1.1 mg/kg/day) was
started and, 1 month later, the forearm exercise
test showed an increase in lactate levels (Fig. 1).
Neurological examination revealed muscle strength
improvement (MMT = -0.5). Serum CK levels
were normal (146 IU/L) (Fig. 3). In November
2008, we increased the dosage of vitamin Bg from
60 to 90 mg/day (1.6 mg/kg/day) because serum

Efficacy of Vitamin Bg for McArdle Disease

CK had increased due to more severe physical stress
associated with his job. Serum CK levels normalized
1 month after administration of 90 mg/day of vita-
min Be. Subsequently, his muscle weakness gradu-
ally improved.

In July 2009, 1 year after starting treatment, the
patient’s lactate levels markedly increased on the
forearm exercise test (Fig. 1). In October 2009, a
follow-up muscle biopsy of his right biceps brachii
was performed with his informed consent. The
fiber size variation was minimized, and 70-80% of
the muscle fibers were stained brown with phos-
phorylase (Fig. 2C and D). The proportions of
type 1 and type 2 fibers in the posttreatment sam-
ple were 31% and 69%, respectively. Little accumu-
lation of glycogen was observed in the muscle
fibers by PAS staining. Muscle phosphorylase activ-
ity was 14.4 nmol/min/mg protein, which was 3.8
times higher than before treatment.

The patient’s serum CK levels ranged from 120
to 2,093 IU/L (mean 576 1U/L), depending on his
physical activities (Fig. 3). However, his clinical
condition was stable regardless of the heavy labor he
performed during his daily work as a fish dealer. Fur-
thermore, there had been no adverse effects caused
by vitamin Bg, including sensory neuropathy.””

DISCUSSION

Oral vitamin Bg supplementation (60-90 mg/day)
in this patient led to improvements in both muscle
weakness and inadequate anaerobic glycolysis; a
follow-up muscle biopsy confirmed the presence of
increased muscle phosphorylase activity after treat-
ment. Our patient has continued to be engaged in
his work for 2 years and 2 months. Although the
phosphorylase activity after vitamin Bg treatment is
not completely normal, it is sufficient for him to
maintain his regular work activities.

McArdle disease is transmitted as an autosomal
recessive trait. The gene for muscle phosphorylase
is localized on chromosome 11q13. Deficiency of
this enzyme results in inability to metabolize skele-
tal muscle glycogen during anaerobic metabolism,
followed by clinical symptoms such as muscle weak-
ness. There is almost no detectable muscle phos-
phorylase activity in the majority of affected indi-
viduals,"* but some residual activity (i.e., up to
10% of normal values) has been observed in some
cases." Our patient had 6.5% of normal muscle
phosphorylase activity before treatment, 40 days af-
ter the severe rhabdomyolysis in March 2008. The
residual activity may have been caused by several
regenerating muscle fibers expressing the fetal
isoform of muscle phosphorylase.®® In addition,
the difference in the proportion of muscle fiber
types before and after vitamin Bg treatment might
have been caused by regeneration of skeletal
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FIGURE 2. Muscle biopsy samples from the patient and a control subject. (A, B) Before treatment with vitamin Bs: (A) a sample
stained with H&E; and (B) a sample stained with phosphorylase. Samples showed variation in muscle fiber size and frequent internal
nuclei. No muscle fibers were stained with phosphorylase. (C, D) After treatment with vitamin Bg: (C) a sample stained with H&E; and
(D) a sample stained with phosphorylase. The muscle fibers stained with phosphorylase increased markedly and muscle fier size
was almost uniform. (E, F) Control: (E) a sample stained with H&E; and (F) a sample stained with phosphorylase. Muscle biopsy sam-

ples before and after treatment were stained at the same time as the control sample. Bars = 100 zm.

muscle fibers, especially type 2C fibers. However,
we believe that the increased muscle phosphorylase
activity of the follow-up muscle biopsy at 1 year
and 3 months after treatment was due to treatment
with vitamin Bg because enough time had passed
since the episode of severe rhabdomyolysis, and
there had been only mildly increased CK levels
during treatment.

Lactate increased more dramatically on the
forearm exercise test after treatment with higher
doses of vitamin Bg (90 mg/day, 1.6 mg/kg/day)
than with lower doses (60 mg/day, 1.1 mg/kg/
day). On the other hand, we decreased the dosage
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of vitamin Bg from 90 to 60 mg/day in April 2009,
because we believed that the toxicity of vitamin Bg
(90 mg/day) resulted in transient exacerbation of
muscle weakness and a reduction in regular work
activities in this period. However, we determined
that the worsening was due to more severe physical
work, and we returned the dosage to 90 mg/day in
May 2009. Except for this episode, he has been in
good condition under treatment with 90 mg/day
of vitamin Bg. Thus, these results suggest that the
effects of vitamin B¢ may depend on the dosage.
Many trial treatments other than oral vitamin
Bg supplementation have been used for McArdle
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FIGURE 3. Clinical course of the patient. Muscle strength was evaluated by mean MMT of the neck flexors, deltoid muscles, and iliop-
soas muscles. The dosage of vitamin Bg was 60 mg/day from August 2008 to November 2008, 90 mg/day from November 2008 to
April 2009, 60 mg/day from April 2009 to May 2009, and 90 mg/day from May 2008 onward. Squares: CK; triangles: MMT. Normali

value of CK: 55-290 {U/L.

disease, such as high oral doses of ribose, a fatrich
diet, glucagon, verapamil, a high-protein diet,
branched-chain amino acid supplementation, dan-
trolene sodium, low- or high-dose creatine, oral su-
crose, intravenous gentamicin, a ketogenic diet, a
high-carbohydrate diet, and ramipril. However,
there has been no definitive evidence of any signif-
icant benefit from these treatments.> On the other
hand, the withdrawal of vitamin Bg supplementa-
tion from a patient after 2 years of daily adminis-
tration resulted in decreased exercise tolerance
and increased muscle cramps,'” which suggested
the efficacy of therapy with vitamin Bg supple-
ments. In addition, a Japanese patient with a very
mild case of McArdle disease was treated with
vitamin Bg supplementation (90 mg/day) for 3
months, and the forearm exercise test showed
improved glycogenolysis, as in our patient.!!

In normal individuals, skeletal muscle contains
at least 80% of the total body pool of vitamin B,
bound as pyridoxal 5-phosphate (PLP) to muscle
phosphorylase. One molecule of PLP covalently
bound to a lysine residue of each muscle phospho-
rylase subunit is essential for enzyme activity.'*'?
The decreased phosphorylase in McArdle disease
substantially diminishes PLP in skeletal muscle.'*'?
The action of vitamin B¢ supplementation may
require the presence of some residual muscle
phosphorylase, as in our patient, and probably
would not be seen in patients with null mutations,
including the R50X mutation, which is most com-
mon among Caucasians.'"'*'®

Efficacy of Vitamin Bg for McArdle Disease

As noted earlier, most patients lack detectable
muscle phosphorylase, as detected by sodium
dodecylsulfate-polyacrylamide gel electrophoresis,
immunoblot, and enzyme-linked immunosorbent
assay.””* This may result from rapid decay of unsta-
ble proteins. Thus, we hypothesize that vitamin Bg
supplementation can restore some stability to the
mutant enzyme and enhance the residual phos-
phorylase activity in skeletal muscle of patients, fol-
lowed by improvement in insufficient anaerobic
glycolysis of skeletal muscle. However, other mech-
anisms are also possible.

Our study suggests that supplementation of
vitamin Bg may be an effective therapy for McArdle
disease, especially for patients who have some re-
sidual muscle phosphorylase activity, although
further studies, including a double-blind, placebo-
controlled study, are necessary to draw firm
conclusions about the effects of vitamin Bg
supplementation.

The authors thank Hiromi Koda at the Department of Pathology
in Kurashiki Central Hospital for her technical assistance and his-
tological analysis.
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RELAPSED ACUTE MYELOGENOUS LEUKEMIA OF BRACHIAL PLEXUS
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ABSTRACT: We present a detailed description of brachial
plexus infiltration by acute myelogenous leukemia (AML) in the
setting of a remission bone marrow biopsy, without evidence of
leukemia by flow cytometric analysis. This case illustrates the
possibility of dormant leukemic cells in the peripheral nervous
system (PNS) in a patient in apparent clinical remission. In
patients with an unexplained brachial plexopathy and a history of
AML, leukemic infiltrate of the PNS must be considered.

Muscle Nerve 45: 440444, 2012

Metastatic tumors to the brachial plexus are a rel-
atively rare disease entity. Involvement of the
brachial plexus by metastatic tumors occurs in
most instances via direct extension of the tumor or
by means of lymphatic or hematogenous spread.’
Primary tumors with reported metastases to this
region of the peripheral nervous system most fre-
quently include carcinomas of the breast and lung,
lymphomas, and melanoma.? Although involve-
ment of peripheral nerves by a leukemic infiltrate
has been reported rarely, this is a detailed descrip-
tion of brachial plexus pathology by a leukemic
infiltrate based on immunohistochemical studies.
We describe a patient who had a peripheral nerv-
ous system (PNS) relapse of acute myelogenous
leukemia (AML) manifested by brachial plexop-
athy. Of particular interest is that the patient had
received a gender-mismatched bone marrow trans-
plant 6 years earlier. The relapse occurred in the

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloge-
nous leukemia; CBC, complete blood count; CLL, chronic fymphocytic
leukemia; CNS, central nervous system; CSF, cerebral spinal fiuid; EMG,
Key words: brachial plexus, myelogenous leukemia, peripheral nerve
metastasis, transplant
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setting of a remission bone marrow biopsy with a
normal female donor karyotype and with no evi-
dence of leukemia by flow cytometric analysis. A
normal complete blood count (CBC) had been
present on multiple tests over 6 years.

CASE REPORT

History and Neurological Examination. A 33-year-old
man was diagnosed with AML when he presented
with a hemoglobin of 8.9 g/dl, hematocrit of 26%,
leukocytosis [55,000 white blood cells (WBC)/ull,
and thrombocytopenia (121,000 platelets/pul).
Peripheral blood smear evaluation revealed an
abnormal white cell differential with 91% blasts. A
bone marrow aspirate and biopsy showed AML
with maturation, based on the World Health Orga-
nization (WHO) classification.> Flow cytometric
analysis of the blasts revealed immunophenotypic
features indicative of myeloblasts (CD34, CD117,
CD33, HLA-DR, CD15, and CD13 positive). Cytoge-
netic analysis of the bone marrow revealed a tris-
omy 8 karyotype.

The patient went into remission after chemo-
therapy, which consisted of daunorubicin and
cytarabine (Ara-C), but 1 year later he had a
relapse followed by leukemic meningitis. He
received intrathecal Ara-C and high-dose intrave-
nous Ara-C (2 g/m2) and later underwent a gen-
der-mismatched allogeneic bone marrow trans-
plant. His chemotherapeutic regimen for the
transplant consisted of '*'I monoclonal antibody
and fludarabine in addition to low-dose total body
radiation. He again went into remission, but his
course was complicated by graft-versus-host disease
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Copy-number variations on the X chromosome in
Japanese patients with mental retardation detected
by array-based comparative genomic hybridization
analysis

Shozo Honda!, Shin Hayashi?, Issei Imoto"?, Jun Toyama®, Hitoshi Okazawa®, Eiji Nakagawa®S,
Yu-ichi Goto>® and Johji Inazawal>>’, Japanese Mental Retardation Consortium®

X-linked mental retardation (XLMR) is a common, clinically complex and genetically heterogeneous disease arising from many
mutations along the X chromosome. Although research during the past decade has identified >90 XLMR genes, many more
remain uncharacterized. In this study, copy-number variations (CNVs) were screened in individuals with MR from 144 families
by array-based comparative genomic hybridization (aCGH) using a bacterial artificial chromosome-based X-tiling array. Candidate
pathogenic CNVs (pCNVs) were detected in 10 families (6.9%). Five of the families had pCNVs involving known XLMR genes,
duplication of Xq28 containing MECPZ2 in three families, duplication of Xp11.22-p11.23 containing FTSJI and PQBPI in one
family, and deletion of Xp11.22 bearing SHROOM4 in one family. New candidate pCNVs were detected in five families as
follows: identical complex pCNVs involved in dup(X)(p22.2) and dup(X)(p21.3) containing part of REPS2, NHS and ILIRAPL1
in two unrelated families, duplication of Xp22.2 including part of FRMPD4, duplication of Xq21.1 including HDX and deletion
of Xq24 noncoding region in one family, respectively. Both parents and only mother samples were available in six and three
families, respectively, and pCNVs were inherited from each of their mothers in those families other than a family of the proband
with deletion of SHROOMA4. This study should help to identify the novel XLMR genes and mechanisms leading to MR and reveal
the clinical conditions and genomic background of XLMR.

Journal of Human Genetics advance online publication, 8 July 2010; doi:10.1038/jhg.2010.74

Keywords: array CGH; FRMPD4; HDX; MECP2; pCNV; PQBPI1; SHROOM4; XLMR

INTRODUCTION

Mental retardation (MR) is characterized by nonprogressive cognitive
impairment and affects 1-3% of the general population. The
predominance of males in the MR population has been attributed
to genes located on the X chromosome. In fact, individual X-linked
genes were recently estimated to contribute to 10~12% of all MR cases
in males.! X-linked MR (XLMR) conditions have been divided into
syndromic (MRXS representing approximately one-third of XLMR)
and nonsyndromic (MRX representing approximately two-third of
XLMR).? As MRX have no obvious and consistent phenotypes

other than MR, XLMR conditions are clinically diverse and
genetically heterogeneous disorders. In excess of 215 XLMR condi-
tions have been recorded (http://xImr.interfree.it/homehtm and
http://www.ggc.org/xlmr.htm) and 90 XLMR genes have been
identified.>* Genes for 87 conditions have been mapped by linkage
analysis and/or cytogenetic breakpoints, but for 38 conditions, genes
have been neither identified nor mapped to candidate loci. In
addition, more than 300 X-linked protein-coding genes are expressed
in brain tissue, suggesting that many XLMR genes remain to be
unidentified.”
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Figure 1 The flowchart of the screening of MR-associated pathogenic CNV.
DGV means database of genomic variants. Asterisks indicate types of benign
CNVs corresponding to asterisks in Supplementary Table S1.

Array-based comparative genomic hybridization (aCGH) has
revealed copy-number variations (CNVs) to be the cause of MR.53
Although Tarpey et al* screened for mutations in the coding regions
of 718 genes on the X chromosome in probands from 208 families by
means of resequencing, only three XLMR-associated genes have been
identified, suggesting structural variations other than point mutations,
including CNVs or variants in regulatory regions, to contribute to
unidentified XLMR conditions.

In this study, we examined CNVs in individuals with MR from 144
families with at least one affected male by aCGH using an in-house
bacterial artificial chromosome (BAC)-based X-tiling array (MCG X-
tiling array).” We detected 10 candidate pathogenic CNVs (pCNVs)
according to a flowchart of our procedure (Figure 1), suggesting that
pCNVs on the X chromosome could be found at a constant rate by the
high-density aCGH in heterogeneous MR patients and our approach
is useful to identify known as well as novel XLMR genes, resulting in a
better understanding of the clinical conditions and genetic back-
ground of XLMR, although further study is needed to assess the
significance of candidate XLMR-related genes.

MATERIALS AND METHODS

Patients

We selected 144 families with at least one male having MR. ‘Familial type’ MR,
that is more than two members of the family affected, was identified in 76
families and ‘sporadic type’ MR, that is only one male affected, was found in 68
families. The male probands were subjected to an aCGH using the MCG
X-tiling array.” In 131/144 cases, conventional karyotyping was performed,
and an abnormal karyotype of 46,XY,der(18)t(5;18)(p13;p11.3)pat(20/20) was
detected in one case.

Cell culture

Peripheral blood samples were obtained with informed consent approved by
the Institutional Review Board, National Center of Neurology and
Psychiatry, Japan. Epstein-Barr virus-transformed lymphoblast cell lines
(LCLs) were established from peripheral blood cells. All LCLs were cultured
in RPMI1640 medium supplemented with 10% fetal bovine serum and
antibiotics.

aCGH using an in-house BAC array

aCGH hybridization using the MCG X-tiling array was performed as described
previously with DNA extracted from sex-matched normal lymphocytes as a
reference.!” Acquired images from hybridized slides were analyzed with
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GenePix Pro 6.0 (Axon Instruments, Foster City, CA, USA). Fluorescence
ratios were normalized so that the mean of the middle third of log, ratio across
the array was zero. The thresholds for copy-number gain and loss were set at
log2 ratios of 0.4 and —0.4, respectively.

High-density oligonucleotide aCGH

A genome-wide oligonucleotide aCGH was performed using 244K (Agilent
Technologies, Santa Clara, CA, USA) according to the directions provided by
the manufacturer. The hybridized arrays were scanned using an Agilent scanner,
and the CGH Analytics program version 3.4.40 (Agilent Technologies) was used
to analyze copy-number alterations after data extraction, filtering and normal-
ization by Feature Extraction software (Agilent Technologies).

FISH

Metaphase chromosomes were prepared from normal peripheral lymphocytes
and from each of the LCLs in all family members using the standard
method. Fluorescent in situ hybridization (FISH) analyses were performed as
previously described,!® using BAC clones located around the region of interest

' as probes.

Quantitative real-time reverse transcriptase-PCR

cDNAs were synthesized from total RNA extracted from LCLs established from
the patients, their parents and six normal controls (three males and three
females). Quantitative real-time reverse transcriptase PCR was performed with
the ABI PRISM 7500 sequence detection System (Applied Biosystems, Foster
City, CA, USA) using TagMan Gene Expression Assays (Hs00202185_Al
FTSJ1, Hs00172868_A1 PQBPI, Applied Biosystems) according to the manu-
facturer’s instructions. mRNA levels of the genes of interest were normalized
against a housekeeping gene, GAPDH (Hs9999905_A1 GAPDH, Applied
Biosystems), as an internal control to collect the relative expression data. Each
assay was performed in triplicate for each sample.

The androgen receptor X-inactivation assay and late replication
assay

The pattern of X-chromosome inactivation in the females was first evaluated
using the androgen receptor X-inactivation assay'! with minor modifications,
Briefly, DNA was modified with sodium bisulfite and amplified with primers
specific for a methylated or unmethylated DNA sequence at the human
androgen receptor locus where methylation correlates with X-inactivation.
Two different sized products, which were gained from the paternal and
maternal alleles because of the polymorphism of the triplet repeat, were
analyzed on a 3130 Genetic Analyzer (Applied Biosystems), and peak images
of each PCR product were measured by GeneMapper Software v4.0 (Applied
Biosystems). An imbalance of X-chromosome inactivation (skewing) was
judged from the ratio between the amount of PCR product from paternal
and maternal alleles. These ratios were corrected using a calculation previously
described.!!

A late replication assay was performed using a replication G-banding
technique as previously reported'? with minor modifications. Metaphase
chromosomes were prepared with adjunction of 5-bromo-2-deoxiuridine in
the last 6 h of cell culture after thymidine synchronization. The chromosome
slides were stained with Hoechst 33258 (1 mgml™!) (Sigma, Saint Louis, MO,
USA) for 5min, and exposed to 254-nm ultraviolet light (Stratalinker UV
Crosslinker 1800; Agilent Technologies) at a distance of 20 cm for 10 min after
heating at 75°C for 10min. These chromosomes were used for FISH to
estimate the ratio of inactivation of the affected X chromosome.

RESULTS

Classification of CNVs

We screened CNVs on the X chromosome in probands of 144 families
with at least one affected male, by array CGH using the MCG X-tiling
array to identify novel XLMR-related genes. We designed a flowchart
for the classification of CNVs (Figure 1). If we detected a CNV
containing known XLMR-related genes or of unknown biological or
clinicopathological significance (National Center for Biotechnology



Information, http://www.ncbi.nlm.nih.gov/) and not registered in the
Database of Genomic Variants (DGVs, http://projects.tcag.ca/varia-
tion/) in the male proband, we examined other family members using
FISH. If the same CNV was segregated into cases of MR in the same
family, it was considered a candidate for a pCNV, although CNVs
observed in unaffected females in the same family or sporadic type
were not excluded. Consistent with previous reports (5/108=4.6%!"3
or 8/54=14.8%14), putative MR-associated pCNVs were detected in 10
families (6.9%, Table 1; Figure 2). The CNVs detected in five families
contained known XLMR genes, whereas five candidate pCNVs seemed
to be novel, although their pathogenic significance will need to be
determined. The detection rates for the ‘familial type’ and ‘sporadic
type’ were 7.9% (6/76) and 5.9% (4/68), respectively, suggesting that
we cannot ignore the ‘sporadic type’ in the screening of candidate
PCNVs. Each of pCNVs detected in 9 of 10 families was inherited
from probands’ mothers, respectively, suggesting that those CNVs
were not altered through the establishment of each of the Epstein—Barr
virus-transformed LCLs. In these 10 families, no abnormality was
detected by conventional cytogenetics. In addition, no CNV possibly
related to MR was detected in autosomes with the high-density
oligonuculeotide array. Family trees of the 10 families are presented
in Figure 3.

Frequent duplication at Xq28 including MECP2

Duplications at Xq28 including MECP2 (OMIM 300005) were
observed in 3 of 144 families (2.1%; MRYB6, MR1P3 and MR347
families in Table 1). These patients had several common phenotypes,
such as severe MR, muscular hypotonia, absence of speech and
recurrent respiratory infections as reported,'>~!® although the size of
genes within the affected regions differed among the three families
(Supplementary Figure S4a). The smallest region of overlap was
~437kb and contained 13 genes including LICAM (OMIM 08840)
and MECP2. FISH using an MECP2-specific probe revealed that the
mothers in all three families were carriers (Supplementary Figures Sla,
S1b and Slc) and had a skewed X-inactivation pattern (Table 1) and
dominant late replication pattern of the MECP2-duplicated allele
(data not shown). In patients and the mother of family MR347, an
~182-kb deletion at Xp22.31, which contains no protein-coding gene
(Supplementary Figure S4b), was detected simultaneously by aCGH
analyses using an X-tilling array and Agilent oligonucleotide array,
suggesting this CNV to be of unknown biological or clinical patho-
logical significance. In addition, the CNVs at autosomal region not
registered in the DGV were detected in each of the probands in three
families. (Supplementary Table S2) According to ISCN 20092
these CNVs are as follows: MRYB6 had arr 15q21.2 (50711956~
50777 075)x1; MR1P3 had arr 20p13(897451-956 849)x 1; MR347
had arr 4q13.1(61 867 547-61924356)x 1 and arr 15q23(65693 871~
65713 056) % 1.

Aberrations at Xp11.22-p11.23 detected in two families contain
known MR-related genes

We detected candidate pCNVs at Xp11.22-p11.23 in 2 of 144 families
(1.4%; MR67H and MRF91 in Table 1), although the affected regions
showed no overlap between these two families (Figure 4).

MRF91

The male proband (III-1) of family MRF91 showed moderate MR and
speech delay. In this patient, an ~ 1.37-Mb duplication at Xp11.23 was
detected (Figure 2). Information from the UCSC genome browser
(http://genome.ucsc.edu/cgi-bin/hgGateway) revealed that the dupli-
cated region is gene-dense, and includes three known MR-related
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genes, FTSJ1 (OMIM 300499), PQBPI (OMIM 300463) and SYP
(OMIM 313475). No mutation was detected in those genes in the
proband (data not shown). FISH revealed the duplication in the
proband (III-1), mother (II-2) and his affected younger sister (III-2)
(Supplementary Figure S1d). The mRNA levels of FTSJ1 and PQBPI in
LCLs determined by quantitative real-time reverse transcriptase-PCR
were highest in the proband (Supplementary Figure S2). SYP mRNA
levels could not be evaluated due to low expression in LCL. The
X-chromosome inactivation in LCL showed a skewed pattern in the
unaffected mother and random pattern in the affected sister (Supple-
mentary Figure S3a). In addition, dup(X)(p11.23) showed a late
replicating pattern in 39/50 cells (78%) of the unaffected mother
and 24/50 cells (48%) of the affected sister (Supplementary Figure
S3b). The high-density oligonucleotide aCGH revealed that the
duplication at Xp11.23 in family MRF91 was flanked distally by a
segmental duplication containing a synovial sarcoma X breakpoint
families (SSX1, SSX9, $5X4, SSX3 and SSX4B) and proximally by
an additional segmental duplication containing G-antigen (GAGE)
families (Figure 4). The aberration is as follows: arr Xpl11.23
(48 089 045-49 246 795) X2 mat.

MR67H

The male proband of family MR67H showed only moderate MR.
In this patient (III-1), an ~2.86-Mb deletion at Xp11.22, which has
never been reported, was detected (Figure 2). Information from the
UCSC genome browser revealed that the deleted region contains
SHROOM4 (OMIM 300579), reported to be a causative gene for
XLMR.2! Sample of his mother (II-4) was not available. The high-
density oligonucleotide aCGH revealed that the deletion at Xp11.22 in
family MR67H was also flanked distally by a sequence gap and
proximally by a complex repeat-rich locus containing SSX families
(S§X7 and SSX2), melanoma antigen (MAGE) families and X-antigen
(XAGE) families (Figure 4). The aberration is as follows: arr Xp11.22
(50040 995-52 710 691) X 0.

Other novel candidate pCNVs in five families

Identical complex pCNVs detected in nonconsanguineous MR22T and
MRK13 families. 'The proband (III-1) of MR22T was diagnosed with
West syndrome from electroencephalogram and showed severe MR,
epilepsy, absence of speech and atrophy of the hippocampus, whereas
patients (II-1, II-2) of family MRK13 manifested moderate MR,
speech delay and autistic feature. Although the MR22T and MRK13
families are not consanguineous, identical duplications at the same
two loci were detected: dup(X)(p22.2) containing part of NHS
(OMIM 300457) and part of REPS2 (OMIM 300317), and
dup(X)(p21.3) containing part of ILIRAPLI (OMIM 300206),
which was identified as an XLMR-related gene (OMIM 300143)
(Supplementary Figures S4c and d). The aberration is as follows: arr
Xp22.2 (16898 131-17 635 375)x2 mat and arr Xp21.3 (28711594~
28812042)x2 mat. The X-chromosome inactivation of mothers in
both families showed a skewed pattern (Table 1). FISH analysis
revealed that the signal for a BAC RP11-438]7 at Xp21.3 appeared
separately at Xp21.3 and Xp22.2 and the signal at Xp22.2 could be
detected more strongly (Figure 5).

MRIWK

The male proband (1I-2) of family MRIWK showed mild MR
and autism. An ~0.57-Mb duplication at Xp22.2 including a part
of FRMPD4 was detected in the patient. The high-density oligo-
nucleotide aCGH revealed that the duplication also includes MSL3
distal to FRMPD4 (Supplementary Figure S4e). The aberration is as
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