20/ /2P0 24

EEFBEFAEEEYE
HAMARBRRARER

BV UMED EI RBIESAREERICET MR

(H22-%78-—Af&-001)

TH23FE HBIE - TEPRREE

MERARE & X

Ek 24 £ (2012%F) 38



1. BATRES
B LU MEOREIEE L ARARRCET 5HR
s omx 5

II. KEARHE

BUOFLRRIZEBRETY O VMEOHFERR S ==
KiEgig, wOFxk, EFXk, EFE8 00— 15

ETILIIRERWNET Y O VMEDH LLVAEREORF
wEE-. 5 8 17

[II. BIERBRDOTITICEAT S —ER

VI. SRERMRDOTIITHY- AR
e 25



/)
. 11T

N\

b

FEHt

S

R



REEFBHEREERDE EMMRERRFAESE)

RIEM AR EE

27U VMEDREERIERESAREFRCET 2HR
MEARE B EX RILKRE - - REREFZFHER - £F

MEES

w7 U MBI 7Y URBIE] &S REIEN A/NRHEREERE O—o T, SHRIEBET.
IR, TWA, REOEERFBHREREZET S, MEITEGFERICLY Y
v BAREER (GCS) DIFMEMET L, MFLCHIETOS ) v U BEN EETH I L1
MThHD, REDL ITHFERBICHKE L, /KEECMEKRIE 2 EOMERET 2 HR
WZEMT 5, BEOREEIL., BEROMB L FYRIBEOESL. Th 5, BERIREDT-
D, FERA )V —= BT AMF T ) UBET — 2 % 16, 431 EF (FRk 23 4
By OEBPIFE L (FRK 21-23 At 96, 822 1K) . T DRBESFZH LT L=, £1-,
FLWVEREZ RETZ2ODET VEMEZIERTDEHNTOCSIENEEZ LR /v I T
UhevwUR (KO) BERIL, ZORBABEMENT Lz, REESE K0 <7 2%, M2
KRB, KEGE, BAMED & 2 RHRERBESBHRICE Lz, 6CS ZERRBICEST
DI, R~ U ACERSOZ ORFI OB G ERETo72L 2 A, B, X7 LFF
RIZENThH o720, RBEDOOL O THIAF A= 2 E+ 5 L INERLERE D3
ANBEEIVETTAZ 2 RHE L, REOIREE L U CHEEMEE R L7z (Narisawa et al,

Hum Mol Genet, 2012 ; 21 : 1496-1503),

<HHEFEE>

ERESLR (BARRE - %)
WAEER (BRRE - #0%)
WERE— GRALRE - #iR)
RIFEE CRILKRE: - FEF EEAT)

A. RIEEM

w7 U ME, FRIRIE T, R,
T, 7 EDEE R PR ERRIER & R
BT HoMRERT, BERTERIZED S
U v BAREESR (GCS) DIEMMET L, 7 3
JBEO—D2THDH7 ) v BNERFICER
THRRMET I VBREEFTEO—2TH
Do BIEDZ XA RN HT A R ERE
DIER THIE L, /KIEECHE KRB LD

MR E 2 ®mBICEHT 5, BEORE
. BEROEEL 5 TR EEED
TRIBENHEL SN TWRWETH D, &
HEEE OIX. IHBREEMEESRZR 2 ATaEIC T
AEERNMM BC 7'V v o ERBR OB
(Kure, Ann Neurol, 2006) 1T\, FEEER,
BREBD ANT=AIEDH LM EEDE
REITiRoTe, —EOMFIZLY, BED
DRI CEEIEREOMEFICEL TIXE
REDOESEFT T2,

TR TIZOBEFLLIE, @FEEDOH
BEWHERNZ LW_AZHBLET 5,
ORBFLEE

SFECOREHEEITT N TEBREE~D
SREREEICILTWS, RETIZ, FE



IREIDZEIRIEC, KW OB NG &3 7F
FET 5720, BEEEOT V7r— MNRED
HTIE, BEHRERBIREE:EZ NS,
FIT, FHERRAI Y —= 7L LTEIR
FEELE L TNEH T LA< ARERIC L
HFERICBTAIMF T U REOHIE
BRIz, YR 21-23 EEO 3 F£/. f#T
BEML, ZEROFEROMFT T Y g
ESHEREL. FORBESHZHL N
T 5,
QFrREDBHR

ARFZETIE, BAETFEAFEERE UV GCS
Biafik/ v/ T7U ML, ZThEFHERE
(HF#A) &7V vIEETFAEE L
THRIATAZ & T2 ED 7=, LIAT, GCS
HoREBE~ T ARERL, ZNEEERE
TNw AL LCEYREERZITV,
MDA N2 I VEBREEO ) VRS
EALDT B =R NNLEN R EORERD
WEBIED THIEERLEEELD D
(Kojima—Ishii, Pediatr Res, 2008), #EE
DEZVFARE (FHRED) X2 E Touf
FEICL D, GCS BTFEREE IFITEr T
HY., TETNAEBHOERIZIE, null
mutation DEANRMNELEZ b, 4[H
1%, GCSIEMEZ B RSET AT R EE
L., TORBABIZHELNIL, ZORE
BlAfEELE LT, AIBREREITV., &%)
IREA & R, BRI, GCS IXZERHIEE
FELUTHBRELTVWAEIZER L, ERR
ZDORBED OEIEEZRETT 5,

B. EAE
1) T A ARBREIDFHAERRA T U —
=BT BMEF S VU BERENTICE
< BELUEE

AT A< ARBIZEDHAERAZ Y
— =2 7, AR E S S ALIR T R AR AR

FTOTEHERT (FFsei /1) . BALHA X
AL RFORERE FELHEE), FE
WEHA XL OER @FESHEE), Ul
5 I XIERR TS (PR 48 S 45,
SRR 22~23 D 3 EM. FAERMOMmF
TV UVRBEDT — X BIE BT L, 7
UV VREDOYY), BB REE. EXA NS T
LEHLNIT D, A F N~ e VERILESR
7u e BRI & o 7o A R BRI
FEIZRBWCHIMF 7Y VU BEN EHT
HIEPHBNTWS (ZREFET Y v
MSE), BHEEBRIMAE DRI DI, BIEF
T, a4 =/l CoA |ZH¥T 5 C3 {H.
RN C3/C2 bt & RFFIZHEIE LT,

2)ET )V UMEDET VU ADIER
& RET DOREMT

GCS D/ v 77U b =R L, tEEE
FDO—D2%ka— K75 Amt ERTFE TS
Ve BTy TETCIERR LT, HERETER %
FRAET BT DI EER DR EHEEE L (ERK
L. GCS BEFEREEL[1-C] 7Y v vk
AW BURERIEIZ L 0 BIE Uiz, K. TR
WBTFAZV VLV EEBEREY 2 % — k
DL EFEET I BRI TRIE L
oo BRFREEEGHE~ T AZLZHIER L,
R 2 i Uz,

3)VES YV UMEET VY T A DEYTE
IZ A3 5 ATERAR AR

3) CHERL LR ERASEREET LY
AL LT, IREERETRoT-, IBEDE
EIZIE, 2O VA TERICEDLNLDHMK
AT RWe, BEIZIE, EFOi
AME DR AELEE A BIET D, GCS IIFHEER
LT, 7 FJe FuEREZRFIAL, EER
DIEMALRIGE & T2 > T 5, SEIOIRE
EBRIZITEBRSOT ORBEY (FI DNVEE,



AFF=) iR A~NRE L, EfF
BT HRMEOHELGAE 18 BICHE
L7,

(REEm~DEE)

&7 ) U EDEETFZENL, EILK
FEFHHEZESOAREZIT TV 5,
ZWHEEDT-DICBETRENVLELR S
X, BECA VI 4—AbR-arskr b g
R, MEEZERLEZ, ET 1< R
B4 283, B KRFEEZTEY ER
BRIZTITV, REFFEEEIT R 23 EE DR
ERFEMERZESOAREZIT TS

C. MEHR
1) FrAEROmME 7Y o BE S
REAEIZER L oobAX VT A A
RBCILF Y U REZRERRETHD
SUCEB L, FRk 21~23 £ 3 4R, &4
R 7V o A ARET —4 %5 80,391 4
SENE LT, YHTY U UEEL 3878
M, EHERFEZE D)X 1267 uMTH o7,
AR 80,391 £t /Y v L IEBED
LA N LAERKLIRT, MF 7Y v
BEL, 720 RIS L, AEICE
BLTWiR<TYH 1,000 pM 28B4 EE R
TEAERDDE RN OFEET D I L H3HEH
Lz, SEIOBBICE Y., EHED 4 ZL
EOEE (+11SD) 2R 4EFZRHEL
7o LB OERTIL C3, C3/C2 IELEES
ARET, BEBLETEEINE,

2) IBERIEEED D DET VEMIERL
GCSEMZEIRL /I T U R wY
AHER UT, BRBEREREHERT S0
REEESEKO ~ 7 2D GCSEEETEM 2]
EL., BREEEEESBEREL T TH-
7o

RIZ, ~T aEEER KO v 7 ARL0#H
THEOEDZEIZLVFEEAEEERL.
FORBIE N Uiz, GCS DmeRiB~
T AL, MHERRIZEZED T Y Vo DOER
iz, BT, WMERE, KEE, K
JED & 5 7R & KIBE (NTD) 72 &, fEx
DT RLEFE S 129sv Bt & C5T/B6 ZHk

DHEREIZBWVWTRD N, BEHEEL
¥—z 337, C57/B6 = v AIZE LAZHEL
Z 10 [EfTW, 2 Yo=wr v U RAEE
LTz, TONTaEAR KK~ T AF L%
TELL, REESE TV ADBEEZTR-
e A, BINELZ 87T%IC@RD- (K2A
& 2B DEMBEDEEZSMR), BMEDRE
I3k 4 T, HEO—HOARIZFED LD L
DG, BEE~FHEICRSAE LA Ch
RHENSEHLTHEH0 (EMHRE)
ECHEELE, RLEHEEICREDLNDOD
X, BEERICIRE LI RAE Th - 72,

3) EEERRBICET A%

GCS /v 7T Uk <AL, K2A TR
TR REEERIZEL, &7 Y v
VIMFEDERIZELD Z E MR L, RIED
ETAEYE L TEA TS EE X,

FZIT. 2K T RAEBERBET LT
AL LTHA L IBEEDORBZIT o7,
BARAIZIE, FEESERKO v v A CEHEE
FRAMIE D HBEE 2 EIE & LT, IREER
ZZEM L7 (M2B), 85 L-EAIX, 6CS
IFEBRABICEET A0, ERSLTON
B (FIVNER, AF A=) R LU,
R~ U AL ORI ERE L, BFOM
MMEEELZBETIE, AT 4= 2kE
L7235 a0, BUAMIE O HERSEE 23 87% 0> B
%%m&ﬁm:ﬁTlf:mmow RO
FIVNEBRERE LIZSBE, BMEDHER
HEEICERDOIETI mbahﬁﬂoto



25%

20%
15% }
10% }
5%
0% 2 SINER & cxmmn =% A L - 3
> °>°Q RESRSIKS PO IR PSR SIS MRS SRS SRS IR SR RS IR \QQQ\QO,Q \\QQ\QDQOQQ@QQQ
‘1”\
1 FHAIR 80,391 &I 7Y o L BEST

YT Y o REIL387.8 u M, EEERZE(SD)IX 1267 t MThHoT-,

AFAZURE

AFFZUE T
FIULBBE L

2 FEREUE OREHEY ORI R & O R EMHI2h 7

no NTDs
Osmall exencephaly
O large exencephaly

@ craniorachischisis

A GCS /7T Uk xTRIROONIEREREBIE. 7V VBEBEED ) vy I T
ke U RADFREEGE~ T ZAD STWIIRAIER & OHRERBEL T,

B. IR~V REXERE LT 2FRRER. A F 4= OB 5 CHRE RBEORERENE
BIETTAENHBALE A F AoV BEBLAT A=V EFIVLBBEESR),

Narisawa A, Kure S, et al. Mutations in genes encoding the glycine cleavage system predispose to

neural tube defects. Hum Mol Genet (in press) & V) 5| F,
o 10 o



D. &R

BrAIR 80,391 &4 r Y L EE
DR EFENTT 5 &, 1,000 uM LA EDEZ
TR ASEICIERBOFH A RN DE LR S
FETHREFEFIIRGEHE TH o 71=, 5.
BV VEBEERTRTEEOHREICLY
WL OVKREOEDBEHNHHTS LH
FIhs,

GCS /v 77U b~ AL, FHERR
E (HHA) ([ZERICHED b D NERE
BRI e, REDETNLVEME L
THEEUMERB W EEZ BND, GCS [TER
DIEMALKISICEET 5720, {ER~ 7 R
ICEBSEBRARBEYD AF4=r, F3
VURE) OBREEREIT oI, TORER.
AFF =B ETHERETEAEKO <
U AT ARMEDORENFEIZIET
THZEERHL, REBRICBITL2EM
PERRIB S Tz,

E. &k
HAERME Y S VEEODRBEZITV
FORESTFLZPAONIL, BITETFT /L=
7 2 DR OSERNEEER E1T\ ., B

HH| & FE LT,

F. BAERR

1. Narisawa A, Komatsuzaki S, Kikuchi A,
Niihori T, Aoki Y, Fujiwara K, Tanemura
M, Hata A, Suzuki Y, Relton CL, Stanier P,
Grinham J, Leung KY, Partridge D,
Robinson A, Stone V, Gustavsson P, Copp
Al, Greene NDE, Tominaga T, Matsubara
Y, Kure S. Mutations in genes encoding the
glycine cleavage system predispose to
neural tube defects. Hum Mol Genet
2012;21:1496-1503

2. Miyatake S, Miyake N, Touho H,
Nishimura-Tadaki A, Kondo Y, Okada I,
Tsurusaki Y, Doi H, Sakai H, Saitsu H,
M.D., Yamamoto T, Higurashi M,
Kawahara N, Kawauchi H, Nagasaka K,
Okamoto N, Mori T, Koyano S, Kuroiwa Y,
Taguri M, Morita S, Matsubara Y, Kure S,
and Matsumoto N. Homozygous
c.14576G>A variant in RNF213 is the
strong predictor for early-onset and severe

form of Moyamoya disease. Neurology
2012;78:803-810

. Sakamoto O, Ohura T, Murayama K,
Ohtake A, Harashima H, Abukawa D,
Takeyama J, Haginoya K, Miyabayashhi S,
Kure S. Neonatal lactic acidosis with
methylmalonic aciduria by novel mutations
in the SUCLG1 gene. Pediatr Int
2011;53:921-925.

. Tsuyusaki Y, Shimbo H, Wada T, Iai M,
Tsuji M, Yamashita S, Aida N, Kure S,
Osaka H. Paradoxical increase in seizure
frequency with valproate in nonketotic
hyperglycinemia.Brain Dev 2011;34:72-75

. Kure S. Two novel laboratory tests
facilitating diagnosis of glycine
encephalopathy (nonketotic
hyperglycinemia) Brain Dev.
2011:33;753-7.

. Kamada F, Aoki Y, Narisawa A, Abe Y,
Komatsuzaki S, Kikuchi A, Kanno J,
Niihori T, Ono M, Ishii N, Owada Y,
Fujimura M, Mashimo Y, Suzuki Y, Hata A,
Tsuchiya S, Tominaga T, Matsubara Y, Kure
S. A genome-wide association study
identifies RNF213 as the first Moyamoya
disease gene. ] Hum Genet 2011;56:34-40.

G. MBI EEMEDOHFE., BRI
PP

.11.



II. FHEFERS

.13.



BEFBRFEE MBS (EHAMRBRRIAREE)

DR R EE

(B FLATRIZEBET YO VIEDHERR Y Y—=20 5 )

MESEE  KERE

WOER

BB R

MEHRNE  EHEEM
MRES

(RALKZE - REREFZHER - FFEHE)
(HRKRFE, EFE/DMRE - HiR)

(RRAKE - EFAVDMRRL - £4%)
(FLIRTETERERR - SR

&7 ) U MUER, B & OEE e PARERIER 2 B L T 5/ NRoREREO— T
HD, AEITTY v BISEESE (GCS) DBEHIRBIZE VAL, 7V LU BNMEKRFICER
TOHRRET IV BREEFECH D, NERXZICHERYICRET S, AEIT. FLE
BEMEBERTH D, MPBEBBHETHLH, RER, BEAE. THAREDERENR
HOEETHHZI T, BEEEEDOTD, X0 T r~ARBRICLAMT S Y o EES
—Z DNEZEIT-> T\ D, TRk 23 FEEIL, 16,431 BIESDINE R TTo 7= (T E CUNE
L7c&Eh 96,822 ffK), MH 7 U LV BEDSHESH LIz 2 A, BV v EED
FHIEIL 387.8 uM ThHY | EERZEIT 126.9uM THo T,

A. WFFEER

w7 U ME, ERIRT, IR,
TUWHA, 72 EDEE R PRMRER % 55
el 7Y UME] &M B/NE
DHRERO—D>TH D, REFT Y v
FAZEESR (GCS) DIBMRAIRIBIZ LV £ L, &
BThHorT7 IV UNERTHERET I/
BABRTETH D, BRRIEEETRE
STCUHTAERBICRE L, S TRIEEND,
RARROFRENT, HARIICZERIE LD,
FEMAUR ZEIR 2R U720 4 B R WHEF
NhHY, BEEHENFHATHIATHD,
SETOREFEEITT A TEREBE~D%Z
DEBREEICILTWS, KETHE., HER
HDZRIRFERS, KW OBz & BEE
T 57D, EROFIETIIEELERIZR
HThD, TZT, Moy MRERNIEE
STNEE T LA ARBRIZEZHEIRR

-15.

IV ==V FICER L, XV TFAv AR
BRICED ., ZROFEROMF T v
EZHEL, BEoREEL 25 mF 7Y v
VIBE DS BT,

B. WFFEHE

Z T A ARBICELDHERRAS U —
=T ORA 'y NRERIZBEIZE S D
RCEIBESINTVWD, FERRAI V—=v
TWZBITAZ T A ZARBRIZBWNTS Y
VURERBETAHIENARETHE, =
DIFFITIL, FAERMF 7Y v BEST
—SENEL, TORENT, EANTT
Lzt Lz,

C. #%

WRR 23 FEEIL, 16,431 LHINE LT,
WH 7Y U VBENIE 387.8 u M, EEREE
(SD) 1% 126.8 uMTH o7z, Hy FETE



Z+8SD L9 5&, 0.03%E 725, AR
RFBEETHMF S Y S BEN EFT
LT ERFNTWS, ZUHDOHERD C3
BE, BXOC3/C2 thaf@irLizt 25,
W OER] S C3 B, C3/C2 HILIEH €
\IZH o7, C3ME. C3/C2 thigAF N~
BRIMAESCY 1 B4V BRIE CRE L 72 5,
SEIZNOOEITEFSHBICH 722 Lo
b, ARmBMRFETECLLI ZRERESY
VUVMEIZRERN TH o7,

D. & £

ARETIE, FAERMOERIESL, K2k
DRNFIBFEET B0, BEEIERIIE
NS, FRR 2122 FEETS FALXEZ
ZEEROMT 7Y o U BELZERIZRIE L
T& 7z, 5FEX, BT 16,431 BiESHOT
—ZET LT (I E TOAE 96,822 &

K)o BEICTERER LB A RRERF T,

THHBPIOSGE, H T U BENE
D 3~4 fFLLEIZEL TWAIEFINZL N,
FAEROMF 7Y U BEX 387.8uM T
HBHTZD, FD 3EE 1163.4 uM L7235,
NG DERFNL, C3MER C3/C2 s bAHE

BRIMEIZT D ER TH o722, FHE+SSD
EBZAHEMIERZ Y VO MIEOKRET S
MERSHBLEEZXBNDE, T LAv AR
BICKAFHAERR Y V—= 0 FI3AREICE
RLTEH, BEOV AT LAZFIATE 3
RCERERZRIEV,

E. & @

YRk 23 EREEIX. 16, 431 BiESOEAEIR
OmHF 7Y UBEREL, FERHD
mF7Y) U RESHERE LT,

F. fEEEfERER
B

G. WrERE
L

H. FR9REMRED HEE, BERI
PP

25% r

20% r

15%

10% |

5%

0%

RN SIS I I I T S X Y S N N N S
SETLELLELL LT LLLLECES LSS LSO

Rk 23 FEEIZOHT LT 16,431 B{EOFHAEIRMF 7Y S VBEDOE R N5 A
EHIENE 387.8 uM, HEHERZEIL 126.8uM ThH -7~




FEAFBFFMRE e (EMRETRIIEESR)
SHENEREE

[EFLTYIREANESS U S U MEOH L UEELER)

MESEE WBEE—
MERARE 5

MEEE

FhKE - RERELTRH - K2
TR FAKE - RERELTRH - RS

w7 Y VMR, EERTRGRIEREZ B ETH/NEOBRERO—STH 5,
AIEX TV o BAREEESR (GCS) OFRBIRBIZE VAT, 7V VU BMEERICERE TS
ERET I VBABEEECTHD, AERXTICHERINCRE L, ARRI8EEIIE
T, AMTRITEY, REORKEO—oL, /KIEE, MEKE, /IMUHEFER L & DM
EREEZRERICEHTEHLTHD, &IV VVMEDH LWIEBRIEDHERED DI
FRL 21 REL D ETVEWZIER L, RIEERRERZ1T> T 5, GCSTEEEZ 2L R/
YIT TR ~TAREERT VY VMENDET L~ AL LTER L, Z0ORER 2 /T
Lo, BMZERIE, /KEERE, WAMAED X 5 7R KIBHE (NTD) 72 &, fEx O R E
EERDT, GCS ITERRBHICEESETI20, ERE~ U AIEBRSLFORBY DR EE
BRAEAITV, BANIE D FRALAE 2 fEAT LTc, IR~ U ACEBRBED CHHATF L=
ERETLEMEREEORENFEEICET T L2RAH L, &7V v EDE

BRICB T D AMEP TR S L,

A. HEEER

w7V UMEENE., 7V VU REEEE R
(LLT GCS) DEEHIKEBIZE VW RBIET S
ERRBEBED—DT, BETHBHTY
VUNRIBRFICERBTAZ LR HE LT
5, #BFTIE, EBREAUNIZIEE A
WEE L) BEFREE, HBERET. v
NABRERECEERMEREREET D
7o, JUVUBREE BFREEINS, b
O FARFERRFE RN 2, /NEEE AN L K 48
VWO T MERER EERICEH TS, B
B O, LIET & 0 AR B O FRREMERR 2B
TOHMEEITV., REERTORE - B6
FHRE - #E - BHEELELALNCLT
X7,

P EBRE L= U oo id, N\MDA B 7' v
I VBZREDT ) URERERAD D
DEFIEE, ROHGEES Y v o ZR/RIED

BRERAEES RIS EHEISNS, EE,
BEMET LT RAIZ]) OT X=X

NERETDH LR EOERNLET
HELEZHIZEHL TWA Kojima-Ishii,
Pediatr Res, 2008),

REEE DAMIFE T, GCS #o— R4 5E
BIFD) v I T A~ AERIL-, =
D~ 7 AN, /NERIE, MR XRIE, /N
TeRG. KEEJE & W\ o - MR B & B BT
EHFLTW T, SFEEIL, ZOTTADE
OIZFEM 2R B R K OV L AT &
1To7=,

B. #FgEsiE

GCS 2 a— NI ABEF Ant D) v I T
U N U REERIT S, ELAREICELD %
DEEBEHE R 2L, REZEAENT %
Mz %, FIZRBZEROMNT & LT, R

.17.



MEREME (FIDy., AFF=27pd)
PR~ T ACEENKRE L., RIRORE
B2 fRA 18 BIZEET 5,

FEFR
,MﬂOT%§A¢7ﬁxi BEERIZ
. JKEESE., BN, HRE XEE.
&k@kmﬁﬂﬁﬁ%%wbto R LAZhL
LV EEHE R A C5TBL/6 ~EZ D L,
HEEB“’F HEAGGE . INEFRERR S & O g
REEZEE B8T%) [CBDT-, ~T i
B~y R TiE, AR R EERRDE
WITFRD oz, Fo, EIRFICATA
ﬁ/%&5¢5§TWﬁ£K§F®%§

NERBICED Lz, —FH., FIV U ekE
Ltﬁfi @@AKEE@%EﬁFMﬁ
AR REHEELEEZZRDR
Mo Tz,

D. % £

GCS X7 Vv amfRElL., “BLIRFEET

VESTIIHET D, TOBICAET 1K
REAL (C) AV, EROBFEMHIISH

¥ o5, ZERRIL. DNA G A F LI
E L, ZoREHL, HREXRBEORAEIZ
BELTWAZ EBMLENTWS, REE
T~ 7 AL, FERAHEEE O KB TR
EXRBENELEMND TCOEWET LT
., BTV UMEOMEKRERE ORAE
HFEOBICER EEZ b,

E. & @
GCS /w7 T b~ U ATCEBEINDIH
FEREFICIT, ERAHEELZOERIC
BIET 5,

F. @#FEGARER
oL
G. WFERE

1 Narisawa A, Komatsuzaki S, Kikuchi A,
Niihori T, Aoki Y, Fujiwara K, Tanemura
M, Hata A, Suzuki Y, Relton CL, Stanier

.18.

P, Grinham J, Leung KY, Partridge D,
Robinson A, Stone V, Gustavsson P,
Copp AJ, Greene NDE, Tominaga T,
Matsubara Y, Kure S. Mutations in genes
encoding the glycine cleavage system

predispose to neural tube defects. Hum
Mol Genet 2012;21:1496-1503

2 Tsuyusaki Y, Shimbo H, Wada T, [ai M,
Tsuji M, Yamashita S, Aida N, Kure S,
Osaka H. Paradoxical increase in seizure
frequency with valproate in nonketotic

hyperglycinemia.Brain Dev
2011;34:72-75

3 Kure S. Two novel laboratory tests
facilitating diagnosis of glycine
encephalopathy (nonketotic
hyperglycinemia) Brain Dev.
2011:33;753-7.

4 Kamada F, Aoki Y, Narisawa A, Abe Y,
Komatsuzaki S, Kikuchi A, Kanno J,
Niihori T, Ono M, Ishii N, Owada Y,
Fujimura M, Mashimo Y, Suzuki Y, Hata
A, Tsuchiya S, Tominaga T, Matsubara
Y, Kure S. A genome-wide association
study identifies RNF213 as the first
Moyamoya disease gene. ] Hum Genet
2011;56:34-40.

H. FnE9MEEMED HRE, BRI

BA=LYP



[, ARKROFTICET H—ER

.19.



HAERBROFITICET

H—ER

FEFRE KA L F A h VA FRFE BE =Y HRE
Tsuyusaki Y Paradoxical increase in seizure frBrain Dev 34 72-75 2012
Shimbo H equency with valproate in nonket

Wada T otic hyperglycinemia

lai M

Tsuji M

Yamashita S

Aida N

Kure S

Osaka H

Kikuchi A Simple and rapid genetic testing Mol Genet | 105 | 553-558 | 2012
Arai-Ichinoi N for citrin deficiency by screeningMetabol

Sakamoto O 11 prevalent mutations in SLC2

Matsubara Y SA13

Saheki T

Kobayashi K

Ohura T

Kure S

Miyatake S Homozygous ¢.14576G>A variantNeurology 78 | 803-810 | 2012
Miyake N of RNF213 predicts early-onset

Touho H and severe form of moyamoya di

Nishimura-Tadaki A
Kondo Y
Okada 1
Tsurusaki Y
Doi H

Sakai H
Saitsu H
Shimojima K
Yamamoto T
Higurashi M
Kawahara N
Kawauchi H
Nagasaka K
Okamoto N
Mori T
Koyano S
Kuroiwa Y
Tagurt M
Morita S
Matsubara Y
Kure S
Matsumoto N

s€ase

-21.




Uematsu M
Haginoya K
Kikuchi A
Nakayama T
Kakisaka Y
Numata Y
Kobayashi T
Hino-Fukuyo N
Fujiwara [
Kure S

Hypoperfusion in caudate nuclei
in patients with brain-lung-thyroi
d syndrome

J Neurol Sci

315

77-81

2012

Narisawa A
Komatsuzaki S
Kikuchi A
Niihori T
Aoki Y
Fujiwara K
Tanemura M
Hata A
Suzuki Y
Relton CL
Grinham J
Leung KY
Partridge D
Robinson A
Stone V
Gustavsson P
Stanier P
Copp AJ
Greene NDE
Tominaga T
Matsubara Y
Kure S

Mutations in genes encoding the
glycine cleavage system predispo
se to neural tube defects in mice
and humans

Hum Mol G
enet

21

1496-1503

2012

Sakamoto O
Ohura T
Murayama K
Ohtake A
Harashima H
Abukawa D
Takeyama J
Haginoya K
Miyabayashi S
Kure S

Neonatal lactic acidosis with met
hylmalonic aciduria due to novel
mutations in the SUCLG1 gene

Pediatr Int

53

921-925

2011

Kure S

Two novel laboratory tests facilitfBrain Dev

ating diagnosis of glycine enceph
alopathy (nonketotic hyperglycine
mia)

33

753-757

2011

-22.




Kamada F
Aoki Y
Narisawa A
Abe Y
Komatsuzaki S

Kikuchi A

Fujimura M
Mashimo Y
Suzuki Y
Hata A

Tsuchiya S

Tominaga T
Matsubara Y

Kure S

A genome-wide association study
identifies RNF213 as the first

Moyamoya disease gene

J Hum Genet

56

34-40

2011

.28.




VI. BIEREDOTITH - BRI

.25.



k

Official Journal of
the Japanese Society
of Child Neurology

Brain & Development 34 (2012) 72-75

www.elsevier.com/locate/braindev

Case report

Paradoxical increase in seizure frequency with valproate
in nonketotic hyperglycinemia

Yu Tsuyusaki?, Hiroko Shimbo?, Takahito Wada?®, Mizue Iai®, Megumi Tsuji?,
Sumimasa Yamashita®, Noriko Aida®, Shigeo Kure®, Hitoshi Osaka ®*

“ Division of Neurology, Kanagawa Children’s Medical Center, Yokohama, Japan
® Division of Radiology, Kanagawa Children’s Medical Center, Yokohama, Japan
€ Department of Pediatrics, Graduate School of Medicine, Tohoku University, Sendai, Japan

Received 31 July 2010; received in revised form 18 December 2010; accepted 10 January 2011

Abstract

Nonketotic hyperglycinemia (NKH), or glycine encephalopathy, is an autosomal recessive disorder caused by a defect in the
glycine cleavage enzyme system. In neonatal-onset NKH, patients manifest lethargy, hypotonia, apnea, and intractable epileptic sei-
zures that are not specific to this disease. We experienced a 6-year-old girl with spastic quadriplegia, intractable epilepsy, and mental
retardation, all initially regarded as sequelae of neonatal meningitis. The seizure frequency was transiently increased when valproate
was started. Head MRI revealed progressive brain atrophy and white matter loss with high intensity signals on T2-weighted and
diffusion-weighted images, which prompted us to conduct further metabolic workups. High glycine levels led us to suspect
NKH, and we confirmed this diagnosis by the non-invasive, '*C-glycine breath test. DNA sequencing revealed novel Leu885Pro/
Trp897Cys mutations in the glycine decarboxylase gene that were transmitted from both parents. Sodium benzoate and dextrometh-
orphan dramatically decreased her hypertonicity. Our case shows that paradoxical increases in seizure frequency following valproate
can be a clue for a diagnosis of NKH, and that a correct diagnosis of NKH can greatly alter the quality of life in such patients.
© 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Nonketotic hyperglycinemia; Glycine decarboxylase; Glycine encephalopathy; Glycine cleavage system

1. Introduction idoxal phosphate-dependent glycine decarboxylase
encoded by the GLDC gene), H (a lipoic acid-containing

Nonketotic hyperglycinemia (NKH), or glycine ence-
phalopathy (MIM #605899) is an autosomal recessive
disorder of glycine metabohsm caused by a defect in
the glycine cleavage enzyme system (GCS), a multi-

consists of four 1nd1v1dua1 protem com‘ nent P (a pyr—

* Corresponding author Address Division of Neurology, Clinical
Research Institute, Kanagawa Chxldren S Medxcai Center ‘Mutsukawa
2-138-4, Minami-ku, Yokohama 232-8555, Japan. Tel.: +81 45 711
2351.

E-mail address: hosaka@kceme.jp (H. Osaka).

‘ mamfest Iethargy,

hydrogen carrier protein encoded by the GCSH gene), T
(a tetrahydrofolate-d endent protem encoded by the
AMT gene) and: Lz(a.:hpoamlde dehydrogenase encoded
by the DLD. gene) NKH results from defects only in the
P,H,and T compo‘ f GCS that lead to high glycine
concentranons nu lasma, and especially cerebro-
spinal ﬂuld (CSF) [1 2]. In neonatal-onset NKH, patients
yp tonia, apnea, and intractable
epllepnc seizures 1 ing in profound psychomotor dis-
ability [3]. We report the case of a 6-year-old girl with
NKH, who was initially diagnosed with cerebral | palsy
due to neonatal meningitis, and who showed increased
seizures following valproic acid (VPA) treatment.
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2. Patient and methods
2.1. Case history

The patient, now a 6-year-old girl, was born to a
healthy mother at 37 weeks of gestation with a birth
weight of 3020 g. There is no family history of metabolic
disease. The patient was not “doing-well” and showed
hypotonia and difficulty in sucking after birth. During
the neonatal period, she exhibited frequent seizures
resulting in shock and disseminated intravascular coag-
ulation that required mechanical ventilation. As leuko-
cytes counts in the CSF were elevated and serum PCR
was positive for type 4 echo-virus-related viruses, she
was diagnosed with aseptic meningitis. A brain CT scan
at the age of 14 days revealed no abnormalities, includ-
ing in white matter, or brain destruction. She exhibited
repeated generalized seizures and her EEG showed hyp-
sarrhythmia at 1 month. Neither phenobarbital nor
Vitamin B6 was effective and she was referred to our
hospital for the control of seizures at 5 months. Her head
circumference was 42.8 cm (1.57 SD above the mean) and
CT revealed enlarged ventricles that were slightly reduced
by a ventriculoperitoneal shunt. She was treated with
VPA (30 mg/kg, for 2 weeks), after which she experienced
fever, rush, and increased frequency of seizures. VPA was
discontinued due to what we considered hypersensitivity
although the drug lymphocyte stimulation test was nega-
tive. Her seizures were not controlled by zonisamide, car-
bamazepine, or topiramate. When VPA was restarted, the
frequency of seizures again increased and the treatment
was discontinued. From the age of four, her severe spas-
ticity worsened and diazepam, eperisone, dantrolene,
and baclofen were all ineffective; she was re-admitted
for the control of hypertonicity and seizures. She could
not smile, roll over, or control her head. Her posture
was opisthotonic and she could not lie in a supine
position. She had severe rigidity and spasticity of the

extremities, brisk deep tendon reflexes, a positive Babin-
ski sign, and ankle clonus.

In search of the cause of her apparent regression, we
re-evaluated her brain CT/MRI. CT revealed severely
dilated ventricles and diffuse brain atrophy with domi-
nantly affected white matter and relatively spared basal
nuclei (Fig. 1A). This finding was compatible with
post-meningitis hydrocephalus and brain atrophy. Brain
MRI revealed progressive brain atrophy and white mat-
ter loss with a T2 prolongation of white matter
(Fig. 1B). Surprisingly, on the diffusion-weighted image,
there was a high intensity signal in the white matter
(Fig. 1C).

2.2. Enzymatic analysis

GCS activity was investigated by the '*C-glycine
breath test as described previously [4]. Briefly, 10 mg/
kg of '*C-glycine was administered through a gastric
tube. Breath samples were collected using a face mask
equipped with a one-way air valve, and then transferred
to a sampling bag. The '*CO, concentrations of the
breath samples were measured as described [4].

2.3. RNA, genomic DNA extraction, RT-PCR, and
sequencing

Total RNA was extracted from leukocytes using Trizol
reagent and subjected to reverse transcription with Prime-
Script reverse transcriptase (Invitorogen, Carlsbad, CA)
using oligo(dT) primers. RT-PCR was performed using
primers that covered the translated region of GLDC
mRNA (Table 1) and the Ex Taq PCR version 1.0 kit
(Takara, Shiga, Japan) according to the manufacturer’s
instructions (Table 1). Genomic DNA was prepared from
white blood cells using the Wizard Genomic DNA purifi-
cation kit (Promega, Madison, WI). PCR of exons 1, 22,
and 23 of the GLDC gene were performed with specific

Fig. 1. (A) Brain CT showing severely dilated ventricles and diffuse brain atrophy with dominantly affected white matter and relatively spared basal
nuclei, compatible with post-meningitis hydrocephalus and brain atrophy. A ventriculoperitoneal shunt tube was placed in the left lateral ventricle.
(B) T2-weighted MRI also showing diffuse brain atrophy with dominantly affected white matter. The T2 prolongation and volume loss of white
matter suggested white matter injury. (C) MRI diffusion-weighted image showing a high intensity signal in white matter, suggesting white matter
degeneration. Please note that the ventriculoperitoneal shunt valve causes the defects and flaring of images.



