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AR 25 SRR BRI R MEBIE (RERE RGBT E %)
SYRRT RS E

AADC K?EJEK%UL ArFaF R > %@ﬁﬁﬁ:k&@*ﬁgﬂ.

DHEatE EE OBR  WPRFESFEMER R

s

AADC ZKABRED Sk 2 BNt Ly R3S 2 AR B ORI R o - 2 5
Ry F R L, BRMEERE U, 2 Bl bR D BEIRER L DR h =T
FAERBICIKERR S L, EERSEREL 2 L, BKHVA, 5HIAA, MHPG OIEE, L-DOPA
DEfEZR LTz, BRAED 1/4 BZEREIZ, uFIF 3 F 1. 125mg/ Bir bR L,
2 - AR EER L BWER A RER L2e S DM L, Img 2272\ 1 5 103 L=,
FERG 1 IR, ] 2 CHRENZ S0, @Mk Uz, REE 1 CIEssrERg
DYEK & FAERERDENENR AT, LA, BRI L 0 BIEERIIE L, B
TEE LT, R 2 CHRMEESEENC I bIE e h o 7203, FIERIREAS AN 725
7o AADC SKABED/NEBNCR LT R F DF LSy FITLRIEATx -, 1 HICHESs

VERIBINR S DIVERN Chh o 73, HEOFREINSLETH D,

A. BIREM

AADC RIBIEVL, FHEET I/ BUIREEEESR
Aromatic amino acid decarboxylase (AADC) D%
RRIRTIC & 0 ekt R IER & & 7o T ERE MO
KR THD, ENTOREZEIIZZETD L
TABERAGIDIHEIEFIHGTED, ZWDTZ0
WZIEBERDE ) 7 I R EORENLET
B0, BEOMRBRE IR S W nRS
WIS EHERE S D, AADC DEERIERIZ L -
T, 5 KEBRIE NV F b7 7 ot b=z,

L-DOPA 78 /XX ARSI A T-8, AADC KB
JETIHERr =08 XS VD 2RHFEDOE T
LR CEWE OEAEVPERIIKT T 5, IE
WE LTI, BEER, VA M=TE2ERETS
BERANER . BAEMERFIREKER), BT E
FETRT & O BAMRIEIR, PRROEE. MEIREE

L, ZLTEEOREREL R L, B bR
RER Z LB, TRERIZ RS VMR T4 58—
XY UIRICEEL D03, /—F Y UIRIEDOH
K% & 72 % L-DOPA 1%, AADC RIBJE TIX K33 1T
EHRINIRN =D TH Y, KR UZRIRE
RS MAO FHEH, AADC DIfEEE THAHIE X I
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B6 NMEMAESND, Loz, ZBRIIREHTHY .
X VR RIBRIEOBREEN RO 55,

AADC RIBIEDIER DR & L CHRAEBNR
HDHND, ZHE ERIZE S TUVR =T R
WAREREENp P ORIEER S E L, REERRE D
ELl 2D EBENRE T B, A—F L VIR T
X R U RO RIRBIERC X0 RREEE
BN THZEDMONTEY ., FEOBFT
EETCWBHHEMENRD D, Holl, RIFITIBOTEE
FRINBIBIF D R8I 2 R RERIEE (25
Yoy F) MERFERE SN, aFdF Ry T
I, RS2 U RO BNEE A D722 < L,
PNR—=F Y URICBWCEBRE DB LR EAE
EEMERSE L., EITHI A 7 B 2 8ME 9 2 4F
PEASEH 1 | AADC RIBIEDRIERERICK LT H AL
72 ATREMED & B, AADC KABJE D Sk 2 JEFIZ X L
TaFIAF Ry TFERE L, IBEDIREBRETL
77

B. BAE A
StE © AADC RIBSE D Lk 2 41,
JEAIT () ;14 mBIR, BEORIFEHERD



D AEHBDSEEN D7 S RERLITMES T, 1 R
RERBEVEL LT, A% 3VADPLREERR
HREBNBEICKERO OND Lok A B
=7 bREHEICROLND L)k oTz, BHIT
I ABSER SN2, BRIZITRE <, HE
HBMR I HIEE ThoTr, 3IRFHFOBRIKRE T
5-HIAA <1.0 ng/ml (17-116), HVA 5.7 ng/ml
(28-200), MHPG <1.0 ng/ml (6.5-51), L-DOPA
13.6 ng/ml (<2.0) & FFEEIZE AR L, AADC R
B & 2 ST,

FEF 2 (%) @ 12 kR, AZR1PANGEE
ARERERNZ R L. A% 30 H 05 2-3 IRk < 3
EEOEETHBIEERTZRIZ L, W& RRNED

=5

AL S & FIREENIC A1 6 22 A TRERIRE M T,

5-HIAA <1.0 ng/ml (17-116), HVA 12.2 ng/ml
(28-200), MHPG <1.0 ng/ml (6.5-51), L-DOPA
27.4 ng/ml (<2.0) & FHEAYELZ R L, AADC K
BIE &2 ST, _

Fik BAED 1/4 & (BaRFOREITAER 1
28 27. 9kg, JEFI 2 7S 26kg) EEMEIZ, mFAF
Yoy T 1. 125mg, B BEEAA L., 2-4BEEIC
TER EBIERAZMER L7203 DM L, Ing 2%
RNE DI LT, oBEE (EF 11X
NRFY I v LA R 20mg, U VYYD R
H—/L Ca 234mg. IEEE Smg, # > hmz—1 > Na
50mg, HIVRI AT A 600mg, HEEO T <A
K 0.6mg, KEMET XL 3mg LEEHE 24,
JEF 21%, VYY) RE¥¥—)L Ca179mg, M
7.5mg, WIVR L AT A L 600mg, FLEAE A 2g.
BXOTaF T o 0. 25mg RIREFHA) 135 E]
ELTERE LWL ICLE,
(fRERHE~DEE)
IWERFEFHEEZERDAREZT (FL
221 A 18 B 137 5) ., REHED DIREICKT
THRBESE,

C. HARHER

JEF 1, Y9 2BMIZRK TR - T205, D
BITELR L, BEEFIRMECHERIT o7, 3
TEBAAERTIZ 3 BIT 1 EFED R E TV e, v
TF LRy FREATERIE 2 > H %17 4. g 1T E L
722 A THEMIC T EIZRENELD Lz, 72,
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FBIENEETHIRND L5122 BIERFLE
{7golz, ADARIC Mg ITHELZEZ A, 3
YEAS 3 H &R L CHEL LR L7272, 6. 75mg
WCEE L, BOREMRIT 1AM 1 ENZED L
Teo 672 ARBRE AT, REIT 29. 2kg IZHEM L,
FEVELIAADHFRIERIZC BT A DR o 72, B
L DFEIRIL IR Do T2,

SEF 2, BRI BRFEIREGERS - UA h=
THEEIL2-3 BIZ 1 EHRAMICEE TV, &E
3MA, uF IF LNy F 4. 5mg THRIEIZITE
b3 72 < —IBMHEICEESHEL L= N & L7
D ENEHEID 6. Tomg (2B LT, HsRIZAER
AFTRED HARNIRNT 28, T AT A 4dmg %
o TIB ALY, 6. Thmg |ZHEEF% . FIEDEH[E]
BB T 2o Ted, 4 BRBEEH-7-0Y, 3 H
fhERE LT, BIERRAAHFANC 2o 7o, FER 1
73 9mg TEAL L7-72 9. 6. Tbmg THER: L T =203,
BE 6 A% Ing ICHEE L, BERARET
Thbd, 6»ARERR T, KEIL26. kg &1Z

EEA7e <, BIELAAOMRIERICELIT A B
TehoTo, BMFTERALDOFIRIT Do T2,

D. &%

FERF] 1 CEIR, fEF 2 TH{EN L S, \
THH—BETHERL, 2EFlE brFaTF N
Y FIIRRIMEAFRETH -T2,

EWl?i%@@@@Wﬁ&%ﬁ%ﬁwﬁﬁ
PREBOENDTH-T-, LL, S E
@E&i%%b\ﬁgwﬁmﬁugfkoto%

XV EAL UTZBERIIRBATER, =%V
FCIEeFIF oy FOREREIZ LY REE
BEIEHEO NI USRI ERICBEET S
FERDFEHENFEINTND, AEITIEER &
DM OFRFIE LA AL 72D 7208, AADC KIBSE
WZRBWTHIEEIZ R3S U BRI L0 %
TERBIR SN AIREEN 5 5,

FEF] 2 Tl FIF L%y FORERT% TR
(B EIE= I [ A Ry e N2 (=111 = S <)
Azl oTe, v FIAF Ry FORELREILT
ERVH, FERR~OFEHIAFNIC X 5 RIRZ Y IR
LTHY, AEREOE(ICIAERREEOAN
UXADEMIHESEENRE 2 LD, FiRFER



D BT HERLAIRIL RN 2R EH
& DERBHRIIZEZSH < ALRBEIERIZA
bNEhole, ZO—75, REEBDRRLEZDL

AUy Img ~DEEZNRE B THEEZHET 24

ENH D,
E. &R

AADC REFED/NEFNZ LT FTF Ry
FITERIHERATE 2, 1 FICIRFBEMEmHIER
BNANTHoTN, BEOFHENMLETH D,

G. HIERER

1. WXHER

1) Saitsu H, Nishimura T, Muramatsu K,
Kodera H, Kumada S, Sugai K,

Kasai-Yoshida E, Sawaura N, Nishida H,
Hoshino A, Ryujin F, Yoshioka S,
Nishiyama K, Kondo Y, Tsurusaki Y,
Nakashima M, Miyake N, Arakawa H, Kato
M, Mizushima N, Matsumoto N: De novo
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mutations in the autophagy gene WDR45
cause static encephalopathy of childhood
with neurodegeneration in adulthood. Nat
Genet 2013;45(4):445-449, 449e441

2. PEHERK

1) MEESEIER « BEEE T A DA DS FBIEE. &
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A. BFEE B

SRk 25 R EEA BB FM RS (KERB RS R AAE KR 7 E3E)

SRR EE

75 REE T AN R K B/NRHB IR BRIGE
~F#R AADC RIBSERE OZWr & BN EBILRZ B E L T~

NRAZT AR, FEEEC, RAREE?, TS
'BIRERRENNERE, RS R E R R

MEEE

DFT# AADC KRABSEEE DD

75 ) BEfET A VA (adeno—associated virus : AAV) IZ X AVEENFHEH I TS

EHEEL T I IR SRR RIRAE, AADC KIBSEIE. R TO®MEFL 100 FEFHIE

EThd, AMCBOTEBIEETIFABH SN TVER, A2 Y —Lv—r T
v 212 LW REEETF ; DDC I ¢. 3156>C, p. W105C /c. 385C>T, p.P91S DEHLER %
3 FRIVICERBOBERTE ) 7 I EMIET AADC BESRVEMEMERIEIC L ZWHEE L=,
AR T, MREIEEOSERBINC., VA NVART Z—|Z L AIEEXITH 2 ERHEFET
HHD, LVRWHIESEFTE S,

Q@# I 2XRIEBOIER

INBERE MR RIE, BREERIC LV RET SEENEL . REEAORIUEMNIC X
V., KEEEEEZ RD 72D, TANVARY Z—IREOR\VEG E 725, AADC KABAEIC

Bl XX MV IBERIERT AT I A aT—RA NT o AF—F—18 (Glut1) KIERE
DIRBEIFFRICETF Uiz, Glut 1 (SLC2A1) O —BMERIIC L MAEEEE COMBEA

REEHER L, BEEUARBRIC LD . MIRAERYALD, BABRICEFST S & 2N
Wie, BIE2B A Ry ¥ —ZERLTEY, 4% glutl /) v 2779 hv TR (~T
2 R) ~DIRFEEITV, AADC EIRREEERAFREMZ BEFE L TV 5, /NEHBEEMEMIRE
B, N ENOERIEKIT 100 FIRTHE & FHDOTREDOZWEEN L2 | Glutl KiE
JEDIREIEDMESLIZ LD IS O BEDIRENFIREICL /25,

O TWD, AV X — T

X o8 EFH

75 JFEfE T 4 VA (adeno—associated
DAAY) TEEERBIREICREN T,
BRBERBAZEEIN TV IEETFIHERDON
7 =TV, AHFRIL T, ANV T X
— AW T T B IR BB R RIBE
Aromatic L-amino acid decarboxylase

(AADC) RBIETO ., BiaTFIBFEBRKFE %

virus
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ANIBEBBEEOHFELRNE L O/NE
BHEEEHEEEEREERBLORKRICLEY ., K
ERHmELR-oTNDE, ZOREKEERZ, &5
%% < OBREIZIT S mdicix, RZHHIH»
DREEZEF 29 B A & AADC
RABIETMZ ., FHl et BIEBOIE RN %
BEThd, SEREBERX, =7V -2V —7



T ALY B AADC RIBIEEE & R
Heeebi, WEDOETNVELTT L
— A NT U AR—F— 1 BURBE IR AR5
CEFLEOTHRET D,

B. BrzuEtmE - ik (BE)

O F# AADC KIBJE BE DK

SEB ; 3 F &R, TEM 41 2 B 2978g,
TIH—=NAaT 8§m (14) /94 (543)
TR I CHAE LR, B 12T Wh
IMEDBNE R DD ITE~MREI N, 1
o A NICU TABEMEE 5177228, B\
DIRTVWNAZRDT ., BHEHBCT THLEHF
EROBWTEOIRE LT, 97 AE, BHE
BRIz, BEE X —ToH
AP S, 10 » A RERBEEE N
T /o2 MRI fRE 5 L OUR A #8547 .
TORCH, 7 X VB4 HT, & 2T L~ ARG
ETERENRBDODONR Lo/, 217 7 A
WPZRHE T, BEREN. —REFHET
RICEFEZL, B - B8ROV, £ED D
N, REFCZLLBERBTELY, 0%
ERDBELHZLETEERFAETH -,
A, ETREEL 4/5THY, HEER
BETFL, BT TR TCIZAEREMNEZ LY,
EoRIEZ58 o7, MRPLMED VX
=T BRROONTH, TOMEe 3 VT R
EORMEEEER LR, ROWKIZIREK Lix
VIR LTWe, ZOMETFESL, Wi
<. EENICTHZRD TV, —i
AlbFERAE, BEE - MK - RBRE, MWK
SPECT, MRIIZWFNHIEE Th -7,

ik MR A HEEL L7 DNA % Sure
Select Human All Exon v4 Kit (51Mb;

Agilent Technologies, Santa Clara, CA)
Txy 7 F v — LTtk
HiSeq2000 (Illumina, San Diego, CA) %
R, =272 Z%{TW, CASAVA YV 7
=7 v1.8 (Illumina) Z i\ CT=x= 7
— MR E2 AT o T,

I1lumina

(-~ DR &)
MENBRILZEOVERE L —HREBEES
ABORPAEOENXICA Y, IV E
V7ol EEmICTEAHKETEL.
OF WRASSE 373328 /PN
INREIE R MER B IL . AADC REBIED X 9
CHHERERR LI D, BIEEERICE V%
ETHHERBZV, ThbDE X, BA
BAICKY, BEEEZRD,
BEREOHRIEIILERNEAN L. U
ANVAXRT Z—IRREDOBRWVHEILNE 2D,
CORIEBNT, BEEERERE LD
TRERET 2 bMREEOEEICLY
BIETHMAFERERES R D, AADC
RIBIEIZH| & AAVIRERIERT 52 &
BDROBND, 4., HHEEEERNDONE
HREMBRBRLELT, Jra—RA T v
AR — K —1 8RB ; Glucose
transporter type 1 deficiency; Glutl
KREEZXZEBO L7, ZOEBIE, AR
FERDONEMIZFEET 5 Glutl DRI
X0, RFRmEOKRMEEREE L, /N
JE. TAPA, MBI EEREOEE R
WELIERTHD, EARFEORY AL
T2 N U AR—FZ—ThH o HEENHA
EThHY, hoFERY—FEF Y I
Lo, BERESNLTRY., BB LKA
BMOMEBELHABTHY, REET LT R
bEFET DD, WRIRZHET L1
NEATELTIORBERY BT,
C. WrafR
@ T #L AADC RIBIE B FE D2 W
A& R ; AADC RBJE D JR K EE T TH 5 DDC
IZ ¢.315G6>C, p.W105C (HE#HHBERK) B X
N ¢.385C>T, p.P91S (RFAHEK) WIh
H AL E (The Human Gene Mutation
Database IZ X 2 fE#r) @, b
TAARAAN4L6LD ) —< )b b — iz
BOWTRDODLNBRWERTH- T2,
CORREBEEA. BIRTE T I UE




PHE L EZ A, L-dopa i

15. 5ng/ml (E#fE<4.9 LFWML) 3-
methoxy-4~hydroxyphenylglycol, MHPG &
<1.0 ng/ml (EEFEfE 8~43)Th Y IK(E
Tdhole, FizMmiER AADC B R iE B H

Ex., Fa—U v RENMNUFBRIEKEL,

3.62 pmol/min/ml (IE# {E 36-129) & F
RIE DK 10% TH Y, ZEBHEE LI,

QFi et RIFE B OILK

Glut 1 (SLC241) 3B~ 27 % — % HEK293 #f
fa (e MR BB ME) [ —iEEic 3

WEg, voxForrTuay 74712k,
BEYDO 4 FEBICH M Glut 1 ORH 2R

Lz, $2 74 2 ERGIZEY
MRERE cCOMBANRELRE L, £
77 2-F A XU a— R (2D6) BUAR R
Wk, MEano Y B 2D66-Y %
BELERYIAZN, BREICEETZ2Z L
EREND T,

D. B%

OFF AADC KB JEBE D BT
FHEBERLT I BHRBEERKEIE
Aromatic L-amino acid decarboxylase.
AADC K18 JiE (MIN608643) i, H T a2 — /LT
Ivktr b= B AT HDBEE ; AADC
a— KT 258 ETOERICEIYRBIET D
HhERELEEEREERTH D, 1990 4
. o THmEIN, BEETICHATD
WEFIT 100EFMRBETH D, HARTIE.
SETICIfZEENTWER, 4B
W 1BIRZE A WL Lz, AADCIE. F
oYUy bAERINT L-dopa & K83
W2, Ef. NV T RNT s UonbAERERE
5-"M Faxv ) P77 tm b
ZVICRBTABERTH D, RXI U
X, /e xrT7I L ZEXRTVUORE
MENDeD, TN6DHTa—L7 I
EENETT 5, KETEHET.
YDOEIERED, L-dopa REWETH L L&D

y

Foes
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W, JNVZEXRT7 IV COR#BYTH D
PHPG [ZIE D LT W7o, EERKER E L
T, #T7asIvekva h=roa/mn
BEINDAZ LI, WS EHICEED
EEBHEECTREL., ERERE LTI, H
BREMRKT. BER EE&ERIE (oculogyric
CHERES . FIREY . EREE
BREEMES, Fh. AT F=VETIRES
EREESCHEMAEERESFICLD, L8
-MEOTHEESE, RROEIT LA, WK
SWHBML, BRARE, BIREED &L
., KB TIEEL OERBEE L TV
(TRREIIAFTRD S RIZEWR) . Mk
DEFRERICMZ., HBERE, BHEFHRE.
BILOBEEEMNELY, 2HBEE L,
BB, ARERV—ET I UL E, BR
T BEBEEIEERFAEICIIRNZD,
EHEETRERT7TeAT ) vy 78 RICE0 bz
bahazabotEZ bz,

OF WS E 33 AL I

HBL{E SLC2A1 B FEA 2 B AAV R & —
(pPAAV-SLC2A1-2) ZfERL L TRV | 5%
% b b EEZE A (SH-SYSY M AR) 12 & s+
WAL, BEAME L% Glutl KO~ 7 &
(~F 1 1K) 12 pAAV-SLC2A1-2 Z B EWNIE A
FEEFERS . WRRERLAE ; BEMERMERIE~ v R AT
BT~ AMERE AV ZEREERE
(FERMFZE) WEHRE, 21TV . AADC A
HREBERFRAERZBER LTV S,

crises)

5. &

D##H AADC RIBREBE ODK

AADC RIBIERFE O, RIERITIEFED

Thy, KAORIZFEERFTADIKRRED D
WIZRPERRE & LT, BEIREF N Z W &
Bohsd, wREENEDOKT LN 7

BEER” HRAB TR DIN, BN ENES
AL, TCICHBREROBRN, &£TL
TR, EROEBIERHELVWE SN TEY,
BHIZW - BHBEOV AT LB X DL




ENRbDH, REFOLIIWC, =T — b
—J T RIZKY ., B ENDEMNITSE
bLLRT BRI D B, RAEMR T
<, BRANICLEBERTDODHERONT
FEF & 72D D, ENTOEBERBTIHREDOER
LY., BETELER” LLT, Zo
FEROBMEIREDIETRIND, BE
EWNT. AADC DB REMEZHETE 506
BBV, HEDW EERTFEREMEC
F2EEEOCOTFTRPEAETCHL, ZOBE
EOMESIIRFEEDORBE L Lo,

QF = X G R B DK

AADC REBIEIZX T 2 B FIEEEERNIZ
BUAHEHEEREED S EN T & LT,
FICRBERERT 00T a hZ (47
LT Glut 1 RBIEEREMEICEF LT,

NREEEEMRERIL. TR ENDOIES
% 100 BlEit: (WP T) oFEE< DO (FE
HOL ) BRAMNDLRD, AMDCDO X DI
FEBLA . PN O EEZICIR b o R R,
LA THD, Glutl REED L 51T,
KREBEAN, E<HERNICSMT2bO0%E
Wiz, Glutl KRB OIRFEIEDHILITS
K OMBEBIERIZORN D,

%% 3k

AADC /R4BJE : Brun L, Ngu LH, Keng WT,
Ch’ng GS, Choy YS, Hwu WL, et al.
Clinical and biochemical features of
aromatic L—-amino acid decarboxylase

deficiency. Neurology. 2010;75:64-T71.

L FE R

Takanashi J, Osaka H, Saitsu H, Sasaki
M, Mori H, Shibayama H, Tanaka M,
Nomura Y, Terao Y, Matsumoto N,
Barkovich AJ. Different patterns of
hypomyelination and cerebellar
abnormality between POLR3A and

1,
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POLR3B mutations. Brain Dev in press.

Ravenscroft G, Miyatake S, Lehtokari
VL, Todd EJ, Vornanen P, Yau KS,
Hayashi YK, Miyake N, Tsurusaki Y, Doi
H, Saitsu H, Osaka H, Yamashita S,
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Imamura S, Yamashita M, Ogata K,
ShiinaBryson-Richardson RJ, Vaz R,
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Monnot S,Romero NB, Amthor H,
Kresoje N, Sivadorai P, Kiraly-Borri C,
Haliloglu G, TalimB, Orhan D, Kale G,
Charles AK, Fabian VA, Davis MR,
Lammens M, Sewry CA, Manzur A,
Muntoni F, Clarke NF, North KN,
Bertini E, Nevo Y, Willichowski E,
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Allcock RJ, Nishino I, Wallgren-
Pettersson C, Matsumoto N,Laing NG.
Mutations in KLHL40 Are a Frequent
Cause of Severe Autosomal-Recessive
Nemaline Myopathy. Am J Hum Genet
2013; 93: 6-18.

Anselm I, Azzouz H, Bratkovic D, de
Brouwer A, Hamel B, Kleefstra T,
Yntema H, Campistol J, Vilaseca MA,
Cheillan D, D'Hooghe M, Diogo L, Garcia
P, Valongo C, Fonseca M, Frints S,
Wilcken B, von der Haar S, Meijers-
Heijboer HE, Hofstede F, Johnson D,
Kant SG, Lion-Francois L, Pitelet G,
Longo N, Maat-Kievit JA, MonteiroJP,
Munnich A, Muntau AC, Nassogne MC,
Osaka H, Ounap K, Pinard JM, Quijano-
RoyS, Poggenburg I, Poplawski N,
Abdul-Rahman O, Ribes A, Arias A,
Yaplito-Lee J,Schulze A, Schwartz CE,
Schwenger S, Soares G, Sznajer Y,
Valayannopoulos V, Van Esch H, Waltz
S, Wamelink MM, Pouwels PJ, Errami A,
van der Knaap MS, Jakobs C,Mancini
GM, Salomons GS. Phenotype and
genotype in 101 males with X-
linkedcreatine transporter deficiency. J
Med Genet 2013; 50:463-472.



Mitani T, Aida N, Tomiyasu M, Wada T,
Osaka H. Transient ischemic attack-like
episodes without stroke-like lesions in
MELAS. Pediatr Radiol 2013; 43: 1400-
1403.

Kato H, Miyake F, Shimbo H, Ohya M,
Sugawara H, Aida N, Anzai R, Takagi M,
Okuda M, Takano K, Wada T, Iai M,
Yamashita S, Osaka H. Urine screening
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Abstract

Deletion of the monoamine oxidase (MAO)-4 and MAO-B was detected in two male siblings and in their mother. The approx-
imately 800-kb deletion, extending from about 43.0 MB to 43.8 MB, was detected by array comparative genomic hybridization anal-
ysis. The MAOA and MAOB genes were included in the deletion, but the adjacent Norrie disease gene, NDP, was not deleted. The
boys had short stature, hypotonia, severe developmental delays, episodes of sudden loss of muscle tone, exiting behavior, lip-smack-
ing and autistic features. The serotonin levels in their cerebrospinal fluid were extremely elevated. Another set of siblings with this
deletion was reported previously. We propose recognition of MAOA/B deletion syndrome as a distinct disorder.
© 2013 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Monoamine oxidase (MAO); Serotonin; Short stature; Severe developmental delay; Hypotonia; Sudden loss of muscle tone

1. Introduction

Monoamine oxidase (MAO)-A and MAO-B oxidize
catecholamines, serotonin, and dietary amines [1].
MAOA has been reported to be associated with border-
line intellectual disability (ID), abnormal behavior, and
autism spectrum disorder (ASD) [2], whereas MAOB-
deficient patients exhibit no phenotype [3]. MAOA and
MAOB are located in opposite directions on Xpll1.2
[1]. NDP is the gene for Norrie disease and is adjacent
to MAOA and MAOB. Deletion of all three genes is
termed ‘atypical Norrie disease’ [4-6] and is associated
with severe ID and abnormal behavior plus the congen-
ital blindness that is characteristic of Norrie disease. A
deletion restricted to MAOA and MAOB that did not
include NDP has been reported in just one set of siblings

* Corresponding author. Tel.: +81 285 58 7366; fax: +81 285 44
6123.
E-mail address: takanori@jichi.ac.jp (T. Yamagata).

[71 who showed severe developmental delays, intermit-
tent hypotonia, and stereotypical hand movements.

We detected MAOA and MAOB deletion in male sib-
lings that also showed extremely elevated serotonin lev-
els in their cerebrospinal fluid (CSF). We suggest that
these patients exhibit a distinct disorder that should be
termed MAOA/B deletion syndrome.

2. Patients and methods
2.1. Patients

Patient 1 was a 5-year-old boy. He was the first child
of healthy parents who was born at 39 weeks of gesta-
tion. The patient’s birth weight was 2426 g, which was
small for his gestational age. Phototherapy was pro-
vided for neonatal jaundice. The patient had polydac-
tyly of the right thumb, which was operated on at
14 months, and bilateral cryptorchidism, which was
operated on at 2 years of age. Although he was not

0387-7604/$ - see front matter © 2013 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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