FAEFH B ENTERMIE (HHAMER BRI EE)
SRR &

OBRECET 2 XEH o VT2 37 - BHEE (ATR-X) EERO MY - 28 O R O ER -
BEBOERE v N U — 2 OHST
MR ¢ ATR-X O FIREEICEET 505 (1)

SEFIEE AR IR REE S A R

WREE  XEH oY 77 I 7IHEHER (ATR-X) JEREREIIEMER, o S I 7, MO LR 4%
METORMEBEMERERECTH D, ATRXEEHOFERIT o~ F VU EGBEEERZ 2 — N+ 5 ATRX &
BFERTHD, ATRCERIIINE T 123 BIEOBERH D £ ITHRIETRTH S, ATRX D5
PHEREE A BT EIEMETH D 2 e NEhN TS, REFEIIBHES 2T 2 BIR 55812 ATRX O
FEERKROFEEIRE L ATRX RO KR IEHEEE Uiz, 139 Fl0 B IREFNZ AW TREIZFES L)
DT, Atrx DFEERKIT< T A TITIEEETH Y b MEFIZRWTRENRE SN LW &gt MoB
7% ATRX @ null BROFHEDO R A T AR TH 5,

A. BFEE R

139 14T Cytogenetics Array 2.7M & 5\ i
X HSHMaY T I TEMIER (ATR-X) JEME  Cytoscan HD DOfFFT ST Uiz, BHAMENT Y 7
Wiz ue~F U REGBEAEER 22— F72 I ChAS % AV T ATRX fEIS & #i i S ¥ 24T
ATRX B FORENRE TH 5 (Gibbons etal,,  Copy Number f#EHT #1T 9 B & e K ek LY
1995), HEPREVICHEMEN - $ T8 I7 - My BEFIBDR, o7, HWHIR CNV OF —H
{LE % % 29 5, Human Gene Mutation Database ~ ~X— 2 T# % DECIPHER Z % ATRX i 5 5 {5
Professional I\~ B K STV D ATRY BHEIT 123 [ IBRHENECEE LA L LTO CNVs b R HE
FEFEL. 202 3K TE (hypomorph) oz,
ERTHD, ATRX D5EEREOFET 2L, N
BAKEE 4 ICROBORTHS, D T
DECIPHER 7 — & N— 2T X ATRX RO KK = i CBEEINTND ATRYEEDIT & AP
DEFIREFZRE LTO CNV b0 3MeEE TE (hypomorph) T. ez 4dase
Vo AEEILE MBI D ATRY OFERQREK A (amorph/mull) i3 FIEM TH B = & BEEbR
REPIOR WM D720, BICHBELET 3, A /v 7 7Y b7 AREFHETH

DBRORAI V) —= TRITHIEE L, BB INETRT S, AR THEBEY
s B35 B 139 BT ATRX FEIR O K513 e h>
B. #FgEHE o7, WHRHPT array MEITOSETT LEZ < OIE

. i . - Bl% A F 45 DECIPHER T —F ~_—Z|{Z
OxXREH HEEZETHHE? 2623558
&i% f : TARRT THES BEORNE, EESE L LTO CNV &5
e - RX IR EA 4
@Affymetrix #- Cytogenetics Array 2.7M F 721 5?72“\““ & \\AT » nu/iigé’i?) ﬁﬁﬁlﬁ’];ﬁ)é
Cytoscan HD k2 & 54 ) MhT &4 ) iz i ZEDETHATRY null BROEIEMEE FEL

v 270 H7'n—7 %BlE L7 Cytogenetics Array 7B

2IM H D210 5 7 o —7 % B L 7= Cytoscan E. &%

HD Array % VT 139 2 5212 CNV 74T 21T

W ATRY BIEFOREDHES L, R BRAEZEY 25 139 BIOMEN T ATRX D58
EONABEAIMDT Ty h T+ —rT L—  EXRKIIAESNIed o7, DECIPHER BN

(NimbleGen #£ 700K 7 L —%) % CHEE L7z, RN L ATRX % BT CNVOHRE L RN &
Sy I T I RTUABRBIETHD Z LR EMN
C. WFEiER b MIBWT ATRX DR REIELTI 2 R
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Okada I', Hamanoue H (" denotes equal
contribution) Terada K, Tohma T, Megarbane A,
Chouery E, Abou-Ghoch J, Jalkh N, Cogulu O,
Ozkinay F, Horie K, Takeda J, Furuichi T,
Ikegawa S, Kiyomi Nishiyama K, Miyatake S,
Nishimura A, Mizuguchi T, Niikawa N, Hirahara
F, Kaname T, Yoshiura K-i, Tsurusaki Y, Doi H,
Miyake N, Furukawa T, *Matsumoto N, *Saitsu
H. SMOCI is essential for ocular and limb

development in humans and mice. Am J Hum

Genet 88(1): 30-41, 2011

*Tohyama J, Kato M, N, Kawasaki S, Kawara H,
Matsui T, Akasaka N, Ohashi T, Kobayashi Y,
Matsumoto  N. Dandy-Walker malformation
associated with heterozygous ZIC! and ZIC4
deletion: Report of a new patient. Am J Med
Genet 155(1): 130-131, 2011

Furuichi T, Dai J, Cho T-J, Sakazume S, Ikema M,
Matsui Y, Baynam G, Nagai T, Miyake N,
Matsumoto N, Ohashi H, Unger S, Superti-Furga
A, Kim O-H, Nishimura G, *Ikegawa S. CANTI
is also responsible for Desbuquois dysplasia, type
2 and Kim variant. J Med Genet 48(1): 32-37,
2011

*Saitsu H, Hoshino H, Kato M, Nishiyama N, Okada I,
Yoneda Y, Tsurusaki Y, Doi H, Miyake N,
Kubota M, Hayasaka K, Matsumoto N. Paternal
mosaicism of a STXBP] mutation in Ohtahara

syndrome. Clin Genet 80 (5):484-488, 2011.

*Yano S, Bagheri A, Watanabe Y, Moseley K,

Nishimura A, Matsumoto N, Baskin B, Ray PN.
Familial =~ Simpson-Golabi-Behmel  syndrome:
Studies of X-chromosome inactivation and
clinical phenotypes in two female individuals with
GPC3 mutations. Clin Genet 80 (5): 466-471,
2011.

Nishimura-Tadaki A, Wada T, Bano G, Gough K,

Warner J, Kosho T, Ando N, Hamanoue H,
Sakakibara H, Nishimura G, Tsurusaki Y, Doi H,
Miyake N, Wakui K, Saitsu H, Fukushima Y,
Hirahara F, *Matsumoto N. Breakpoint
determination of X;autosome balanced
translocations in four patients with premature
ovarian failure. J Hum Genet 56(2) 156160,
2011

Hiraki Y, Nishimura A, Hayashidani M, Terada Y,

Nishimura G, Okamoto N, Nishina S, Tsurusaki
Y, Doi H, Saitsu H, Miyake N, *Matsumoto N. A
de novo deletion of 20qil.2-q12 in a boy
presenting with abnormal hands and feet, retinal
dysplasia, and intractable feeding difficulty. Am J
Med Genet 152(2): 409-414, 2011

*Tonoki H, Harada N, Shimokawa O, Yosozumi A,

Monzaki K, Satoh K, Mika Kosaki R, Sato A,
Matsumoto N, lizuka S. Axenfeld-Rieger
anomaly and Axenfeld-Rieger syndrome: clinical,
molecular-cytogenetic, and DNA array analyses
on three patients with chromosomal defects at
6p25. Am J Med Genet Part A 155 (12):
2925-2932

Tadaki H, Saitsu H, Nishimura-Tadaki A, Imagawa T,

Kikuchi M, Hara R, Kaneko U, Kishi T, Miyamae
T, Miyake N, Doi H, Tsurusaki Y, Sakai H,
Yokota S, *Matsumoto N. De novo 19q13.42



duplications involving NLRP gene cluster in a
patient with systemic-onset juvenile idiopathic

arthritis. J Hum Genet 56 (5): 343-347, 2011.

*Miyake N, Yamashita S, Kurosawa K, Miyatake S,
Tsurusaki Y, Doi H, Saitsu H, Matsumoto N. A

novel homozygous mutation of DARS2 may cause
a severe LBSL variant. Clin Genet 80(3): 293-296,
2011.

Tadaki H, Saitsu H, Kanegane H, Miyake N, Imagawa
T, Kikuchi M, Hara R, Kaneko U, Kishi T,
Miyamae T, Nishimura A, Doi H, Tsurusaki Y,
Sakai H, Yokota S, *Matsumoto N. Exonic

deletion of CASPI0 in a patient presenting with

systemic juvenile idiopathic arthritis, but not with
autoimmune lymphoproliferative syndrome type

IIa. Int J Immunogenet 38 (4): 287-293, 2011

Tsurusaki Y, Osaka H, Hamanoue H, Shimbo H, Tsuji
M, Doi H, Saitsu H, *Matsumoto N, *Miyake N.
Rapid detection of a mutation causing X-linked
leukodystrophy by exome sequencing. J Med
Genet 48 (9): 606-609, 2011.

*Narumi Y, Shiithara T, Yoshihasi H, Sakazume S,
van der Knaape MS, Nishimura-Tadaki A,
Matsumoto N, Fukushima Y. Hypomyelination
with atrophy of the basal ganglia and cerebellum
(H-ABC) in an infant with Down syndrome. Clin
Dysmorphol 20 (3): 166-167, 2011

Dai J, Kim O-K, Cho T-J, Miyake N, Song H-R,
Karasugi T, Sakazume S, Ikema M, Matsui Y,
Nagai T, Matsumoto N, Ohashi H, Kamatani N,
Nishimura G, Furuichi T, Takahashi A, *lkegawa
S. A founder mutation of CANTI common in
Korean and Japanese Desbuquois dysplasia. J

Hum Genet 56(5): 398-400, 2011.
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*Saitsu H, Matsumoto N. Genetic commentary: De
novo mutations in epilepsy. Dev Med Child
Neurol 53 (9):806-807, 2011.

Shimizu K, Okamoto N, Miyake N, Taira K, Sato Y,
Matsuda K, Akimaru N, Ohashi H, Wakui K,
*Kosho T.

Delineation of dermatan 4-O-sulfotransferase 1

Fukushima Y, Matsumoto N,

deficient Ehlers-Danlos syndrome: Observation of
two additional patients and comprehensive review
of 20 reported patients. Am J Med Genet 155(8):
1949-1958, 2011

*Saitsu H, Osaka H, Sugiyama S, Kurosawa K,
T, Nishiyama N, Nishimura A,
Tsurusaki Y, Doi H, Miyake N, Harada N, Kato
M, Matsumoto N. Early

Mizuguchi

infantile epileptic
encephalopathy associated with the disrupted
gene encoding Slit-Robo Rho GTPase activating
protein 2 (SRGAP2). Am J Med Genet 158A
(1):199-205, 2011

Tsurusaki Y, Okamoto N, Suzuki Y, Doi H, Saitsu H,
Miyake N, Matsumoto N. Exome sequencing of
two patients in a family with atypical X-linked
leukodystrophy. Clin Genet 80 (2): 161-166, 2011

Hannibal MC#, Buckingham KJ#, Ng SB#, (# denotes
equal contribution) Ming JE, Beck AE, McMillin
MIJ, Gildersleeve HI, Bigham AW, Tabor HK,
Mefford HC, Cook J, Yoshiura KI, Matsumoto T,
Matsumoto N, Miyake N, Tonoki H, Naritomi K,
Kaname T, Nagai T, Ohashi H, Kurosawa K, Hou
JW, Ohta T, Liang D, Sudo A, Morris CA, Banka
S, Black GC, Clayton-Smith J, Nickerson DA,
Zackai EH, Shaikh TH, Donnai D, Niikawa N,
Shendure J, *Bamshad MJ. Spectrum of MLL2
(ALR) mutations of Kabuki
syndrome. Am J Med Genet 155 (7): 1511-1516,
2011.

in 110 cases



*Kosho T, Miyake N, Mizumoto S, Hatamochi A,
Fukushima Y, Sugahara K, Matsumoto N. A
response to: Loss of dermatan-4-sulfotransferase
1 (D4ST1/CHST!4) function represents the first

dermatan sulfate biosynthesis defect, “Dermatan

sulfate-deficient adducted  thumb—clubfoot
syndrome”. Which name is appropriate,
“Adducted  thumb-clubfoot syndrome” or
“Ehlers—Danlos syndrome”?  Hum  Mut

32(12):1507-1509, 2011

Doi H, Yoshida K, T Yasuda, Fukuda M, Fukuda Y,
Morita H, Ikeda S-i, Kato R, Tsurusaki Y, Miyake
N, Saitsu H, Sakai H, Miyatake S, Shiina M,
Nukina N, Koyano S, Tsuji S, Kuroiwa Y,
*Matsumoto N. Exome sequencing reveals a
homozygous SY7T/4 mutation in adult-onset
autosomal recessive spinocerebellar ataxia with

psychomotor retardation. Am J Hum Genet
89(2):320-327, 2011.

Yoneda Y, Haginoya K, Arai H, Tsurusaki Y, Doi H,
Miyake N, Osaka H, Kato M, Matsumoto N,
*Saitsu H. De novo and inherited mutations in the
gene encoding a type IV collagen 02 chain
(COL4A42) cause porencephaly. Am J Hum Genet
90 (1):86-90, 2012

*Saitsu H, Osaka H, Sasaki M, Takanashi J, Hamada
K, Yamashita A, Shiina M, Kondo Y, Nishiyama
K, Tsurusaki Y, Miyake N, Doi H, Ogata K,
Inoue K, *Matsumoto N. Mutations in POLR3A4
and POLR3B encoding RNA polymerase III
subunits recessive

Am J

cause an  autosomal

hypomyelinating leukoencephalopathy.

Hum Genet 90 (1):86-90, 2012.
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The 34™ annual meeting of the molecular biology
society of Japan * Next generation sequencing
technology enables a large scale medical genomic

research (symposium) [Disease genome analysis



using next generation sequencer ]  Naomichi

Matsumoto (Invited speaker)(Dec 14, 2011 at
Yokohama, Japan)
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JEARFEHIRE MBS (ERGMERE R )

ATR-X (X E#E$H o ¥ T EI7 - KBl EEREOBW R NRRFIEDORE 72 5 HEEICB T A HF5E

BT E E

ATR-X JEEBED 3 FIRAEIZ B 2 HFFE (2)

SyHEpgEE

MAER METHMREEENRREES

MAEE X EE Mot 7€ I THEMER (ATR-X) JEFEEICHE D BHEE, o 78 37, Mok
BEDNTNNOREMBELZHLDICTE2EL BN E L ATR-XEGERIL Y n~F U REMEEE
H&a— RT3 ATRYBETEREZITED 57 ) DA FAMLRERFORIEICES b 3 ERR
SN TWD, AR THEMIRDOA Y 2 DNA 7 L— (Agilent #: 7 0 & —& — 7 L—) % AV ATRX
BERMEHENTND ATR-XEF 12 BlEFEITY ) LU A RIS ) BRERRE LT, 7
DUA RIGAFMCRBERITIZ L o CTIEFXIRE B D A F LR EERENE FEIFTRE L
2o TNENOEMELEE Bisulfate ¥ — - v RAEEAVTHRIEZ T 272, T TH HOXAI FEIRIC
ATR-XJEGI TIRA FN~FA F N E BT D A F AR EEIZ B E LRI B & o B

ICRWTRERKEVAR THD EEX b,

A, HFFEEB

X #EgHMEaY 77 I T RHER (ATR-X) JEMFE
HEa/o~F rHfiBEER2a— RT3
ATRX BB O RENRK CTH 5 (Gibbons et al.,
1995), ERAREOVGFEE L CRHMHEW - o1 3
T MG CBEEPMON TS, ATRY R
DESLTINGORRKREREZ I HFTE
SAHATH S, —F5. ATR-X EERBRE AT
1LY ARV —</L DNA (tDNA) %D DNA *F
MU E 3 1E7E L (Gibbons et al., 2000) . ATR-X
(BT HBEEER OIS / b DNA AF )L
fbxgte— ™y /) ABE N5 4 5 ATt
RSN TND, RIFFETIL ATRY BinFEE
DNFERA Eilz ATR-X SEMREERE D7) L DNA
ZRWT, WENRES 7 5 DNA A F LA
7V —= 2 TEITUVD, ATR-X TEERR R 72 A
F AR & R E L # OEBRICTFET b ER
FROBEERTORES BIsTEL AL
T 5,

B. WG

ATRX ZEEMBFEH X T35 ATR-X SEH % %F
BRIZUTOFETERYT J A AF VAR ER
‘0%%%ﬁ50

82

DAgilent £t CpG 12 L B 47 7 LMt HLA
FMEY SRR ERWT Y a5
RS EITV, IR L7-4" 7 . DNA % 3Eig
LT e—7%ERL, . ZhEte b CpG 7 L—
WA T Y L, AFAALY M A T A
277 LT RIZEETSD (W5 ChiP on
chip {2 & % MeDIP T ATR-X12 il & %432) ,
AT, A F AL MEHIREESR % VT ATR-X
JEF & IEHBIOFEF %5 ) - DNA 2L,
WIE% T _NVT 528 T ATR-X ¢ TEES ) A
DAFMEBEENZFE T CpG 7 L —THS
MWIZTBDZENRTRETH D (A FNAAREE M
REER % b B U2 DMH % T ATR-X9 5l & %1 52) ,
IO 2kEEHEAE DY, ATR-X GEF 7 ) A
DAFNACEEENE S ) LU A RIZREET
Do

QA FNLBEEP L OEFERFHORBE
B LIz A F LR CpG 74 T FEmHE
1.0 Bisulfite > — 4 L A BT\ A FALEEE %
BELAF VAL CpG BBUCHYE T BT HE
DY AR NELERT S,

QATR-X FEM ORI CRERE 2RI EETF
HORE AFVEEREEZLDT CpG b
DEMBLTF O VN ERICB T 5 RN



=179,

C. WrgeitER

MeDIP ik & DMH £ CH#HiBIZHRH X5 DNA
AFIALRFEBIIRE S iehodz, 1o T
MeDIP & T S L7285k 7 73T, DMH £ T
M SN EHE s vEra&RLENEN
Bisulfite > —7 2 R Z4TU A F VAR DA
ZATWIEF XTHR & FIRET L 2 B ETICRA W T
FLERETHLNIRR B Z — 2R
L7ze EHIT1HNZRWT HOXAI © CpG 7 A
T PRO@mMATNVAERBEEINTZZD,
ATR-X19 #, IEHxER 9 Bl AT HOXAI O
CoGTATVYRDAFNMELEBRE L, 75
EFEFBTITBEINZVE AT (80%LL
) 26, RAF AL Q0%LLT) 2334 &
AFIALDZIRMENR B STz, FEFI B kDR
BV 2 EEER T HOXAL HHid, KL~ T
DEBBRBOEA T TIEEREBE, KATFV
L TCIHERIR AR L DNA X F k& OFEER
BRINE,

D. B

HOXAl 5 R\ TE MR D75 B TR EE R - N
HEE - DMEREE - BMEHORTEE2ET
ZMOEFEMTERANFEEIN TS, ZOE
BEEECIEY 787 - EOERE 25RO 2N
W, I OEFERETRD DN RBEER & O D
POBEENH BAEMENRH D, —FF . MeDIP
15L& DMH ¥ CE UfEIR D A F AL R E 23 H
ENppolcl L CHIERNBENRFELL
7oo W= T L—iX Agilent O B E— & —
T L—TholNZOT7 L—iIF ) AUANR
RBETFHEIKD CpG T4 7 v FRTaE—4
—fHE Xy hELTWD, DD
DNA R°F DD Y ) AEEIIRERN R L 2o
TEBOLTHEERAFMMEEFEEZREL LTV
LE[REMEN D B,

E. &

ATR-X EF A GBI T e E—F—7 L—% [
WTH ) LUA FAF AL DNA BERA 27 Y —
SV T EITWVEEOERTAFALRE & H
H U7z, HOXAl @ CpG 7 A T~ KT ATR-X D
AFNMALICEE CTREINZ2WIEL > & K E
BEI, T ATR-X OREHER &M H1n0
B3 B FREMED B B,
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Hamanoue H, Rahayuningsih SE, Hirahara Y,
Itoh J, Yokoyama U, Mizuguchi T, Saitsu H,
Hirahara F, Matsumoto N. Gene screening
of 104 patients with congenital heart disease
revealed a fresh GATA4 mutation in atrial
septal defect. Cardiol Young 19: 482-485,
2009.

Shithara T, Maruyama K-i, Yamada Y, Nishimura
A, Matsumoto N, Kato M, Sakazume S. A
case of Baraitser-Winter syndrome with
unusual brain MRI findings of pachygyria,

band

periventricular heterotopias. Brain Dev (in

subcortical heterotopia and

press).

Kasuga K, Shimohata T, Nishimura A, Shiga A,
Ohno T,
Miyashita A, Kuwano R, Matsumoto N,
Onodera O, Nishizawa M, Ikeuchi T.
Identification of Independent APP Locus

Mizuguchi T, Tokunaga J,

Duplication in Japanese Patients with

Early-Onset Alzheimer's Disease. J Neurol

Neurosurg Psychiatry 80(9): 1050-1052,

2009.

Yoshida K, Shimizu Y, Morita H, Okano T, Sakai
H, Ohata T, Matsumoto N, Katsuya
Nakamura K, Tazawa K-i, Ohara S, Tabata K,
Inoue A, Sato S, Shimojima Y, Hattori T,
Ushiyama M, Ikeda S-i.
progression rate of cerebellar

Severity and
ataxia in

16g-linked autosomal dominant cerebellar



ataxia (16g-ADCA) in the endemic Nagano
area of Japan. Cerebellum 8:46-51, 2009.

Hamanoue H, Megarbane A, Tohma T, Nishimura
A, Mizuguchi T, Saitsu H, Sakai H, Miura S,
Toda T, Miyake N, Niikawa N, Yoshiura K,

H, Matsumoto N. A

Ophthalmo-acromelic syndrome mapped to

10p11.23. Am J Med Genet 149A(3): 336-342,

2009.

Fumiki locus for

Kuniba H, Yoshiura KI, Kondoh T, Ohashi H,
Kurosawa K, Tonoki H, Nagai T, Okamoto N,

Kato M, Fukushima Y, Kaname T, Naritomi K,

Matsumoto T, Moriuchi H, Kishino T,
Kinoshita A, Miyake N, Matsumoto N,
Niitkawa N. Molecular karyotyping in 17
patients and mutation screening in 41 patients
with Kabuki syndrome. J Hum Genet 54(5):

304-309, 2009

Saitsu H, Kurosawa K, Kawara H, Eguchi M,
Mizuguchi T, Harada N, Kaname T, Kano H,
Miyake N, -Toda T, N.
Characterization of the complex 7q21.3

Matsumoto

rearrangement in a patient with bilateral split
foot malformation and hearing loss. Am J Med
Genet 149A(6):1224-1230, 2009.

Matsumoto N. Gene analysis of Marfan syndrome.
of VIII annual
symposium on advances in understanding
aortic diseases. 23-27, 2009

Proceedings international
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Cytogeentics Community Workshop (by
Affymetrix Inc.) Naomichi Matsumoto.
Evaluation of AffymetrixX® Cytogenetics

Whole-Genome Array Using Clinical Sample.
(Oct 24, 2009 at Honolulu, Hawaii, HI)
(invited lecture)

The International Symposium in the 9™ Annual

Meeting of the East Asian Union of Human
Genetic Society (Nov 19, 2009, Soel, Korea)
Naomichi Matsumoto: STXBP] mutations in

severe infantile epilepsies with
suppression-burst pattern (oral
presentation).
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We report here a 6-year-old boy exhibiting severe dystonta, profound intellectual and developmental disabil-
ity with liver disease, and sensorinevral deafness. A deficient creatine peak in brain 'H-MR spectroscopy and
high ratio of creatine/creatinine concentration in his urine lead us to suspect a creatine transporter {solute
carrier family 6, member 8; SLCBAS) deficiency, which was confirmed by the inability to take up creatine
into fibroblasts. We found a large ~ 19 kb deletion encompassing exons 5-13 of 350648 and exons 5-8 of
the B-cell receptor-associated protein (BAP31) gene. This case is the first report in which the SLC6A8 and
BAP3Y genes are both deleted. The phenotype of BAP31 nuutations has been reported only as a part of Xq28
deletion syndrome or contiguous ATP-binding cassette, sub-family D, member 1 (ABCDI)/DXS1375E
{BAP31} deletion syndrome [MIM ID #300475], where liver dysfunction and sensorineural deafoess have
been suggested to be attributed to the loss of function of BAP31. Our case supports the idea that the loss of
BAP31 is related to lver dysfunction and hearing loss,

© 2012 Elsevier Inc, All rights veserved.

1. Introduction

The creatine {Cr)-creatine phosphate system provides for the stor-
age and fast release of phosphate-bound energy to the muscle and
brain. The recent elucidation of congenital genetic diseases supports
the vital role of this system in the brain | 1], As such, cerebral Cr deficien~
¢y syndrome {CCDS) consists of 3 genetic defects in either L-arginine:
glycine amidinotransferase {AGAT), guanidinoacetate methyltransfer-
ase (GAMT), or Cr transporter 1 [1] To date, 9 cases from 4 families
with AGAT deficiency (OMIM #612718) and ~40 cases with GAMT-
related CCDS (OMIM #601240) have been reported [2]. The solute
carrier family 6 {(neurofransmitter transporter, creatine), member
8 (SLCBAS) maps to Xq28 and encodes Cr transporter 1, which is ubiqui-
tously expressed in human tissues and allows Cr uptake into cells [3}
SLCBAS deficiency (OMIM #300352) s the most frequent cause of
CCDS and reported to constitute ~ 1-5% of X-linked intellectual disabil-
ities [4-11]. To date, 43 mutations from 44 unrelated families have been

* Corresponding author at: Division of Neurology, Clinical Research Institute,
Kanagawa Children's Medical Center, Mutsukawa 2-138-4, Minami-ku, Yokohama,
232-8555, Japan, Fax: -+ 81 45 721 332,

E-mail address: hosaka®@kemajp (M. Osaka),

10896-7192/% - see front matter © 2012 Elsevier Inc Al rights reserved,
doi 101016/ ymegme2012.02.018
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reported, including nonsense, missense, and splice-site mutations,
single-amino acid deletions, and one large genamic deletion [6,12-15],

The phenotype of SLC6AB deficiency ranges from mild intellectual
disability and speech delay to severe intellectual disability, seizures,
and behavioral disorders. The precise pathophysiology of SLC6AS de-
ficiency remains largely unknown; however, the severe phenotype
associated with the large genomic deletion implies that the complete
loss of SLCBAS correlates with severe phenotype. We report here an-
other case of SLCGA8 deficiency syndrome with a large genomic dele-
tion of ~ 19 kb that encompasses exons:5~13 of SLC6AS and exons 5-8
of the B-cell receptor-associated protein (BAP31) gene, situating
tail-to-tail. As far as we know, this is the first case report with a dele-
tion-of both the SLC6AS and BAP31 genes. The phenotype of the BAP31
mutations has only been reported as part of Xq28 deletion syndrome
or contiguous ATP-binding cassette, sub-family D, member 1
(ABCDI)/DXS1375E (BAP31) deletion syndrome {CADDS; MIM ID
#300475) [16]. Patients with CADDS manifest with leukodystrophy
due to an ABCD1 mutation, Moreover, liver dysfunction and sensori-
neural deafness reportedly accompany the adrenoleukodystrophy
{ALD} phenotype, implicating its attribution to the loss of function
of BAP31. Our case supports the relationship between the loss of
BAP31 and liver dysfunction and hearing loss.
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2. Materials and methods
2.1. Patient

This 6-year-old boy is the only child of his nonconsanguineous
Japapese parents. He was born with a body weight of 2478 g without
asphyxia at 37 weeks. He was noted to have poor weight gain at
~2 months. He exhibited hypertonus and athetosis at 4 months, and
was referred to our neurology division for evaluation at 8 months.
At first evaluation, he showed failure to thrive with a hody weight
of 6.0 kg (2.7 SD) and height of 60.0 cm (—4.4 SD),

He showed no dysmorphic features and behavioral problems. He
could not hold his head or follow an object with his eyes. His muscle
tone was hypertonic and all extremities displaved exaggerated ten-
don reflexes and bilateral extensor plantar responses. Dystonia was
also evident in his upper and lower extremities. Routine laboratory
examinations revealed mild elevations of aminotransferase/alanine
aminotransferase (AST/ALT) of ~ 100 IW/mb; however, there were no
biochemical abnormalities in the levels of serum ammonia, lactate,
and pyruvate, very long chain fatty acids, or arylsulfatase A. Nerve
conduction velocities and electromyographic studies were all normal.
No waves were identified by auditory evoked brain responses, even at
a maximum stimulation intensity of 115 dB. Magnetic resonance im-
aging (MR} revealed abnormal increased signals in the globus pallidi
on T2-weighted images {Fig. 1A, upper left). Myelination delay, a de-
crease in the volume of cerebral white matter, and a very thin corpus
callosum were also observed (Fig. 1A, lower left). At 4 years of age, he
was admitted to our hospital due to status epileptics with generalized
tomc-clonic seizures lasting 1 h, which were controlled by intrave-
nous diazepam. Electroencephalography showed frequent spikes
and slow waves in central and mid-temporal areas. He was initiated
with phenobarbital and no seizures have been noticed since then,
MRI revealed the completion of myelination, persistent signal abnor-
malities in the globus pallidi, and the progression of cerebellar
vermian atrophy (Fig. 1A, right panels). A deficient Cr peak in 'H-
magnetic resonance spectroscopy (MRS} (Fig. 1B) and high ratio of
creatine/creatinine concentration in urine 4.73 mmol/mmol {(normal
range; 0.0075-1.51} led us to suspect SLCGAB deficiency [17]. Now
he is still very small and showing severe dystonia at 6 years of ages.
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He cannot hold his head and does not pursuit gbject. During upper re-
spiratory infections, he showed increased levels of AST/ALT
> 10,000 IU/mL without cholestasis, These values returned to his
baseline levels without any therapy after a few weeks.

2.2. Cr uptake in fibroblasts

Cr uptake was measured in total cell lysates in triplicate using gas
chromatography-mass spectrometry with stable isotope-labeled Cr
as the internal standard, as described by Rosenberg et al. {18], Briefly,
fibroblasts from the patient were cultured for 24 h in medium (HAM/
F10 supplemented with 10% fetal bovine serum, penicillin, and strep-
tavidin} that contained physiological levels of Cr (25 mM). Cr was
added to the medium and obtains final concentrations of 25 and
500 mM {12},

2.3. Genomic DNA sequencing, RT-PCR, and sequencing

Genomic DNA was prepared from the patient’s white blood cells
using the Wizard Genomic DNA Purification Kit (Promega, Madison,
WI, USAL PCR of all exons and exon-intron boundaries of the SLC6A8
gene was performed as previously described [10], Subsequent se-
quencing analyses of the PCR fragments were performed with specific
primers using the Ex Taq PCR Kit (version 1.0; Takara, Shiga, Japan)
according to the manufacturer's instructions (Supplementary Table),
PCR buffers were selected from the GC I, GC T, and EX buffers (Takara)
{Supplementary Table). Total RNA was extracted from leukocytes using
the TRIzol reagent and reverse transcribed with Prime Script Reverse
Transcriptase (Takara, Shiga, Japan) using oligo{dT) primers. RT-PCR
was performed using primers that covered from exon 2 o exon 13
according to the manufacturer’s instructions {Supplementary Table).
The PCR fragments were sequenced using the Big Dye Terminators
Cycle Sequencing Kit {v1.1; Applied Biosystems, Foster City, CA, USA).

2.4. Western blotting
Fibroblasts (~3.0x10° cells) were harvested and lysed with

300 pL of SDS lysis buffer (100 mM Tris-HC (pH 6.8), 2% SDS,
100 mM DTT, 20% sucrose). After boiling for 5 min, aliquots were
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Fig. 1. MR and MRS, T2-weighted axiat image 308 months shows an abnormal increased signal in the globus pallidi, myelination delay, and a decreased volume of cerebral white
matter (A; upper lefi), T1-weighted sagittal image demonstrating a very thin corpus callosum (A; lower left). T2-weighted axial image (A; upper right) and T1 ~weighted sagittal
image (A: lower right] at 4 years show persistent high signals in the globus pallidi, thin corpus callosum, and progression of cerebellar vermian atrophy. 'H-MRS from the left basal
ganglia at 4 years {B). MRS at 4 years shows a very low peak of Cr at 3.0 ppm {arrowhead ).
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