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Development of a genetic test to evaluate the risk for Moyamoya disease
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Moyamoya disease (MMD) shows progressive cerebral angiopathy characterized by
bilateral internal carotid artery stenosis and abnormal collateral vessels. A genome-wide
association study was performed, which resulted in a strong association of chromosome
17g25-ter with MMD risk. A single haplotype consisting of seven SNPs at the RNF213 locus
was tightly associated with MMD (P=5.3x10-10). Mutational analysis of RNF213 revealed
a founder mutation, p.R4859K, in 73% of non-familial MMD cases and 1. 4% of controls; this
mutation greatly increases the risk of MMD (P=1.2x10-43, odds ratio=190.8). We developed
a genetic testing method for this founder mutation by using CASSOH (competitive
allele—specific short oligonucleotide hybridization). The CASSOH method enables us to
detect the target mutation with immunechromatography without expertize, which would be
useful for evaluation of a risk for MMD risk in bedside and clinic.

AT EFE
(BFHAL - 1)
[EREE TS HER & Bt
AR TEFE 2,900, 000 870, 000 3, 770, 000

BFEABF - [ oy
B E O3E - B - NIRRT
F—U— N VRV, BT, BETRE




1. WFFEBHAG S WO E 5

EYEYHE (MD) XY A U 2B RGO
PAZE & BRI B A2 K 2 M L - He i
RIS ETOHRBTH D, BOETIL, B
FEEEBICHEE S, BIESK 13000 ADEE
BEEN2INTWD, BIEE—27I1%, b
40 BRI H D | FEEII/NEHIRIETH 5,
NEENC B WTIE, BREE L ST X D kAR
I Lz, MMD 13/ 2R G oo R &
o TWNA,

FEAEITIE, —IEPERE R (TIA) T
JET DIERIN L < . IRV CHFRZEIZ K 5 FRIE
DEN, TIA IZ K DFIEIT A~ B 38 e
BOTZITE, Falr, EMEETIIR & H R
FR & DR A RAFHFIC L D B ATIA
RYHBDLETIFEINRENTWD, BED
LA FBIETROIFIETE N, BAEY
A7 O MERZ B L, MRT B & BN
ARAFINC E DA ZAREICT D, A7)
—= U TEOBRRENEEND,

BUt, HEEHE DTy 7 LB E1 T
MMD Jglsz M fEEE 2 [l 8 L7, £ DO HC 17 e
FEARFEI D & | MMD 52 MR R - RNF213 % [
E L. FOEGETHIZ MD BFE D 73%03E>
BGE AR AR L, ZOZEIZEY MD
FEIEY A7 3 190 fHIZ LHT 572, MMD U
A7 W AlRE L 220 | FEFHHRE L7 (FEFE
2009-113706 [Ef=FHHIC XL 5 EYETH
FAE Y A7 LW U2 WE )

2. WEoHBY

MWD BE DT ) LAFHEAMFIE TRWE LT2R
RS PEE L7 RNF213 PICHEAET 5 HARA
EEE 25 R p. RA856K 0D A7 MHE 2 A -
IR T 2 AR TR AE ORI 21T
MMD FESE Y R 7 O IEMERF AR 2 FIREIC T 5 2
EE BT D,

3. WHEDITIE

B FERORICIL, HiEE SRR
% L 7= CASSOH ¥ (HfE 2002-323419 &5+
ERMRME) RIS 5, CASSOH &1, A
VX7 LFF R Fa—7O5a0RES
ZRIALC, BEROFELZ RS HERBR
HETHS (K1), PCRIC K AL RE Y %5
BB WA ZHEE, EORIGKEZ A N/
sa~ MEIZHE FT 52L& T, BETERD
A2 BRHEERL 720, EFICHETHD,

£ DNA . BIER
W
—
AFwdl 4 L F IR L]
1%

T e

i om o mow

o

i Sl AT S

[
-
—

L Il | |
¥ EEESAYTr—iioHET
§ EEicodH

2FuT 2 £

L 1
Sk
"- et el

%] 1 CASSOH ¥ D FIE

FERIT X, BRAETe DNA fHIK % PCR SO
W CHENER ., BEEED ~DO AT AR S
7oAV IX T VAT ROEE & &R+ DE
BMENTEDACTHRINT S (K2).

B — CASSOH
l ®
Step 1 =:i
ﬁg\j ......... BR70-71243
| M4t =ay
[ d
' RBELO)QTH
f\\dx Y524~k 5%
Stop 2§ g
~_~9§  RNFARIED
e S HEROLR
\ »

N g € - LA . P g

2 CASSOH {£ D J 3

4 . WFERH

<WFFTHEF >

H A< A MMD BB D T0% LA b C 438 70 R Uk
M MMD {5225 p. R4856K A itud - ffif#
IR T 28I TR EEMESL L, 7 a—



7 DNA OFEA OA ML, Bis 1 PEY % [EFE1t
HkdA L 70~ 7T 7 0 —1E%2FH
LTI LZ (K3, 41CHRoFZ27R7),
K3irsa~hbrlog7 40—z~
N AT 4 v 7 ODFERERT, 2 KORKHIO
toFxra~ NI 7 4 —DHERT
arvha—/I T4 THY, TORHIIMH
A0 — 7 OfAERFICBENDIRRT A
Thd,

K3AL/) 7~ hFT7 0 —%OULERE
DO

REOEROKBHIL, BAR e —7I2 &
AR E BB T a0 —T LD D 2l
HAMIZLTEMT S, M4l 207 m—
7 AT L CE LR AR,

EEMONA
WM

S JRONA
WM

REANA
WM

[X| 4 CASSOH 1£1Z & 2 a1 i B E

EH DNA 2 Wi a, WA o —7 0
rma< "I TT 4— AT 4 v T DIIIFER
TA MBI, —HER DNA ZHWGE
ERTIo—Tpra<w NI 7 40—« AT 4
o T DIRIZRRTA URBND, ~T 2 {fA
F D DNA Z W T d56 . BpAER & 28 B Dl
rma~w "I T T 40— AT 4w TICERTA
UHREND, ZOFEIC X HEERE OERF
EHT 5N TE D,

<E B>

B a—7 AR E o4 Y 32X
IV AF RERBETHIEICLD, T LK
Bt TV EA ¥ — g ORREN
HNY | BT IEM D HE D AT REIC 72 o
7o ZOBBTHREIEIZIE, PCR A OE
MERRA ML LW, 7 ) =y 70y
RENL FEZ 31T 2 fn - HIE N ATREIC 72 D,
WD BE ORI N TH D, FHEIZ MMD
BENHIET DA, TEHO WD HIED Y
A7 1EEL 2 B2, MMD FIEDRLEHN K &
VN, A EIOAFZECRA%E U 7= fi 8 s 2258 5 1
BREBGTZHEZEL, £ ORKED
MRA 7o XF 777 4 —ftExFEhiT 52 &
T, LV FEE D E MMD OFIE T I A FTRE LS
D ENMFFTE S, A%, WD FEIEIZR
DAFTIEBIETNRETDZEICED, K
BEBRECH BB TRHEEZNZ S
Z &I LY T HRE O O FSIE T A AT RE
Wb EWIf SIS,

5. TR L
(WFFEEAE . WFZEoHE M ONEHERT 78812
ES 7Y

(MERERm SO (B 8 1)

1. 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, (#Fif) 78, 2012, 803-810

(DOI, 10. 1212/WNL. 0b013e318249f717)

2. Kakisaka Y, Hino—Fukuyo N, Miyazaki H,
Kure S. Infantile Tullio Phenomenon. J
Pediatr, (&Hifi) 162, 2012, 880.

(DOI, 10.1016/j. jpeds. 2012. 10. 049)



Moriya K, Suzuki M, Watanabe Y,
Takahashi T, Aoki, Y, Uchiyama T,
Kumaki, S, Sasahara Y, Minegishi M,

Kure S, Tsuchiya S, Sugamura K, Ishii
N.  Development of a multi-step
leukemogenesis model of
MLL-rearranged leukemia using

humanized mice.” PLoS One (&ZFHA)
7:, 2012, e37892
(DOI, 10.1371/journal. pone. 0037892)

Kikuchi A, Arai—Ichinoi N, Sakamoto O,
Matsubara Y, Saheki T, Kobayashi K,
Ohura T, Kure S. ”Simple and rapid
genetic testing for citrin deficiency
by screening 11 prevalent mutations in
SLC25A13.” Mol Genet Metab (##iA)
105, 2012, 553-558.

(DOI, 10.1016/j. ymgme. 2011. 12. 024)

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
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,
(#FHA) 21, 2012, 1496-1503.

(DOI 10. 1093/hmg/ddr585)

Uematsu M, Haginoya K, Kikuchi A,
Nakayama T, Kakisaka Y, Numata Y,
Kobayashi T, Hino—Fukuyo N Fujiwara I

Kure S. Hypoperfusion in caudate
nuclei in patients with
brain-lung-thyroid syndrome. J Neurol
Sci. (#Fif) 315, 2012, 77-81.

(DOI, 10.1016/j. jns.2011.11.025)

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, Matsubaray,
Kure S. A genome-wide association
study identifies RNF213 as the first
Moyamova disease gene. ] Hum Genet (%
@A) 56, 2011, 34-40.

(DOI, 10.1038/jhg. 2010.132)

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.

(FFHAH) 34, 2011, 72-75.
(DOT, 10. 1016/ j. braindev. 2011. 01. 005

)
(FaFRE) Grsfr)

1 2 BERLITEVvEVYREBELETIZEY ] A
5 SERAGH AR IR IT SRS 2013 4% 2
H8H JRE

2 Kure S. Identification of Moyamoya
disease gene, RNF213. (Invited
lecture) NAVBO Workshops in Vascular
Biology 2012 (Pacific Grove, CA, USA,
October 14-18, 2012)

3 Kure S. Identification of Moyamoya
disease gene and its clinical
significance. GCOE (Global center of
excellence) meeting. August 20, 2012,
Singapore.

4 H OBRIEYEYHREBLEFEZEBEY ] R
BIGET  HA/NER 2K HE MG &
20124 7 H 21 HAKHETH

5 B BR IEVvEVHEZMERETOR
iE & DEFIRIEZR ] B AN
W 201245 H 17-19 B AL#d

6 K BR IEVEVHEZEREOR
iE & DEFIRIEZR ] B AN
BRI G e lllGk . 2012 42 3 H 17 H
FEHRE

7 Kure S. Identification of Moyamoya
disease gene. Annual meeting of
American Society of Human Genetics,
Montreal, Canada, October 11-15, 2011

8 A R [EvEVHRESMEEET DR
E BANEsRF S 2011 4E 5 A
26-28 H fHik

6. WK

(1) WFgef+#H

% K (KURE SHIGEO)

WAERT: « RFPLEFRTER - Hiz

WP+ 10205221

(2) W FE s

&K P (TOMINAGA TEIJI)

WAEKRT: « RFEFLEFRJTER - Hifz

Fges &5 - 00217548



