ABSTRACT

Anti-alpha-fodrin autoantibodies in patients with
moyamoya disease and Outcome of moyamoya patients with
cerebral hemorrhage

Masaaki Uno, Koichi Ogawa, Shinji Nagahiro
Department of Neurosurgery, Faculty of Medicine, The University of Tokushima

We report here two studies about movamoya disease. One iIs about Anti-alpha-fodrin
autoantibodies in Moyamoya disease and another is about the outcome in moyamoya disease
(typical, atypical and moyamoya-like) with cerebral hemorrhage.

1) MMD sera (n=32) were tested for anti-endothelial cell antibodies by enzyme-linked
immunoassays and flow cytometric analysis. Apoptosis was induced in human umbilical vein
endathelial cells by tumor necrosis factor-alpha. We found that a high proportion of MMD sera
had anti-endothelial cell antibodies with apoptotic stimuli. Prominent reactivities of MMD sera
(72%) with recombinant human alpha-fodrin were observed. Qur study demonstrates that MMD
sera contain a high incidence of anti-alpha-fodrin autcantibodies, providing new insight into the
mechanisms of occlusion of MMD arteries.

2) There were 24 cases and 25 sides between 1976 and 2004 ; 15 typical, 5 atypical and 4
moyamoya-like diseases. In typical moyamoya disease, only 7 cases (46.7%) admitted to our
hospital as the first time bleeding. On the other hand, in atypical moyamoya disease, all cases
admitted as the first time bleeding. In typical and atypical moyamoya disease, bleeding in the
basal ganglia and intraventricular perforation was the most common CT finding. In 7 patients
with typical moyamoya disease, combination of direct and indirect bypass surgery was performed,
and indirect bypass was performed in 4. Outcome of these patients was good, however, 2 patients
(13%) had rebleeding and 2 (13%) had sudden death during follow-up period (6 and 11 years after
operation). In 4 patients with atypical moyamoya disease, combination of direct and indirect
bvpass surgery was performed, and none of them had rebleeding during follow-up. In conclusion,
although we have to wait a result of JAM trial, we need a long-term follow-up of patients with
cerebral hemorrhage to evaluate the effect of bypass surgery.
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ABSTRACT

Analysis of gene responsible for familial moyamoya disease

Satoshi Kuroda', Rina Nanba', Mitsuhiro Tada', Tatsuya Ishikawa’®

Kiyohire Houkin®, Yoshinobu Iwasaki!

1. Department of Neurosurgery, Hokkaido University Graduate School of Medicine
2. Department of Neurosurgery, Sapporo Medical University

There is increasing evidence that some genetic factors are closely related to familial moyamoya
disease. Previous microsatellite analysis studies have suggested that related genes may be located
on chromosomes 3, 8, 12, and 17. However, the responsible gene has not been identified yet. This
study aimed to identify the gene responsible for familial moyamoya disease on chromosome 17q25b,
using various techniques. However, present analysis techniques could not clarify it. Statistical
analysis of clinical data obtained from familial moyamoya patients strongly suggested the
involvement of genetic anticipation. Furthermore, using the cultured fibroblasts prepared from
the patients’ scalp, DNA microarray analysis revealed the different gene expression profiles in
movamoya disease. Further investigations would contribute to the search on the gene responsible

for moyamoya disease.



KR B2 PO FHBIRE

(B

A. BFREMN

FRVE S £ b DI OFE, FRESET VAT,
LIND 2 oo RmEoIRE R E L,

1) FikM b0 & PR0FAEEETORINEHHN
L4 5,

2) ML P b OPRORBEEME, Tubhb,
HEMLRELZTSNE 2 0hGr0EAEENET 5,
CNICE Y, KIFHELPEPHDY R 77 7 7 —
ZIRGAHAE L, BREREREEEHA~OBE %M,

B. BIxZAG&

a) bPLPRE. FRTFEETHE, LWHEE
MicEoOEx, IhFET, ARV —= T L
3ps 8q. 12p" PiEBH L. RERESETZHBRET
< BIEAEEEFEM D ICHEEETOME S &
DY A%, RU, HERGTELICEET 8
L E#A Yy 77w 7 L. polymorphic marker
L, RO, BInF Ly THEEBEOBLENE 2B
Lo

b) 3P24-26 LicFEHET A EHEETNTVS
PNGase iz T (Nglyl) &0 %, ikt v v
REBEHCBOTERNELET IR >V TORNE
AV b b Nelyl BT i32RN64kb othic
2D Y vaE>, EhDF /AR 7 RED,
NglyhEnF =&t (NT_005762) ©F
RIS, €07 v vBXUFDIEE NS —
T BRTHI260-830bp DERISEEASHI RS X 51212
HO754<w—%E L. EEEEY = ¥HEHO
DNA 88 & LT PCR 2{T» 72, BohiRIE
EYIZ oWV TIE ExoSAP T 7 5 1 = — %5348
Lictg, (WrAmiEicEAwWE) Re7rs4<—%H
WCHEH»SEEE Y -7 2 v AREETY Z Eick -
TEMORTIEZREL, ¥/ A K57 EDHEGE%S
HRETL 720

c) 8q22 D77 Mb OSHIRICTEET 2 3LRIET
2V TEEETFIC>% 1 ~5 o SNP % JSNP

NGz e R N

B LU dbSNP & © EUFFH1D SNP 22 W TiEE
FHEIEZREL 1o

d) CAG V¥ — rOMENRELE v € viFc
BOWTEDL D BEREEHETOALRIT 2120
. REREEY EYRIGBU 2 CAGY ¥ — MMaE
EDCAG Y ¥— MERBIEFET S &2 HH
CRRETEAT » 70 BICSENE T h & TR A 258
B L0PSLELTELFEERT Y T Y REE
BEFEELTO 3ERBEEH EO CAG ) £~
MZDoWT, ZOWREOTFEERG L, EiEt®
YEYR2EFLOIBTCAG ) E— b DHEZE
125 ZOMAEH SHAELL /2 genomic DNA %
W3 BREAREM EO CAG VK- EEOHES
BT L 7o BT & LTHE3pl4. LIZEET 3 BAIL-
associated protein 1 (BAIAP1), 3p24.3IcfEEd
% FLJ12565, 3p25.1icF7E4 % FLJ22339 % 45
7 D 8

e) P LPHOBETFHLTERSGRELFHIT
~<, I b v FY 7 DNA OERRA|OERDIR
AR L7, 3 b Y 7 DNA M, iR
WRET Wb, BROV—VERER I LNT
g5, REOHE(LOMEZEW T 2 FRE LTE
FAENALIER-TELEMOTH L, WEIE. &K
W= U TR, 10ERICERLER TS 2
REHLCOPRERBER (56, AEIH[E
LEAEFRIEIRR), R, PP/ HVIE
EHERLBEARERRE LTRT LI, T8
T, HERE Y e Y RKROBAMEIL, BIFEFE
EicRUG, BoREOhE -2, S bRy
7 D-loop A® MT-3E4r %8408 L, sequence 7T -
foo THHOHERAETORER. 100EE Y
R HIER%E average sequence divergence
(ASD) %3k, SEHMTHEEENS 3 EH.
Mann-whitney EZITOEEEOREET- 12,
o, CORBEHOCTREM OGP L OHRERDR
Mk = e L 720



C. TIRHER

3p24 i FFAES B & + Nelylitds ¥ @ exon8 @
exon-intron junction : (¥ + ¥ 2 ¥ a v @ gt B
Mo 5EEE) geot® (homo) ZRE(SNP) A
FEEL, THid. SNP @ deta base icBfHE i1
TWRWH B LD TH 0, HEGHEAACLR
LNBT LML, P LPROKRANNEEEWS X
Dit, KEULPLPEEOROVRI 777 9 —
D1o2THhHEEALAHBWEEbN i, £,
Wi B A2EHEATEHE BT EET,
polymorphic marker (D3S3706) @265 b.p.D
allele 36 P & PRBHEIGEHHE (100%)TRON
7o 2 &, 8g23ic B % polymorphic marker
(D8S546) @ 160b.p. @ allele & ¥ /. SHE
(8596) THEIEMEGPHPREHICRONA T LI,
FiER P b PROBRERITEREZRLTY
BbDEFEALN, VR 7725 -DHIIEDT
bERWLWEEZ SR,

i€ ¥ €V HERO CAG Y E— F DHED
5 27T, % Lz BAIAPL, FLJ12565, FLJ22389
BV TRCAG Y K-t OERED SN -
7o BT FEEGPEPHEEOAH TR LA
CAG repeat it bP S PHWOFHE VS L0,
BIEZERO—MELHL, VR 7227 5 —D—>D
EBbhi, _

average pairwise divergence I3. FiEtk® v £
FRTHE, 063%. 3 v Fo—J)VHEATE, 1.2
%THH, FHRESPOPHBEL IV o —O
HAADHB TiE., average pairwise divergence i
BHEEMND - 12 (p<0.0001. Mann-Whitney's U
test)e o, EEMEETYEYHE LY P —ILH
AA® mtDNA (MT3) OFEHEFIOE O
T, CoHEBTR, FREEL--TWA T &
DA E L - (p=0.003),

D. % £

IhET, EHEELPLPHEOHEETHEA, €L
T FEES P LPROBGHNIHRERAL TS
b Th o, Kot b, MFFc 3RS TEE
TBHIEEN T, Hib, 3p26 RS TEEAE
&M T B/BITH W T, polymorphic marker
(D3S3706) ek 3, FEMEPLPLERREEH
ETROA5 allele #ROVWH L, 8q23 IR THEE
REfEETERBICB VT, polymorphic marker

(D8S bdB) e BT B, FEME L P ELERICHME
TRONS allele # RVH U7, /o, 3P24-26E
252 NelylB8zFoxrrs Yy YEBBL U2V
Y=A v+ orOEREEICELER > TOERET
BiTic k. KEELPLPRRIMLBLTA LN
5, CHETEHEHDOE WV SNP % exon BizBRWVWH
L#o F 7. clinical anticipation »» & RKEEF
PEKLTWBET, CAG repeat & HREET
OHBERRERSQ b b0, BEHOAIZ
CAG repeat BE O T &z, EEELP PR
OBREHFEO—mERWE LD EEL SN 5,
Theid, BREGEESTVHOD, FiRMELP
bOBFCHHALOBETERTH D, BBy
775 FERRBTIENTEDLLEERD,

BiTiEA» S0 &P bPFEROBMEMNEINLD-
bB, TOHTHEHENZ 0, IBRICES D
PHPERBAT Y b IV FLOHEIN TS,
Z O FRTIcL o, BFEDI v FY T
DNA @ Coll-tRNA DiEEFIT 9 base pair /KRig
BEROP - IETH B, COHRE, i TH,
TYTACHEORETFERLELSA TV LD
THd, HHEL D, FIV+ AD2RRITBWLT,
Pih, a3y YT DNA D D-loop @ MT-3

Cportion BLWTEY IO FEFOEEERLER

BN EERELTVE, TOXIIC, -0y
NTHONZFHFEH DL IPERLPLIED. BHEA
DEPHEPHEN—VEBRLTELD, &EEZLSD
CEAETEEL T A58 evidence EF X B T LA
T& B, IH9FALBLE, TUVTOALSE, HRHD
iy =Y ZE UK TEREBGHL TS I &N
FHah, HRLRIVTEKEIED P HOHOREM
it sbosTHENS,

E. & @

I+ 3 FY 7 DNA @ D-loop D IEFEF| D
oy bo-rAKALD bHFRIDEL, &
L0, P PR RIMORELREE S R
HofEphthza LA, /. INEET
F AL, Bk b 0RicET 2 8ETE
EA, BiviEik3p24-26 ., KU, 8q24 Lk, Y L
. BU mtDNA @ D-loop LitFEET BT &M
B & 75 - 7,



F. 2RSSR

ZL

G. HERE
. IR
1) tllHFhi

1

2)

3)

4)

5)

6)

7)

8)

HPYEE Ik & 1 5 it DR
Neuroscience ; &1z 5T,
Patp&EsLRbtigR, 13 0 175-182, 2003
M. S4EeE

KIptk € v € v RO RIRMEICMT 52914
W RIREY (BeiR) EAEEREREY 1 U R
TR EATEAE A FIUIZENE, PRk 144 RERFE SR
43 P37-40, 2003

A, B, B SANE
geinik 8 q 12 B 1T 5 € ¥ & v iEOHKIHET
WY B, BAERERD Y « U 2ATIR
SRPHTEEETRTE  BAZUEI. PRR1AEREDR NS
dF P41-42, 2003

A, ATIRES. SARGE

Ktk € v € Y EMLF CAG U v — MM
Fe® locus [BRE @ 3 HFHRBMERBIIZTMNT 2%
e FHAEBTFERERY « ) R THIRGEHEES
AU EE, AR 4 EEE BN P43-46.
2003

M, HARE, GaaE

Kt ¥ & ¥ #IC$B 4 % N-glycanase it
{ZzF (Nglyl) OFSIc>WTORG. 14
THFER L Y 4 ) R ENREGEATHE I LRSI,
SERRIGERCTFNERE  P47-50. 2003
Tkeda K, Kashihara H, Hosozawa,
Anan K,

Tamura M,

K,
Iwasaki Y, Kuwajima A,
E, Tkeda H.
Current Incidence and Clinicoradiclogical
of Adult
Moyamoya Disease on Brain Check-Up
in Japan. Ann Neurol. 54 (Suppl 7). S
64, 2003.

M7, fh,
TYEYHLLET—E ¥ YO RKENE
TECBEd 2 0y FHEYERRE —. Sr-Flkines
f, 1 45-48, 2002

Zafeiriou. D, Tkeda. H. Anastasiou. A.
Vargiami, E et al : Familial moyamoya

Satoyoshi

Features Asymptomatic

9)

10

1D

2.

disease in a Greek family. Brain and
Development 25 : 288-290. 2003.

it EH 75 i

Y T PIHOUGREE S TRE, HFIKIME
5. 2. 447-450, 2003.

Sakurai K. Horiuch Y. lkeda H. et al
A novel susceptibility locus for
moyamoya disease on chromosome 8q23.
J Hum Genet, 49:278-281, 2004,
i, AbHE
TrEYHEUETF My 7iIcdkdv2 2
70 —= v 7 OFREREME L T—a-FKmE
. 3 0 173-176, 2004.

ETS =

1) Papavasilioul A. Bazigou-Fotopoulou H.

2)

X
1}

2}

3)

4)

Tkeda H. Familial Moyamoyva Disease in
Children ., The 9th

International Child Neurology Congress.

two European
The Tth Asian and Oceanian Congress
Beijing, China. September 20-25, 2002,
HAFH. &P bPROonTHRIZY.
E1SMABKIMET & v U A, KPR, 20034E 9
H6H,

ik
Ikeda H. Sasaki T. et al, Mapping of a
familial moyamoya disease gene to
chromosome 3p24.2-p26. Am. J. Hum.
Genet, 64 :533-537, 1999
Sakurai K. Horiuch Y. Ikeda H, et al. A
novel susceptibility locus for moyamoyva
disease on chromosome 8q23. J Hum Gen
et. 49 :278-281, 2004,
MEFE, Rk B SAEE. ®Kiktke
YEYRICBFEN-7)HF - €T
(Nglyl) oBSIz>WT O, B4R
FRPE BRIz, v 1 U R EIREREA
EDMAE « BT 2038, 2003, ppd7-49.
AR, TTMES. SREE, sikttev
TIEUEF CAG ) € — Mk — A R
IFEREBARERICE O 2 Rit, BAERETRYS
SEF B MRS, 71 ) RERGEAZEE D
WERARIEEIZ BT 2 WF9E, 2003, pp.43-45.



ABSTRACT
Molecular genetics of familial moyamoya disease

Hidetoshi Ikeda
Department of Neurosurgery, Kohnan Hospital

We attempted both to identify the responsible genes for familial moyamoya disease and to
clarify the genetic background (i.e. genetic risk) of familial moyamoya disease. In the course of
studying linkage disequibrium at 3p26 locus and 8924 locus, we found a certain polymorphic
markers (D3S3706 and D8S134, respectively) showing the same allele (265 b.p. and 160 b.p.,
respectively) in higher frequencies in familial moyamoya patients than Caucasian controls. In
addition, Ngly 1 gene on 3p24 showed the same SNP genotype at exon 8 in familial moyamoya
patients. CAG repeat expansion were found only in familial moyamoya patients. These specific
genotype of familial moyamoya patients were regarded as a risk factors of being taken ill of
moyamoyva disease.

This study disclosed that Moyamoya patients had close relationship each other, and on the basis
of the above evidence we can now undertake to promote preventive medicine especially for young
children of the moyamoya family.
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