ProEtEE

RUBERMKENRAE B OB BREXREIC
B3 2 B5E

fEpkD : 200412 H2 B Version 0.9
fZ£1EQ : 2004412 H20 H  Version 1.0

59



L D o e 3
L R O o O 4
= 5
B L = 1 O 5
b AR T 6
B RO . ..o e PN 8
L s 8
e e 9
A e =4, O 9
m.%K&K%LT@%%&%.””“;”“““n“””H““““”““““““”n”“;w
B < 10
™ N 11

60



L BFRO#ME

[H ]
) RERMIREZ D DEELZOFEED, B2 RETIRIZEDL S 2iEEERD
TWENZEHALNICTS, UTFTo—ZXT7EZAA L MERED)

D) REFEEIREE HDOMEORY utility) ZBT 5. GATFutilityfliEeEd)
[EHENE]

WIRETETER, 1 27 Ea—H 1 ROER, Y Ea—RAE. 1 27 ¥ 2 —BEROER,
T—5 o0 BEROFR, BESBIUGEHCOMER
ke SES]

Z=XTBAA LB Utility JlE, TRTNTRARZDLOBE 104, 7)o ¥ 7T
DB 10F), MERNBREIT>ZEE 106, GH30HTO. 2—X7EAAY MIBEOFRE
(FricRAEE, tMoBETH) bHET 5,

ELEoe )it

TR Z ARG R R R
[FHZEANZ]

) BEER R, £, KSR, BREOFELL)

2) Rt ERE LI BIC S5

3) B ERET HBITRD D

4) BAGHERETIEN

) Utility (F¥fI484cik Time Trade 0ff)

(AR S H G 1)

I} EHGEREEE GIENED ~4)

2} BRfAKES Y Ea— RERES)

(3R S pi 391 e )

2004 4E 12 BT20054E2 A

MR IR 2004 4F 12 A
MEEESBEBICB IR & OB 20044F 12 872005421 A
DR 200541 A2 H
F—&o4r: 20064£1 873 A
e BB LT ICIER: 2006423 A
BREDES]) WRBABELAMAEE REHNIIREOER. BREHRRIIBTS
DA « 2224 —2a BT 5875 HEUbiquitously - Support and Heal Aneurysmal
patients with Risk Communication and Empowerment: PAF U-SHARE &idd
(AEOEME] FHAEREREFNRR [BREE 5

61



2 BIREkOin

o N SR L SN, M TR B R M T AT A TR e e T T T U T AR L e

k
;

WLt E EERR
BEDERNAEDIRTE
EHRBEADFSE KR

Hi

A 4 i »
T L BHEE OB & BT s #T

(Bl 71« BFIEFUEE 7 S ) b=y

e e s

[’ TR TR oo s v oo
é J ¥ \‘
' BEDERT

'

EREIZ XL OPFEOTI &R

R l | l RS
A Ea-EEFHFCLAMEOHHEF A

-3
o

AE l 55

AP —REDOE

FEHIGAT - AR PREEIN RS R sk

FMBEANE: =—XT7EAA 304
Utility BlER 30 %

FREERFRT: %930 4>

A &Y a—FEhi#H:

HRBAEEFMARERESY BHED

L
i,

R BT ST RN v bl e T T e e N TR TR TN i T A T DT R SR T LR R g T

R RRFERIAH ERES

HEERERIERL, T—F 5. WG
- MXIER, T ER

R a2 K o A i P

62



3. R

RBEENBIRAEIIRA DR A~ B AN NEFTHEEDONTHED, LBNEESSVEET
H D, JRZEZPHBNERZ IRy 2 zk o THREEIN S HOIERK 5000 Flic LD, iEHE
B Ry 70U RIEoTEZOEDMEMLU TS, REHEKBIREOBAICLY., FEETHT
2RUD3, RV TETHLOTRIZELS, 405306 i T X/ I8 OREIZH D,
W~0BIIHLERERAADITVWEEBEIZRS EENTVS,

RERMTIIRAE OEFEED, THBREZREERETHS. FHUBRICIEZ Vv S
e MENERED S, 79 ¥ 7M. BEICE OMEIREBOEEE2 Dy TTHREOHOT,
MAEPHEIL. HEREOPIZIA N EMEANSEDTIRILERZFHETH S,

ER TR PGSR SN TELA, ERLFERS ISUIA OomE (1998 F) Y 5, lan
KD RBERMTE DBERBIIFMD TIELS, PHNEROZUE2ERNTASRENH B &
MR ENTZ, T, THEBREIIESEEPECLREINTWS, 2 )y E2VNdEERN
<, FIC K B2 HIRBAOEENKEL, IENRRL. IERICITF—F N 2ERBEERE
TS50, hhBLiNEZROmE, FeIZ 28 mESHENREIZ /> T3, 9 ERT
B, B AR BERTA TR B R FE UCAS Tapan (2001 £~2004 4E) ¥ 72 &, REERENIRE D B 2RE,
FHRIEROU A ZRSNTTEMABTONTNS, UL ULREHZD2IET VAR REL
TWad, BEOMERDLEHSMAREBIZDOWTHHIcEEB L, B2 RELTNS
DONERTH 3,

- T, EREFELBENMIRELE LA LTEERERITD Z & (Shared decision-making) i
BHTHETHD, ULHLARNS, RERMBIREEZ D OBEINBRAS 2RO IBICEDLS
BAFRELBEELTWAENZH SN LARRIIITON TV, EEEKRS ORFSE (1998 4,
2001 4RO A, BHEOBBISEIRBNTIE, BEMEAOREF utility) ¥EELBELETHS T
EFRBRINTWVS, utility ZEOBENG., BEBAAZHRIIMEINRETHS, LhrlLix
MEETHMATHE., EFRFMEOBARE SO TABAMNIEZ bOBHED utilitly Z28EL
THED. BEZHSITLEHFRRRAYOMBBOFELR V..

4 H#

D RURKIREZ D DEBE ETOFEN, BRIHERETIRICEDOX I ERMERD T
WEREWALNIZTS. BAFZ—XTHEAAY MEET)

2) RUHMBIEZ b DOBE ORI (utility) 23T 5. BT utility fE s id)

63



5. NREH®
5.1 Z—=XT7EAA>Ek
5. 1.1 %%

RREFHTIRA 2 5. FEKEHIMARAN AR CRIBER Y OBE, 71Uy B Tiliz
fForzif#, MENBRETOLBEDD S, FROBRIUEHLTEENRET 5. iRk
IR b THRT & T 270, HEERETRATRECRET B 2 LI TERVN, FHRRE
KOEE 104, A3 0 AREEEKELTERT 2. 3512, ASMCAENGLNHE,
HEEF ORI EHE VRLERRBISORT I ED o LB bARET S,

RIRERE S XL ORI
TiRO&EHEMETERERHR LTS,

5111 BiRGSE

1} 5 20 P E 0 BEA T oS

2) Sk

3 AEBEICEBMTLEE. HMEhEEIToEE

4) HARBEMEL TXHTHRENRSNBE

5.1 1.2 st
FHENLTORMHICHY TS LW L2 BEFIRNT 5,
) A2 Ea—2ERTERNREICSEICHITLIHENSS
) FREEZHETERWEEICREICHET 2MENS 2

3 FMEOEE. HMEEAAUIN

4 ZDfhA I Ea—% 0 SEHELENEEZ SNABE (D OROEIRN S 2 RE)

0. 1.2 A

FHOGEME (POERSNAEHRAV A MCETWT, BRKREEL TS SHEIEH R Kk 3
BAA >FEa—2{T3. 1 25 Ea—id, BN b L —2 27 BT oo lRH GUE RS EST
FRHEFUE S T OB RA) 247 5. BRSBTS A IR R MRAR OSSR BERORKE,
TR RN 1 HRICDER 0 TH D, :
1 Ea—RBEMEOTREB/ETHREL, FBEREHERT 5. BERIAEHIT (O— K
EEATFITI—L), FFEAMRA U TOFETHHT S, FFARTAZOV &R, FFZ b
F—HEZRBELANETHEL, HBEOHRAE-CHBERERE 2T 2 F LTS 3.,
FRERTR, A2 FE2—BMERS o R EEDPINS QMBS ZHFTH LT, BN
MERLEERORECHSEFEZXEMNTZBNT, FFA AT ETD.

5. 1.3 BAEIRA

<WGWA et & e U 7 BRIG5>

1) TR ERET O, EORIEHREHRT. MESEIZLE,
2 FEHRORADER

<HEEERET SER>

64



) BRALHEZRETDHRDF &/ BRI

2} HRREZEEIZ LRI
<WEEHttERE T ABRICRD 2 HE>

1) WBEAFHZRET DN, BIZ@AE2A0 oz,

2 4. REAHEIDIHIC, MEATHETELINZERL TSR
3 ENEH > TWASHEEREDERILH -2

) EDESBFRPBNETEBRELOTLRIEEZI TSR
<HRBMEOHERIGR>

1} EHn

} 1R

) SRIEHSRR

y BRE

) AREEFAEIRIE SR Do 7o B

6} HifEEE (modified Rankin Scale)

} REEhARE O R

) RSEREA R O H B

) BEALSE

10) EHESHERT 28708

5.2 Utility Bl

5.2.1 % :

REHHBIREZ D5, FTRREMERENARAR TRRBEDOBRE. 7y ¥ Vi
To/cibE, WENBRET o BEEHHET . FBFEICOEL 104, Al 30 HERRA
T5, BRIEEBIVRIIERIIZ X7 EAA S FERIUTH S,

5. 2.2 Kk

BpR{3eik (Tine Trade-0ff: TT0) (RREECIREAOBIFEMMICREL THETEHE Y01
SHEEa—ETD, A Y FEa—id, BANT R L —o 2 F B0 1o geE B AR EEHARE
T2 5 B OEHRA 23T . EHEFIRBAZMERERMEAD O RBREOME,
TS | B DEW 0 HTH S,

5. 2.3 EZEAE
1} modified Rankin Scale NEPOEEE 25T 2 RE) ¢ THM SN2 FREBADRET
a7 RAE
0 2<JERL

1 (S ADEREBH B E IRz, BEOEFCEHILTITAS

BMAEHE, INETORHOLRTETERVWSBOELYOZ LB L TTE
2 % '

3 FEEORE, MOPDENEETINBHARLTERTTES

4 hEENCEEORE, Bl TIRTTEY, BOoEbDo & TERN

65



5 HEOKE, 12/2&0, K5 LENZAE

6 1
2) Mini Mental State Examination (GRAIEHEZFMTBAHE Y 2 a7 THEZhSHREA
DRI
A7 RER

25 LAt | IEW TS RRAIHEAE

20-24 | BEOMMEERE

15-19 | EE~EEORAEERE

10-14 | PEEORMNHRERE

IUT | BELRMREREE

3) BEH R
Z=ATEBAACRERT

6. EEOIRG
u-SHARE BYEMNE : BUSRIED, BHEEAN (C—XTEARA Y MIZOFRED) 5L, %K

TEAMCBETBMEKET S, BFREE, TREMNBERFANCHL., BEA I E1L—H

BOBRY. BMKEETS., MEMNESNERE, 1 ¥ a7 —BXETHRSNORE 4.

5. BAXHBIVREH (Z—X7EAA L M BED, Utility FIE: JIEQ) ORI To

BOTH .

) ZOMFEE. RERMNEIRE2 b DRE I ENBRASERD BB EDL SRR ENE
ELTVED Utility JE T MERREZ EOLSICHETTTRSEN] ) #AS TS
ERicFbnEd.

D A 2HE1—OFERRIER 30 5T,

3 I E2—ORBEERTIN, TOBF—IBILZLTXEINET. bLESLT
bW, BFRLTELLBVWERDNRAES TLASHEFIIHLERA. (X7
A2 RDOH)

4) HEANOITBMAIMEETHD., TBMEETZNRATHRENOESI—UH 0 EH A

5 BIFEADQIBMEET 5 Z &N THETT,

6) TIANT—IIMEIZRMEIN, FAOBRIDDICIRD T EiXH D EH .

T BETRLSNAENEL. MIRENUAICERTS RS0 8 A,

8 ZOWIEIEEOMRLTITON. HEAF THEREEZZIEZLOTT,

9) ITHMEVZHE. ML EBH—-R 1000 22 W32 &1 THBDET,

10) IR DWW T AR AIIW D THHMLUTTFE W,

THRPFRLNZBEITE. HRBNTRAORENOEAZE. BALEEZIEEL.

REMEEAN, FHERFEFNREBEFHEESBIMEET S, |

T RERER
T.1 BISEIC & B BEERE O W &M%

FHFFE T, BRBMETHL TS VI Ea—2F505THY. HRCEMTBEANDY
HREIENEEZ BNS, 2L, 1 VFEa—ick> TREOREBAEAT ST EbEL
5NB, TORAERENILPNTF— a5 0 EET B, $r. 1P a—Slahiz

66



BEDEBIES RoBAREEE DTS,
1.2 B SEDORR

AR ARBEMWEIRR 2 b DIBBEEHRARE LTS, L LBICEREoBER S,
REDFREERBEFCHLTA VI E2—EEINE TR, TOEDEREOGHOS &,
REOBREL TOBMEORERFITFS &L L. TORRICETART.

1.3 A42F a7 —DhL—22 Y \

1V HEa—Id1 Y F Ea—HA R GG o TIFbNB. {2 Ea—id, ELHBLE
BDA LI a7 —ORBETTIENTD, £/t 2 ¥ ¥ a—ERENTE 3 BEHSI/( 0
v RFAEFON, BEGR WY CHTA I a7~ o—22 Y Q@) 2 L7 LT, 1
VY a—EEET S,
1.4 425 2 —EEE

1 2HEa—id. SBAERRMMEAROARBREOBOBETH S, > FEo—%E
PIZENOEISHBIRL 2ER3RVED, BIENELOTVRETS 5.

T5 A2 73—AK 2t hEEET 2HERH

AT, TREBMEAAD SENIC, IHTAST+—AK - 22k FEi5, BERE
BRI, ERENBIKEETO N, BMBEA I a7 — B LR E L, A>T 5
LE a2t BIRT I E2—2TF3BITIRIBELEW, o THESMAOBETII/ W
CEEALND. EA LI Ea—0RTHRHREL TS0, HRMRE D[RS RN
HIN5, '
7.6 BAERIRE

42 FEa—BMLEBAORESAEL BRIFOIHVEEL, BEZREINS GUEL
R RERE G E SRR RN  BEE—). FREINER. RS E & TR
MEICHMET2H. AAS. EREEEMHETESMIIAELAV,. WRETER. BERs
BN S720, IROMBERDIPADTSA N —IEHBINS,

8. AIRATTa—I

HEf T 2004 42 12 H

WEEZRATERLI U AR & OWEEHE: 2004412 B 2005461 H
AEOHEME: 2000 1A 2A

T4 20054E1 A3 A

METB RO IER: 200543 A

9. BIREMifH

(B 5E{R&E]

BRE— FERPREREENEHEREENT 8

[t FF 5]

BEHE  REAPESIR RSN Bhi

HARRIB  The University of Texas Health Science Center At Huston School of Health
Information Sciences Assistant professor

67



Pk RERFRPHEEFVIANERTRYE B
HHEEH FERFREREEVARIERESS T B
BEHARA FRBRFERFREAERESREFE ST APkiging

Mg T606 - 8501 SCHbTA K A EEAIRT
RBARERERESNER LOREEPAESREESER EREES BN
Tel : 075 - 753 - 4645

Fax: 075 - 753 - 4644

10. BXMLICBRL TOEHERR
AFROBRRZR LT HROBEERIL MEREBF LG HNFEHEORRICL > THET 5.,
9. BFSEEHA S TRT AR U OEHFEBII OV THRMITS U THELET 5,

1. HRES

BEZBRFME EREEBFREMRESR

(CRIEFINBIREOER, BFERINCBITSURY - 33225 —32 a3 VT 5%
EERFRE: BEER)

68



12.
1)

2)

3)

5)

7

10)

H)

12}

XHER

International Study of Unruptured Intracranial Aneurysms Investigators: Unruptured
Intracranial Aneurysms-risk of rupture and risks of surgical intervention. N Engl J
Med 340: 1439-1442, 1598

Pelz DM, Lownie SP, Fox AJ. Thromboembolic events associated with the treatment of
cerebral aneurysms with Guglielmi detachable coils. AJNR. 1998 Sep;19(8) :1541-T.
Rordorf G, Bellon RJ et al., Silent thromboembolic events associated with the treatment
of unruptured cerebral aneurysms by use of Guglielmi detachable coils: prospective study
applying diffusion-weighted imaging. AJNR. 2001 Jan;22 (1) :5-10.

Roy D, Milot G Raymond J. Endovascular treatment of unruptured aneurysms. Stroke. 2001
Sep;32(9) :1998-2004.

UCAS Japan H¥5/5. HAREEZANENIRE TS BITE (UCAS Japan) HRIERSE (11D . BEEAE S
T—+ )N 13( 3) :163-169

Aoki N, et al. Management of unruptured intracranial aneurysm in Japan: a Markovian
decision analysis with utility measurements based on the Glasgow Outcome Scale. Med
Decis Making. 1998 Oct-Dec;18 (4) :357-64.

Aoki N et al. Reanalysis of unruptured intracranial aneurysm management: effect of
a new international study on the threshold probabilities. Med Decis Making. 2001
Mar-Apr;21(2) :87-96.

REhZ., L ERERREE. CI1Fd. 2003

Bonita R, Beaglehole R. Modification of Rankin Scale: Recovery of motor function after
stroke. Stroke 1988 Dec;19(12) : 1497-1500.

Cockrell JR and Folstein MF (1988) Mini Mental State Examination ODSE),
Psychopharmacology bulletin, 24: 689-692.

Bowling A. Research methods in health: Investigating health and health services.
Philadelphia: Open University Press, 1999.

FroUew—T HHPFRERTC R ERT—EAREORDIT. Efdk
2001

69



MARBEOTITICAT 2 —-8%

i £
REERA

Yamada S et al

Shojima M et al

Houkin et al

Morita A et al

HEHF M

UCAS lapan %3%553

UCAS JapanEH B

XS A bILE

Genome-wide scan for japanese familial
intracranial anewurysms: Linkage to
several chromosomal regions.

Magnitude and Role of Wall Shear Stress
on Cerebral Aneurysm Computational
Floid Dynamic Study of 20 Middle
Cerebral Artery Anenrysms

Inadequate websites disclosure of the
surgical outcome of intracranial
aneurysms—-Survery of 1225 sites in
Japan

The risk of repture of unruptured
cerebral ameurysns in the Japanese
population: A systematic review of the
literature from Japan.

MREARIIBIBUR SR AL B
AR TN T —

B AR RN B AR B s 382 (UCAS Japan) :
PTG

B 7 S 2 BY AR 2 AR 4 B S (UCAS Japan) ¢
PRIEEIY

70

RIS BE
Circulation 110
Stroke 35
Neurologia
Medico- in press
chirurpgica
J Neurosurg  in press
ik e 4% 32
B 13
Mt. Fuji
Yorkshop
Proceeding

R—

3727-3133

2500-2505

111-118

163-169

iR

2004

2004

2005

2005

2004

2004

2005



Genome-Wide Scan for Japanese Familial
Intracranial Aneurysms
Linkage to Several Chromosomal Regions

Shigeki Yamada, MD*; Maki Utsunomiya, MPH*; Kayoko Inoue, MD, MPH;
Kazuhiko Nozaki, MD, PhD; Sumiko Inoue, PhD; Katsunobu Takenaka, MD, PhD:
Nobuo Hashimoto, MD, PhD; Akio Koizumi, MD, PhD

Background—Genetic factors have an important role in the pathogenesis of intracranial aneurysm (IA). The results of

previous studies have suggested several loci,

Methods and Results—From 29 IA families with =3 individuals affected by A, we used nonparametric (model-free)
methods for linkage analyses, using GENEHUNTER and Merlin software. Genome-wide linkage analyses revealed 3
regions on chromosomes 17cen {maximuni nronparametric logarithm of the odds score [MNS] = 3.00, nominal
P=0.001), 19913 (MNS=2.15, nominal P=0.020), and Xp22 (MNS5=2.16, nominal P=0.019), We tested 4 candidate
genes in these regions: the microfibril-associated protein 4 gene (MFAP4) and the prometer polymorphism of the
inducible nitric oxide synthase gene (NOS24 ) on chromosome 17cen, the epsilon genotypes of the apolipoprotein E genc
(APOE) on chromosome 19913, and the angiotensin 1 converting enzyme 2 gene (ACE2) on chromosome Xp22.
Agsociations of their polymorphisms with IA were evaluated by a case-control study (100 cases: 29 probands from IA
families and 71 unrelated subjects with IAs, 100 unrelated control subjects {unaffected members with [As and absence
of family history of 1As]). However, the case-control study showed that none of the polymorphisms of the examined

genes had associations with IA.

Conclusions—A genome-wide scan in 29 Japanese families with a high degree of familial clustering revealed I suggestive
linkage region on chromosome 17cen and 2 potentially interesting regions on chromosomes 19913 and Xp22. These
regions were consistent with previous findings in various populations. (Circulation, 2004;110:3727-3733.)

Key Words: ancurysm m cerchrovascular disorders m genes m stroke

Family members of patients with subarachnoid hemor-

rhage (SAH) have been docuraented to have a high risk

of SAH and a high prevalence of unruptured intracraniat
aneurysms (TAs)’? The risk of ruptured IAs in first-degree
relatives of patients with aneurysmal SAH is ~4 times higher
than that in the general population.? Gepetic and environmen-
tal factors play important roles in the pathogenesis of 1A, and
recent progress in molecular genetics enables the genetic
determinants to be approached directly.

Genome-wide linkage analyses for familial LA have been
reported by 2 groups.>¢ Onda et al® suggested linkage to
regions on chromosomes 5g22-31 (maximum LOD score
fMLS] 2.24), 7ql1 (MLS 3.22), and 14422 (MLS 2.31) in
104 Japanese atfected sibling pairs. The linkage to 7q11 was
replicated by another study in a white population,s although
we could not confirm the linkage to this locus in Japanese.

Olson et al found supgestive linkages on chromosonies
19q12-13 (MLS 2.58) and Xp22 (MLS 2.08) in 48 Finnish
affected sibling pairs, a linkage confirmed by another study.?
These results suggest that multiple genes determine suscep-
tibility to IA.

In the present stdy, we conducted a family-based ap-
proach because high degrees of fantilial clustering of 1As can
raise relative risks and thereby provide us a berter chance to
isolate the major locus.® We recruited 29 families with =3
affected members and report here the results of genome-wide
linkage analysis.

Methods
Families

From colluborating hospitals jn. the western pat of Japan, we
recrnited patients with TA swho had u family history of TAs or SAH.
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1f they had =3 family members with TAs or SAH and =2 including
the proband were alive, their families were regarded as suitable
subjects for the present study. “Aflected” status of participants was
determined in 2 ways. First, if participants had been diagnosed with
TAs or SAY, they were confinmed as having ssccular 1As from their
medicat records. Second, if participants aged =30 years did not
know whether they had had 1As, they underwent magnetic resonance
angiography (MRA) for screening of TAs. Al MRA images were
examined by =3 neursurseons or nevrotadiologists. 11 LAs were
suspected by MRA, additional examinations, such as digital subtrac-
tion angiography and 3-dimensional computed tomography, were
conducted. Families with known heritable diseases associated with
TAs, such as Ehlers-Danlos syndrome type 1V, Mafan syndrome,
neurofibromatosis tvpe 1, or aulosomal dominant polycystic kidney
disense, were excluded from this stady %" Details of the methods of
participation and data collection have been reported previously.* The
methods wsed in this study conforimed to the tenets of the Declaration
of Helsinki and received approval from the Ethics Committee of
Kyote University.

Genotyping

Genomic DNA was extracted from blood sumples {in 2 cases, from
a preserved vmbilical cord) with a QlAamp DNA Blood Mini Kit
(Qiagen Inc). Polymerase chain reaction (PCR) amplification from
genomic DNA was perfovmed with fluorescence-labeled (6-FAM,
HEX, NED) and tailed primers. PCR primers to analyze microsal-
ellite markers comprised an = 10-cM human index map (ABI Prism
Linkage Mapping Set Version 2: 382 markers for 22 astosomes and
18 markers for the X chromosome), and other mictosatellite fime
markers were designed according to information from the UniSTS
map.t PCR reactions were carried outin 7.5 pb with 50 ng genomic
DNA, using AmpliTaq Gold DNA Polymerase {Applied Biosys-
tems) in a 2-step amplification propram, DNA [mgments were
analyzed on un ABI Prism 3100 Avant Genetic Analyzer. Genotyp-
ing errors and inconsistent relationships were checked with the use of
SimWalk2 and Merlin software.?'* If the results of genotyping were
missed or ambiguous. we treated them as an urknown genatype for
the linkage 2nalysis.

Linkage Analysis

Unaffected members who were =60 yems of age and underwent
MRA screening and affected members weee included for the linkuge
analysis, The inheritanwe paterns of familial 1A have not been
determined, though autosomal domisant, eecessive, and undeter
mined modes have been veported in familial 1A% we thus used
only a nonparametric method. In addition, the phenotype of unaf-
lected members was assigned as “unknown” in this stedy. The
purpose of including unaffected members was to increase the
accuracy of haplotype estimation in affected members, although
inclusion did not increase the statistical power. Multipoint nonpara-
metric analyses for autosomes and X chromosome were rvun with
1-tailed probabilily valees (P), using GENEHUNTER {Version 2.0
and L3} and Medin softwarve.'*5 Population allele frequencies for
each microsatellite marker were estimated from the founders of TA
families. We used a 2-stage design: First, all chwomesomal regions
were sereened by penotyping at an s»10-cM density (screening), and
the region, of which nominal £<:0.05 of {he nouparametric Togarithm
ol the odds (NPL) score, wus considered as a potentially interesting
region, Second, these regions were further finely mapped at =1- to
2-¢M densities (fine mapping). Nowinal P<0.05 regions were agnin
considered as potentially interesting regions or nominal £<0.00]
regions were considered as suggestive linkage regions, '

We evaluated statistical power through the use of simulations, as
previously reported.® Simulations were mn 1000 times by
GENEHUNTER to obtain a false-negntive tate (ie, sensitivity,
percentage} when the threshold of nominal P was equal to 0.05 under
conditions of 75%, 50%, and 25% of locus helerogeneities among
families for the linkage analysis,

Case-Control Study
To test associations of polymorphisims ol candidate genes (deseribed
below) in suggestive linkage or potentially interesting renions with
IA, we conducted a case-control study. In the case-control siudy, 10D
cases and 10} contrel subjects were enrolled from collzhorating
hospilals in western fapan, Control subjects had the following
characteristics: (1) confimmation of not harbosing 1A by digital
subtraction angiography, 3-dimensionsl computed tomegraphy, or
MRA, (2) age af the time of diagnosis 240 years, (3) no medical
history of any stroke cluding YAs or SAR, and (4) no Buuily history
of TAs or SAH in fiest-degree relatives. Cases were composed of
unrelated subjects whose presence of TA had been confirmed by
angtagraphy or operation and family probands.

The allele frequencies of candidate genes in cases and contrel
subjects were compared by the contingency tuble of 2 test stafistics,
with the use of SAS sofiware {Version 8.2, SAS Instilute Inc).

Candidate Genes
To search for mutations or pelymorphising of the microfibril-
associated protein 4 gene (MFAPS, GenBank accession number =
NT_030843) and the angiotensin  converting enzyme (ACE) 2 gene
(ACE2, NT_011757), genomic DNA [rom the probands was used a3
a lemplate to generale PCR preducts, which then were sequenced
directly. Forward and reverse PCR primers for each coding exon
were selected In an intronic sequence =50 bp away from the
intron/exon bonndaries {Data Supplement Table I). PCR products
were n on 2% aparose pel, and the appropriate hands were excised
and then purified with the use of the QlAquick Crel Extraction Kit
(Qiagen). PCR and sequencing primers are shown in Data Supple-
ment Table I Sequencing results were analyzed on an ABI Prism
3100 Avant DNA sequencer {Applied Biosystems). Any poly-
morphic sites identified through our sequencing were searched for
registered single nuclectide polymorphisms (SNPs) at the web site of
the National Center for Biotechnology Information darabase SNP
{dbSNP).t

Restriction enzymes to determinate the genotypes of found poly-
monphisis were BhvCT for the MFAPS, Alul for the ACE2, aund Hhal
for the apalipoprotein £ (APOE, NT_011109),17 respectively. The
bi-allelic AAAT-repeat located 2.45 kbp upstresm {rom the stat
codon of the inducible nitric oxide synthase (INOS) gene (NOS24,
NT_010799) was determined by the length of the PCR products
amplified by using primers designed according to a DNA sequence
found from GenBank (D296735).'3

Results

Characterization of Families

Twenty-nine families met our criteria (3 affected members
in a family) and were ensolled in this study (Figure 1), In the
29 families, 116 asyvmptomatic family members (59 men, 57
women, 30 to 82 vears of age; mean, 50.0 years) without a
history of IAs or SAH underwent MRA examinations. Of the
116 examinees, 22 (8 men [13.6%] and 14 women [24.6%])
were tound to have TAs, Of a total 105 affected members (35
men, 70 women) in the 29 families, 70 affected members
(66.7%) had SAH and 35 atfected members (33.3%) have or
have had waruptured TAs. The meuan age at the time of
dingnosis with SAH among the 70 affected members was
55.4 years (51.7 among 23 men, 57.3 among 47 women),
Eighteen offected members had died of SAH.

Linkage Analysis

Eighty-seven living affected members were genotyped
through blood DNA; 2 affected members who had died (IV-1
in Pedigree 5 and I1I-10 in Pedigree 29) were genotyped
through DNA from their preserved umbilical cords. Geno-
types of 4 deceased affected members (I1-4 in Pedigree 1, 1I-5
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Figure 1. Twenty-nine families in genetic
linkage analysis, G, Male; o, femaie; W,
affected members (IA or SAH); e, individ-
vat died. *Participation in finkage analy-
sis: P, proband; SAH, subarachnold
hemorrhage; ST, stroke; SD, sudden
death by unknown cause; E, examination
with MRA; and d, age at death.
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in Pedigree 2, 1I-1 in Pedigree 14, and IT-{ in Pedigree 27)
were reconstructed from the genotypes of offspring and
spouses. In total, 93 affected members (31 men, 62 women:
mean age at diagnosis, 55.2 years) and 27 unaffected mem-
bers (13 males, 14 females, aged =60 years) were included in
the linkage analysis. Characteristics of these members are
shown in Table 1, The genome-wide linkage results in the
screening wre shown in Figure 2. Regions of potentiylly
interest (nominal P<<0.05) by multipoimt NPL scores were
observed on chromosomes 12g11-13, 15¢21, 17cen, 19q13,
and Xp22 (Table 2 and Data Supplenient Table IT},

The statistical power of this screening was 52%, 93%, and
99% when the locus heterogeneity was 75%, 50%, and 25%,
respectively,

After fine mapping, 2 of 5 regions, 19413 (maximum NPL
score [MNS] = 215, nomiral P=0.020) and Xp22
(MNS=2.16, nominal P=0.(19). remained potentiaily inter-
esting regions (Table 2 and Data Supplement Table III). The
region on chromosome 17cen turned out 1o be a suggestive
linkage region (MNS=3.00, nominal P=0.001). The sizes of
regions with nominal P<<0.05 were 17.7 ¢M (D178921-
DI751800) on chromosome 17, 7.9 ¢M (DI19S198—
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TABLE 1. Characteristics of Family Members in the Linkage Analysis

Affected Unaffected
Male Female Total Male female Total
{h=131) {n=62) {n=93 (=13} {n=14) {n=27
Aga at diagnosis, ¥, mean:£SD 536+138 56.0+11.7 5524124 66.2:+3.9 671172 68.7£57
Hypertension, % 36.7 443 40.9 385 57 370
Currert or ex-smaoker, % 70.0 29.5 41.9 76.9 71 40.7
Subarachneid hamorrhage, % 61.3 29 62.4

Multiple tAs, % 129 10.4

17.2

Those classifled as “Affected” were giapnosed as harboring 1As. Those classitied as "Unatfected” were ¢ lagnased as free from LAs

by MRA and were =60 y of aga.

D195596) on chromosome 19, and 10.1 cM (DXSY87-
DX87593) on chromosome X. Physical localization of
microsatellite markers in these regions and candicare genes
are shown in Table 3.

Ehi

Case-Control Study for Candidate Genes

We gearched putative candidate genes in 1 suggestive linkage
and 2 potentially interesting regions after considering physi-
ological functions and documented evidence: chromosomes
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Figure 2. Multipoint nonparametric loga-

rithm of odds score in genoime-wide
scregning. Bars at bottom of chart indi-
cate regions genotyped further in tine
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TABLE 2. Maximum Muttipoint NPL Scores TABLE 4. Characteristics of Gases vs Controls
Screening Fire Mapping Cases* Conirolst
Reglon NPL Score  Mominat P NPL Score  Nomingl P No. {male/female) 100 100
(34/66) (39/61)
1291113 196 0.032 1.15 0.126 ) )
) Age at diagnosis, y
R S oo B R Means50 srses ez
: c:" ) ' : 0.001 Range 378 40-83
ngzs I:z 0'0:; z:s 2'020 Family history of IA, % 50 0
¢ : 08 18 019 Hypertension, % 45 2%
Regions were those exceeding the threshold (nomina? P<0.05) of the NPL Current or ex-smaker, % 40 24

store In the screening. Screening was genotyping all chromosomal regions at
~10-cM density. Fine mapping was genolyping at ~1- fo 2-cM densities.

i7cen (NOS2A and MFAP4), 1913 (APOE), and Xp22
{ACE2) (Table 3). In NOS2A, there was the 4-bp (AAAT)
deletion (R4)/insertion (RS5) polymorphism in the regulasory
region, and RS was a high-risk allele of hypertension ond
coroniry artery stenosis.'®-20 We therefore tested the associ-
ation of this polymorphism. Characteristics of the case versus
control subjects are shown in Table 4. All cases and control
subjects had an R4/R4 genotype (1009%) (Table 5).

We next checked whether the epsilon (€) genotypes of
APOE were involved in TA because the APOE e-4 genotype
has been reporied as a risk fuctor for SAH among Japanese !
The relevant allele frequencies in 100 cases were e—2=4%,

TABLE 3. Physical Localization of Microsatellite Markers and
Candidate Genes

th Posltion, kb Marker/Gene NPL Nominal P
17 14461 D175821 1.42 0.080
17 15356 0175918 2.50 0.006
17 16616 01751857 2.88 0.002
17 17465 D1752195 3.00 0.001
17 19450 MFAP4

17 19731 AFMat26yds 278 0.003
17 20924 D1751871 240 0.008
17 21493 D175783 1.85 0.030
17 26250 NOS24

17 26806 01751824 1.95 0.030
17 28528 01751294 1.94 0.030
17 30082 01751800 1.41 0.030
19 46845 0495198 088 0.200
13 48501 0195420 173 0.040
19 43815 0195574 183 0.030
19 50100 APOE

19 51703 0195412 215 0.020
19 52665 01935596 156 0.060
X 14071 DX5987 1.33 0.090
X 14860 ACE2

X 17103 DXS8013 216 0020
X 21755 DX87593 1.61 0.050

Positions sheuld be referred to human genome sequence Infoymation at the
Mational Center for Bictechnology information web site (hip://www.nebi.nim,
nih.gov/genome/guide/human/).

*Cases were 29 family prabands and 71 unrelated subjects confirmed with
1As by operation or digial sublraction angiography.

1Gontrels wera diagrosed as without 1As by digital subiraction angiography
or MRA.

€—3=85%, and e—4=11%, which were not different from
100 control subjects (Tuble 5) and the Japanese general
population.?® Six genotype frequencies were e—2/e—2=0%,
e~2e—3=70%, e~2e—4=0.5%, e~3/e~3=69.9%, e~/
e—4=20.6%, and e—4/e—4=2.0% in cases, being the same
in control subjects. These did not differ significantly from
those expected from the Hardy-Weinberg equilibriom. Fur-
thermore, there was no family in which the e—4 allele of
APOE was segregated with IA (data not shown),

We sequenced entire coding regions of MFAPS and ACE2
in the 29 probands of the IA families (Data Supplement Table
I). Bowever, we found no polymorphism in the coding
regions of these genes, One novel SNP was identified in
intron 4 of MFAPH, of which the allele frequency (G/A) was
essentially the same between 200 case and 200 control
chromosomes (Table 5). One registered SNP (dbSNP:
£52285666) was identified in intron 3 of ACE2, in which
allele frequency (C/T) did not difter between 200 case and
200 control chromosomes (Table 5).

Discussion

Linkage Analysis

We found | supgestive linkage region on chromesome L7cen
and 2 potentially interesting (nominal P<<0.05) regions on
chromosomes 19g13 and Xp22. The suggestive linkage
region on chromosome 17cen was in accord with the results
of a previous Japanese sib-pair analysis (nominat /=0.027),*
whereas 2 potentially interesting regions on chromosomes
19913 and Xp22 were reported as candidate regions in a
Finish population* The region on chromosome 1913 was
also teplicated by another Finish study? The region on
chromosome 19qt3 may thus not be specific to Finnish
population. Collectively, candidate regions that have to date
been replicated in >1 study include 7l (Onda et al and
Farnham et af) and 19¢13 {Ofson et al and Van Der Voert et
af).3-57 The regions of 17cen (Onda et af*) and Xp22 (Olson
et al*) are extended in the present study. Such concordant
regions should be considered as high-priority loci and provide
promising scaffolds for future studies 1o identify the exact
genetic mechanisms for IA. On the other hand, sciftering
over various chromosomes may suggest some complexity to
the pathophysiology of IAs; such complexity represents the
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TABLE 5, Case-Contre! Study for Candidafe Genes

Alele Frequency,t n

Gene Base Position® Location Aleig Casss Controls ¥ P
MFAP4 +1824 Intran 4 G 183 188 t.38 0.240
A 7 12
NOS2A —-2453 Promoter (RAAT), 200 208 e e
{pAAT)s 0 ¢
APQOE +2059, Exon 4 e-2 8 7 1.493 0.474
+2197
€= 171 164
- 21 29
ACE2 +8686 Intran 3 c 75 80 0.666 0.414
T 9i 81

“The number from the A of the start codon {ATG) in the genomic DNA reference sequence.
tAllele frequency was described chromosome number.

complexity of interactions among many genetic and environ-
mental risk factors that contribute in different degrees with
different populations,

Itis well known that female sex is a risk factor for [A. The
reasons for this increased prevalence are unknown, but there
could be a penetic basis as demonstrated in this study. It has
recently been shown that many genes (Mescapees™ on chro-
mosome Xp22 escape tnactivation,® which may explain the
sex differences in susceptibility to 1A by gene dosage effects.

The present study has several Himitations. First, because we
texrk a family-based approach, it was hard to narrow down the
candidate regions to 1-¢M resolution. These candidate re-
gions still have ==3- to 18-cM sizes, and further efforts will be
needed to find susceptibility genes for 1A. For this goal,
linkage disequilibrium (LD) mapping will be required, The
second limitation is associated with the statistical power and
specifieity. Although the statistical power is highly dependent
on the locus heterogeneity, it is bard to predict what degrees
of locus heterogeneity exist among the 29 families. Simula-
tion could, however, provide a prediction of the statistical
power: >90% power was obtainable if the jocus heterogene-
ity was <50%.

Candidate Genes

At least 2 mechanisms are hypothesized 1o play critical roles
in the development of {A. These include defects in the
maintenance of extracellular matrix and in remodeling. These
hypotheses suggest MFAP4 and iNOS on chromosome
17cen®1924-26 and ACE2 on chromosome X p222%-% a3
candidate genes, On the other hand, an epidemiological study
among Japanese ranked APOE high as a candidate gene on
chromosome [9913.2! However, in the case-conbol study,
albeit with very limited numbers of plausible genes, candidate
genes including APOE failed to show positive associations
with TA. Obviously, LD mapping covering entire regions is
required to search for clues to susceptibility genes.

Conclusions

Linkage analyses in 29 JA families with =3 affected mem-
bets showed 1 suggestive linkage region on chromoesome
I7cen (17.7 ¢cM) und potentially interesting regions on

chromosomes 19g(3 (7.9 ¢M) and Xp22 (10.1 cM). These 3
loci provide promising scatfolds for searching for genes
determining susceptibility to IA. We also showed evidence
that 4 candidate genes, MFAPY, ACE2, a promoter variant of
NQ52A, and APOE ¢ genotypes, did not have LD with an
unknown susceptibility gene for IA. Purther efforts are
clearly needed to identify susceptibility genes for IA.
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Magnitude and Role of Wall Shear Stress on
Cerebral Aneurysm

Computational Fluid Dynamic Study of 20 Middle Cerebral
Artery Aneurysms

Masaaki Shojima, MD; Marie Oshima, PhD; Kiyoshi Takagi, MD, PhD; Ryo Torii, PhD;
Motoharu Hayakawa, MD, PhD; Kazuhiro Katada, MD, PhD:
Akio Morita, MD, PhD:; Takaaki_ Kirino, MD, PhD

Background and Purpose—Wall shear stress (WSS) is one of the main pathogenic factors in the development of saccular
cerebral aneurysms. The magnitude and distribution of the WSS in and around human middle cerebral artery (MCA)
anewrysms were analyzed using the method of computed fluid dynamics (CFD).

Methods—Twenty mathematical models of MCA vessels with aneurysms were created by 3-dimensional computed
tomographic angiography. CFD calculations were performed by using our original finite-element solver with the
assumption of Newtonian fluid property for blood and the rigid wall property for the vessel and the aneurysm,

Results—The maximum WSS in the calculated region tended to occur near the neck of the aneurysm, not in its tip or bleb.
The magnitude of the maximum WSS was 14.39£6.21 N/m?, which was 4-times higher than the average WSS in the
vessel region (3.64=1.25 N/m?). The average WSS of the aneurysm region (1.64=1.16 N/m?) was significantly lower
than that of the vessel region (P<<0.05). The WSSs at the tip of ruptured aneurysms were markedly low.

Conclusions—These results suggest that in contrast to the pathogenic effect of a high WSS in the initiating phase, a low
WSS may facilitate the growing phase and may trigger the rupture of a cerebral aneurysm by causing degenerative
changes in the aneurysm wall. The WSS of the aneurysm region may be of some help for the prediction of rupture.

(Stroke. 2004;35:2500-2505.)

Key Words: aneurysm m biomechanics ® hemodynamics ® shear strength

nruptured cerebral aneurysms are diagnosed with
greater frequency since the development of increasingly
accurate noninvasive cerebrovascular imaging techniques.
Among 400 adult volunteers (39 to 71 years old; mean age,
55 years) who underwent clinical and radiclogical evalua-
tions, Nakagawa et al reported the incidence of unruptured
intracranial aneurysms to be as high as 6.5%.! Because the
rupture of aneurysms results in subarachnoid hemorrhage,
which has a dismal prognosis,2* it is desirable to be able to
determine whether a particular aneurysm has a high risk of
rupture so0 that it can be treated before bleeding occurs.
Aneurysms of a larger size (>10 mm} and/or a higher aspect
ratio (>1.6) have a high risk of bleeding. -5 However, the
majority of the unruptured aneurysms do not meet these
criteria,® and it is difficult to predict the likelihood of their
rupture.
Hemodynamic stresses are considered to have profound
effects on the development of cerebral aneurysms.™® One of

these, the wall shear stress (WSS), acts directly on the
vascular endothelinm as a biological stimulator that modu-
lates the cellular function of the endothelium.?'® Thus, the
focus of the study presented here was aneurysm WSS. The
close relationship between high WSS and the initiation of
cercbral aneurysm formation has already been demonstrated
in animal experiments.!! The WSS may also play an impor-
tant role in the growth and rupture of cerebral aneurysms.
The measurement of WSS in vivo is becoming feasible;
however, it remains very difficult, especially in small and
tortuous intracranial arteries.!2'* With recent advances in
computer technology, the magnitude and distribution of
WS3Ss in complex arterial models have been observed with
the aid of the computational fluid dynamics (CFD) technique,
which is also a useful clinical tool for planning endovascular
treatment.!*!$ The use of this technique has been limited to
just a few cases; therefore, a statistical analysis of the results
has not been possible. Here, we present the results of a
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