BT BRI A R B &
ERRIERAIIITESE

RERHBREREOMB AV ) —Z 2 THEBREFHNAZIRO

ML DRI 3 D5t

SRR 18 . RRIEsrEmEE

EEREE WLE LAk

ﬁﬁi9&i@w7¢)3ﬁ



. RIEPTSEER
BERAREREOHAA Y ) — 2V TEB X OFHNAZERD

%‘?{{ﬂj]ﬁ@ﬁﬁ%f:ﬁﬁjéﬁ% .............................................. 1
WE R

. THEPEREE

. BERBAREEEOHIA U -2 TEBIUOTHAAZRD

S D BB T B B IFGE -+ v v v ov e e e e e 4
CWE T

. BERABEEEDHHA I —Z 0 TEB XTI ARIRD
SRR D BRI B G B RIFGE v v 6
HE =

. ﬁ%ﬁi%@%ﬁ?ﬁgﬁ@—é_‘%ﬁ ............... e i e e s e e e 8

. BFEERRBEORIGY - B e T 10



EERBREREEMD S (BFRERAUIEER)

RIEDI &
DrgciE4  BRERABEEEOBE A U -2 BB L UTHMN AR OFMED BE F
BT B s
FEFEE WL  BERKEEFRAEEREAHEE - R
syiaprgEE FERE EHER - mEiE
il Bramk - WkE
HFEL BEHREREAT 4 7THBE I — - BIEE

BOEMTF BEAKFEEZERGREER 4 K

SEPEBNE  EARE

HERIIADEREYY—

KBBHT REHETRMES THER

B EE

BADVBERELEY v FAXNRA Ea—F —2HOWERAERA Y ) —Z 2 Tk E M
5T 6 5 MU LOMRERORAETFHRLEER L. ZORE TRERAREEEX
BNFRAEDONAYATFBEDNTAAT AT S LEERL, TOEMEZFML 7.

A. PHEEEHB

EERMEOEHYRR, FHAAOEE
PERRBI N, WAWATRMHIE TERANE D
B2 TFHEENRALNTVS, LML,
FOAERRLSNTNRN, FloonE
THWHANTELZAEIL, EFTA Y —
ZUTT2H00%<, HIKRATY—
— BNk ENE. T EBEOT N
T—INKRETHY, BREMBEOTITN TS
52 e THRERRRICH B, I T,
RAWBIOBER R TELHEZHRFE
Uke T3, AP U—Z TRV FN
FINRIE2—F—ZHNBEHET, 1
RAY Y —= > T BA LN THBICIT A

HORE . BREEMEDTEVWDOTH B,

QRA Y ) =27 & LT R EBANE
DOBFFME S U THEILEN TN SADAS
ZEALLZHD (TDAS) TH3? ., I
bEAWERELERNSTHNTNSS

BEARAZY—Z 27 ELUTHERRT »7
— R &, 2RAZ JIc—>7 & L TMMSE
BHWD) BEHRLUT, BHEDHEMEE%
BEt Lz,

B. BIgUAE

EHREA)IET, #ERERET, BH
BALEAT BRUREFIT Q4K TEREL
Fr. BHREANET. BERRETICS
WTH, BAED—KA Y —Z2T&L
THROBEEF I, ¥y FNRIAR
P —Z 2T BEE. 2RBPZ L L TMMS
E. TDASZ {70 /c. TNENHWAEDHE
Shik 2 i Uz, £z, #HRE, RFiT
D= bREREHELU, —RAT V-2 T
W ROBEEF -y JRTIHEMEDSD
D, FyFINFIVRE TIE AW P 1388
TOHDEIRAI V- TREHEL
7=e 2XBAEIZ. MMSE2455 L FDOHD, T




DASIR7THEU DO OZBFHEEELLTE Y

7T Ui, BREREELEASNEZD

DEFEMERBEEE T L 7z,
BEBAZET TR, §vF/ARIVRAA

DU —Z T ETDASKKE DB EfT > 72,

NA U AT FBTRAGE THBEENDZNMNZE
fEL7e. BAETHEREL, F—L02M
FEDFEOLSWEREL TEECHANEE 48
ETHHOT, BE1E3» AT, T
HEBOHBTY v F/CRIVBE ETDASH
EE21TS. TDASEMEIIRAA 0 TRO N
LT E/BENKREL 2B, SATDT S
LRBROBERRICDOWTIIHIEDHS t
RETEHEOEZEOREZITD . MaHLE
1SPSS Windows i Ver.11Z W15,

EREEFH T, —KAZU—Z27
B FNRINVARAT ) -2 TN, 1
SR 1 3 ML T OWME ZRBAEENT
2 0% EUVTRAETHERENDSMZE
L. BAETFHEEILEIESy AR Z
AV, FRHHEOHBTSY v F /AR
HEADASREEfTo 7z, FHEAERED
BHRITDWTITHHRE TEHEOZDE
1T EEHMLEIISPSS Windowshi Ver.
11Z2HWE. .

C. MR

1) EFREHEF)IES
EARPEZRE3024 1644 (51%) 41
RAG V= T i, 28BEELT
MMSE#Z%1}7=b D214 (13.6%) . TDA
SEZIF=b D324 (208%) Tho/z., M
MSEBH:3E 74, TDASHHH6L TH > 7z,
OS> BeAVEFBRERETEEEZ R,
SEMSRANE. 1AM MFERE 2l
N, WHRESE% THo/z, T or— M
BT, Yy FNRINRRAI -2 Tk
HIX UM ) [ —ALHTzn]

[Ho RN REREBIFFHETH o, -

BTIRLTFAR4ETH o 2,

2) BEEEREETIEAN
WNEFEBHFIRAT V-2 T ELT
MOBEEF Y 7 2Z T bD734, ¥
WFINRIVA T )= T REEST-D
DEEHTHo . 2RMEEL LT, MMSE
MO BEEF v 7 2Z T bD734H
164 HR LR, S BIENBETH /.
TDASIEY v FINFNVA T U= TRE
RV D66HAHIIADRE LD, 10
FNERLUSANEEEHESINE, 553
£ H5mm 0DV BICHR. 180 FIEA
NEBo7,
T or— MERTIR. ¥y FNRINRA Y
U= U TRBEE TR UM 72 THE
NERMAETREWERD ) 72 EXEIFFT
THo7. PRBREDTDASIIDNTS [
RELN] ENSTAMbHoz, TR
W) & IR MN80%LLEZE HD TN
7z

3) HEhRAKEHH

4B DRBFEICIRAIY—Z T &L
TH Y FNFINKRATY -2V T HREESE
ML, 13JUTOHDON0%ETHo .
QX146 BITERL . 6HELTF10%, 7
~13814%. 14EU 28 THo /2. T
D B4IANTFHABRSZMU . EHEZE
FEFZ AR TR E > Tz,
4) EEURSHHET

BME14844, HE309% DEH4ETHR DR S
FR—RAZ V=0T ELTY v F/IX%
WRAZ V- TwEefTo . BRS
F 158451354, 145573203%. 13546
34, 12843234, 11845174, 108474
13 DINA
UZ7#EIZ1214 T, 2RBREFD26%TH
0. BHEN3MATRBEERED23%. X
PEN8TH TRICHBBRE D28% TH> 7z,



BRUTFDONA YA HF1214D D BT
1RETH FRFEEISML. 2B DOFE
HERHBTY v F/NFINHRE EADASKRE
DWf %23 U gBE 654 T, T
BEMBOY v FNFIINBREOFEERIIZ
NENIL8MEI29HTLIRDOEEIH
EU7. —7. ADASKE O FRH# =T
DFEHFIFENEFNSTHEIOETH V. 0.
SHOBADTH - IENAEETRD LN
Mmole. o, FHEESMEREEGRE
LT OB ERBERIIAED S Naho 7z,

—RAD )22 T TRICRBAENE <
FEHNBH38AI DN TERBEICHENL T
BEREOZDEEDREETA, 20817
VINA T —BERANE, 1 AN E R
AE. 2 BRTOMDEETHD Z L0345
movE,

D. &%

SEORETIE, DRONOERFLLES
wFNFNVERWEZAT )= TR0
PHEIHERTEREREDNS., B2 ER
FBICAHE<ZBISMLTHHABI L
WEELL, 7ob— MNERM S ZOHE
DR ICE
HREXOF v 7IdHEETHD ., HFHZE
U7a W, WS D REZ 5N 5.
FANEIT/R> TLE EEMNEN TS
EnHZEEENTLEIZENLIELE
HD. BaxOHLUMOEFNBREFTOFT, B
HER7 o —hELRAI)—ZVTICH
Wik Ah TORBRELEHANELL H

LERETWEY , ZolEhs, B
LRA D V== 2 T REERREITD &
ERRBVWEER B,

2k & LTHWAETDASK DWW T,

PeAORENABEREDH D, ®E
DHENH B EEZ 5N, MMSEILTDA
SEVEETIEH B M, MMSEILZAEZ S

ABNTHWBIENG-Tz,

J—Z 2 THRETHVFMITHNERET
W2, INET, ZLOBMETHWLN
TEREDE, iTEYRDONEN =7
DTHD, TDHETDASTHEL TN B HEM
HEHIZADAS & 3 R IC R EFEE &
UTHEL SN TNEHDTHD, LML,
COABEORESREL T, EMOEKRLE
TENREELTHIE, PN EEND
EThHD, BaDBFELITDASIE. K
DELEREEET, FEEBH205~300 &
FrERMZEHRLEDDOTH D, K. &
DB LNZERNTHEF I BRERHD, K
EEREEEERL THAOEKEZMA T,
EBEEOHEZRELIENEER S,

ZE IR
1) WERSR #OELT. EARPTE,
fl: 7TIVIYNA R -BEROBEETFEHE

WHA Y- T BERHIERE, 13,
5-10 (2002) .
2) FEEE. L. JLWRE A0SRt

Fo ORNER. EREH. BEERT. &
ST, UAREE, WEWE  RAET
Bi#iz 1T BT 55 HRE D HIRIE & RFEE D
¥, Dementia Japan 19 177-186,2005.
3) Urakami K, Adachi Y, Wakutani Y,
Isoe K, Ji Y, Takahashi K, Nakashima
K : Epidemiologic and genetic studies
of dementia of the Alzheimer type in
Japan. Dement Geriatr Cogn Disord
9:294-298, 1998.




BAETGHREWRERHD S (EFRFRAMESER)
WrEERE &
P4 | BERRARHEEDREA Y ) — = 2 VB KU AR ED BT B B

EAETE M EFTE
SEPEE TR
SHEPEE L1 2

SERMAE EAMRK

p=1t

IR SR AR AR R 2R - A R 2
EEEATLE FERkK
EEEARIS BSRKE
HERIIADRER>SY —

SEPHRMNE KBRDEHT KEHWRAES T PR

TREE

L. TOREEZMEL /.

BADVEELZS v FNRRINRAVEa—F—2AWERAEA 7Y —Z2 7
BHREME> T6 S LOMREROBAETIIMBEEML Z. CORBTE
ERAEE EHEZSNERBAEONAYATHEIZDWTHIAT DT 5 L2EH

A. TFZEEHRE
ITERAEDORMFER, FHAAOEEENRERS

. WA NB MR TRANE O#RZ® FHEEIH
HBENTWE, LML, TOHFBEREIIN TN
W, BIZINETHWSNTERLAKE, £HTA
PV T5H08L<, @RMRAIY -2
MR END, T, EROIINT—BNHE
ThO., BEMEROTIH TT D 2 &0 THEE
BRI HD, FIT, BRARBOBESZHERT
ELHBEMHE L. THIE, ATY -2 1S
FNFNHALEa—F—2HWSHET, K
AP )= ZIRHUNTEEICFA. ADRE,
BREMEDTENDDTHBEY  2KRAZ ) —2
7 & U T HRMIBANE O BTk E U TR

SNTWVBAASEEALZDHD (TDAS) TH52 ,
INSERAWERELERNSTDNTWEAHE

(IRAZ Y=o 7 ELTHERT > — b2, 2

KA VIC—2FELUTMSEZF WD) ZHEL T,

AESPHREZRT L .

B. B
BARRAF)IESR., #RRRAET. BEHRAR

A OMMETEBL-. EHRERMIET. HE
EEBHIcBWTIE, BAEO—KRATU—22

JELTHMOBEETF =y, v FNRIIAA
pU—Z T RER, LRRZ E U TMMSE, TDAS
Birizole, TNENHAEOF R L 7z,
/-, RE, RECT - MEEBLZ,
—KAZ Y ==, MOBEEF v IERT
SEHELL DB, &y F/CRIBRETIS MM
HISEUTOBDRLRAT U—Z v TRGEE
U7z, LA L. MMSE24S L FDH @, TDASILT
A toborBitEE L TEY Ty T LK.
ERERE EE X 5N D OIEEM EEEEA
ALz, '
BREXAHFB T, FyF/SRINRAIY—2
VT EIDASIZE VR ET o Tee NTURTEHITRE
HETFIHEE~DEMERL 2. REETHHAER,
F—ARBMEEDES WEEL TEHCANE
BEEETIHOT, B1E3 » AT, THHE
EOMBTY v F /ISR BREETASREZTD. T
ASBRERESAP O THRIBRENZEFENKREL
7%, AAT 0T T ARBEORERLITONW TR
HBDHB t RETEHEOZORERTD .. Hatill
FEIZSPSS Windows fVer. 11ZHW53,

C. WrRR



1) EHREHFNET

AR ZDEIEHMI54% (B1%) BLRAZ Y
—Z T ER T, RRELLUTIMSEZZITE D
D24 (13.6%) . TDASZEZT/=H D324 (20.8%)
TdH o7z, MMSEEEE T4, TDASEEZ 64 Th o k.
ZDSLOENEMERBETREEERZT. 4R
ANE. 1HDSEFEER S BTSN, KRI85 %
THolz. 77— MERTE, v TR
JY—Z 2 TRER FEUhoTz) (57— L HTz
Wi, Teo&0Dn] BREXRBIFFFTH- =,

2) BEERRTEAET
WRBISGFIRAI V-2 T E U TIHOBERE
Fry R EbD13%, ¥y FNKIVAT ) —
SUTBREESTEDDMETHo ., LRBREE
LT, MWSERIMDEEETF = v 7 Z2Z2bD13%
NG4SR ER D, SEANBETH 5. TDA
SY Y FINFINWVAT)—Z 0 TREEZ T DD
GO ANNRELD, 10HNEEL 52D
CHEINE, DEIENMN D DOTEIHERK. 14
MEMEANEIT & T,

7 o= ERTIE, FyFNNENRARATY—2 >
FREE TEUMok)  THE . BEREAE
TRWERS ] RERBFFTHol. LRBREDT
DASICDWNT S DLW LS aAXA b H
S, TRV & DPRW\) M80%LEEHD
Tz, '

3) \MEBEXEHT

45 Z DR BHEICIRATU—Z 2T ELTI VT
INENVRAT Y- TREEERL, 1I3RUTD
HEDOMNNEETHo . DRIRBIT6RITEREL. 6
HUUTF04, T~135 144, 148 L2282 TH - 7,
ZDIBLENTFERBEICSEMLU . #ZEETHESE
FPERBH THMICE - TR,

D. &%
SEORE T, bhbhORFELLSY v FN

Z}I/;C?Fﬁ (/37"\_;( ﬁ U “:yﬁﬁi@ﬁ‘%jj @Viﬁ%m\
TERERDND, RPREREICEEE B
SMLTHHABIENEXLL, T2 —F

HENS ZOFENHRIFICEZLSNTVS
ZERHoTm, BREROTF v 7 EBEETHD,
B2 E L2V, RS2 TEEENE X 51
5, BAEIZ/R> TLES EEANENTNS &
NWHZEREENTLES ZERLELIED 3,
B4 B LUATOEZERRFEO R T, BT > — b
BIRAIV—Z o TICHWEED A, TORER
WUEERE HB T ERETNEYD , 2o &n

EEIRAI ) -0 TREEHERFITD T
ERBVWEEZ D,

1T E L THWETASI DWW T, Bigaek
OEHNAZEEREDHY, KEOKENDH B &E
A B N7, MMSEILTDASK D i Cidd 545, MMSEL
EEAZ V-2 TRETH VBTN IRE
Tz, INET, EZ<ORETHWLNTEL
DI, MICEG RS DNEN S 2D TH B, TD
FUTDAS T - Tl 2 BRI TE B ILADAS & 1 5 i 5K
WWBETEEE LTI INTRNEHDTHD, L
DL, ZOAFEOMESRELT, EMOERKLEL
EHREETHIE, BREPOHEENWI ETH S,
H4x OBEFELALIDASIE, BEKROELZNREEET,
BE[EH 200~ 304> CFTERBZEHEL DD TH
B, 27 BRBIE S NEZBHEN T BRENH D,
KEFREERERSTAOKEEZMAT, FEE
DHBEZHRFLZNEEZ S,

ZECHR

1) WhREE SORMF. EARBIE. 4 7V
UNA X —BEHROBETFEBEMHEA T ) —2
UM BEBMES, 13, 5-10 (2002) .

2) FEEE. HE JEEE fOEBT. AN
AR, GBS, BERAT. BHAET. WEHE
B, HERR  RAETHEEICE T INEE DY
PEE & SRR #Et, Dementia Japan 19: 177-186,
2005.

3) Urakami K, Adachi Y, Wakutani Y, Isoe K, Ji
Y, Takahashi K, Nakashima K : Epidemiologic and
genetic studies of dementia of the Alzheimer type
in Japan. Dement Geriatr Cogn Disord 9 : 294-298,
1998.



JRAESHBRIAT R REE (RFRIEAR GRS
WS
RS | BRI EHRR SR 7 U — = 2 B KO A EROFHIRED BRI B S 218t

SHEPRE HE L BRREREATA TEELC S —

=]

BREDER LYY IFNRINRIACE 12— FREIVATFLAZHAWTHIHAERDR
AEFIRBOREZTo . SHERNATUAIEELTAI Y- T ENkx
BEIZOVWTHATOTSAZERL., FOEMEICDWTEMZT - 7=,

A. HEEK

AEAEREAERICEAL TWERNEIC

BT, BT 5RAEDFTHARNEE

Lo TW5, BAEDFHITEMER - &
HSSNEETH D, TOEDIITHIRER
ERBELEAI)—Z VT ENAURY

FRRATEINATOTSILNEHTHS. R
21, RHAED—KAZU—Z2T (v F
INERNVBRE) RORBAEICH T 2 BEDRH
ERHRE (ADASKRE) 0RO Ea—4%
ATFLEEELTER. EOHMIE1) B
L REAF U= TNV RS L ONADAS

REOEDEZFMT AL, 2) aXEa
— AT U= D, BRERDORA
ERWRDOEEZFET S L. 3) BAE
FHOZEDN AT T T LDOE k%

TBHLETHB,

B. WA
ERESHITOARIH U TRAED

—RAZV =T EERLUTE, HBREELE
1484, L3094 DAEH4THTH D, #
Br OERIISIRN 59T, Bk itED
X O ERDOFHERITTNENT. T 75.9
BED.SETH B, —RAT V-2 T
W FNEIVEBRETHWY, I5EmEF1I3EETF
DRBRFZBIENT U AZEEL THH
Lize NTYURZHEITWERAETFTHEEAD
BMERLZ. BAEFHEEL, F—20%
SMEEDES WEEL TEIHPHNNED

PREETHHOT, |/ 1E 3+ ATk
FHBZEDRIE TS v F )8RV T S ADAS
BREZT o/, ADASBEEIRZA0 THRON
ZVWEEBRNAKELRLS, FATOT I A
BB OBREEFRICDWTH t BE THIHEE
DEDREZETO /2. HFHLEIISPSS
WindowsfiVer. 11 TfT o /2.

C. iR

—RAT =22 7 DB N5 D835
£, 14502034, 13803634, 125000234,
1AM, 10ER4 A TIELTRN4ATH
D7, 13EODONA U AT HIZUEL TEEBE
DK% THoTze N1 YR HEDOHRIE, Bk
ML TRBEMPEBRE D%, LHENSTHTE
R BREDISR TH > 7=,
BEUTONA VAT EHEINADI BT
HTHFHHEBICSML. PP OFHEE
BT v FINRIVRE L ADASRE DR 5 %
2L HBRERGETH oz, FOHD
FREHERB DS v FINRIVBRED T M
FNFNILSHEENL IS T IEDOM ERSH
D, BEKEFTHEEEZNRBO N, —A,
ADASRE D FHHEERB ORI T NEN
8.1 EVIETHD, 0.3HDBWMHTH - =
TE O EHEICEEREZTRD s N k.
T, FHEAESMERELERELICVDER
7o BRI s sk o .

SED—RKA 7 U= 7 THRICRAED
M EDNBBLIC OV TEREBEICHEMNL




THREREOZDEHDEZA, 20417
WINA Y —BAERAE, 1 A VI B AE
2HEEEDMDERTH DI END T, 13
HIEIREZLTDH 5.

D. &%

65 oL LD HIBER 2 MR & U RBAGED
—RAZ )= R OBEFELZOE
a—FERAWES v FNFIIVBREERA W, —
KAV —Z 2 T TREBOHEE 7 REI
A—OHEEETRETDHEND S5, HEkD
AFIZ L DR ERRE TIIREE DOE N, [H
—REETHEBEICESZBAEDNT T AN
EREINDN, P2 —FOERRLTHRA
—DHMETHRETEDZENIFEANS S, SH
DHWBRABEDEEAENERETHSD I N5,
A2Ea2—FZ2HNIBOFEERELT, #4E
HNRET NS, AVATLRERF EEEER
TEMZRERL. HHREFIIZTNICH L THEE
FRENBTAIALRI I v FTHEN
IHNEFRERA Lz, TRUTX > TEEHET
HbRBIHIET I ENTER,
BEHICEAND 5—MOBEHEITIIAST v 7
WFl—2az2RITTHEWI LIREE
HBRETH o . K AT LEK 5 SR THRE
ERTTBIENTELZENS, SHEDLD
REBOHBERZNKELE—RKAT Y —
ZOFRBBELEVATLATHE EER S,

BEE SV IMSER N/ A7 U —Z v Tk
T, B5RU EOFEROKUBENT U A THE
LTEMNLTWS, £FHY 1355% 2B A0E
FRHREELLTENLTWS, ¥y FNRIVBRE
KT 2R84 DEDHEED T, BELBRE
DODNS > ABEBELTHY bF7EELTIL
ERELE. LOLANS, SEOAZY—=
STTEISEE Ny b TEELTHWE, &
NG, BREZBEECLTHRBEINSED ZIF
LOEWANAY Y —=>F ELTRAENY
THBEEZRZNGTH D, TOBEE., SEIZ

ULIALZEN G,

BME D% ENA VAT BEL TR L
A, THREE 5 OMEIEVWVETH - 2.
RAE FHAZOYRITDOWTIE, 2D
TE Y FNERINBREOEH L EEFERE SN
EHER® 5N D DD, ADASKHRE D L H T
BEDED b - . ADASBREDRKR%Z &
DEHELSRTHBE, 6584 AT 108 5
MBELLTHB, 3555 OB R LIS
FEN1EWE, IN6 —HOEWELLERLZ
BinE OB RN TFHEER DADASRAE DL
HIEHELEDDEEXD, ES5 L T—HDS
MEOERENKRESENLLEZDONIZTDWTIE
LSBORANBRETH BN, v FNRIEE
Il AR 5N/e T & CADASIZB W T H
BOBNMECEROMLENR N EMG,
FHHBONERD DD EEZLD,

SE SR

1) BEER, XEHE. Z0T%  HRBT
5EEMERADOBHFEA  REHIE S AT LD
BEICOTTOBD A, BARNRE &M,

50(8), 739-747 (2003) .

2) HHEET  FBITICB T2 HENETHE
QOO A, M AR, 35(1), 29-42(2001).
3) WS, BUOEMT. EARFE. i
TIVINAT I —REROBRTLE LM A
7 —Z 7% BEBHER, 13 (BT,
5-10 (2002) .

4) @il E:HREFOBRMAIU—-ZVTER
HItIn. AEREHE, 45312), 13-19 (2001) .




DrE i RICET 2 -k

MRk
REELA WXL A N ks e x—v | e
Kuwano R, Mivashita A|Dynamin-binding protein |Human Molecular [15(13) 2170-2182 12006
Arai H, Asada T, gene on chromosome 10g is {Genetics
Imagawa M, Shoji M, associated with late~onset
Higuchi S, Urakami K, |Alzheimer s disease
Kakita A, Takahashi H,
Tsukie T, Tovabe S,
Akazawa K, Kanazawa |
B RANE EBEREHEER |2 THEAEY 6 35-39 2006
Urakami K Mild cognitive impairment:|Psychogeriatics |6 26-29 2006
Biological diagnostic
markers for early stages of
Alzheimer s disease
o ETEE A zhelmerﬁ§ODﬁiﬁﬁz“%ﬁé:$§ Mebio 6 106-109 2006
RAERE MCD :
TR mﬂﬁmvﬁﬁﬁﬁ%ﬁ ZYZAINVTT |6 5994-596 12006
TTA4 A
MK, WERR  |BAEIRETSTOTES (IS of 5 17-24 2006
F—o#hE & 7n<t> Y |Aromatherapy
| SR DB
W EWER, AOERTF | TIUNT T —mEIZE  (Medical Practice|7 1167-1169 2006
ICBRAL DAY < —
f]“"
AOEMT, §EER | EWENEHY—h— Pharma Medica |7 39-42 2006
LT TIVYNA I —HRMER |HAEBFEEXS |4 453-454 2006
ELTHETANE ETS
T E3EEk B RAIREE MCD %&/749v 8 1376-1383 2006
: ¥
B, WERR 2o BIENRAI RAEE |EENRAES 250-251 2006
RYAIY—Z2 T By —4&—
ROEBTF, BLEAR B —0— A H R E 252-253 2006
vy—%
BABA. MEET, |APPEETERETIVINT 286-287 2006
WERR, PEEZ (X
R WD DWTEIENLDT IV |RKR &iFsE 9 109-111 2006
WA 7““?&:{%\%&@75\/11
WL/AJK./IJ&}A%(%A@:://\
RN S)
TR BDAVEDMRZEMFTRO L | EEBEIAF 45-49 2006
DA BEREDREDDT VY
N —RIEBHIE
LT HE{&Z W & LY ENR EEBBETA R 64-68 2006

—H— @W%E@t@@?
VY NA < —FERANE




FRE KA LT B IV4 KR BE R—T | HfR4E
B ETEER o biXhasRa> ¥ a— | CLINICIAN 553 76-80 2006
& — %W RAEZ 7 U
— 2T HEORFE & FRAE
TP DER
WEEHR. SOXMT |RAEOURY 77 o & — | 3B BPS Magazi | 3 14-18 2006
ne
W EFER PR HE D EL R A E% NVATT LA |1 16-17 2006
N |
_EER WOETHEARNEEDL | BOENT +— 6-7 2006
TELHLEZW 5 L EER
B R AHYE D R EY 61 12-19 2006
W35k RAERZ EBMZ v —FI)V |2 108-111 | 2007
W _ETEER RAE LR FE AR RERIC | WA E6 285 7 2007
—RAMERHR R, TR O#
. EERE
LR Y FNFINRDATY— | DAZDETA | 24 28—31 2007
YU TTFEEERER
wWETIEL. BESE HAGEIT /2> TH2 LU T | Dementia Care S 2006

EoE2550<0(Q)

upport

6-8




Human Molecular Genetics, 2006, Vol. 15, No. 13 2170-2182
doi:10.1093/hmg/ddl142
Advance Access published on June 1, 2006

in-binding protein gene on chromosome 10
ith late-onset Alzheimer’s disease

Jyna
is associated

Ryozo Kuwano'?*, Akinori Miyashita'?, Hiroyuki Arai®, Takashi Asada®, Masaki Imagawa®,
Mikio Shoji®, Susumu Higuchi’, Katsuya Urakami®, Akiyoshi Kakita®, Hitoshi Takahashi®,
Tamao Tsukie', Shinichi Toyabe'®, Kohei Akazawa'®, Ichiro Kanazawa"'

and Yasuo lhara'?; The Japanese Genetic Study Consortium for Alzheimer’s Disease

1Genome Science Branch, Center for Bioresource-Based Researches, Brain Research Institute, Niigata University,
Niigata 951-8585, Japan, “Center for Transdisciplinary Research, Niigata University, Niigata 951-8585, Japan,
SDepartment of Geriatric and Complementary Medicine, Advanced Research Center for Asian Traditional Medicine,
Tohoku University Graduate School of Medicine, Sendai 980-8574, Japan, “Depariment of Psychiatry, Institute of
Clinical Medicine, University of Tsukuba, Tsukuba 305-8575, Japan, *Department of Neuropsychiatry, Imagawa
Clinic, Fukushima-ku, Osaka 553-0003, Japan, ®Department of Neurology, Neuroscience and Biophysiological
Science, Okayama University Graduate School of Medicine and Dentistry, Okayama 700-8558, Japan, ’Division of
Clinical Research, Kurihama Alcoholism Center, National Hospital Organization, Yokosuka 239-0841, Japan,
8Department of Biological Regulation, Section of Environment and Health Science, Faculty of Medicine, Tottori
University, Yonago 683-8503, Japan, ®Department of Pathology and the Resource Branch for Brain Disease,

Brain Research Institute, Niigata University, Niigata 951-8585, Japan, °Department of Medical Informatics,
Niigata University, Niigata 951-8520, Japan, "National Center for Neurology and Psychiatry, Kodaira 187-8502,
Japan and "?Department of Neuropathology, Faculty of Medicine, University of Tokyo, Bunkyo-ku,

Tokyo 113-0033, Japan

Received April 25, 2006; Revised and Accepted May 24, 2006

The apolipoprotein E (APOE) gene has been consistently shown to be a major genetic risk facior; however,
all cases of Alzheimer’s disease (AD) cannot be attribuied io the 4 variant of APOE, because about half of AD
patients have the APOE-£3"3 genolype. To identify an additional genetic risk factor(s), we performed
large-scale single nucleotide polymorphism (SNP)-based association analysis of 1526 late-onset AD patientis
and 1666 conirol subjecis in a Japanese population. We prepared iwo independent sets consisting of
exploratory and validation samples, respectively, with only the APOE-£3"3 genotype, and first carried out
genoiyping for the exploratory set with 1206 SNPs in the region between 60 and 107 Mb on chromosome
10g that is implicated by linkage studies as containing an AD suscepiibility locus. Thirty-five SNPs that
showed significant values (P < 0.01) were followed-up 1o detect any association with the validation samples.
Finally, six SNPs exhibited replicaied significant associations (P = 0.000035-0.00048) on meta-analysis
of both seis. These SNPs were ciusiered in a locus spanning 220 kb ait genomic position 101 Mb,
and three of the six SNPs were located in the dynamin-binding protein (DNWBEP) gene. Quantitative
real-time RT—-PCR analysis demonstrated that neuropathologically confirmed AD brains exhibit a significant
reduction of DNMBP mRNA compared with age-maiched ones (P<0.0169). Thus, we confirmed the
association of DNMBP with AD individuals with the APOE-£3*3 genotype or lacking the ¢4 allele, and
DNMBP may be one of the susceptibility genes for AD.
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INTRODUCTION

Alzheimer’s disease (AD) is neuropathologically character-
ized by a loss of synapses, extracellular deposition of
amyloid B-protein (AR), intracellular formation of neurofibrii-
lary tangles and neuronal cell death. AD is thought to be a
multifactorial disease probably caused by complicated inter-
actions between genetic and environmental factors. The apoli-
poprotein E (APOE) gene located on chromosome 19q13.2
was the first identified genetic risk factor associated with
late-onset AD (LOAD) (1,2). To date only the APOE-g4
allele has been universally recognized as a major risk factor
for LOAD and also as being associated with lowering of the
age at onset (AAO) (3). However, about 50% of AD patients
do not carry the APOE-g4 allele, and only 20% of AD patients
and <<10% of the variance in AAO appear to be explained
by the APOE-g4 allele (4,5). The sibling recurrence risk
ratio (As) (6) in AD was estimated to be 3.5-5 based on
epidemiological data. Assuming that APOE was the only
genetic risk factor, gene-specific Ay (APOE) was estimated
to be 1.7-2.5. Because A\ > Ags (APOE), there should be an
additional genetic risk factor(s) for AD (7,8). The identifi-
cation of an additional genetic risk factor(s) would greatly
facilitate our understanding of the neuropathological findings,
the clinical manifestations and the varying responses to drugs.

Genome-wide linkage studies on LOAD have provided infor-
mative data on putative susceptibility genes on several chromo-
somes (9—15). Chromosomes 1, 9, 10, 12, 21 and X have
linkage peaks that have also been observed in APOE-g4 nega-
tive sib pairs (9,10). There are several candidate genes that are
near the chromosome 10 linkage peaks and that are thought to
be implicated in LOAD, including the catenin
(cadherin-associated protein) alpha 3 (CTNNA3) (16,17), the
insulin-degrading enzyme (IDE) (11,18-21), the urokinase-
plasminogen activator (PLAU) (22-24) and the glutathione
S-transferase omega-1 and 2 (GSTO! and GSTO2) (25-27)
genes. However, the association results regarding these candi-
date genes have not been consistently replicated.

To determine whether or not there are additional genes
causing susceptibility to APOE-e4 negative LOAD, we
screened the region between 60 and 107 Mb on chromosome
10q with 1206 single nucleotide polymorphisms (SNPs). We
found that the gene encoding dynamin-binding protein
(DNMBP) (28) was significantly associated with LOAD
lacking the APOE-e4 allele. DNMBP was discovered as a
novel scaffold protein that brings the dynamin and actin
regulatory proteins together and is concentrated at synapses
in the brain. To date expression of its gene in the brain has
not been demonstrated. In this study quantitative real-time
RT-PCR analysis clearly showed that neuropathologically
confirmed LOAD brains contain significantly reduced levels
of DNMBP mRNA compared with those in age-matched con-
trols. On microarray analysis, the gene expression related to
synaptic vesicle trafficking was found to be decrease in the
frontal cortex of AD patients (29). In addition, AP induces a
decrease in the dynamin I level at synaptic sites in rat cultured
hippocampal neurons (30). In view of the fact that synaptic
dysfunction precedes AR deposition in the brains of AD
patients (31), our observations raise the possibility that
DNMBP, as a risk factor, might play a predominant role in
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the early stage of LOAD with APOE-£3*3

or lacking the
APOE-¢e4 allele. :

RESULTS

Genetic screening

Although the APOE-¢4 allele is a strong genetic risk factor for
LOAD, about half of the Japanese LOAD patients (46%) have
the APOE-3*3 genotype (Table 1). To identify an additional
susceptibility gene(s) for LOAD with the APOE-£3 allele, we
performed SNP-based two-step screening. This two-step pro-
cedure was used to examine an exploratory sample set to
find significant markers and to confirm their significance
with a validation sample set. Both 4APOE-e4 positive and
negative subjects show linkage peaks for chromosomes 1, 9,
10, 12, 21 and X (9,10). In this study, we screened a wide
region of chromosome 10q showing linkage peaks with a rela-
tively high density of SNP markers. With this strategy, we
selected 1322 SNPs (Supplementary Material, Tables S1 and
S2) in the region from 60 to 107 Mb on chromosome 10q,
of which 1206 were polymorphic, finding no significant devi-
ation (P> 0.05) from the Hardy—Weinberg equilibrium
(HWE) in a Japanese population.

Using these 1206 SNPs, we first scanned an exploratory
sample set. In the first-step screening, 131 of the 1206 SNPs
showed allelic P-values of <(0.05, and 35 of them showed
more significant values (allelic P << 0.01). To determine
whether or not these markers exhibit associations, we geno-
typed these apparently significant SNPs in another sample
set (validation samples), because a large number of SNPs
probably exhibit false-positive associations. Replication in
both exploratory and validation sample sets strongly suggests
a true association of particular SNPs with LOAD. As a result,
six of the above 35 SNPs (rs911541, rs3740066, rs11190302,
1811190305, C_11214959 10 and 1rs3740058) exhibited
replicable associations (allelic P < 0.05), which remained sig-
nificant on Mante]—Haenszel meta-analysis of the two sample
sets (P = 0.00003485—-0.0004757) (Table 2). These P-values
remained at significant levels even after Bonferroni’s correc-
tion with 35 tests (P = 0.001220-0.01665).

The six significant SNPs were located in a region spanning
~220kb between 101.4 and 101.6 Mb on chromosome 10g
(Table 3 and Fig. 1). This associated region contains five
genes: the ectonucleoside triphosphate diphosphohydrolase 7
(ENTPD?7), the cytochrome c oxidase subunit 15 (COXI)5),
the cutC copper transporter homolog (Escherichia coli)
(CUTC), the ATP-binding cassette sub-family C member 2
(ABCC2) and DNMBP genes. SNP 15911541, lying about
171 kb apart from rs3740066, is located in the third intron of
ENTPD7, which consists of 13 exons. Five SNPs, ie.
1s3740066, rs11190302, rs11190305, C_11214959_10 and
153740058, are clustered in an ~51.8 kb region including the
3’ flanking regions of both ABCC2 and DNMBP (Fig. 1).
SNP rs3740066 is a synonymous SNP (ATC — ATT,
Ile13241le) as to exon 28 in ABCC2 that comprises 32 exons.
SNP rs11190302 is an intergenic SNP between ABCC2 and
DNMBP, lying about 7.0kb from rs11190305 in DNMBP.
The other three SNPs, i.e. rs11190305, C_11214959_10 and
183740058, spanning about 16.1kb have been mapped to
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Table 1. Summary of overall subjects collected by JGSCAD

Overall subjects LOAD Control
Female Male Female Male
Number of subjects 1103 423 998 668
AAO/AAE (mean + SD) 735 + 6.6 73.3 + 6.6 73.0 £ 79 731 +77
MMSE (mean + SD) 157+ 7.0 184 + 6.6 280+ 1.8 2814+ 1.8
APOE
2*2 0 1 2 1
2%3 31 18 77 55
2%4 13 4 9 6
3*3 491 208 748 495
3*4 465 148 152 104
144 103 44 10 7
APOE-£3*3 sample set
Exploratory
Number of subjects 249 114 223 114
AAQ/AAE (mean + SD) 743 4+ 6.2 74.6 + 6.8 80.2 + 4.1 80.6 + 4.0
Validation
Number of subjects 242 94 213 159
AAO/AAE (mean + SD) 75.0 £ 7.7 72.6 + 7.6 75.5 + 4.7 757+ 4.5

AAE, age at examination of control subjects. The APOE-3*3 sample sets (exploratory and validation) used in the first- and second-step screenings are

also summarized.

DNMBP, which consists of 17 exons. SNP rs11190305 is a non-
synonymous SNP (TGT — TGG, Cys1413Trp) as to exon 16.
Both C_11214959 10 and rs3740058 are intronic SNPs, the
former being in intron 11 and the latter in intron 10.

Stratified analysis with entire samples

As the next step, the significantly replicated markers were
tested by stratified analysis using entire samples with all
APOE-genotypes, i.e. in 1526 LOAD samples and 1666
control samples (Table 4). It became clear that the six SNPs
were strongly associated with 4POE-g4 negative LOAD
(sample set Negative-g4: range of allelic P = 0.00005699—
0.001164), whereas none of the six SNPs showed any signifi-
cant association with APOE-e4 positive LOAD at all (sample
set Positive-e4: range of allelic P =0.7271-0.988). We
cannot exclude the possibility that the lack of significance
may be due to the small sample size, because the APOE-&4
allele is fairly rare in controls (frequency 0.0915) in compari-
son with in LOAD (frequency 0.3027).

Linkage disequilibrium and case—control haplotype
analyses

To further characterize these significantly associated SNPs
detected on the two-step screening, linkage disequilibrium
(LD) and case—control haplotype analyses were performed
(Tables 5 and 6). Pair-wise LD measures, [D'|, are given in
Table 5 for LOAD and control subjects with the 4POE-£3*3
genotype. We found a strong correlation between the six
SNPs and confirmed that the LD block was highly structured
in the associated locus identified here. There was no difference
in the LD structure between LOAD and control subjects.

In this LD block, five common haplotypes were
inferred with the expectation—maximization (EM) algorithm
in four sample sets examined: [H1]A-C-C-T-G-G, [H2]G-
T-T-G-C-A, [G3]G-T-T-G-C-G, [H4]A-T-T-G-C-A and

[H5]A-C-T-G-C-A (Table 6). Haplotype HI, composed of
all major alleles of the six SNPs, exhibited the highest fre-
quency (range 0.7118-0.7681) and haplotype H5 the lowest
(range 0.0087-0.0188). Haplotype H2 consisted of all minor
alleles. For case—control haplotype analysis, the haplotype
frequencies in LOAD subjects were compared with those in
controls. In the Positive-e4 sample set, no haplotypes exhib-
ited a significant difference. Global tests also did not give
statistically significant results (P = 0.7872, permutation
P = 0.8388). However, regarding All, Negative-g4 and £3%3,
two haplotypes, H1 and H2, showed significant association.
The most significant difference between these two haplotypes
was observed for the sample set composed of only
APOE-£3*3 subjects: H1, P =0.0001958 and permutation
P=0.0001; H2, P=0.00006021 and permutation
P < 0.0001. The frequency of the most common haplotype,
H1, was significantly decreased in LOAD, whereas that of
the H2 haplotype comprising all minor alleles was signifi-
cantly increased in LOAD. In contrast, the other three haplo-
types, H3, H4 and H5, exhibited no association in any sample
set. These findings do not appear to be more significant than
the results for the individual SNP, which may be due to the
fact that the six SNPs are in one strong LD block and have
very similar minor allele frequencies.

Expression of DNMBP in the human brain

As DNMBP was found to be genetically associated with
LOAD, we measured the expression levels of DNMBP in
autopsy-confirmed LOAD brains using quantitative real-time
RT-PCR (Fig. 2). A summary of the brains examined is
given in Supplementary Material, Table S3. The mean age
at death for LOAD was 76.1 1 5.5 years, which was not sig-
nificantly higher (P =0.0725) than that for controls
(72.7 + 6.1 years). To select an appropriate internal standard
for the normalization of DNMBP mRNA levels, we evaluated,
using the TaqMan® Human Endogenous Control Plate
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Table 3. Summary of associated SNPs

dbSNP/Celera Genomic position (bp)* Gene (portion) Function Alleles® Frequency® HWE?
15911541 101,423,382 ENTPD?7 (intron 3) — A/G 0.807/0.193 0.0760
rs3740066 101,594,197 ABCC2 (exon 28) Synonymous (Ile1324lle) C/T 0.776/0.224 0.2882
rs11190302 101,622,905 — (intergene) —— C/T 0.767/0.231 0.9244
rs11190305 101,629,867 DNMBP (exon 16) Non-synonymous (Cys1413Trp) T/G 0.769/0.232 0.8284
C_11214959_10° 101,642,926 DNMBP (intron 11) — G/IC 0.766/0.234 0.8625
rs3740058 101,645,972 DNMBP (intron 10) — G/A 0.803/0.197 0.6722

0n the basis of dbSNP build 125 on NCBI build 35.

"Nucleotides of the major allele/minor allele.

°The major allele/minor allele frequency, calculated using genotype data obtained for the 699 LOAD patients and 709 controls with APOE-£3*3 in the
exploratory and validation sample sets.

dp_yalues were calculated in the HWE test using 709 control subjects with 4POE-£3*3 in the exploratory and validation sample sets (Table 1).
®Assay ID in Celera (CA, USA).

° S Fo
= e {1 I T I O NN
ENTPD7 |[=—ICUTC ABCC2 I f =]
COX15 DNMBP CPNI
] T 1 1 T T T P17 ‘ [ 17 1T 1 T T | 1 T 1 T T T T | [ [ 1 1 l
1014 101.5 101.6 101.7 101.8

Genomic position (Mb)

Figure 1. Genomic position of an associated locus. Vertical lines indicate the SNPs used in this study: six significantly associated SNPs, 15911541, rs3740066,
1511190302, 1511190305, C_11214959_10 and 153740058, are indicated by the long-labeled vertical lines. These SNPs are located in a genomic region in which
five genes, ENTPD7, COX15, CUTC, ABCC2 and DNMBP, are clustered, spanning ~350 kb. The asterisked vertical lines in the 5’ region of DNMBP show the
SNPs additionally designed and analyzed after real-time RT—PCR experiments. Horizontal arrows within open boxes indicate the transcription orientations of
individual genes. The mapping position of each SNP is according to dbSNP build 125 on NCBI build 35. CPNI, gene encoding carboxypeptidase-N-polypeptide

1, 50 kDa.

described under Materials and Methods, the expression levels
of endogenous housekeeping genes in eight brains consisting
of four LOAD ones and four control ones. The transcripts of
B-glucuronidase (GUSB) and 18S rRNA genes were found
to exhibit little variation within the eight brains (data not
shown).

After this preliminary experiment, we increased the samples
to 41 and assessed the correlation between the expression of
DNMBP, GUSB and 18S rRNA and age and gender. Neither
age- nor gender-dependent significant differences between
LOAD patients and controls were observed in the levels of
transcripts of DNMBP, GUSB and 18S rRNA (data not
shown). Normalization relative to the quantity of total RNA
revealed statistically significant differences between LOAD
patients and controls (Fig. 2A, P = 0.0003). As can be seen
in Figure 2B and C, there was a significant reduction in the
DNMBP mRNA levels in AD brains compared with that in
age-matched controls following normalization as to either
GUSB (P = 0.0002) or 18S rRNA (P = 0.0169).

To address whether or not the expression differences
between LOAD and control brains are due to genetic variabil-
ity in DNMBP, we first genotyped three associated SNPs
(rs11190305, C_11214959_10 and 1s3740058) using 41
brain tissue specimens. There were no minor-allele homo-
zygotes in the control brains (Supplementary Material,
Table S4), therefore we compared the expression levels of

DNMBP in total samples with a dominant model (minor-allele
homozygotes + heterozygotes versus major-allele homo-
zygotes) (Fig. 2D-F). Two-way ANOVA with the genotype
and case—controls as independent variables showed the sig-
nificant effects of the diagnosis and genotypes examined in
this study: 1s11190305, P=0.0190; C_11214959_10,
P =0.0234 and rs3740058, P = 0.0205. However, no signifi-
cant interactions of DNMBP expression, SNPs and diagnosis
were observed (Fig. 2D-F).

To determine whether or not the reduced expression of
DNMBP mRNA was caused by genetic variation including
the 5’ upstream region of DNMBP, we genotyped the explora-
tory sample set with eight additional SNPs (indicated by aster-
isked vertical lines in Figure 1). We did not detect any
association of these eight SNPs with LOAD (range of allelic
P, 0.00526-0.875).

DISCUSSION

This paper describes an attempt to identify an additional
susceptibility gene(s) for LOAD with a high density of
SNPs in two independent APOE-g3*3 sample sets and to
verify the finding, if any, in the entire samples. Like many
complex diseases, LOAD is caused by interactions between
environmental and genetic factors. As genetic risk factors
for complex diseases are thought to be of lower penetrance
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Table 5. LD measures, |1}, for six SNPs associated with LOAD

Human Molecular Genetics, 2006, Vol. 15, No. 13

dbSNP/Celera rs911541 rs3740066 1511190302 4511190305 C_11214959 183740058
1911541 * 0.9535 0.8958 0.8986 0.8955 0.6865
rs3740066 0.9509 * 0.9403 0.9434 0.9402 0.8609
811190302 0.9094 0.9562 * 1.0000 1.0000 0.9537
rs11190305 0.9025 0.9466 0.9954 * 1.0000 0.9533
C_11214959_10 0.9089 0.9565 0.9955 1.0000 * 0.9541
153740058 0.5749 0.7795 0.9297 0.9369 0.9376 *

For LD computation, 699 LOAD patients and 709 controls (Table 3) were used. The upper-right half shows LOAD patients and the lower-left half

controls.

Table 6. Case—control haplotype analysis

Sample set Number of subjects Haplotype® Frequency Number of P-value Permutation  OR (95% Cls)
estimated P-value
alleles (10,000)
LOAD Control LOAD Conirol LOAD  Control

All 1526 1666 [H1]JA-C-C-T-G-G 0.7367 0.7629 2248 2542 0.0152 0.0204 087 (0.78~0.97)
[H2]G-T-T-G-C-A 0.1562  0.1282 477 427 0.001276 0.0017 1.26 (1.09-1.45)
[H3]G-T-T-G-C-G 0.0364  0.0430 111 143 0.1812 0.2026 0.84 (0.65-1.08)
[H4JA-T-T-G-C-A 0.0346  0.0294 106 98 0.2274 0.2458 1.19 (0.90-1.57)
[H5]A-C-T-G-C-A 0.0168  0.0158 51 53 0.7999 0.8435 1.05 (0.71-1.55)
Others® 0.0194  0.0206 59 69 — —_ —
Sum 1.000 1.000 3052 3332 e — —
Global — — — — 0.0695 0.0401

Negative-e4 749 1378 [H1] A-C-C-T-G-G  0.7118  0.7635 1067 2105 0.0002293 0.0001 0.77 (0.66-0.88)
[H2] G-T-T-G-C-A  0.1644  0.1236 246 341 0.0002549 0.0003 1.39 (1.17-1.66)
[H3] G-T-T-G-C-G 0.0413  0.0453 62 125 0.5466 0.5826 0.91 (0.67-1.24)
[H4] A-T-T-G-C-A 0.0382  0.0287 57 79 0.0965 0.1011 1.34 (0.95-1.90)
[H5] A-C-T-G-C-A 0.0188 0.0172 28 47 0.6982 0.7167 1.10 (0.68-1.76)
Others® 0.0255  0.0216 38 59 — — —
Sum 1.000 1.000 1498 2756 — — —
Global — - e — 0.0289 0.01 —

£3%3° 699 1243 [H1)A-C-C-T-G-G  0.7141  0.7681 998 1909 0.0001958 0.0001 0.75 (0.65-0.88)
[H2]G-T-T-G-C-A 0.1645  0.1185 230 295 0.00006021  <0.0001 1.46 (1.21-1.76)
[H3] G-T-T-G-C-G 0.0409  0.0457 57 114 0.4585 0.5023 0.88 (0.64-1.22)
[H4] A-T-T-G-C-A 0.0384  0.0286 54 71 0.088 0.0859 1.37 (0.95-1.96)
[H5] A-C-T-G-C-A  0.0165 0.0171 23 43 0.845 0.9026 0.95 (0.57-1.58)
Others® 0.0255  0.0218 36 54 — — e
Sum 1.000 1.000 1398 2486 — — —
Global — — e — 0.008367 0.0026 —

Positive-e4 777 288 [H1] A-C-C-T-G-G 0.7608  0.7599 1184 43 0.9429 0.9576 1.01 (0.81-1.26)
[H2] G-T-T-G-C-A 0.1482  0.1505 230 87 0.8612 0.8891 0.98 (0.75~1.28)
[H3] G-T-T-G-C-G 0.0316  0.0317 49 18 0.9736 1.0000 1.01 (0.58-1.75)
[H4] A-T-T-G-C-A 0.0311  0.0331 48 19 0.8054 0.7871 0.93 (0.54-1.60)
[H5] A-C-T-G-C-A 0.0149  0.0087 23 5 0.2707 0.3934 1.72 (0.65-4.53)
Others® 0.0134  0.0161 20 9 — — —
Sum 1.000 1.000 1554 576 — — —
Global — — — e 0.7872 0.8388 —

See Table 4 for the information on each sample set, All, Positive-e4 and Negative-g4. Statistically significant haplotypes and P-values and permutation
P-values are highlighted in bold.

2The SNP order, from left to right, is as follows: 18911541, rs3740066, rs11190302, rs11190305, C_11214959_10 and rs3740058.

A sample set stratified as to the APOE-s3*3 genotype, including 699 LOAD patients and 1243 controls.
“Haplotypes with frequencies of <0.01 in both LOAD and control subjects.

and heterogeneous, the replication of genetic risk factors in
well-characterized case—control samples is critical for validat-
ing the markers associated with a complex disease. A strong
association between the APOE-g4 allele and LOAD has
been repeatedly reported by a number of groups. However,
as about 50% of AD patients do not carry the APOE-g4

allele, the remaining AD cases must be attributed to other
risk factors or environmental factors. Thus, to identify a
genetic risk factor(s) other than the APOE-£4 allele, we pre-
pared two independent sample sets, exploratory and validation
ones, from only APOE-£3*3 subjects. Our strategy was to scan
a broad region on chromosome 10q with a high density of
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Figure 2. Expression levels of DNMBP in post mortem brain tissues. Real-time RT—PCR assaying was carried out to determine the steady-state mRNA level of

DNMBP by using the standard curve method recommended by the manufacturer

. DNMBP expression was normalized as to the concentration of total RNA (A)

used for first-strand cDNA synthesis and the amounts of GUSB (B) and 18S rRNA (C) expression. Values are means £ SD. P-values were computed with the
two-sided Student’s #-test. Relative expression of DNMBP in LOAD patients and controls was examined with a dominant model (D-F) by means of two-way

ANOVA.

SNPs in the exploratory samples and to follow-up the significant
initial markers in the other set (validation samples) and then to
examine the significant replicated markers in the entire samples
consisting of all APOE genotypes. This is similar to the strategy
that was adopted for genome-wide (32) or chromosome-wide
scanning (33,34). Using this strategy, Grupe et al. (34) performed
a chromosome 10-specific association study involving 1412 gene-
based SNPs. They found one marker, 13498055 (97,344,904 bp),
focated in a gene homologous to RPS34 (LOC439999) signifi-
canily associated with LOAD.

In a case—control association study involving 1206 SNPs
on chromosome 10g, we found a novel locus in which
six SNPs, 15911541, 153740066, 1rs11190302, rs11190305,
C_11214959_10 and rs3740058, were significantly associated
with 4POE-£3*3-LOAD (Table 2) but not with APOE-g4-
LOAD (Table 4). No significant interaction was observed
between the APOE-e4 allele and the SNPs identified here by
logistic regression analysis (data not shown). However, as
APOE-g4 allele positive samples are fairly rare among con-
trols, we cannot exclude the possibility that the lack of signifi-
cance in the APOE-g4 positive group is due to the small
sample size. Further analyses are necessary to determine the
interaction of the six SNPs and APOE genotypes in a sufficient
number of controls.

The six SNPs are located in a locus between 101.4 and
101.7 Mb, which is far from D10S1225 (64.4 Mb) in the
strong linkage region described by several groups. Two
peaks were found for chromosome 10q when a sample was

stratified as to 4APOE genotype on genome-wide linkage
analysis (9,10). There was a major peak around 80 cM and
another small peak was observed at marker D10S1265
(102.6 Mb) near the six SNPs. The linkage was found in
different conditions: in familial AD (9-11,13,15), with
plasma AR levels as an intermediate quantitative trait (12)
and with AAO in AD (14). In this broad region, candidate
genes were presumed to be as follows: CTNNA3 (16,17),
PLAU (22-24), IDE (18-21), GTSOI and GTSO2 (25-27).
CTNNA3 was identified in high plasma AP42 pedigrees, and
both IDE and PLAU are suggested to be involved in the degra-
dation of AB. We also measured the plasma AB40 and AB42
levels in the samples to determine whether or not the SNP gen-
otype influences the plasma AR level. We did not observe any
relationship between the six SNPs identified in this study and
the plasma AR level (data not shown). Li ez al. (14) analyzed
transcripts in the hippocampus and reported decreased
expression of GSTOI and GSTO2 in the region between
D10S1239 (98.9 Mb) and D10S1237 (116.1 Mb). We geno-
typed 167 SNPs in CTNNA3 (67.35-69.10 Mb), five SNPs
in PLAU (7533-7535Mb), 19 SNPs in IDE (94.20—
94.33 Mb), two SNPs in GSTSOI (106.00—106.02 Mb) and
five SNPs in G7SO2 (106.01-106.05 Mb) (Supplementary
Material, Table S1) in the exploratory samples, but found no
association with LOAD. Recently, Grupe et al. (34) reported
that SNP 15498055 (97,344,904 bp), a locus for the RPS34
homolog, is associated with LOAD as described above. The
SNPs neighboring the RPS34 homolog locus, 15526928





