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Progress in imaging amyloid
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Progressive deposition of amyloid plaques is a critical event for the pathogenesis of
Alzheimer’s disease. In vivo detection of brain amyloid would be useful for preclinica.
diagnosis of Alzheimer’s disease and for clinical evaluation of anti-amyloid therapy. For ir
vivo detection of brain amyloid using positron emission tomography, tracer compounds must
have high binding affinity for amyloid fibrils and adequate permeability of blood-brain barrier
Low nonspecific binding and appropriate clearance characteristics are also required to obtair
optimal signal-to-noise ratios that allow detection of amyloid deposits. Several imaging
probes have been developed and applied to human PET studies.

Address correspondence to Dr. Nobuyuki Okamura, Department of Pharmacology, Tohoku University Gradu
ate School of Medicine (2-1, Seiryo-machi, Acbaku, Sendai 980-8575, Japan)

161



Dementia Japan 20: 253-261, 2006

— 253 —

FILYINAAZ—RKIZEII3LFFRAESE

L By, iR

L%

E

T =2dY, FWHF BTy

iEL®IC

2006 ££1% Dr. Alois Alzheimer 237 VYN A
TREREL TS WW0EFEICHIzE L 0w
Z & T Science ® Nature Medicine & W7z
B—EEHEETO T VYN, > —RICET 3
RV E T 3, 1906 I IEHS & D ERENE
REIC DOV T Z DEEREG ERETRERRL T
Pk (Alzheimer 1906), TNETIDREHL
ERIEOVTATORERY K LRI EDb L
TERTHAID. ThoORERILOTTA
EEOZ, HESFCET 20 2AH
% {TFIES B8, Bb % OFFORRE E = 2

Synaptic dysfunctions in Alzheimer’s disease

Katsutoshi Furukawa

D BRI REAREREFZRWER AEEHLEESEHEE (T
980-8575 ALETIHZERERRHET 2-1]

Center for Asian Traditional Medicine, Tohoku Univer-
sity Gradulate School of Medicine (2-1, Seiryo-machi,
Aobaku, Sendai 980-8575, Japan)
D [ HEEEERSE [(H]
Department of Pharmacology,
Gradulate School of Medicine

O BEALKZEEE TR SEERBEESYT (F)
Tohoku University Biomedical Engineering Research
Organization

Tohoku University

162

WE—FZ OFRRBEHICEREINTE 0TI
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LRI b U < I MHEIE & ORSICTEEL & B iE
B ZES R I2BEATMUB LU F0OBE] LE
BEINE, VIS ARERMFEYF TR LER
VFTARSEEIND, SEOBHIZT VYN
A2 —FROREIZDOWT DS DTH 2D THE
WM OMEY F AT DWW TOEE LR B,
ETT Y NA T —EORREOERIL [EEER
E] THEAIDEELNE, IOREBEOAH=
XL DWTH INE TEAPAVENTS
D, ZNOKRDVTET 2DHREZ TR, L
HDLUERSEREOERIIY F FAELET BT
b5, LI ONHEEDE DMK, R
BEOETLREILEEbNS, £y F 7 AE
EZDHDBT NI NA T —IRREICB T 2K
HOERPID NI T =2 THBDh, L
FIWICITERZBZ 2HEENZ L LNE
VW, REDLBASDORFRESTLVAANLNTO b
VA =5 p T, ZOBRITWE Z A0y
FIAEENFEEL TV BEEZLDOLD
V—=XFTNTHAI M, IR I Ty
NAR—IREBTEYFTADBEEEIZODNWT
i, WALALRFEREAVWTHREENTVS
DITBEETH S,

INETIZE hOFEIMER, EMKERWTE
BERAIZ T LY NA 2 —IRICBIT 2 v F 7RG
FFEREINTW DS, KED ) 7 5 V=T KE
BT 4 ZTD Terry S1E 7NV YA < —
ROREFI OISR R FICMEI L, ZTO®B%
o DIEGIDITCE OB & BB R ak%
RWTEES V0 BORTE, FFREBZDWT
EEB{To 7 (Terry et al., 1991). A Tl
R LDEREORR L REZO/EROMER D
WTERICEN SN T W3, 1§ 5 IZHRERI
R EIZHI T % synaptophysin (2D w TH
EHEBLEEERAVWTRE L & 25, BAMH,
PR IRARMEZR ML, EMIERE & V> o TR EERT
B2 BB X T synaptophysin @ F I D & F=
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synaptic loss 2SFFIBEREREE 1213 % 2 I 50 W
MRS H 2 Z L BHEL T3,

EleEEY Y F 2 XY —KED Davies 5 13
T NA = —JREG OFMEIEE» &> £Hhr B
2w, BEFBEEE W TRMEROTEE, MR
FADBTE, 7 V4 —v R, ¥+ FRADOHERE
DWTHRES % 8 T2 -5 72 (Davies et al., 1987).
EREIGIC BT DH5E R DO TR SHRE L -EFNC
FRADTNVINAT—FDO DL &5
Twb, FoDEBHICLIBETICEBET VY
NA = RO B TIIEBERE L D >
T ARBEDFIVBEETH Y, ¥ 7 A /F0iEHH
A7 VY A = — R DRI B> TEIR IS
BETLTWwS LRI TS,

—JKE= Y v YA F A ERKED Mor-
rison & Hof B D7 VYA < —JFE DL
Bz v TEANBE, MRFEREEL, i
fivg, SEFFEHCRBLEZ3, EF LT
WA = —IRIE B IR 5 1 R
ThHoTzd, FHADT VY NS = —BIZBWT
VIR BT BB THR & o 7 MR MBS I YR 13 ER 0 73
»mo 7z (Morrison & Hof, 1997), = DZE&IZ
T WD NA = — R DEFTIC B > TR
WHRIZ STV FTABENELTWA T L AR
L7z,

#El National Institute on Aging @ Yao &
EE O RUEBFEEEACTTI ALY N, < —fF
DFEZ YT TALBET 25 /0B,
WHRET 2 BT &7z, Yao 5 13 synaptotag-
min, AP2, AP180, dynamin & \x 5723+ 72
MEETERT 559 FDO mMRNA £ ¥ v 8280
VARWVIST NI NA = —JE DRI B> TERF I -
BALTw5EZ e 2R LY (Yao, 1994), +
BOBTNINAT—IRIEBITBINODS >~
INT BDWD DY F 7 ZNEOTEEL & R DE
TZEh&E, ZOBRELTYyF P AKEDR
ENbT8NB T EERBLT.

Z CTHRN LI REFEN R EED 7 L
VA =R DRI B VT DIFE R FETL T
5ET, BICIRNS T T VEYRRE S



TNINAT—IRICBT v+ TS AEE

WEBRI D bR TELTWRERE2 IV
KIZRZ TH B AEEMIZE Y, e DWET
X7 NVINA 2 —RIZBNTIRY 7 ADESE
FRR[DP L ORI DAELCTBD, »2ZFD
EFIR{OEEECHEEIEEEbNS,

A IRFRIRET

5, £ELTVYNA T —FREOKIZE
WY T AKBE 2T 2 AR, P
BRAEEZENLRFRRCE L2290, FTNE
BTG NNT — AT T 5DOEREEEAD
V7 FRENY) XABEEORAA DT YN o —
BITHRE SN T3 (Jeong, 2004), X 5 2%
SEAEEN p300 1B Tid, odd ball £ ¥
7 BT, HRIEOEEAL & BREDIERE 1 Z
Th 3 (Polich & Corey-Bloom, 2005). ks
Blicis W TR - BEED s BL U /0 K
MORBRBIAT—T A TOEENT VY NA
T —IRICTHEINL TW3 Z LML T VS
(Fernandez et al., 2002, Babiloni et al., 2005) .
N7 WY T —FOEMN TERIEEEYW
W Z &5 NI LIZ Y P A D E %
RELL Tnd L% ODFREEFEZ T3,

TRETRREERIARES

A1 O WE R F W F % % B vz [neuro-
imaging] OFEIITERL BERSOEE
L7 4= FTEENEI M, BROIT)NV—
7 H A BF-227 £ w9 A WBENICEST
LPET 7u—7%2BnwT73I04 FDA A —
VYT OMERFETHTHS, o7 suf R
DA A=Y 7R T, IMP-SPECT 2 &
LM FDG-PET Iz & 3 7' N 7 RS
TN NS = — R OIREOTH D 7z DEER 22
BTH{fTINT &, 2o SPECT, PET i
REERISITTE TS~V Uiz b v —s— B kR
WEAL, *OHEM 70— 7 OMNERE % ik
FEERIEZ 5 2 LW L VRIS 7 N ViR
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BHIZET S, %7204 functional MRI (fMRI)
EeRCTOMBREDOENTOBRATH S, MR
MREONEEIT 2 &, 7R UL BEORBER
FIENL, MREPBRELXSIBETAES O
EYLEINT 2. 20X CKIES R R
FBRL T2 AHERY MRESEHLCHED
DB ENIMRIDFEETHZ, ZnsDiR
SHEFRIMRETH 50, WInb MR OERBI
B BMMRE, 7 FvEEERE, R
(HBVIFBT)NEZ0E DT s i HlE
LTWwaRTET, ZneD7T—FDET,
DT v F T ABEEDET 2B L T3
DOHFNIHEL O b Ly, LarLigs
BTNV NAT—RIEBWT X# CT ® MRI
TEHEINIMOBRENZEB AT IR
5 SPECT, PET 7z ¥ O#EA A —Y > 7 CEF
X N 2mmE, 7N vEREEOERTHE
fITh2Z ENTHETENE, ThsKEEE S
THEONTERLT VYN < BRI > 5
TABEEE WL B D TH B AR
BEND TR WIEA S, Kawachi & IZEBEED
TNUINA 2RI BWT FDG-PET Iz X %
D7 ¥ o gERE 07T —5 &£ Voxel-based
morphometry-MRI (VBM-MRI) = & 284D
EiEE 255w e L7: (Kawachi et al.,
2006) . B DIMEIWC L B ET VYL = —FKD
Z W2 B\ T FDG-PET @ 5 48 VBM-~MRI
FOVEEENEERTHL EERIT T
5. Z0&5KkMRIcL PET oFRER2%
T A2MEIESD b DL b WL DOEE
3% (Mosconi 2005), L7225 TSRS
BB EZDRE, FREROKBE WS 5T “PET
is better than MRI” &3 z B35 134 7% <
B, Bz v v A EE R R
WETHEIT 2 W7 VYN = —FFDZRIZ & -
THRLBEETHL2OND L,

gFETIL:
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(TG =T RA) ODYERDRIBE L > TSR, 7
VNA R —fERRDSEFD L & TEYE, &
BEZOHEFIZZDOITG =7 A | DRIZERAA
ENTRBPEED L, WLIFST 2 oA NHiEK
Ry o7& (amyloid precursor protein:
APP), vy =9 v 1(PSl), vv=)>2
(PS2), apoE & \wao iz 7y g = —FDEEA
BRFEEALTER LA 2FIL
NeELT [TAUYNAT—FEDODETN] T
HLEMUTHIREZB IR > TV 5H, FIO
FHEZETH % Alois Alzheimer 13 Z DRI ZE &
SBoTWBIEE I n?
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D% WEELSMEHREENZED SN L T
ETHB, LLLEBLINGDN I VAV
Zw IR T ADE LB TKREERR T YO
TEVFEEBE CEHIBOEENELDON TS
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EHRBEWCMEZT, ThoeBlDIIT VYAV
S IR TARLBOTCEEBEOA =X LDET
NVTHY POV F T ARBEORENRRTH
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LTP) WEET &N T35, W 2hDflsiEdh
2b0DD, APP, PS1, PS2 B4k, TEE
WFNIRBWT D, TNO P BEFEEILE L
LTP DEE, B TFTMRL 7263 NB LHEINT
W5,

T APP 6 A 240D HLUIFEE S ¥ 5 8
ZD—DThbyeIVI—YOEBEL >
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HZ2EDTWwWA, Notchl D/ v 2777 hww
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TRNRUARAEZD T2/ A4 THELYUL T
5, 80Tyl y kv —YE
BLTWREEBRINTLOAL WY, vy
=) riFy 7 Vv —EEEES L T Notch
YIFV T EREEILTO S EREENE N, &
Ty 7V —EHEFDT VY NA = —IR
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WKHEA» DB ENR v 27 vy — LA
DIEFRE Notch ¥ 77+ ) w7 2L TL %
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WESNTVDE, ZOIIBEEOLLERLD
7 W—71% Notch @ ¥ F 7 A BB K UM i ]
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NotchD7 > F VA BT RADY /) AICE
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Vazwrw U ARERLERETEok
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LERERBRRTEIICTEAE Ry 27 VY —
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RS

BEMEEEACTTI VYN, v —HEDORHRRE
WWEE B WD i vitro DEERR % w5
bLBEAAIDI00FEDT VY NA T —fKDOHT
FEROFTERERREEH-TE L, 22Tl
EEOBIRMRLDEDTT I oL Ny ony
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LTWwEnE2EELTHIZY,

£ T APP S EBE S N2 AR T H % 25,
Ry F 750 7E2AWT AL OWEEMEDOE
ZBUOWTEWOLDHEENZEINT WS,
HEEZT Y PORMEE» S S MEHEEEL /-1
Mg 2 T Ag ZifEs e 7 7)) r—yv =
U, MlEOHE, EEEruricEltdT 2
hEME L7 (Furukawa et al., 1994), &%
S DEBERIT AL BAMEEDA + > F v >
AINIZHEREZ D EVWIRTIREL, MR
W2 AB DEE LTz %% channel & 7213 pore %
T 2l ERB L, T2bb AR
& o TR & M7z channel/pore I & - T &E
DEA 4 > BRIREACRAL, MR A 4 >k
AF VT =Y ADPWEINTHI - v 7 AD
BHREERELFIET 20D BB SN S,

FRABBBEy I VI—YIZLoTY]
DHIREBRTF P THEH, EEDOKTIE B,
yEI7VI—LRNLTatr vy —¥LE
fITHY, ABOFLT a7 vy —¥HBID
NTF P2 ABDBEEENTIRWVWEE
AONTWSE, ENTH a7 Vy—YiZko
THlr & THRS I ER S L5 secreted
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&£ Z%,8APPa i3 cGMPIKEHRE K F % 21
ZEE A UMEHE 2 BSE S ¥ 2 2 & BHER
Atz (Furukawa et al., 1996). FHiRHATIL
WHEs 5 EMERIIETL, HERY I /B
£ & 2R EERED s RES P T
B2 %, Lizh-> T sAPPa BIEENICE
WTKF v 2 VOEMEE N L TR
ERABEELI LI VBELORESFEELY
T 2 (RE T 2B & B> T 2 REMED
1R

ST AB iR I i & UM RE £z chan-
nel/pore s % LT, XL TH SO
EDDTNWINAR—JFDF—T VA ¥ —Th
L9V EDREBL DI, FUIEGUWS VRIE
TERWOT, BE LY Uy o B2l
NEBETHLEVIANITY—TE Z20%E
BB RE - ERECBIE T 2 HIVICEIET 20
BEEL W, b B 2A 0 VBB 7 A3 TR E
FENLTTNYNA v —ROFRIEICEER
BEERILTWE I EEBENEWESS
23, EEFHNCH B LR S IMFE, T
HEOTHIZBBTH T VBT VYN 2 —ED
FREEZF, GREETFTHZ, L0 IREIR
FELZ o7z, L LkshS o BiAlgE R SRAE
(Ftontotemporal dementia: FTD), #0OdT
bRICRBE TRV V7 LS—F Y =X
LEMED FTD & LT D DRZAMNHE X
Tz Frontotemporal dementia and par-
kinsonism linked chromosome 17 : FTDP17
DEEEGFNS 7 TH 5 & 1998 F I His &
Nz D e RO tavists 12 & - T 20 HAZ D
BBIESNTEABROEBE TH-7hrdb L
2> (Poorkaj et al., 1998) . 483 |3 5 B S,
CDRES Y DEAIOHE 7V —7"Th % KE
YT MWD T Vb RE D Gerard Schellen-
berg DEBIZHEEL, ZOFRADOEE I Ibe
S ENTE, ZLUTEESIXZD FTDPLT
KBWIRRINLERY v L FEKRDY v %
EEMECERERBE IS TS F 277 0 T EE
A TESEBEERNERZ 8 2% > 7z (Furuka-



— 258 —

wa et al,, 2003)., #EEHED > > 7 ABKEEIC B
WTIEBWWEBRHE 2 H > T 3 EEMKE
MHNY T AF % ANCEE L TERE S S
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rundown WEHIET L TWwWA Z L 2HERL
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BIzoTwd, a X744 riiveE—/ME
PR TA2ERDTH BT TR, #OI A
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% Z &wzinz (Polymeropoulos et al, 1997,
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FUYUBEVE—/IMEROBRERIZEL Bb o
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Synaptic dysfunctions in Alzheimer’s disease

Katsutoshi Furukawa, Shirong Wen, Nobuyuki Okamura,
Yukitsuka Kudo, Hiroyuki Arai
Center for Asian Traditional Medicine,
Tohoku University Gradulate School of Medicine

It has been reported that synapses play a key role in learning and memory in human brains
Numerous investigations have been performed since Alois Alzheimer reported clinical courses
and pathology of a dementing disorder, which is now called “Alzheimer’s disease”. In this
manuscript I review several reports, including ours, that investigate synaptic changes anc
dysfunction in Alzheimer’s disease. It was reported that synaptic dysfunction and loss is wel
correlated with cognitive impairment in addition to that the loss and impairment in synapses
occurs in an advance to neuronal loss or formations of senile plaques and neurofibrillary
tangles. We conclude that synaptic dysfunction is one of the most important events in the
pathomechanism of Alzheimer’s disease.
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