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could prove useful for the early and accu-
rate diagnosis of AD. Quantitative evalua-
tion of tau pathology could also be helpful
for tracking severity of dementia, because
the formation of neuritic pathology corre-
lates well with clinical severity of dementia
{Dickson, 1997). NFT deposition in the
entorhinal cortex is closely associated with
neuronal loss in very early AD patients

(Gomez-Isla et al,, 1996). Prevention of
c NFT formation is thus an important target

. of anti-dementia drugs. If novel treat-
ments that prevent the pathological for-
mation of neurofibrillary pathology could
be turned into clinical applications, this
imaging technique would be applicable for
the evaluation of treatment efficacy. '
The general mechanism of abnormal
F protein aggregation leading to disease is

Figured.  A-C Autoradiography of AD hippocampal brain section using [ "*CIBF-158 (B) and immunastaining by anti-tau {4)
and anti-Af3 (€) antibodies in adjacent sections. D—F, Close-up images of A, B, and C, respedtively. D, E, Accumulation of

["'(IBF-158 (E, arrows) correlates well with tau immunostaining (D).

of these compounds has the advantage in this factor. It vivo im-
aging using a tangle-laden mouse model that accurately reflects
AD pathology will elucidate this issue. Furthermore, three tested
compounds demonstrated fast clearance from normal brain tis-
sue. This property will contribute to improving the sensitivity of
detecting NFT accumulation by minimizing residual background
levels of tracer,

The most intriguing point of this study was that BF-126, BF-
158, and BF-170 have a preference for tau pathology in AD brain.
Results from fluorescence binding assay suggest relatively higher
binding affinity to tau fibrils of these three compounds. These
compounds also show excellent stainability for tau pathology and
little background fluorescence in AD brain. An autoradiographic
study using [‘'C]BF-158 confirmed the accumulation of this
tracer in tangle-rich brain'regions, emphasizing the binding pref-
erence of these compounds to tau pathology in AD brains. How-
ever, fluorescence assay data show the binding ability of these
agents to A fibrils. In neuropathological staining, these agents
faintly stained amyloid plaques. Thus, these compounds are not
completely specific to tau pathology. Nevertheless, our data sug-
gest that these three agents have relatively higher binding affinity
to tau pathology rather than to A pathology in AD brain.

Previous neuropathological research suggests that the deposi-
tion of NFTs occurs before the presentation of clinical symptom
in AD. Even in the very early stages of AD, patients display con-
siderable numbers of NFTs in the entorhinal cortex and hip-
pocampus, sufficient for the neuropathological diagnosis of AD.
Thus, in vivo imaging of NFTs in conjunction with imaging SPs

e

B-sheet formation. AD is accompanied by
the formation of two distinct S-sheet ag-

gregates, AS fibrils and PHFs. Asis the case
with previously reported imaging agents,
BF-126, BF-158, and BF-170 recognize
B-pleated sheet structure, because staining
i AD brain sections was disturbed by pretreatment with formic
acid (Kitamoto et al., 1987). Our results suggest that tested com-
pounds display relatively higher binding affinities to PHFs than
to AP fibnls. Previous reports describe 2-(1-{6-[{2-fluoro-
ethyl) (methyl)amino]-2-naphthyl}ethylidene)malononitrile
(FDDNP} as a candidate of tau imaging agent (Agdeppa et al.,
2001). This compound is a highly lipophilic agent and specifically
labels NFTs as well as SPs in AD brain sections. [ '®F]FDDNP, the
first PET probe to see clinical use for AD patients, reportedly
detects the combined signals of SPs and NFTs (Shoghi-Jadid et
al., 2002). FDDNP shows high binding affinity to Af fibrils; how-
ever, binding affinity to tau fibrils is unknown. Pittsburgh com-
pound B, another promising PET probe, preferentially detects
the accumulation of SPs rather than NFTs (Klunk et al., 2003).
BF-145 and TZDM (2-[{4'-(dimethylamino)phenyl]-6-iodoben-
zothiazole) also reportedly preferentially recognize SPs (Kung et
al., 2003; Okamura et al.,, 2004b). Why these B-sheet binding
agents show such a variety of binding characteristics with SPs and
NFTs is not well understood. The diameter of a PHF is 18-20nm
at the widest portion and 8-10 nm at the narrowest portion
(Wisniewski et al., 1984), whereas Af3 fibrils are 7-12 nm in di-
ameter (Sunde et al., 1997). Although the nature of PHF structure
remains contentious, both structures share a common pattern,
with 4.76 A meridional spacing and 10.6 A equatorial spacing,
characteristic of a cross- structure (Berriman et al., 2003; Barg-
horn et al., 2004). A recent study indicated the presence of mul-
tiple ligand-binding sites on AB fibrils (Lockhart et al., 2005). If

Figure2.  A-J, Neuropathological staining of brain sections from cases of AD {4-), Pick's disease {J), and progressive supranuclear palsy (K. BF-126 {4), BF-158 (B), and BF-170 (€) ciearly
stained neurafibrillary tangles and neuropil threads. These stainings were consistent with tau immunostaining. In contrast, these compounds faintly stained amyloid plagues, which were deatly
stained with thioflavin-S (TFS) In adjacent sections. DG, Double staining with BF compounds and anti-tau antibody was performed in hippacampal brain sections. D, Cored plaque s dearly
visualized by BF-168 using violet and blue filters. A merged image of BF-168 fluorescence using a blue filter and tau immunestaining (green) indicates that BF-168 does not recognize PHF-type
neurites. The image of A3 immunestaining in an adjacent section dasely resembles BF-168 staining. BF-126 (E), BF-158 (F), and BF-170 {G) faintly stain the core and halo of amyloid plaque using
aviolet filter. However, images using a blue filter closely resemble tau immunostaining. £, A merged image indicates that these three compounds preferentially bind to PHF-type neurites (F~6).
BF-170 (H), BF-158, and BF-126 (data not shown) did not stain any patholagical structures in the section pretreated with formic acid, in contrast to the dlear visualization of NFTs in non-pretreated
brain sections (1).J, K, Staining of Pick bodies and globose tangles were compared with tau immunostaining in brain sections from cases of Pick's disease (/) and progressive supranuclear palsy (k).
Neither Pick bodies (G; green) nor globose tangles (H; green) are detected in hrain sections treated with BF-126 and BF-170. Scale bars: A~C, 25 pm; D6, 50 puh; H~1, 400 um; J~K, 100 um
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PHF also includes multiple binding sites for $-sheet binding
agents, this factor will contribute to the difference in ligand-
binding affinity to SPs and NFTs. The manner of binding be-
tween B-sheet binding agents and both NFTs and SPs is not well
clarified. However, differences in conformation between SPs
and NFTs and differences in ligand-binding sitcs may result in
the diversity of binding properties in these compounds to SPs
and NFTs.

Tau lesions are not only the hdﬂmalk of AD but are also char-
acteristic of non-AD tauopathy such as PiD and PSP (Goedert,
2004). However, tested compounds did not show any significant
binding to pathological lesions in these diseases, implying that
both compounds are highly specific to PHFs in AD. Accordingly,
these probes are potentially useful for differentiating between AD
and other neurodegenerative disorders. For future clinical appli-
cations, optimization of the compounds is necessary to
assure compound safety, facilitate radiolabeling, and reduce non-
specific binding. We are currently investigating the in vivo bind-
ing characteristics of these optimized probes.
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TRUYREL E4L W, 7AYNA 2= (AD) DR BHEERETFCH 3, AD BiEicBT27
FYREHE D, T4V 74— MMEFENSTHEREICBE L TE  OMERR I N, WL 2hORE
PRIBENDZICE-7, BIZIE, Amyloid B-FH (AB) DU - BER, EARBRICHNT 2
B, HLBRILIEA, MIMEBREDICN T 51EH, WRESEERICNT 216H, Kial 2
Fa— AR T BEAE LSBT S, 7RUVRBHEDTA Y 74— LMEEETHZ, 29
L7% { OERAOHRT, MIPREBREICREWN?ICOWTIE, KEBRICEoThkog, B
PEHOBIEE LT, ZICHE2WANR SN THERZRBL TV,

F—TJ—R:7RVREHE, avzxyu—i, EAH, #7EQY VEBIL

& L oic

<Apolipoprotein E : ZDIRA BB IERIRFDIRT>

7HRYREH E4 (ApoEd) 7NV NS 2 —JHDE
BMEAFTHZZED, 19983FEICHS LI
(Corder et al, 1993). # D apoE4 23\l LT T L
YA 2 R D 0w, dEn,
N0y, & & CEEFUETY % 72T
HNIFER, 74V 71— AR ERANERE S
M, RERELHATARIEL LTRBENS
ICRo7, HIZIE, apoE 74V 7 4 — LB REOHEH
26, Amyloid 8-EH (AB) DILERKRE, 2L T
E NP SN 5 /ER] (LaDu et al, 1994 ; Ma et al,
1994 ; Sanan et al, 1994 ; Martel et al, 1997 ; Bales et
al, 1999 ; Holtzman et al, 2000), FiEB{LIER % /- L 7o 4
REMMAaE# s 2 5 4 & LT OfEM (Miyata & Smith
1996 ; Tamaoka et al, 2000 ; Lauderback et al, 2002), ¥
fEE#E O OEG & I Y % /A (Nathan et al,

1994 ; Nathan et al, 1995), ¥ VER Y VEBLRES &
DR SRR I 5 /5 (Strittmatter et
al, 1993 ; Tesseur et al, 2000a), MFEN 7" F W iEEIC
59 % EM (Herz & Beffert 2000), A2 L 25 12—
WA T 5 EA (Michikawa et al, 2000 ; Gong et
al, 2002), Z L CHMABEAT v Fu ¥ v 28EOHKB
BT % EFA (Raber et al, 1998 ; Raber et al, 2002)
RETHBH, L, Thn D apoE DA
T, EEBOMATRS BEE2HE 2R L, apoE4 iz
EBET7NINA 2 —REEROFEL T3 b0k
Iz oW TlE, REREHICE> TR, Lizdio
T, apoE 74V 7 # — LRFENEA O - Hlfic X
LFEEP, REERBEFICAIT 2 A h = X L okEtizS
BICEINHEEE oTw D, AFETIEL, FI2 1993
LR ICITO NI apoE FARD L5, FAYV 74—
LRFREICER L5 %, apoE OG0 & v
TeBARWLRTIEE EHIBNL, TAYNL RS
JEA A = A LR % BIET apoE IR OERRZ BIEA

2005 £ 2 H 2 H%fA

* Apolipoprotein E and Alzheimer’s disease.
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K1 ®apolE 74V 74— LHTERSL7I/ B

112 158

ApoE2 SAFA YV YAFA Y
ApoE3 AFA YV FAX=
ApoE4 TAX =Y TAF¥FZY

HapoE DT AV 74— L1, 112 BEB LV 18 HEO
T I BBREOBLIC L TRE NS,

TENEFETH S, £, EEOSBToTwEaL
A7 v — VARG 5 @ apoE BIFRIC DT h, A LE
maE TRz,

I. ApoE BEFEZRLETIVYINAI—A

ApoE 12299 D7 = VD 5B 34kDa DEHE
T Y, apoE2, apoE3, apoE4 OFELR 3 DD7 A Y
7 4 —LDEFET % (Mahley, 1988), ApoE2, apoE3,
apoB4 D7 AV 7 4 —LDEWIE, 112 FH & 158 %
HO7 S VBB 19T OB LIk TH RS
ENTED, apoE3 T 112 BFEMWT AT A T 158 &
BE7NANX=ChH B, apoE2 WG ELY AT A
YTHY,apoB4 REH LD 7 AF v THB(E 1S
M), Z#5 apoE EHEIZ, %ﬂ%ﬂS DD EE
Fe2 €3, c4dDEEBFEWTHI, ANEIcLs%E
BUEaHsH00, 2 s DBETFESTOET apoE e 3/
e3EPRLE L, BIZERED 0~10%%EHD B &
XN, e3EBEFE L OEEIETEED 70~80% I ET
B EDMFEEN TS (Daietal, 1994 ; Yoshizawa et
al, 1994), THIZHLTC, e2 8LV e 4 OEETHEE
1%, 10~15% B XN 5~10% % G B ITBE R\,

BB L7k 9, 2D ed @ETERHEENTIL
YNAR—RTHBICEE S L0) 1993 EFEDFHER
B, FOHBDTNINA 2 —FFEHRICREHEL S
Ztz, BIFFNLIFEIC, $CI apoE PillgACiiE
TAENHS 2 IZHUERNICER S 12 WIRERREE
LEEBELTWS I EDHRE X1 (Namba et al,
1991 ; Wisniewski & Frangione, 1992), apoE & 7Y
N2 —RFHELOBEESRINTVE, LerL
apoE L 7Y NA 2 —JFFAEZ Db D & DR % B
HEIZH S DI L i3, 1993 SEILHT THREINE
WX TH B, Tiabb e 4 BT EFHOHEED,
late—onset DFFEET A I NA v —HTEHELLFEW
ERRNLEHETH Y (Strittmatter et al, 1993), I D
ERZIMAT T LY NN, v — R TOHEREL-RETH
h (Saunders et al, 1993), 5 c 4 BETF2% {HD
EEREDBMRIEAL, BENPRELZL(ed T Y

NHARTEME) 2 6 L72#E©H 3 (Corder et al,
1993), BZ(Z, e 4 BEFH 1 OEMT L LIk
TTFNYNA 2 —IFIC e % BRI 20% 25 90% 1
WAL, TAREERIT 84 L6 9 RICEELDT
%% (Corder et al, 1993), Z#.5 DFERIE, bosEII
BOTHREBRE SR, BECB 7LV v —IFE
BB c 4 BETFOHEEIZ 0% LIt ERLT
WBTED, HEEDO TN -T2k > TRE N (Dai et
al, 1994 ; Okuizumi et al, 1994 ; Yoshizawa et al, 1994) ,
¥/, BloBE?» S OF e L, EEIMEETAY
NA 2 —HOBBEEF OV LD EEZLLENTVL 5D,
FORHZALIC apoE BBHE L T B 2 EETRRT
LA/ ROMEIN, Thbb, EHRNMMERI
amyloid B EBE DOLE L7z AD apoR BETHE HFR
72t Z %, apoE £ 4 BETOEEW 2% TH-T b v
9 FERTH B (Nicoll et al, 1996), iU FMERICH Z
2HEDS, HlAE, MEEE (VAT o—Viten
EWEBELBEFELL D) & &I apoE VWEHELKREHE
RELTwRIE2RBRLTWS EEERIEBELTY
3, ELRFFET VY NA 2 —NF L OBEETIE, &
W PSLICEBETERERFORE®RET VY NA <0
DERRIZEWTD, apoE ¢ 4 BIEFZFOATIEIRE
MWEREZ I LEPHEINTE Y (Pastor et al, 2003),
apoF4 X FRE{ET PS1 OfERICHINIYIZ @ E, FIE
RO TV AHBEINR STV 5,

II. BAICHT S apoE E4A & FDHIH

NS, apoE IZ7 A YA FRAYIF O
T4 b, HBIIFERMAEIC X > CEEIN, FRE
ETEEEINEWVEEZ LN TE R (Basuet al,
1981 ; Boyles et al, 1985 ; Poirier et al, 1991), L 4> L3
FEOWED S, 7A ¥ A MHARIUSREMEL
bDD, BAHOMREMILIC 3> T apoE BRIEI N2
ZEWEAL LB LT mRNA LAOLVTRERRS N, L
PHEBECEREE2F I EBHE SN Kuetal,
1999 ; Aoki et al, 2003a ; Harris et al, 2004), #E&E S D
WE T, e L b MEEOMERERICE VT
1%, apoE OV 2 A Y 7y FMENTOBHRE
UTFTthaIeds, flidaraio—iRkHER
HERFERIERWEEZOND, LizdoT, M
IR T apoE EEA DB, KBETLRIFENIC
BCBEICEb s TWLAREND 5, H 51,
apoE OFEBEH LR T2 & SN2 RIMECHIME EE
I & B MAREER % &2 (Poirier et al, 1991 ; Aoki et
al, 2003b), FHEMIIEEED apoE BERAEHET 20D
mH Lk,
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ApoE3

ApoE4

Domain interaction

‘1 Domain interaction induced by salt bridge between Arg-
61 and Glu-255 in apoE4

ApoE D#EE (FisX Xu et al, ] Biol Chem, 279 © 25511-25516, 2004

D Fig.5 & DFA 2B TCHE)

M. ApoE DFEE & HisE

ZNTlE, BLEABRz apoE D74 Y 7 4 —LEBR
WEZZB0FAHRLEMTHS I, TCILE
1TCRL7&EIIC, FapoE 74V 7 4 —LDEBIET
S/BLIOTFOBRNCLBI LS, ERIIZIECN
57/ BOBECHLEERI IS apoE OEED
E\» (apoE T FHH 5213 apoE S FRIOEEER I
KB EBATE,BR37 /) B2Ob0OOK 4%
MER OBWIGERT 25 TH 3,

1. ApoE4 R A A VEEERE (SFRBEER) FH

ApoE4 X2 D DEEN F A A4 2> Eah
MHTVw5, Thbb 22-kDa D NI F A4 > (7
I/ MREEEL 1-191) & 10-kDa @ CHREI K X 4 v T
%, W3 LDL A% OEE 2 &4, BEIEE
HBvLY) REARAERE &, ApoEd D4, &
D2ODFAL VEICRBWSHEFARALN, %
DHEEZ 2RI b RbDELTVRBEEEL AT

% (Dong et al, 1994) (K1 £R), X MAEERITIC &
HHERM G, apoE4 D NI F A 4 v izdH 2 112 BB
D7V Frl, BRIKKHELZ61FZBHOT7LF
ZUBCHmM XLy 255 FHICH B NS S VB
& salt bridge 2L LT, a3 PSR E M0
573, apoE2 % apoE3 TlE 7 A ¥ = 61 138 R B a v
TAA—2avrEEBLDT, NmBFXA & C il
FAAL VEBOEDTEEC R EEZZoNTwS
(Dong et al, 1994 ; Dong & Weisgraber, 1996), < D
ELEDE WD, H2 12 apoE4 IZRLFH A XD KE %
VLDL L& LT vl iR (Dong & Weisgraber,
1996), apoE2 & apoE3 13RI F4 A4 RD/NE 7% HDL IT
BAELPTVEVS, 74V 71— 2RENERDE
WREATVE EEZEZ ST B (Weisgraber, 1990),
EESD, IV AT — Vil & HDL HAEm I
apoE 74V 7 4 — LERENH B Z L (apoE3>
apoE4) % F&H, L 7253 (Michikawa et al, 2000 ; Gong et
al, 2002), ZDEWVIF A A VYEMEEEAD & W»
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apoE3 BIfEES & 28 apoE4 (V% 3 V8 255 %
TI7EVIERLALDLD) TRHEETEI L2 AL
Tw5 GREET-%),

2. ApoE #FHEBEER

TR 7% & 9 1, apoE2, apoE3, ¥ & U apoE4
znzgh g, 1, BEO OO AT vE2Fo>Tw
%, L7035 T apoE2 ¥ X U apoE3 I3, disulfide f5&
KXo ThEHDWII~T R 2EBHREZHERT 2 0l68
D% 2, ApoE Hic X % disulfide #5&13, $ ¢zl
WA CHERR S N, M D apoE3 D 55% 1% 2 ik &
LTCHEETBEZE, LA INNP—~F4 772 T
a2 & DR I LTV B (Weisgraber & Shinto,
1991), MARENS, TD &9 % apoE FREDEEAE
I, apoE BEEZLEHT 5, A5 4 ¥ 112 13 N g
IR AL ICEFET 25, 2 BHEZHARL 7 apoE 12
N RO A% &9 C dafll] ¥ A A v HeE, fl 2 1 E2E0H
ERECIRE L OMEYRR I ERRIET LE X
shd, ERIC 2 BEEBRL 72 apoE3 1&, Bffiz
_RC HDL ~DEEHEMENEEICHEMT 2 2 L 2'h
o T % (Weisgraber & Shinto, 1991),

3. ApoE OEFEHE

ApoE 4,3 2DFEBELTAY 74— L LHHEEED
a -helix G2 I L (56~60%) H3hho T 5,
W7 =Y VBEALE X CRERI X 28%E
Bk 2L, apoRd B b A EETH % (apoBd<
apoE3<apoE2 DIE) & E DRI, apoE 74 YV 7 4 —
L©MEFEN DT DREEIH, 74V 71— L RN
e YTEEE —IEHE T E A WRREYRH B,

V. ZILYINAI—JEREE apoE

1. ABRRE, BABERANOFE

AN ABIRED LE® ABILED, TLYNA <—
FRRED AR RE 2 BT LELZONTVS, 4
BT bz in vitro DR TR, 72N A = —F5HE
HO#Y>TTHB AB & apoE L OEEIE E N,
AB L apoE 2% SDS ®IEB 77 =9 v iciikPilETH B
BEER2WRT 505, apoEd DIFH D% apoE3 & 0 b
EEEHNE  (Strittmatter et al, 1993), & SIZE WA
V¥ aR—¥a it koT, apoEd DI H D3Rl
ABEBHR LT W EHE SN Maetal, 1994 ;
Sanan et al, 1994 ; Wisniewski et al, 1994), Z#6 O
BiL, apoE B7A YV 7 4 — LRI AB LFEET S
Z &, T Db apoEd DIFIBEE LR T L, 2R
X o THEEDH AR DESEDEMEL AR 22K,
DOTREARONELFE T2 LEBEI N, L
L, COMBREELLHER, Thbb ABLOKEAS

FRAEIRE - IMENIC, apoE 74 V 7 4 — LRI L
V& ORERLIRE SN T % (Naiki et al, 1997), — A,
EE LA L7- apoE Tl3, AB L DIEAE»ER B
ZEDPHS I E N, T b b NG T T,
apoE IF I HDL MF LEE L THFET S (h2 i
HDL fiFZHET 2012 FF2) 45, 45D apoE-
HDL E&fE V3 &, ABIZR LT apoE3 iF apoE4
D 20 UL EORERAMEZ T¢I EBHAL»ICRS
7z (LaDu et al, 1994 ; LaDu et al, 1995), 215 D#EE
5, apoE3 DIZIMABIZ X DL A LESHKE
FEDRT 0 DIC ABDRERIICEN, ZO70ic
L DEROB AB DR EVTWE EEZ B Z
EPTE D, WA ADL L HFEY Y, ZoHiE
LR, X 5 ICHIE~OED AR ZFIHL TV B Dh
apoE TH 3, L2b 7R rudA Fh oo
apoE ¥, 7R boy A+ OfiEEEEZBEL <
HDL 214§ 5453, apoE 1 3 FH 7z h DEESII apoE3
>apoE4 CT&H % (Michikawa et al, 2000 ; Gong et al,
2002), 2% Y, apooE3 1T & h % { @ HDL Kt % Hi
ETBIL, I5ITABDHEABRNEINE VL L)
ZEOBIKT, ABZ X NUENIRETEDLEZ
BT EDMTELND L,

512, apoE D AB MBI T &I B L %
oD, VIVIF BEEEZFoe P72 04 FHREER
BAPP) DI v AV oy e ARED, Ik
apoE RV R L 2R E R T AT 5 &,
BARIZET 2 ABEEVEINICES LD TH 3
(Bales et a], 1999), L2*L, Z D%, apoE Kif< "7 2
IZt @ apoE3, apoE4 ZEA L7V A% {E>CH
BMOERZLAEZA, D apoE ik, 512 AB
WEZBAP E8 7D TH 3 (Holtzman et al, 1999 ;
Holtzman et al, 2000), L 2%, Z O 4 X apoE3>
apoEd TH o7, L EDOREREL F L 02 &, 1) Bales
5 DFEERD S rodent @ apoE (X AB DB ICHETH
b EEbNn, Hidke b apoE &, apoE / v 7 TV
P AMRICIEET 5 ABDREICHEL(ELC
&, ZZiCapoE 74V 7 # —LFEENH Z Z L
DpolDTH L, L LZ0%, apobd ZBFIFE
BETHPIVvAY 2w Ve AMNICEIT S AB
WEICREEMEL E T2 ELH D (Lesuisse et al,
2001), ZOoE@miEd ) —EHEETILNENHDE, M
LOBWAOMICEEORET 2 AEETLE
apoE™t & apoE-/-< 7 ADRIT DN T ABIEED
I BDEH, ZOWERMICHEZECDH B [T
$ % (Holtzman et al, 1999), $ 7% b, apoEH =
ATIEHE CAI~CA2 KEARERBBRINTY
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ZDIZRL, apoE-/-"v 7 2 TIEIFEEREICIERRE L
TRENALND, THERXOBEELLIBRL T
Vg ads, BECHRD 2 MBETH B L EHIEZ 3,
ApoE DFEH - JEFIAT AL DB T 2 ML EL 3
&EF UL, apoE IZBXDEM I B 2 ERERHOZ L
ZEWKL, HRFICABMEA =X b bMOEALIC
KoTBLEZZELERTZEILRE6TH 5,

2. ApoE &Y DER

ApoE L & 7 EH & DRSEIL, apoE e 4 ST LY NA
T HOBREATTH B LME LIV =TItk > T
F 1994 FiziEHE I Nz, Tibb, apoE3 i, 20
NI F AL Y2 AL TYIEREBE L SDS &
HOEEFEETERT 255, apoE4 IR L 7w L vwS
b DTH % (Strittmatter et al, 1993), UL, HfE
KHRET D9 VEAVREDWEHTH 5 apoE & B
REL2OPBFHATHY, FEISF A4 ABD7—F
777 P OHRERSS S, Z0%, b MY YEARR
R THE IS ATEIYEAD Y Vgl
TLENRI 28, PAPudA PCEEIEEYTR
TEY VBWTUEDNE . o b ol Z ks, YUE
B2 T 2 apoE DB MEHREBRNTH S LT
5 #i5 (Tesseur et al, 2000b ; Tesseur et al, 2000a), X
5 I PR ARME A (IZ apoE @ C WM R Y EE T 2 &
DI E (Huang et al, 2001) 23H 2 2 o5, ASH0
ESRHEEEROTMBELBRINTED, SHBOMmETH
WHETH B,

V. ApoE &ERHIEEN

WA apoE 2 FE L T ey 2, &b
apoE3, apoE4 #FHW L 2 bS5V APz oy 729 X
(tg) Z V72212 X D, apoEd-tg = ™7 A iE7KKEEE,
B Bk o CTHEFRAMET L TR B I LSRN
7= (Raber et al, 2000), 29 L7 GBEEINEHE LD
WWHEEL, FH2 X RAICD&HAB S N7 (Raber et al,
1998 ; Raber et al, 2002), ZN 527 A MOIREEL
ENTCIX, apoE-null =7 AT A & - ISR ER
TR PRI & apoE3 (NI L T w7223, apoEd Ik
I U Z2>o 72 (Buttini et al, 1999) & ¥ 3, 7,
o tg =7 ARMEA /DS b, apoEd tg =7
AT, BELWIY—F v JRBBOERTRAEONEZET
HWEDIH % (Hartman et al, 2001), 5 % Tk, apoE4
MO b ThHhoTHHE - RECIHERRWEEZL
LHTERI LS, AN Y ADRICRLNS
ZELROD, B MO YTRESZI LD, I SINE
I - P2 03H 2 DI DT, BEICKRHT 2
PHEDH B,

VI, MO L RAFO—JLH & apoE

1. BRaL XFO—/ RS0k EHE

BLE®D X 912, apoE OFF>EFAICIZEICHEL 2 5 1F
APREINTVEY, X5l 2 ClEERS—RIIc
VAT R —RE E apoE L OB A ST 5 ME
WHB, 12, #ekD S apoE FHEMMIE) S D
HDL HiEfERAZ > ¢ BonTwa 2 s, X561
B2VAT A= IVIIFEL 7 VYA = — RO EREF
THD, RFFUVRAIKE Y PAYAL v —BHES
MHT 22 EPMEINTVBE LD TH 2, Thbb,
WAV AT a— A& apoE D7 A V7 4 — Lk
FiE2BEE DT B w2 o Wtk T x
72DTHB, LoL, UTFORM»S, BA2L X5
v — LR 607 70— i i EEE S 7, e
DaL AT u—LzEUEEREEE, Eicmk—
MERTITONTE oI RIBSE TR E T
H 0, NRMMILIEIME VIR, SHESEmE, e
BTEMRR T CIEMBRMIETH o, T LA
DEERIGES, Z0oMROERIIERTH 2, LL,
L IVRAT R NICEDERTH BN (PERR)
B3, aLxFu—afRBHc oW T O EIIESD
T oD TH D, PHEHERIZ, MM
EOoTHRERRLOBTONT VB DM Lo
LAFu—LR#EFRE2ELR FERZONMEZDOE
AT EBTER Y, ZZIKMAaLAFI—
WA ORIEA 5, apoE DRIER 7L Y A = — %
EREA~O7 70 —FBEECR2EBEHED 1935
3,

2, BRERMWERICHETZILAFO-ILRSEO

RN

IXTFUEENTVLRWILZAFu—LiE, T/
DOMIEEZ R T 2EELRBETH S, LirL, T
MERTOALRATaO— LOROBERICOWTEET
RER, MEERT2EEEDS I L uRRMaES
DRHEEDND %, FREEROBRIZEED 21%I2
WBERLVD, Reko 23%DIEXXF L2 L 2T
LRSI EDPHENT VWS, %L OBWIZET
3R ORI, EHBCERM D S BEDORICE
B0, SEUYF—varRWRey bV — 7 ORER
EDHL - FBICHBEL ENBaLAFa—NIE, T
NTHATOERIKRTEL, BELLOMBICIRES
BRI ENRbhoTn5S, I5IHEEDEME LT,
TEMAROTZEE X U oMin: KX B A2
HE, ISEBLES ) UG LToBRRER
TOFENH T OoNG, I, ZERREEES
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fisd = #4 1f %& PR) R R e

i

HDLERHF

[ B ke

B 2 mEMBEME A CEET Y REREOMEEIRSE(EBR S
MEEEFIR O E R, FEEFS VAR—F — I o TITFbN TV 358, U E

EHEFREREN VW EEZ NS,

BT AMRERPET LI EBHoNTIED, MHifRsE
OREORER MG D 2 oG 6 BEE I
K&t Ei3 (Craig & Banker, 1994), L7=45>7C, T
ANTOa L AT v =)L & lliEd, o Kk TEATY
DT, Bl T 7 ATEE DR R IMER OB
B ISR NBTE v, EBE, o S AEEE:
B Z o T B EBRIEKIR T, 24 BRI &>+ 7
AD 20% L S turn over THIEEEL K BT B &
E1 % (Okabe et al, 1999), £ % & <, {RELAR
TOBREOELOHERZIE, Mlzgdkrooara7n—
VRS (k) Blabic, KR coaLraFa—)i
RBEBEEOR L THREBRETVEEZIONS
(Hayashi et al, 2004), % & % % FEFRREMAEIC “IRiE”
BHH Znds, 29 LB TH Rz sg
Z2VATR—VORBRIIFBRENTH 5, HREEEEK
I COBEOELOMER I, RFRFFcOa L AT —
NGB O B TREIRE W LRI L L
T, HiRstEE O HDL-a L AFa—uds, ¥ F 7 A
TR BEE 2 GE 2 BT LB REN
(Mauch et al, 2001),

3. IRAXEEF9 & L XFO—JLKst
PAEBR & N & ORTICI, MBS (B0 2) 23
ET 27012, WAIKREERE LIZZOHBERE
HolMEOAVATFu—ARBEWEET 3, Hz
2, I icid LDL, VLDL, IDL, HDL, A4 0 3
suarERYRER BEL S v 7 BEL LK BH
FI)DEEL, T2 R ZNDE R - RFS T

508, MR (BB T) i HDL D A2 HEE
T 5, Ztud, MRS (K 3) Ik o T+ o
LDL, VLDL, IDL, #4237 0>k 80V REED,
BRI ARG W ERZRLTWS,

VI, ZILYNARI—fmEDL A7 O~ )LRH

1, MEILRFA-IEETILYNAT—RE &
U apoE EIzFZH

TYNA 2 —IRFIE L FIEROE 2 VAT =)L
MAE & O ERRHEIEET 2 2 LREINT
\»% (Notkola et al, 1998), T 9 L&&KfTT5HaL A
FU—=VIEDEER, TV, 2 —HEOAR ST
mild cognitive impairment (MCI) FIEF 2 b Ed % & \»
9 Z & HIE I (Kivipelto et al, 2001),

MEz2 v A5a—nN{EL apoE OBEFSHE L O
RIZDOWTIE, TTRELDWRIBDH S, 2ok
g, M LV A7 v — )L {Eld apoE2<apoE3<apoE4
DETH B Z &HPHR I TV % (Braeckman et al,
1996 ; Kallio et al, 1997 ; Frikke—Schmidt et al, 2000) .
Zhid, 2t apoE4d BTNV NAL = — iR ORBEAET T
HBDIONT, MEa VAT O — )W EOEED, S H
HTERZ 2R LTS, T4 bbb, apoE4 iF apoE2
R apoE3 iR TMEI L AT o —VEREL 2D,
ZDVEDRTNAINA v —IRFEMEEZI NG V)
DIITH 3, Tk, AYICME2 LR T 2 —LEfHE,
PHREMERO AL AT - VELHETEOTHS )
7n? LdL, MED2LXFa— W EEBRTDZ
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B 3 Apolipoprotein E {2 X o CHIIZ N B A 2 L A5 v — L%

ML EAEBEA A & 4TS (Fagan et al, 2000), #
DOFRRAZTTIRBR &9 i, MEKBEMOFEI &
rrEZOND, INSDEREVEELSIX, TATT
2Ea VAT O —)VIEE,) I3, B8R (E72EHR) v
A5 0 —=NARBHC IR R W A A = AN (B2 EE
HOBERLZEENL )T, TAYNL v—iEz 5 Sl
ILTWaB I EicRs, Je L TEER, o
RBH2OTIIRVPEEZTHS, Thbb, I
HDL-a LV AFu—nfEICER T 5L, ZOMEIEE
JE 2 apoE2 >apoE3>apoE4 122 % & T & % (Braeck-
man et al, 1996 ; Frikke-Schmidt et al, 2000), Z @ HDL-
AVATFR—MEIZETS apoE DT A Y 7 4 — LR

ik, EESHPWMEL LI, apoE ik Ba LA

F v — VAR HEER (HDL #TAEER) ICEB % apoE DT
AV 74— LRFETHBETE 572 %9 (Michikawa
et al, 2000 ; Gong et al, 2002), T DEZHFIL, 7LV
NA v —FEBEEMETIE LDL 2V A F 2 — LIZEE
793, HDL 2 VA5 — WIX{EETH 2, 5\ I8
WHDL a2V AT R —AEBT NI NA v —HEET
EETH B L) ERICFEL %2> (Demeester et al,
2000), V¥R LT, aLVAFH—EL apoE ®
TAY T 4 —MMREFERRL 2BAICE, EETAE
YR EE O (LDL A» HDL 20) i & > TE 7% 3 WEk

M3 B,

T, MEaLAFa—VEERT VYN, 7R
DEBERTTCHEIEZDHDELRET BT —F D5,
WL OPRERINTVEIELATMATEE W,
FIZ1E, Reitz 513, BaVAFo—)VIEIEFLL A7
NYNA v —REEZIMGIL, A&FVRATT VY
NA T —IREEHEE T Z L TCERVWELTY
% (Reitz et al, 2004), 2Dk ) LRI HZERLRI 2D
WL, SHROBEHEIE 20D, FEEIT PR RRE
ROBEBTHETNINAT—FF%E, ME2L AT

B METHRRT I EABICZ L Z ORANH 572
DTRBWREEZ TS,

¥ HDL-I VAT E—NVIZEB T 500, 2413
HRARARE R (Bl HR) 12 iHm;:vxTn—wLﬁﬁ
ELELLLTHS, WAL, PHHRERDI VAT
v — L ARE O FERIE, HDL {REtoER & 2 5, MR+
T 7R REHA Al (apoAl) 25 HDL R H &
H xR 370, KL apoAl-HDL #H D iA#A,
IDLO &k HicavAyu—HifEes LCRAT 3
ZEiEl, WOPDATF Yy TERNL TN
HEEIND (L LBPF TR RAENANB LY S, 8
RIS 2 “BREalL A5 n—1” &£ LTH HDL
DBENZE®RELS ), Lo L, PEMRRICFETS
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apoE-HDL DBEIIEENE ), EHFODMWR LK
i, MEEMER, TA oAb, 2uSUTELIY
FYTFY R PR, TS EHRD apoE 2
BHEVPELEL, 2o REME %28 L T apoE-HDL 138
DAFNERHEINS /28, apoE-HDL E&EKIZAKTE
BWROLDL O & 95 i, [REMHGER2H o056 TH 2
(X 3).

FARMEER N HDL %41, apoE 1= X 3 HEElH
BRICRE(KFET S, EEoRTAIRYA PIZE
\7 % apoE IZ & % HDL #7 4 #8 |, apoE2>>apoE3>
apoE4 TH 2 Z & & KR L (Gong et al, 2002), apoE3
i% apoE4 (U HDL #14EfE, ThbbalLaiyu—
VREBICEN S Z L 2SI LT, PiEERERN
TELEINS HDL- 2 L A F 07— O~ Ot
WS, WTHEBHOMRREHE - > 7 7 AEE (Mauch et
al, 2001 ; Hayashi et al, 2004), & %\ 3 HBEE
(Tada et al, 2004) KBEELEEH+* BT LWREN
TWwa, LEdoT, EHRETEENREVH DD,
NG HBEREEL Y5 5 O EE B IC apoE kY
HDL #HE L, ZNOHELRERGBH 2 BT LEZ
5N, ZTORNOENREBREZLEGT 5 WBIELH
LErEZLND,

ApoE L aL R Fu—-NR#z2EXBICEELD
i, FooaliFu—LRETHDEDEDBRE, O
F D MR R FEE 2, AR, LDL %
HDL 2, ETH 5B, LoL, SSIKERTAREZL
12, filEA O/ NEER, & 5\ IdHiigE (BE B
DA ERNEIZRBILCTEIT L TAD L, BEODH S
ERIBEND Z 0D 5, HlEEDa L AT~y
FIFBE_—BEEONE E BEIcER 3 2 &, MBI
BT HE—TH\ I & (lipid rafts) e T 3,
Bleo F 7ABIBIT S 2V AFa— a7, I
W&o TN DT 2 a L AF o — L ERENT 5
L ¥ 3 (Igbavboa et al, 1996), # Z THIE X 8 7«
apoE3 & apoE4 / v 74 = I AMOY F T ABIZE
Fo2aVATu—-LOHREEELLEZ S, Eefko
VAT R-NVBEELSZWIZOEDL ST, sl
DT BV AT H— LB apoE4 BITlE apoE3 IT
L 260 B8N L T & w9 (Hayashi et al,
2002), BcB 32V AT u— VBB, BEESE,
AAXVF RN, YITTFNVEERIZL OEEL R
BElEL2BELRRTTHL I L, OBl
BETHD, B I LEDHOBECETE DT
FHTHZE, HoWidapoE KL pEa L AFm—
NOWHEES D2 (apoE3>apoE4) IZEHEBRD 51
B DD 2,

Vil. S#&DEE

ApoE4 R b B CEREFTH 2 I ESEHEIN
TI1LENEEL, ¥sicarryo— L REEE L
TINA 2= EDBOMEEIEH IR TVwBIZY
Bbhod, IhoicBET 3516 DEARTFHER
BIEERIEREHEIL Twic vy, BE, BERENICED S
NTWLRRPERIF T EF LY VI RF S —~VPHE
RDHTH 203, BEHBEE I &I apoR4 Bl #3513,
ZDHABLD1IDTHDY 7Y KT B RGHE:
T EDSRE X T\ B (Poirier et al, 1995), & ALHSAR Y
FEFTE, apoEA Bl 7Py g v —iREFIcES
BUCERIRER R T s ERH B, 5FT
DD & apoE LEICL LR 2 o2 212,
TAYNA 27— IBHIE S HWBDOA D=L EBN LT
B o> T3 EEEED D B, L72di> T, BEEND
BEHFET B Lich s, BRND 3 LTINS
26, apoEd O F A A YEMHE LA, apoE3 @
BMNEETFEAIC X2 ASE OINE (Dodart et al,
2005), apoE FEFH (X ¥ F v 2 FGF-1 & ¥
apoE R Z WD 2 T LBH o N T 3), o lipid
acceptor 12 & % HDL WA D FEH, apoE4 &7 AB
EEEE DI (Sadowski et al, 2004), apoE4 BT 2 #i
ML D MBERER O G E 32T 5 21 (Raber et
al, 2002), SHBZFNFNDOA B =X LIIGL =HE%R
BU CFHERBEEORMIEEIRD STn 3,
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Abstract

Apolipoprotein E and Alzheimer's disease
Makoto Michikawa
from

Department of Alzheimer’s Disease Research, National Institute for Longevity Sciences,
36-3 Gengo, Morioka, Obu, Aichi 474-8522, Japan.

The possession of apolipoprotein E (apoE) ¢ 4 allele is a major risk factor for Alzheimer’s disease (AD). There
have been numerous studies to show apoE isoform-specific actions and several hypotheses underlying the asso-
ciation of the apoE ¢ 4 allele with AD have been proposed. However, the development of therapeuitical ap-
proaches or prevention of AD based on these findings has not been developed, yet. This review article described
the differences in structural and biophysical properties of apoE isoform, and their functions under normal and ab-
normal conditions, which have been proposed to lead AD development. Some of the mechanisms might be targets
for the development of AD. ’
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