apoE 7 4 Vv 7+ — AL (apoE2 > apoE3 >
apoED 2 L o CHPATE B THHHem, wFhiZ LT
b, ILAFU—EE apoE DT A V7 4 — AEAFE
i L% EIE, HETRE ) RELOBEH(LDL A
HDL 22 L o THEFEEIZL R 2D THDH. I b O
BT TAEIVRATFU—NVIENT IV YN, < —
HMOfEREFChbIE T HMHED, [EHADL-T L X
FH—VEBT NV INA T —ROERERFTHE T
SIRFCHG L BEXWIAFTETHLZI L EZRLTW
H, IhFToEERNENDT - THDL-2 VA7 O
—NEDHEETTANLBLTARALILEIEETHS.

CPIEAMER Tl HDL- I L A5 O—JUhiE
BTHD

T, ZE¥R(BHBHIILDL) I VATFO—VTIER
CHDL-ZVATFU—LVEBEERTLION ? ZNE,
MR R (BE ) I3 HDL- I L A5 U — v L& 7F
LRV 6 THD. HHEMBERNO HDL #r4 i
apoE 12 X BIRE M MEREIC R E S EKFET B LR E
NTwpem, Lzd- T, M HDL-I L A7 a—J)b
EZEIRE LTCHDL $ik X = X a2 EZE 3L, b
WSRO MIBILE T (H B WIFHEF) 02 VAT H—
&% apoE2 > apoE3 > apoEd TH 5 Z L I FHEE N
5. MzZCHDL ICEBTREHEPH S, LD LD
12, MEROEaLAFu—LEidhiniEEaLA5n
—VE, BETOILVAFO—VEEICEEL L
v U LEBRIEWS 242, Mk o HDL-2 L
AF—MEIEHEEROI VAT 00—V EHDL &% 2
TIWEILAETAEY OTHB. Th o DRI,
mEHDL-2 L XA F 2 — Vv OEfE, %L TP HDL-
L AFU—VEOEEE TNV N T —IREIEDER
HWFTHDHETHHRDS, MFEI VAT VHE L RITR
VAT VEDOBEILL > THEANDLL ZERRL
Twd, EBEZTUVINA T —HEZFIIB W Tl
HDL-3 LV AFu—LEPERwETEHED?IDH Y,
CERTAYN T HOBERFTOI L AT O~
ZEUCIRERESTRIEFIZ ORTEY & § 5 H,Eon
s, Db, MiFaLA5Fu—)VEE, F 7ok
A IVATFO—LVEMBEETVINA T =D A7

PREBHIIEZ A LICBEETRTIRE RO nwED
NbhiEEzZ s, LrLiedis, HEETomEa L X
FO—=NWEE T A YA T —IRREET 54 { D5
FEROBHFUIZ I OH 2 ZE T HHEmIIREL TS,
51, TP OREMITA apoE 74V 74— L L DB
HTHRINBULEND L.

HBHEEOLR2ICE, HDL &) L Wb b RER
FO HDL Z#A L, M~ EfErEnd )
G bTBI b sO»EREICELNSHIVE D
hLhhw, ZoOHIZOWTHENE, HDLIZBWT
bENZHET L7 R REAVRLZLEPELETH D
LEZLNS., MBETTIETRY FEE Al(apoAl) A
HDL BRI EE L &E % R 925, TRMERTIE
apoE BN ED®RE %S . ApoAl L7 ¥ —L LTAA
Ny V¥ —LET 5 —(S5R-B1)% ABCAI % &0 6
NHHO0, FHMBREXZI LLLVETy—%4L
apoAI-HDL #lH AATIDL O L H 2oV A5 T—
MHERE LTRAT A Lidh{, W D2DDATY
TENL MR #Sizg S s (b LEPTHRDA
FhhE, WHhbWAER' EFEaALAFE—- L ELTO
HDL o#ENI &R % %)), L 2 A% apoE-HDL O}
AEELZY, WM 72 aYAL b3 707Y 7
BIOFYITF2 FazZ Y 7iidnwdh b 80 apoE
Vb7 5 —BHEET L0, apoE- HDL &3 &
BERADOLDL 0 & 95 IZIREM/EIERZ 2D TH 5.
bivbitd, PRMERNTIZHDL I VA7 a—)b
D - ADOR G DHREZH o T DH & ZHERL
AR

25 FURATT LY I\ Y—RREETF
BcEsh ?

ST, RGO TEITT 2RI L AT O — VIS
(B %V HDL MIE) & 7 VY 4 v =3B L OF MCI
DEAEE L ICIEOMHBEAH 5 L FIUE, HRED5, I
VAT U= VETH (AT F DTN, 7B &
CMCLRBEELZ FTIFHETTHE. &E, ILVATH
—VETHITH S HMG-CoA BITLEREMEEA (R ¥ F
Y)ORABIZBWT, ERAED 2V IZELOEHO
JRHAEIZLS 5T VYN v —FREEEICH B LT A

84 (666) S FHEAEIERE vol.2 no.6 2003



HHib L ERTHAERRSREINL2®, Xy 5
YEBT NN T —RmBEIH ORI OWTIES
DEZARETHLY, W OPDEBRTFDA =X
LAERETHHDONDH A, BRUOWRET, HENOIL
ZFu—VEEEFTs8EsE, APP(7 3 U4 FATERIE
EHEH) BICIREL 52 TICAREEZETSEL &
W IREAR SNz, SO, MlREoa L 2T
O—VigEx* TITAI N a-t 2 ) & — Vit % W
B4, APP« B%MNEE2—F, AREAREZ DS
HHEVIREFIZL o THXEFEIN®, $72, KEOD
AZFURBIZE DIMEDI L AF 0 — L ENERL, B
WD AREBVELTLIENENVEY FEHAWEE
BRick o OURsNz®, DLEoRIE, Mo ar A
FTH-VREOLAFER ApELAEL NI TT
WINA TR RESE LD, —H TR F VIR
AizihalbAsuo—VigEZRTIELE AREAL
BEHIL, 7oA —WRRIEZIIT 5 &S 3
DU I EERLTWS. LEALERIS, FOHBINA
LI TA#HEb LN, Thbb APP b5 R Y
IZY ORI ANANRAYF R LA, M
EDBMFDOAVATU—WIHET L7250, Mcidh
ADAREAEBLTEARORZHEMEED & X
Nb, Lo TFDAIZALIBELTIRERELT
HEA DRIV DH Y, GROMHVLETHS.

7, AV FUOOEHERE T ERT S A TERE LN
W&, DS REM & LRI ERER T A 0
MEIPEBIETHAHH. 72k z2i1E Wolozin D&
BRI o THRET SRS FriduniyF o, &
VINAEF Y, TESNRAIF O IEETH oA, T
S8R ¥ F A5k b hydrophilic GRAKE) ¢ i ik s B8 P9
ZEBLICLVEEZLNTWBIZ b T, 7L
INA T —RDIIER L Tz, £ 028 F il
AVAFO-IVERET &L —FT, TrYNL<—
REIE T PRI L e oz, EREZED? 2h o OffE
i, AFF UL BT YN T =R EICDH
o572k LTh, Ehpdi &bNoalLayao—n
BTERICL 200 DBRMEAETII TS,
TEHEDR S F VIRAEOMEOBITI LD L, ¥
NASFERALZE P CRIEILV AT —LED

ATMRE#E vol.2 no.6 2003

EE O PIVYNAY—ROKRBEEE

Tz I @ 24S-hydroxycholesterol L <V A3
T4 B EHIRENT®®, 245-hydroxycholesterol (&
BYIIHMToLohdaLAru— VvRWFELTH D7
W, AYFUNHEATL AT — ACHEICEEERE L7
AREZEZ SNTwE. LhL, A5 VOHAETIX
BMEOIVATE—VEETIF2b00 ApEAICIE
HEBLLVWETIHE2 X, ASFUILBETAYNA
~ —RIHIEI RS C ORI T L R 7 o — VAR R
ICHET 5 AREAKT CRAMBTE VI EERL
Twa. Tbb, A FUIlLo THKFDO ARE
DR T EIBN & T L0589 TBERAZD 1005 0
AZFVBERSLZZODTHY, BEBEWIETASN:
HHBARPAREDETIZL A2 0L EEZIZL VT
HAHH. B, 9 LARENUE i vive =7 ZAEBRIZE
WThABND., MIVATU—LVEIZL)BHA AR
WEPTHEL, ZOBREIIMEBLOMEaLATFO—
WVIRBEIZHBIT B L) JEDD B¥HLH—HT, Hmal
ATO—VEIZLIOBNAPEFRTT5LT500
bHY, SINHLO—EL-HPANTELVWRRLTH 52,
BOREHEIHE D IZH MR Th-720, B E
BB L DB REVD L0 L,
TR F DO ERB~OERE L TiT,
apoE DEA - FEL RIS I EPHEIhTK
4. Champagne H® X, MiF2 L A 759 — iz wd
SELERTOTI—= AT v MHIZBIT % apoE D
EEEFHEMESELE LTS, FLAFF VIRV R
FU—NVEEHAEEEH, —FTHDL-a LV AT T
—EFBIMEE WS, FOAHXLE LTTRY K
BEHOEL - 7EME AL Tw5b & T 09805 59,
INLHOHEE, B(BHLHILDL)ILRAFE—VE
BT EEDEAPT AR REAOELA - D ERHET 5
/L THDLEZWME L EERTRIZBW
T, K HDL BEMAFTH 2 LT HRFAIITLLHE
THLDhb LNk,
INHLAZL, RFF DL oalL AFU— VAR
PIGER DA ORI X AT R b SRR sz ibh
EabhnwThsr). £ RA¥Frdarvasu—i
EHBRELANZ, MR Y 7 MEE S e IC B -
T5GCEHDOBHICLELRPEEY TH 5 farnesyl

85 (667)



pyrophosphate % geranylgerany! pyrophosphate 7 &
DEH % HET 534, endothelial nitric oxide syn-
thase (eNOS), inducible NOSGNQOS) %41 F A > %
EOEARIH L TMARIEELIIZ 52 LMo Tn
%%, ZOEPIZOEIRTELDET VYN, v =B LT
MEMFERMEDOEMATF THELOHE® BHbH T
LG, B3V AT RV IE E B S EARTE LA
EENLTTAUINA T —HOBRET & %o TWAHT
REME, LTRSS F U IEREMRETL HABIRMEILZ
PRS2 2 E00TT YN T —IRERE 2 IH L Tw
BLEREMEDH .

5] PEOA FART—REBSVWTCAVASO
— VISR EIZ 18 S
CNFTTAINLe—mEALATa—VOBES
AREBEOBEPOIBRTELD, TOWMEOMHEITIZ
AMOBME D H5DH. ApITFOEEIREIIRTE L THEWIE
HERETLEING, REOHIEICLIZE, )T
— A p PR OMBEREE D CHINEIE L Lee 2B X2
TIEHIREN, TIOL FEROL) Tv— Ap
ZEBTVINAT—R/RBEA D= ALDOEREES O
TRV L ORBEARE SN TV B9, PUFIZHEA
THEPNPNONIEDL, COEZFTEIBLERIES
bOTHD. WEREDPEBPIFEET S HDLIZ ARAS
WELTWAI EPEMEINTEL, HDL 121 apoE
bEINHIENDS, apoE LT ¥ — %4 L CTHDL
BEKERO AL I LICL D ARHBRELENSDTIE
kW EZNBH L. L L HDL HEKOE
BB B & O (F) B BRI D W CidF oI BEf
NTWE DI TIEEd oz blivbiug, Ap oMM
JBRNa LV ATFa—VRHITHT2REOMTEEL T
HDL BAMERERLZH S 2 Lz, £hiud, OA Y
TIv— ApHMEMREL Y2 LVAFu—N, VIR
EBIUGMLF Y7 Uy FhrEdFI&EHE B L)
HDL BRT- 2T T 575 S OIRE - A g A 1KI% apoE
WL o CTEASNS HDL #RfF L I3R 4 D HAZIZH D
RENBWIEY, @F) T7— ARIFMEMRA T L
ATFE—VEREIHL, RENIIZOEEZEISES
WF& 0835520 Thsbs. 2 LIEMIZHEKAR

86 (668) S IR E

WiEHHN0T, ©LAYIRLIERA & 58 LTl % fR#
THLDTH-729., TUINL TR TIIA Y I
—AREBFHEMTAHLEEZOLNRLIENS, TAYN
AR —IHIZBWTIEEML /240 T — A R ASHEEM
JARN 2LV AT 0 —VRBEEBSETWETREELH A
I, bbb E2IEILOHETLENDOPD TV — T O
WREBRETHE, UTOXIREZ TR LS.
Thbh, FVITv— ARPHIEAILAFO—VE
WA EEme AL Z2FT—VEOWDI D) VEEt
JLE o, T AR L UERROE T, £ L
THRERIR I R R e HINBFE D FES o & DT VN A
Y — R BICHEL L R A R R L) T
HhH., ) ITT— ARICL->TRETAMBEAITL X
FH—-VRBOEFEEL, TA MY A bhopWsh
% apoE 1 apoE-HDL #14, BL U #Fhz shidHiaic
HHTHI LU Lo THEFL TR EEZ OGNS, L
L6, bhvbhdoR L7z 4 91 apoE @ HDL #Hr4:
ER(FNIERABICI LV AFa— VB ERTLH 5) 8
TAYT = WRFRNTH L9002 255, apoE L7
AV T d — MMEFIIZT VYN T — R EICHES LT
WEDTRBEVWEAIPP?PIVATH—LREZELE 1DV
VEALTLH#E E OBEIZDOWTIE, I VA F O — LRHE
B L 4% Niemann-Pick disease, typeC
(NPC) D E 7w 7 AWhIZ BV TR S, MAPK i%
HOERABIT ) YBLTTE?, cdk5 OIFEALIT
HER I OMBEEEAD ) YBALITED T O 5N T
WAR, IHOFE LT, NPCl RIEMMIZE VT
AU R AL OV ATU—-VEDKTAFDH
EBIOHROBEELHE, Zhrfilany 7 rof
HEFELTVLEEMES £E2 TWw5.

® BHHIC

OB L AT 9= VIFEDAR YT VI N4 < —IHEEIE
DEREFTHBDNE ), W) REAHBEICD
WTIEEZ A RAPLETHL L Bbhb. ORI
HEOREVHE REFES 2 SN E Z LYK%
Hh, FEHRFHRERREPEMEREEAETFELT
(A - FEO)HDL- I L AT B —VIZERT A2 &
2T Lo,

vol.2 no.6 2003



@F -lH B L PHEMRRIZBWT, FREFRLOI L

AFa—VEOBEICOWTONIEDL KR TH
. ZHUCHELTIE, MmN e L2 EEAHO
MAEMERZ8 5027 5 720 OEBR O &I O
13212, 24S-hydroxycholesterol Z2 &AM 2 L X 7
OV~ ——IE BT AMENFLEI LD LR
bha.

@AZF Y OFPHRBLUEDORAH ZXAIZDNTH

@b LODEZHTHPELL,

7)

8)

9)

LD QIZHELTBI b ERETHLLEELD
2, SSICHABEDOAYF VIRATT VYN T —¥H
FREICEET A (L ATF O - ae&Et) &) ozl
FHEH 0%, v MAE - BETIL - MilgET NV
B UCHENTT 5 LENDH 5.
LrdbifidpaLb2Fo—n
OBEIHAT L AFa—VREHEEL 5 23, &
BICASF VICFHRREHLETHEHIE, T LA
70—V O MBI NI E O BIRTE L L & & A LR
BEARELTWALD LGV,

Y B
Craig AM et al . Neuronal polarity. Annu Rev Neu-
rosct 17 . 267-310, 1994
Okabe S et al . Continual remodeling of postsynaptic
density and its regulation by synaptic activity. Nat
Neurosct 2 . 804-811, 1999
Mauch DH et al . CNS synaptogenesis promoted by
glia- derived cholesterol. Science 294 © 1354-1357, 2001
Strittmatter W] et al . Apolipoprotein E | high- avidity
binding tob-amyloid and increased frequency of type
4 allele in late-onset familial Alzheimer disease. Proc
Natl Acad Sci USA 90 © 1977-1981, 1993
Notkola IL et al . Serum total cholesterol, apolipopro-
tein E epsilon 4 allele, and Alzheimer’s disease. Newro-
epidemiology 17 - 14~ 20, 1998
Jarvik GP et al . Interactions of apolipoprotein E geno-
type, total cholesterol level, age, and sex in prediction
of Alzheimer’s disease : a case-control study. Neurolo-
gy 45 : 1092- 1096, 1995
Evans RM et al : Serum cholesterol, APOE genotype,
and the risk of Alzheimer’s disease . a population-
based study of African Americans. Neurology 54 .
240- 242, 2000
Kivipelto M et al : Midlife vascular risk factors and
late-life mild cognitive impairment . a population-
based study. Neurology 56  1683- 1989, 2001
Frikke-Schmidt R et al . Context-dependent and
Invariant associations between lipids, lipoproteins, and

AR G

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

vol.2 no.6 2003

BE O PIIYNTY—mDmELEA

apolipoproteins and apolipoprotein E genotype. J Lipid
Res 41 . 1812- 1822, 2000

Tan ZS et al . Plasma total cholesterol level as a risk
factor for Alzheimer disease . the Framingham Study.
Arch Intern Med 163 © 1053~ 1057, 2003

Fagan AM et al : Differences in the A" 40/A° 42 ratio
associated with cerebrospinal fluid lipoproteins as a
function of apolipoprotein E genotype. Ann Neurol
48 : 201- 210, 2000

Fassbender K et al : Effects of statins on human cere-
bral cholesterol metabolism and secretion of Alzheimer
amyloid peptide. Neurology 59 © 1257-1258, 2002
Jurevics H et al : Diurnal and dietary-induced
changes in cholesterol synthesis correlate with levels
of mRNA for HMG-CoA reductase. J Lipid Res 41 :
1048- 1054, 2000

Braeckman L et al I Apolipoprotein E polymorphism in
middle-aged Belgian men : phenotype distribution
and relation to serum lipids and lipoproteins. Athero-
sclerosis 120 © 67-73, 1996

Kallio MJ et al . Apoprotein E phenotype determines
serum cholesterol in infants during both high-choles-
terol breast feeding and low- cholestercl formula feed-
ing. J Lipid Res 38 . 759-764, 1997

Michikawa M et al . Apolipoprotein E exhibits
isoform- specific promotion of lipid efflux from astro-
cytes and neurons in culture. J Neurochem 74 . 1008-
1016, 2000

Gong JS et al : Apolipoprotein E (apoE)isoform- depen-
dent lipid release from astrocytes prepared from
human-apoE3-and apoE4-knock-in mice. J Biol
Chem 277 . 29919- 29926, 2002

Merched A et al . Decreased high- density lipoprotein
cholesterol and serum apolipoprotein Al concentra-
tions are highly correlated with the severity of
Alzheimer's disease. Newrobiol Aging 21 © 27- 30, 2000
Hoshino T et al . Gene dose effect of the APOE-
epsilond allele on plasma HDL cholesterol level in
patients with Alzheimer’s disease. Neurobiol Aging
23 1 41-45, 2002

Mulder M et al : Reduced levels of cholesterol, phos-
pholipids, and fatty acids in cerebrospinal fluid of
Alzheimer disease patients are not related to
apolipoprotein E4. Alzheimer Dis Assoc Disord 12 .
198-203, 1998

Demeester N et al . Characterization and functional
studies of lipoproteins, lipid transfer proteins, and
lecithin : cholesterol acyltransferase in CSF of normal
individuals and patients with Alzheimer’s disease. J
Lipid Res 41 © 963-974, 2000

Wolozin B et al : Decreased prevalence of Alzheimer
disease associated with 3-hydroxy-3-methyglutaryl
coenzyme A reductase inhibitors. Arch Neurol 57 .
1439- 1443, 2000

Jick H et al : Statins and the risk of dementia. Lancet
356 . 1627-1631, 2000

87 (669)



24)

25)

26

Db

27)

28

=

29)

30)

31

~—

32

=

33)

34

=

35

o

36)

37)

38)

39)

40)

88 (670)

Simons M et al © Cholesterol depletion inhibits the gen-
eration of b-amyloid in hippocampal neurons. Proc
Natl Acad Sci USA 95 . 6460~ 6464, 1998

Kojro E et al . Low cholesterol stimulates the nonamy-
loidogenic pathway by its effect on the alpha-secre-
tase ADAM 10. Proc Natl Acad Sci USA 98 : 5815~
5820, 2001

Fassbender K et al : Simvastatin strongly reduces lev-
els of Alzheimer’s disease beta-amyloid peptides
Abeta 42 and Abeta 40 in vitro and in vivo. Proc Natl
Acad Sci USA 98 . 5856-5861, 2001

Park TH et al © Lovastatin enhances Abeta production
and senile plaque deposition in female Tg2576 mice.
Neurobiol Aging 24 . 637-643, 2003

Locatelli S et al : Reduction of plasma 24S-hydroxyec-
holesterol (cerebrosterol) levels using high-dosage sim-
vastatin in patients with hypercholesterolemia . evi-
dence that simvastatin affects cholesterol metaholism
in the human brain. Arch Neurol 59 © 213-216, 2002
Vega GL et al - Reduction in levels of 24S-hydroxyc-
holesterol by statin treatment in patients with
Alzheimer disease. Arch Neurol 60 : 510-515, 2003
Sparks DL . Intraneuronal beta-amyloid immunoreac-
tivity in the CNS. Neurobiol Aging 17 © 291-299, 1996
Refolo LM et al . Hypercholesterolemia accelerates the
Alzheimer’s amyloid pathology in a transgenic mouse
model. Neurobiol Dis 7 - 321-331, 2000

Howland DS et al . Modulation of secreted beta-amy-
loid precursor protein and amyloid beta-peptide in
brain by cholesterol. J Biol Chem 273 . 1657616582,
1998

Champagne D et al . The cholesterol-lowering drug
Probucol increases apolipoprotein e production in the
hippocampus of aged rats . implications for Alzheimer’s
disease. Neuroscience 121 . 99- 110, 2003

Adair J : Cholesterol and neuropathologic markers of
AD @ a population-based autopsy study. Neurology
59 . 788-789 © author reply 789, 2002

Chong PH et al . High-density lipoprotein cholesterol
and the role of statins. Circ J 66 © 1037-1044, 2002
Bonn V et al : Simvastatin, an HMG-CoA reductase
inhibitor, induces the synthesis and secretion of
apolipoprotein Al in HepG2 cells and primary hamster
hepatocytes. Atherosclerosis 163 . 59-68, 2002

Hess DC et al : HMG-CoA reductase inhibitors
(statins) : a promising approach to stroke prevention.
Newrology 54 © 790-796, 2000

Hofman A et al . Atherosclerosis, apolipoprotein E, and
prevalence of dementia and Alzheimer's disease in the
Rotterdam Study. Lancet 349 . 151-154, 1997

Ross R . Atherosclerosis — an inflammatory disease. N
Engl J Med 340 © 115-126, 1999

Sparrow CP et al . Simvastatin has anti- inflammatory
and antiatherosclerotic activities independent of plas-
ma cholesterol lowering. Arterioscler Thromb Vasc Biol
21 0 115-121, 2001

oM v

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

Walsh DM et al © Naturally secreted oligomers of amy-
loid beta protein potently inhibit hippocampal long-
term potentiation 72 vivo. Nature 416 . 535-539, 2002
Walsh DM et al . Amyloid beta-protein fibrillogenesis.
Detection of a protofibrillar itermediate. J Biol Chem
272 . 22364-22372, 1997

Hartley DM et al * Protofibrillar intermediates of amy-
loid beta- protein induce acute electrophysiological
changes and progressive neurotoxicity in cortical neu-
rons. J Newurosci 19 © 8876- 8884, 1999

Klein WL et al . Targeting small Abeta oligomers : the
solution to an Alzheimer’s disease conundrum? Trends
Newurosci 24 © 219- 224, 2001

Kirkitadze M et al . Paradigm shift in Alzheimer's dis-
ease and other neurodegerative disorders ' emerging
role of oligomeric assemblies. J Neurosci Res, 2002 (in
press)

Holtzman DM et al . Expression of human apolipopro-
tein E reduces amyloid-" deposition in a mouse model
of Alzheimer's disease. J Clin Invest 103 | R15-R21,
1999

Michikawa M et al © A novel action of Alzheimer’s
amyloidb- protein (Ab) : oligomeric Ab promotes lipid
release. J Neurosci 21 - 7226- 7235, 2001

Gong ]S et al . Amyloid b-protein affects cholesterol
metabolism in cultured neurons . implications for piv-
otal role of cholesterol in the amyloid cascade. J Neu-
rosct Res 70 . 438- 446, 2002

Zou K et al © A novel function of monomeric amyloid
beta-protein serving as an antioxidant molecule
against metal-induced oxidative damage. J Neurosci
22 1 4833-4841, 2002

Fan QW et al : Cholesterol- dependent modulation of
tau phosphorylation in cultured neurons. J Neurochem
76 . 391-400, 2001

Koudinov AR et al : Essential role for cholesterol in
synaptic plasticity and neuronal degeneration. FASEB
J 15 1 1858-1860, 2001

Fan QW et al . Cholesterol- dependent modulation of
dendrite outgrowth and microtubule stability in cul-
tured neurons. J Neurochem 80 . 178-190, 2002
Michikawa M et al : Inhibition of cholesterol produc-
tion but not of nonsterol isoprenoid products induces
neuronal cell death. J Neurochem 72 © 2278- 2285, 1999
Sawamura N et al . Site-specific phosphorylation of
tau accompanied by activation of mitogen-activated
protein kinase (MAPK)in brains of Niemann- Pick type
C mice. J Biol Chem 276 : 10314-10319, 2001

Bu B et al - Deregulation of c¢dk5, hyperphosphoryla-
tion, and cytoskeletal pathology in the Niemann- Pick
type C murine model. J Neurosct 22 . 6515-6525, 2002
Sawamura N et al . Promotion of Tau phosphorylation
by MAP kinase Erkl/2 is accompanied by reduced
cholesterol level in detergent-insoluble membrane
domains in niemann- pick Cl-deficient cells. J Neu-
rochem, 2003 (in press)

vol.2 no.6 2003



7 Rl

Cognition
and ..
Dementia

2003. 7

K7l L Ea-7#T



WYV~ DRIEE IR

57 A INT—

Cholesterol and tauopathy

ESREEEME L 2 -AREEMEREE
Makoto Michikawa ié: } I I %J&

--------------------------------------------------------------------------

Summary

{ o aLRFO—IRBETLY N T—HK(AD) EDOR
P OEASEASATOS, ChDOMRE SR, PEGER
P OOLAFO-ARBE ADRBEDEET RSN B |

ENHBH, UL, MFEROILRFO—LRBIERIE

! MERTOThERKAECREDD X, HEIOWENS

P RRETHBICEDIDET, FEALOEPHRIZMm
: %%:vz%n—wﬁWﬁﬁuﬁﬁbfaw,ﬁ?-ﬂ§
P BLALTORRS Chs RIS L RS SV, K
PORTE, O3 LARBORRRREROBREOMESR |
POABEL, #UOUCHMEEETIOLANRHRS—RIC |
P BUBILAFO-LORE, BICILAFO—LEW |
PRI (2 T OU S BMETTE) OBEICRAE ST |

fEmERREL L,

Kéyumnh
f @l A5u—N
D@7V T—
P @y @fNEEEEL
P @=—7 v ¥y U
P @A rurAty

@7 RV KREHE

--------------------------------------------------------------------------

a VAT u— V) &

LI

WEAEDHERIEFMIEDOERDP S, TLINA Y —FF
(AD) RBIERE L 2 L A5 u— VB O BRICEOAF
FH5NTWE, LAL, ILAFT— VAABTIROME
DERMIIPRTHB b PhbET, RDbILVAFO—
WAZE T Td B W (PR LB A2 VAT 0
—WREICOWTOMR R EbDTH RV, Ld, fi
My, FoRESBOME £:5 2 &, miEkkE
MIZE D ERBERREEBHR S h T2 L hs, 3
PRI GEAR) BT b aL AaFu— VR OMRAE %
DFFEHANBEZEETE R, k2L, HREROB
OERBERITHMEADENLOHTHErOBEH RS
EVRMLENTBY, §_ToaLATT— 1L %Mk
PHRIGE TEATWZOTIHE, &I FTATY
HEOHRFRIMEBROBELR LIRS TE R nwEE
Abihd, EBE, VFTATMBEENRI > Tk
WG, 248 PINIC 2 Y 7 A D20% 2L £ A turn over
THIIEBMLET A EEINBY, BF 5 Mk
K COBEOELOMERZIX, MaErsnaLasn
— VAR (33%) DAMS, RERATTOI L A7 a—f
WEREDORITREVPKREVEZZONS, ThE
AL LCHRaL, MashEH o HDL (BHE ) K&
F) - LAFa—A0 Y F 7 AP CEE 2%
ERIZTIEVPRINGY, DL k) BB 5 Wik

CognitionandDementia vol.2no.3 (215)43



FMEOIEHHREWES 2L, FDOLIZT - T AD
BIEMME L o L R 70— VB OBIRE HERT 5 LENR
Hbo BRTIE, TOL) LMWREROGHELET 27
IRAT, B ENTw A0 EAcHL2ICL, AD
REREL IV AT 0 - VHIRORREERTLH I &I
RO A vy, BPICy v L AT — VRIS
DTN BB 2w REAL v,

AL XFO0=JbKE & AD

1. MEILAFA—ILEE ADBLU TR REHE
(ApoE) Bz T 48

AD BIE L BRI OB I L AF 0 — VIfE & ORIIZE
BLEIFETLII L "SHE I TWw b, BT
HE OV AT — VIIEDFAEE AD O &7 53 mild
cognitive impairment (MCDS$HE & OBIZ & B E 2
BdbZeENHEIN AFEIVATU—ILEE
ApoE OEETZME OBFRIZOWTH, §CIZBIIRE
IbEDEENS 2 ENE L DMENRH L, NGO
FCTIE, MEIVAFO— VL ApoE2< ApoE3<
ApoEADNETH 25 Z EHRENT WA, 29 Lizks
Bld, ADZBIEL ApoB4RITH LT L MBI L A7
T—EDEEE V) RTHTSTOLNEZ EERLT
Wk, 3 hbhH, Apob4 id ApoE2 % ApoE3 IZH~Til
BHILVATU—NVli%d LA S5 2 & TAD ZBERE
Kb TwBHEZEZDLILNTE D,

2. ALATRA=INF Ny P A—EfHALAFa—l
or EHDL-AL XAFO—Jb, BERAEREELH?
T, FROEIHFT, TRCPTELCHBETES
DEABI,? FEW, FIHMTIELrD Lithvy,
LR G, B2 L AFO—-VIER, SMEToa L AT
O— VREICEE LW DL INENLTHE, 0
FERVARE R L, [RITT2EI VAT T VIEDN
AD BIEOBMAFTH A] LI mlEEH R HHT A
TR 0B (F 7B 2 VA 7 - Vi BEE L
CIEBHITERWI LIlh 5. ZOFF IR L TERE,
FU7F— 71208 U TR TIZ a & E 2T

44(216) CognitionandDementia vol.2 no.3

Who FEID, MBHFOBIL AT O— VD DWW I
LDLUEHE Y FEH) I L X570 —V1E)iE, ApcE @
TAYV T —LIIKEL TEWIEIE ApoE4>ApoE3>
ApoE2Z %o T3, LaL, MEHDL-a VAT
O—NVEEARDBE, 4 HIZ% 25V ApoE2>
ApoE3>ApoE4)™, Z» HDL-a LV A7 10— VEIZB
B ApE D7 4 vV 7 4 — AREMIE, BFLER
SAME L L I ApoE 0#ifriEa L A5 —ViE
WEA (2 V270~ VI L 5 HDL $iAEERD) 128
7% ApoE DT A Y 7 4 — JMEIFHETHHTE L 25
AW nWFRIZ LTS, 2V AFO—{EE ApoE D
TAVT7 +—AEERERLAHEICE, FEHTNEY)
REHOHIE(LDL 4 HDL 2) 12 & » T2 MO NI
BBEDTHA, LId-T, [HBITTE2HIVAT -
VIEN AD OERKNTF CH 2] & T ARHIEE, [
HDL-Z L 250 —EA AD OfEBRRETTHE ] &7
AIHIC A LE ST THSL I LIZEHTRET
FhnwhbEZ 5,

3. hIEMERTOIL ZAFO—-JLRH

Tid, ZEHDL- I LAFU—VIZHET 200, %
Uk, PRERERESR (B ) I HDL- I VAT — L L
PHEELEZVDP S TH D, PHRMETR & AERR M
WIS L > TR I N TEB 0, iR (BEmh)
124 HDL A D47 L, LDL, VLDLGB{KLE Y R &
M ED)REREFNLICHET LS OTHEY R
EARAEL 2V WAL, FHRMEROIVATE—
NACH O, HDLRFOFERE b0 2T TEHAL
OWFEIX, HDL OAF» L&A LTLEI>» 2D L
niv, MUHDL EwvwoTh, FNEERTETRY
READV PR EBRIERFR TIEEL L HICEET X
XThbo MEHTIHT RV REH AI(ApoAl) 78 HDL
RIS R E 2 B9, PRAERTETRY R
EAEApE)OREFEETHDI LEELZ LN D,
ApoAl ZEMKE L TRA IRV Vv —FEKRSR-BL %
ABCAI & E8H H N 5 A%, HRAHANE A ApoAl-HDL %
) LREREN LT AHAR, ILDLOLHIZIL R
FH—=VEEERE LTRET2 2813 % <, w20



WE e TN YN V—mDHIEE IEE1H]

ATy TR U TR STt EEZL LN
B LEPTHYATRNE, Wb LR
TA [EEIVA7Fu—)] & LTOHDLOREIIER
#9:9), La L, ApoE-HDL DA EBHEINEDY . £
Lo L& 9, MigMilE, 7ArayA b, IS
Oy 7ELOF) ITFY Fa sy 7w T bR
D ApoE TBERPEREL, FNEZEM%EE L T ApoE-
HDL MY AFNERMA SN 720, ApoE-HDL #H4&
FISAIEERO LDL o & 912, FEMHRIEFHAZz ok
FRAONDZHNETH D EH OIIPRMRERANTIL HDL
A VAT = VO E R OR T OREF 2 H - Tn
5 ERBOTHMERER LB TV D GCEMRF) o
PRk ~7e X902, R R RN O HDL #4113 ApoE
W2 X BRI IR & {RFES %0 L7228 T, 1
HHDL- I L AT u— W ELX BT 2L, PREMERO
Mg (@ 2 VIR oI L AT o -V EI,
ApoE2>ApoE3>ApoF4TH A WM H V. I %
TRTHT—FE LT, EESRETAPIY AL MIBT
% ApoE 2 & % HDL #H4Eld ApoE2> ApoE3 > ApoE4
THhoHIEEZRHLYY, E617, HDLIZEHTRE
M e LT, MESK(EFALELDL)I VAT T— Vi
3, BRI L A7 — VEICRE L 2w, ik
HDL-Z L A7 o— LfEifiia L 25— VE(HDL
EEZEZTEIW) ELMHBTANES NS, TNHIE, L
HEBLUBHANHDL-2 L AF T — VEO TS, AD %
FEDFEMATFTh D, LT HEFT—5 OHBHRICTIE
Livs, E, ADBEOME HDL-2 L A5 00— )Vl
PR ETLI|MENH L, T2, WEOIVAT O
—VEIZDWT S, ADBEORIK I VAT U — IV EIX
SBEICH ULEWE T2 HWEY"VH 5, DbLrb, M
HRWROB IV AT O—VELS ADRED Y A 7
ZHHETAHILOAIERENS Z LIZREETRIIN
B nEERTEL S, LaL, BfEE CoMmig o
VAFu—VEE AD BEICHT 2% L OB RO
RIS, COREEETLHHEMIREL TE. 51,
BB OIREMAT A ApoE 74 V74— 4B A0t AD
BIEL DETE SNLILENH L L EbN S,

AL XAFO=IE 29RE

FRoXHiL, [8Z] oaLxAFu— L #s AD
FE L BET B PICEITER L TIET 5 2 & D LE N
AR 7o, ARTEHFBERTE R VA, [E2] T, m
BHERME L Vo 72EVDEDIT, MR, KR/N2RE,
BV A 7B FAL Rl woBRBOKRNTIETR
Loy, JOHBERLODEINL L EBRTE
iz, ZORREBEALIZATUTOERET 5.

JVRAFI— ) EADIREE E R BRI E 2T
DTFD2RICBEHENGES ), Thbl, DaL AT
O—VHESE 7 IOA FpEBAREL - BREL
OME, BXUQaVAFu—-WRBEHES YD)~
BRb - MR ERMEELINFT) B L OV 5 7 2 - fllfast
EOMETH DL, LT, QIIBTL2#Hm%2T 5. OQICH
ThHEREVoTY, EZaLAFu—i ks v ORE
WERY D AAZR LI R v, ZLOgEE, [aL
A7 —WCHEE - Ap BEEOEH -73I04 FH R
r—=Fhoson) VEE] O E LTHEETLIL
ZROTWS (LERODUH) . LA L, TomBEERI,
TLVAFa—V{#E sy YEELETIOLfN NS R
F—PF2HRATHENIGR L TWATD, KHOREIC
B9 bOTIERL, ZNIZHET HEOBMIEET
Do LMo, AVAFU— IV E ¥y OREE EER
C7zhgtid, EEOMABHPXNITIEFLUTOLIT LS,

1. Z~22 - EvIRCBIIH T 3R EFHEE L

(NFT) DFEL

DL ATFa— M HEEL Y70 YL - NFTOE
BOMBERETAEBRE L To—v Y - ¥y 75 CHl
(NPO) Db %, CORBOFKRESL LT, LDLEkD T
VATO—nVERYAAZDL, aLAFa— VoM
P E TR D IE 2 S N7 i, late endosome/lysosome lZ
WD L AT O— VAERT LI EB LN, 19974
WZHERBET & LT NPCIA R E 2 N2, BIREE VO
X, NPCHRTIZEABGSP)O L% % L2 AD ® PHF
(paired helical filament) # 238 L 7= PHF % 7 IEEL

CognitionandDementia vol.2no.3 (217)45



ABHLEWETHY, aLATFO—IBERE T
DY BALOMELRBERERFT AL Z TCERELRRATHD
EEZ LIS,

2. ALAFO-NKRHEEEL VDY) CBRLRFSRE
PEDX S HERLSL, EELOMEETIE, NPC
DETF IR T ARDIFN 24T o 72 2 DOFER, MAPK
{mitogen-activated protein kinase, ERK1/2) DAL
&5 7 D Ser-3963 & U404 EIRNG 72 ) ¥ BLTUHE D
BO LN, MAPRKIEHALIZ L Y ¥ 70 »ERLILEAS
FESN TV RELHEH L. 5612, ThHOR
REHREHLMIL, NPCOI VAT U — LIS
B0 YEALOTHEEF ZRI T AT XL EHS
P A7z, #8551 NPCIRIEHINE % H v 72 EER
FiTole COBICEEILRLDE, NPCTRED &
A%V AT RBEENRI - TwR0rLn)
CETHBH TVATU—VERLOD, WREEICL
HRZEROD, T NPCIEMICHME L -hoERE %
Dh, ISR LOoDBIFEO TR 2 % LE
Vb,

¥ 5O NPCIRIEMBE H 7204, NPC1
R TIE, I VATI—-LVEROFZELWILE, 2L
AT = VIAFTVEROBEBANIH, <470 FA4 ¥
(lipid raft) lo B B2 L AFu—VEOKT, MAPK
DOEMACITTHE R & A b, $H2IDL ) REMHTTY
T CBALTLHEINR I A EPHEL PR o 72 72
720, ¥EMATOS 73 multiple sites TY L=
NTHEY, inviveo EIZELAGY X7 208 Tw 3
WHREDTRIE SN bbb A S F CIlliTo 2B T
BB & U filipin 812 L S5, NPCETF LY
7 AR NPCIRIEMIE CidfifafEs b3 a L A5 m
—AHEETH L, LT ERENB RS
FRET LI TRV EPHR I N TS, DD
HR»rLEELIE, NPCIRIEMEIE, 2 LX70—)0
BEILLCEHTHII000b 5T, WkEENrSL7-0
CLERBIRICIIMETET, 2ofRalrAso—n
REZEPOTVWEE#EZTWD, FORFE, MAPK %
EVTFMEEDOZITELORE LTEERRE T R/

46(218) CognitionandDementia vol.2 no.3

LTwavA 70 FA4 Y ORBEICEESEC, &Y
TFVOEHEERE OCLNDS S 7 70 ) v BT
ENLEOTERVPEEZTVDS, EELIE, 512
VAT U= VORZERT DY) Y EBALTE R HES 5
EWE Ty NRBEED ORI L 7R % v
THRET L, FRdEie ST AR 2 /72", Thbb,
HBENI LA 7O = VEDEIINIE- T MAPK O
kBLUyoo) YBILEPROLR, FhIZILA
FU—VEfi) TSN, Zok&, w470
FXA BB IVAFI—LERETLTW®,

%8, B NPCIREOMBBOMAT 6, A OM
fa (late endosome) HERATH SN AL L T H|EH TR &
NEFEB SR TWAE®, E5iE, ZOMBEN AL E0EN
1%, NPCIREIZ X A2 filaAxoBEICRK T 2 2K
2 BRTH D ERICE o TREN TR W) T2
EATWD, L, AFEXADFBELTYA 7T A
1 DREETETHMELH B L6, NPCIRE
& AR EEBIUZTORORMER L, I VATT—N
RAWLER % L2z PO CHEB L TV 35D D 5
Mh Ly, RIZNPCIZBITAYTRE(FTDY
YERALRAE B X Y NFT B0 2%, Milnpg Ag ERa
WRE L7 30 FAIAT— FOERTH L LTI,
NPC O ZH LWREEZH L OALHF, AD % H
BT 2HIZTHEELRREELGRELEZON, 4%
WD ERIFHEFESI NS,

ST A AT B i & L Cialt, NPC
IZBTAHNFTEEOMEL, ApdEDT A V7 % — 4
(F#12 ApoE4) B X UF SP ik %4 XA A 2726 TRR
L7z hssRmaINniY, ZOmXOmEA S1E, NPC,
AD, NFT, ApoE4, SPOF_T# L AFO— L%
F—TJ— FELTHTDITONAWEEEZRR LIS
Ldhb, bbrHA, BREGTRIALKGOB TR LWL,
FNENOEZBOERRBROVEEISHORETH 5,
EZRDICIORLOEREEHTLETRIE ORED
EoEdbn, LhEBI0EI LD NPC EH TIX, SP
OFEFEIHEBRICNFT RSB A LN S Z L, @NPC
BB DOPT ApoEed/cdD ATDH, 3H1E S MG Tl
AN TE RO F AME AT (DP) DTE R ARHEATH 5



W o PINYNT v—RDHEE L IEE1CH

n, WEFNROEFTH NFTIEEOBENENZ L, T
HrEwi L, TOFRE ONPCIZALNE AL
A 70— VAR ENTE R NFT RIS LTy
DR 2R CRIBT A 2k, @ ApoE4ld DP R %
REEL, FORETITAL FH AT — FIZL > TNFT
TER % MR RO A2 AT REM S H B 2 &, & It
MR B Z L HUHETH S, OB TIIAREMITH L
WIS DOBEAL LICHBPTEETHHHT, TOWED
HEKIZENLLZ NS Ltk v, L2 L DPEESALR
REOFEBFTOTNINRETH A LITERT L
¥, NPC ®JRREIC ApoE4lz X A Efidsimb b2 &, B
5\ 32 ApoE4IC & B JREAMIC NPC DFREED Ao
L2 TDPERAMEESN EMNTE B HAPEET
BhuhrEBbhs, 24855, ADICBITLESKE
B, SPILEL A RHET 29FMEEL LT NPCEHED(a LR
FO—- VR B EZBET LA LV TELNLTH S,
oL EREIMbLNE DI, EDBRRD X 512 NPC

REZ LIRZ BN THH ) oI VATE—NVDERD,
gEREEICL A IV AFU—VRZ S, NPCIEA D
DVEHDORED, W OhDWFEEND 5405, FheEh
D#E %2 F% ApoE O & OE THEET 5720 DO
RPGHLEIIRDIEAD, 2721, NPCHlllaCida
VAT H—=VERPELLTELTWEZE, L AT
O— VI AFVERPECEHShTwEIE, <47
URAAVOIVAFA—=VEFBENI LR EDRS,
FHEEWMBEREZICLVLELRFMTOI VAT T— VR
ZETEEZTERoTCIOMBEICHET A% EEDT
W5 (E1),

3. ALRFO-IEBEE NFTER

8T, EHH0OF 2 LW BRIIZ, NFTERAALR
PRIV AT O LVENEVETEREN S L, T
nb b, Distl 51 9 H D AD BEOEH M % tangle ®
HIETHEL, ThEhomEiiaoEitalr 27—

MWAgT7UF75>R

|

A B BEE DB /seeding ABDTERK

F1 aLXFO-—-WRETEHEA2TO
- 1 BRbA84E (IREH) —AD & NPC (2538
DRAFANZALETTS?

A ESHFIMEMADa L A7 u— LR
FREEL, MBEANILAFO-LERZRS R

NPC1xi8 .1 ABEEHIRK H oxysterols

BH5@)eFHNPCTY, ILVATUI—LOD
SEEED/S, FITE2aLAT0—N

|
(@ILRFO—LEHE |
|
|

ApoE-HDL

() HDL#%
] 7 ROHFA b

T4 70K A OBEEE

Dz, MEIcEoTHEmMT AL EL LR
% oxysterols 21XV L 250 — VA
HERAES B EXMONT WS (©), R
HAIVATE— VPRI TEEY S 70 F A
A OIREWRT S I FOREICREEL

YTFNMEREICEERS (@), TR

¥y DY) vEMLIIED HE S N B (©) WHEE
Wb, B, ApoEEHDL I, a L A5 1
— B L o TO L AT O — LB B
HERRICE 53595 HDLEABICTA VT
# — LR DD B (ApoE3>ApoE4) (D) =
Ed, ApoE3ld ApoEdiciRza L X508
— VHHREEICIEN(®), ENYREREL E
L5ETwasD0d LR, 72, HDL

| BRESLTOBEEISNE @) Ihb

AR

20 CFEETTE

Fid AR LHEEL, ABBREIIMSEER S
N5 H, HDL #F#13 ApoE3>ApoEATH
%728 ApoE3D I3 ) A AL BEDENE

o e o . ) —— ——

e o o ot b o mm e e e e me e e o e G A TR R me e e

WeELXLN, ABEGHERZELET
WBIREEDH 5o,

CognitionandDementia vol.2no.3 (219)47



V& % filipin Zefi5k1C X m%%ﬁ%%ﬂ:Lf%ﬁ
L, MFBOEEL N Lbor s LY, #hil
B & AD BT BV B #iEMIE T tangle % b Ofmﬂ'ﬂl“ﬂi
bz VHRIZ R TEHD VAT O - VEDOSRO Y
— 7 5105z L, tangle # b oMlan S —+
> b @ subpopulation T HEHE 7 L X 50— VE L2
IZEA L Tw/z, Distl 5133 512, NPC #likizBir
5m@m%§o%Wﬁm%rbwé%W:px%m—
VEDHTL, ADICBIT S MR L RO E &2
ELTBY, INLH2ALMEMENIVAT - LED
ERPNFT BB ER 2 REHEE- TSRS &
FAD ENPCURRIOHATEFEDO AN ALATHL T
WREME R IR L T b, Z OT{LAR BRI & OBE
TERDHH L0 E) M, HEER L CEOREMEER
bED TRET D2UENDL7ZAHH, Bk L2k I
NPC TN IV AT u—VEEE LS WNT 5
A, ZHIFMBEATILATO— LR ->TVAE I L%
BHRLZV, 2845, NPCTRIVATU—VERK
WBILEL, FOTAFMLIZELHH S TBY, &L
AAVATU—NVERARLTWREEZZBNLNHTH
bo Tid, IVATO—VERIZ L 5WHNEED NFT
ERICEETH5DTHA ) Do 5 WIENFT BRI
AP DRERE LTV AFa— VEBRPIEFTLDOT
HAHI e ADODI VAT T — VIHIN%E NPC D7 F
Y- TiERERL Wb, AD T late-endosome/ly-
sosome (A VAT I —VAERBRTHLEDOTHA I D F
72, ZHL/MSRBIRER LAV AT o=, fila
EKTET%&W&E%%%T%@# 5%, Z0OL)
RERIINCE AL L FDAD XL ZWOENIITEHIE
WALV,

4. :vx?u—»ﬁ*t&ﬁwu>wm*‘

TCWIMAR L D1, §E 51 HMG-CoA reductase
(15%/MﬂyiDﬂWWZVZTU”WE%myé
HBEYTD) YBALFFEIND Z L2 #E L2,
SHIZ, AVATFE—VOEAE, MAP2OY Y EELIZ
bREL, BHIREERBIRINIZZOMEZIIHTSZ LD
WELAEY chooBbEREEY THSHaL AT

48(220) CognitionandDementia vol.2 no.3

=R REHORMTEET LI h b, AFF I
IBaLvATFa—LIPHiz k- Th b S h- BT
D, ZOEFLLTIEIYA 270 F AL YOOV ATFO—
VRO E o THIRN Y 7 F M OEE & 72720
ThbEHml 1. %0)?&" Meske 5%, A # 5 WL
W&o THEERMEIIME L &L, o0
FHETLELOIEHK %kfﬁ@ﬁ%%ﬁiLt“oL
PLTOWFEELT, REREVYTHLEIVATO-LD
RZIZL B HDTIE7% <, geranylgeranylpyrophosphate
EEBORTIZLAYELTBY, FHLONEHEEL
HOPIIREDLDEL->TVD, ZOTEMIE, 1212
WA Y F 7 OiRE306ER L&) 2 & (3 51310
M THD, FEELIZ03M THh o 72), - migi
MOBZEOUFBRLZALAILIFEILND, BREORY
Frida b A7 a— 4L, isoprencid products @
EAEZLWIRLTLE) 20, ToREFMl
TLESLDTERNWES S 20 LML, KEBE T iso-
prenoid products EAIZEE L5 2 TICa LV ATo— )
DHDERHHE 26T EBMONT VWD, b T
H10M DA FF Y HE5E V) DRFERENTH Y, &
BEILL->TH7263NBILAFO—LEORBIIC L
HEmMWEETIE R WIEA 9 Dy

WK

1) Craig AM, Banker G : Neuronal polarity. Annu Rev
Neurosci 17 @ 267-310, 1994

2) Okabe S, Kim HD, Miwa A, etal: Continual remodel-
ing of postsynaptic density and its regulation by synap-
tic activity. Nat Neurosci 2 : 804-811, 1999

3) Mauch DH, Nagler K, Schumacher S, etal : CNS syn-
aptogenesis promoted by glia-derived cholesterol.
Science 294 © 1354-1357, 2001

4) Jarvik GP, Wijsman EM, Kukull WA, et al . Interactions
of apolipoprotein E genotype, total cholesterol level,
age, and sex in prediction of Alzheimer’s disease ; A
case-control study. Neurology 45 : 1092-1096, 1995

5) NotkolaIL, SulkavaR, Pekkanen], etal : Serum total
cholesterol, apolipoprotein E epsilon 4 allele, and
Alzheimer’'s disease. Neuroepidemiology 17 @ 14-20,
1998

6) Evans RM, Emsley CL, Gao S, et al : Serum cholesterol,
APOE genotype, and the risk of Alzheimer’s disease ;
A population-based study of African Americans. Neurol-



& o FNYNA T —ROHEE MM

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

ogy 54 . 240-242, 2000

Kivipelto M, Helkala EL, Hanninen T, et al : Midlife
vascular risk factors and late-life mild cognitive impair-
ment ; A population-based study. Neurology 56 : 1683-
1989, 2001

Kallio MJ, Salmenpera L, Siimes MA, et al . Apoprotein
E phenotype determines serum cholesterol in infants
during both high-cholesterol breast feeding and low-
cholesterol formula feeding. J Lipid Res 38 @ 759-764,
1997

Braeckman L, De Bacquer D, Rosseneu M, etal . Apo-
lipoprotein E polymorphism in middle-aged Belgian
men ; Phenotype distribution and relation to serum li-
pids and lipoproteins. Atherosclerosis 120 | 67-73, 1996
Frikke-Schmidt R, Nordestgaard BG, Agerholm-Larsen
B, et al . Context-dependent and invariant associations
between lipids, lipoproteins, and apolipoproteins and
apolipoprotein E genotype. ] Lipid Res 41 @ 1812-1822,
2000

Fagan AM, Younkin LH, Morris JC, etal . Differences
in the AB40/AB42 ratio associated with cerebrospinal
fluid lipoproteins as a function of apolipoprotein E geno-
type. Ann Neurol 48 : 201-210, 2000

Jurevics H, Hostettler J, Barrett C, etal ! Diurnal and
dietary-induced changes in cholesterol synthesis corre-
late with levels of mRNA for HMG-CoA reductase. ]
Lipid Res 41 : 1048-1054, 2000

Fassbender K, Stroick M, Bertsch T, etal . Effects of
statins on human cerebral cholesterol metabolism and
secretion of Alzheimer amyloid peptide. Neurology 59 .
1257-1258, 2002

Michikawa M, Fan QW, Isobel, etal . Apolipoprotein
E exhibits isoform-specific promotion of lipid efflux from
astrocytes and neurons in culture. ] Neurochem 74 :
1008-1016, 2000

Gong JS, Kobayashi M, HayashiH, etal : Apolipopro-
tein E(apoE) isoform-dependent lipid release from
astrocytes prepared from human-apoE3- and apoE4-
knock-in mice. ] Biol Chem 277 . 29919-29926, 2002
Merched A, XiaY, Visvikis S, etal . Decreased high-
density lipoprotein cholesterol and serum apolipoprotein
AT concentrations are highly correlated with the sever-
ity of Alzheimer’s disease. Neurobiol Aging 21 : 27-30,
2000

Hoshino T, Kamino K, Matsumoto M . Gene dose effect
of the APOE-epsilond allele on plasma HDL cholesterol
level in patients with Alzheimer’s disease. Neurobiol
Aging 23 4145, 2002

Mulder M, Ravid R, Swaab DF, etal . Reduced levels
of cholesterol, phospholipids, and fatty acids in cerebro-
spinal fluid of Alzheimer disease patients are not related

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

to apolipoprotein E4. Alzheimer Dis Assoc Disord 12 :
198-203, 1998

Demeester N, Castro G, Desrumaux C, etal . Charac-
terization and functional studies of lipoproteins, lipid
transfer proteins, and lecithin ; Cholesterol acyltrans-
ferase in CSE of normal individuals and patients with
Alzheimer’s disease. ] Lipid Res 41 . 963-974, 2000
Loftus SK, Morris JA, Carstea ED, et al : Murine model
of Niemann-Pick C disease ; Mutation in a cholesterol
homeostasis gene. Science 277 : 232-235, 1997

Carstea ED, Morris JA, Coleman KG, et al . Niemann-
Pick C 1 disease gene ; Homology to mediators of choles-
terol homeostasis. Science 277 . 228-231, 1997

Love S, Bridges LR, Case CP : Neurofibrillary tangles
in Niemann-Pick disease type C. Brain 118(Pt. 1) : 119-
129, 1995

Suzuki K, Parker CC, Pentchev PG, et al . Neurofibril-
lary tangles in Niemann-Pick disease type C. Acta Neu-
ropathol (Berl) 89 : 227-238, 1995

Auer IA, Schmidt ML, Lee VM, et al : Paired helical
filament tau(PHFtau) in Niemann-Pick type C disease is
similar to PHFtau in Alzheimer’s disease. Acta Neuro-
pathol (Berl) 90 : 547-551, 1995

Sawamura N, Gong JS, Garver WS, etal . Site-specific
phosphorylation of tau accompanied by activation of
mitogen-activated protein kinase{MAPK) in brains of
Niemann-Pick type C mice. ] Biol Chem 276 . 10314-
10319, 2001

Sawamura N, Gong JS, Chang TY, et al ! Promotion
of tau phosphorylation by MAP kinase Erk1/2 is accom-
panied by reduced cholesterol level in detergent-
insoluble membrane fraction in Niemann-Pick CI-
deficient cells. ] Neurochem 84 : 1086-1096, 2003

Fan QW, Yu W, Senda T, etal . Cholesterol-dependent
modulation of tau phosphorylation in cultured neurons. ]
Neurochem 76 . 391-400, 2001

Yamazaki T, Chang TY, Haass C, etal . Accumulation
and aggregation of amyloid beta-protein in late endo-
somes of Niemann-pick type C cells. ] Biol Chem 276 :
4454-4460, 2001

Saito Y, Suzuki K, Nanba E, et al | Niemann-Pick type
C disease ; Accelerated neurofibrillary tangle formation
and amyloid beta deposition associated with apolipopro-
tein E epsilon 4 homozygosity. Ann Neurol 52 © 351-355,
2002

Distl R, Meske V, Ohm TG @ Tangle-bearing neurons
contain more free cholesterol than adjacent tangledree
neurons. Acta Neuropathol(Berl) 101 : 547-554, 2001
Distl R, Treiber-Held S, Albert F, et al : Cholesterol
storage and tau pathology in Niemann-Pick type C dis-
ease in the brain. ] Pathol 200 : 104-111, 2003

CognitionandDementia vol.2 no.3

(221)49



32) Fan QW, Yu W, GongJS, et al : Cholesterol-dependent CoA reductase activity causes changes in microtubule-

modulation of dendrite outgrowth and microtubule sta- stabilizing protein tau via suppression of geranyl-
bility in cultured neurons. ] Neurochem 80 . 178-190, geranylpyrophosphate  formation ; Implications for
2002 Alzheimer’s disease. Eur ] Neurosci 17 : 93-102, 2003

33) Meske V, Albert F, Richter D, et al : Blockade of HMG-

50(222) Cognitionand Dementia vol.2 no.3



Journal of Neuroscience Research 70:438-446 (2002)

Amyloid 3-Protein Affects Cholesterol
Metabolism in Cultured Neurons:
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Recently, we have found that alterations in cellular
cholesterol metabolism are involved in promotion of
tau phosphorylation (Fan et al. [2001] J. Neurochem.
76: 391-400; Sawamura et al. [2001] J. Biol. Chem.
276:10314-10319). In addition, we have shown that
amyloid B-protein (AB) promotes cholesterol release to
form AB-lipid particles (Michikawa et al. [2001] J. Neu-
rosci. 21:7226-7235). These lines of evidence inspired
us to conduct further studies on whether AR affects
cholesterol metabolism in neurons, which might lead
to tau phosphorylation. Here, we report the effect of
AR1-40 on cholesterol metabolism in cultured neurons
prepared from rat cerebral cortex. Oligomeric AR1-40
inhibited cholesterol synthesis and reduced celluiar
cholesterol levels in a dose- and time-dependent man-
ner, while freshly dissolved AR had no effect on cho-
lesterol metabolism. However, oligomeric AR had no
effect on the proteolysis of sterol regulatory element
binding protein-2 (SREBP-2) or protein synthesis in
cultured neurons. Oligomeric AB did not enhance lac-
tate dehydrogenase (LDH) release from neuronal cells
or decrease signals in the cultures reactive to 3,3'-
Bis[N,N-bis(carboxymethyllaminomethyl]fluorescein,
hexaacetoxymethyl ester (calcein AM) staining, indi-
cating that AR used in this experiment did not cause
neuronal death during the time course of our experi-
ments. Since alterations in cholesterol metabolism in-
duce tau phosphorylation, our findings that oligomeric
AR alters cellular cholesterol homeostasis may provide
new insight into the mechanism underlying the amyloid
cascade hypothesis. © 2002 Wiley-Liss, inc.

Key words: Alzheimer’s disease; amyloid B-protein; tau
phosphorylation; cholesterol; cholesterol release; cho-
lesterol synthesis

The formation of intracellular neurofibrillary tangles
and extracellular amyloid deposits is the neuropathological
hallmark of Alzheimer’s disease (AD; Selkoe, 1994). The

¢ 2002 Wiley-Liss, Inc.

age-related accumulation of amyloid [B-protein (AB) in
fibril form is assumed to initiate the clinico-pathological
process in AD (Hardy and Higgins, 1992; Esiri et al.,
1997); this is called the amvloid cascade hypothesis. Pre-
vious studies showing that aggregated A3 fibrils, but not
AB monomers, induce tau phosphorylation (Takashima et
al., 1993: Buscigho et al.. 1995) and neurodegeneration in
cultured neurons (Mattson et al., 1993; Pike et al., 1993;
Lorenzo and Yankner. 1994) support this hypothesis. Re-
cently. it has been shown that not fibrillar AR, but oligo-
meric AP and the intermediates in amyloid fibril forma-
tion. also have biological effects including cytotoxicity on
neurons {(Lambert et al., 1998; Hartley et al.,, 1999; El-
Agnaf et al.. 2001), suggesting that the role of AB oli-
gomers 1 the amyloid cascade. However, the molecular
mechanism underlving tau phosphorylation induced by
AB remains unclear.

Accumulating evidence has shown that the interac-
tion of AB with membrane lipid is the initial step of
amyloid fibril formation in AD brain (Yanagisawa et al.,
1995) and n vitro (Terzi et al,, 1995; Choo-Smith et al,,
1997). It has been reported that AP interacts with neuro-
nal membranes, modulating membrane function by alter-
ing the physicochemical properties of membrane constit-
uents mncluding lipids (Muller et al., 1995; Mason et al.,
1996; McLaurin and Chakrabartty, 1996; Avdulov et al,,
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1997; Chochina et al., 2001), and that these interactions
are dependent on the aggregation state of A (Avdulov et
al., 1997; Mason et al., 1999). These interactions have also
been demonstrated as AP-lipid complexes existing as
high-density lipoproteins (HDLs) in the cerebrospinal
fluid (Koudinov et al., 1996; Fagan et al.,, 2000) and
human plasma (Koudinov et al., 1994; Biere et al., 1996;
Matsubara et al., 1999),

In accordance with these lines of evidence, our re-
cent study shows that oligomeric AP} promotes lipid re-
lease from astrocytes and neurons to form AB-lipid parti-
cles that cannot be internalized into neurons, suggesting
that pathological forms of A may disrupt cellular choles-
terol homeostasis (Michikawa et al., 2001). Moreover, we
have shown that alterations in cholesterol metabolism in-
duce tau phosphorylation (Fan et al., 2001; Sawamura et
al., 2001), suggesting that cholesterol is the key molecule
in the pathogenesis of tauopathy. These lines of evidence
have led us to the hypothesis that A disrupts cholesterol
homeostasis in neurons, leading to the abnormal phos-
phorylation of tau. In the present study, the effect of AR
on cholesterol metabolism is examined using primary cul-
tures of neurons. We found that oligomeric AP reduces
cellular cholesterol levels in neurons by inhibiting choles-
terol biosynthesis. Our findings may give new insight into
the mechanism underlying the amyloid cascade governing
how AP causes tau phosphorylation.

MATERIALS AND METHODS

Cell Culture

All experiments were performed in compliance with ex-
isting laws and institutional guidelines. Neuron-rich cultures
were prepared from rat cerebral cortices as previously described
(Michikawa and Yanagisawa, 1998). The dissociated cells were
suspended in the feeding medium and plated onto poly-D-
lysine-coated 12-well plates at a cell density of 2 X 10°/cm®.
The feeding medium consisted of Dulbecco’s modified Eagle’s
medium nutrient mixture (DMEM/F12; 50%: 50%) and N,
supplements. More than 99% of the cultured cells were identi-
fied as neurons by immunocytochemical analysis using mono-
clonal antibody against microtubule associated protein 2, a
neuron-specific marker, on day 3 of culture (Michikawa and
Yanagisawa, 1999).

Preparation of Oligomeric A}

Synthetic AB1-40 (TFA salt) was purchased from Pep-
tide Institute Inc. (Osaka, Japan; lot numbers 500520,
501001, and 510116). AB was dissolved in dimethyl sulfoxide
(DMSO) at 13.3 M, and diluted with phosphate-buffered
saline (PBS) to obtain a 350-puM stock solution. The AP
solution was then incubated for 24 hr at 37°C. After incu-
bation, the AP solution was filtered through a 0.45-pum
Millipore filter (1AB). Peptide concentrations of the filtered
AB solution were determined using a bicinchoninic acid
protein assay kit (Pierce, Rockford, IL). Fresh AB1-40 was
dissolved in the same manner to obtain a 350-pM stock
solution and used for experiments immediately after the
determination of its peptide concentration.
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Determination of Cellular and Released
Cholesterol Content

Cellular cholesterol content was determined as described
previously (Fan et al., 2001). For the determination of choles-
terol released into the media, cholesterol content in 1 ml of each
culture medium was analyzed as described previously
(Michikawa et al., 2000).

Quantification of Released and Intracellular Cholesterol
by ['*Clacetate Labeling

Neurons in 6-well or 12-well plates were labeled in
DMEM supplemented with N, supplements containing
37 kBg/ml of []4C]acetate (DuPont NEN, Boston, MA) for
48 hr. The labeled cells were rinsed three times with fresh
DMEM and treated with the reagents examined. Aliquots of
1.0 ml of each conditioned medium were filtered through a
0.45-um Millipore filter and then transferred into clean glass
tubes containing 4.0 ml of chloroform: methanol (2:1 v/v). The
organic phase was separated from the aqueous phase, washed
twice by vigorous shaking with 3 ml of chloroform: water
(1:1 v/v), separated from the aqueous phase by centrifugation,
and dried under N, gas. For the extraction of intracellular lipids,
dried cells were incubated in hexane:isopropanol (3:2 v/v) for
1 hr at room temperature. The solvent from each plate was
removed and dried under N, gas. The organic phases were
redissolved in 50 l of chloroform, and 10 i of each sample was
spotted on activated silica gel high-performance thin-layer chro-
matography (HPTLC) plates (Merck, Darmstadt, Germany).
The lipids were separated by sequential one-dimensional chro-
matography using the chloroform: methanol: acetic acid: water
(25:15:4:2, v/v/v/v) solvent system, followed by another run in
hexane:diethyl ether: acetic acid (80:30:1). [**C]cholesterol and
["*C]phosphatidylcholine were used as standards. The chroma-
tography plates were exposed to radiosensitive films and each
lipid was visualized and quantified with BAS2500 (Fuji Film,
Tokyo, Japan}. The amount of lipid efflux was calculated as the
percentage of released lipid relative to the total lipid content
(released plus intracellular lipid).

Nuclear Extract Preparation

Nuclear extracts were prepared from cultured neurons
incubated for 48 hr in the presence or absence of 1A (5 pM) in
serum-free N2 medium, according to the previously described
method (Andrews and Faller, 1991). Cultured neurons were
washed and collected in buffer A (10 mM Hepes, pH 7.9,
1.5 mM MgCl,, 10 mM KCl, 1 mM DTT, and 0.2 mM
phenylmethylsulfonyl fluoride [PMSF]). After centrifugation,
the cell pellet was resuspended in buffer A containing
0.1% Nonidet-P and protease inhibitors (Complete™,
Boehringer-Mannheim, Germany). The nuclei were collected
by centrifugation at 5,000 rpm for 1 min at 4°C. The pellet was
resuspended in buffer B (20 mM Hepes, pH 7.9, 2.5% glycerol,
420 mM NaCl, 1.5 mM MgCl,, 0.2 mM EDTA, 1 mM DTT,
and protease inhibitors, Complete™). The nuclear fractions
were obtained by centrifugation at 14,000 rpm for 15 min. The
samples were then subjected to immunoblot analysis using anti-
SREBP-2 antibody, 7D4, at a concentration of 5 pg/ml (Yang
et al., 1995).
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Incorporation of [**S]methionine to Cellular Proteins

The cultured neurons in N2 medium incubated in the
presence or absence of iAP (5 M) for 48 hr were used for the
experiments. The cultures were washed with DMEM three
times, followed by incubation in DMEM medium containing
[**S]-L-methionine (0.9 MBq/ml) for 30 and 120 min at 37°C.
After treatment, the cells were washed with DMEM three times
and then collected into tubes, subjected to sonication and incu-
bated in 2% sodium dodecylsulfate (SDS) for 1 hr at 4°C. The
samples were then centrifuged to remove cell debris, and solu-
bilized cellular proteins were precipitated using 15% trichloro-
acetic acid (TCA). Before precipitation, aliquots of the samples
were used for the determination of protein concentration and
[*>S}methionine uptake. Radioactivities of each sample were
determined using a scintillation counter.

Viability Assay

The release of the cytoplasmic enzyme, lactate dehydro-
genase (LDH), into culture medium was determined for the
quantification of cell mortality as described previously
(Michikawa and Yanagisawa, 1999). Cultured neurons incu-
bated in the presence or absence of iA3 (5 uM) for 3 days were
treated with 2 WM 3,3'-Bis[IN,N-bis(carboxymethyl) aminom-
ethyljfluorescein, hexaacetoxymethyl ester (calcein AM) (Mo-
lecular Probes, Eugene, OR) for 30 min at 37°C. The cultures
were then washed in PBS three times and subjected to the
determination of florescence intensity using a florescence mul-
tiplate reader (Labsystems, Helsinki, Finland).

Statistical Analysis

Statistical analysis was performed using StatView com-
puter software (SAS, Cary, NC), and multiple pairwise com-
parisons among the sets of data were performed using analysis of
variance (ANOVA) and the Bonferroni ¢-test.

RESULTS

We studied the effect of AB1-40 on lipid metabolism
in cultured neurons. We incubated AR1-40 for 24 hr at
37°C at 350 pM, followed by filtration through a
0.45-uM Millipore filter (1AB), and freshly dissolved A3
(fresh AB). The characterization of these AR preparations
has been reported previously (Michikawa et al., 2001).

Neuron-rich cultures were incubated in a serum-free
N2 medium containing 1A} at various concentrations for
48 hr at 37°C. The cholesterol content per mg protein of
the cultured neurons is shown in Figure 1a, indicating that
1AP decreased cellular cholesterol content in a dose-
dependent manner. To determine the dose-response
curves for the cholesterol release from neurons, cultured
neurons were labeled by incubation with 37 kBq/ml
[**Clacetate for 48 hr, washed and then incubated further
with 1A at various concentrations for 8 hr. The amounts
of cholesterol released are shown in Figure 1b. When we
analyzed lipids released from the cells, all the conditioned
media of the cultures treated with 1A were examined
after filtration through a 0.45-pwm Millipore filter. Satura-
tion of the 1A -mediated cholesterol release was observed
at iAP concentrations higher than 1 wM. For the deter-

mination of the effect of 1A} on cholesterol synthesis, the
cultured neurons were incubated with 5 pM iAB for
48 hr, and the incorporation of 2 uM ['*Clacetate into
cholesterol was determined. As shown in Figure 1c, iApR
inhibits cholesterol synthesis in a dose~dependent manner.

The time course of the effect of 5 pM iAB on
cellular cholesterol content, cholesterol release, and cho-
lesterol synthesis is shown in Figure 2. Cellular cholesterol
content in control cultures increased with culture time,
while that in the cultures treated with iAB did not (Fig.
2a). Cholesterol release from cultured neurons into the
media in the presence of 5 M AP is shown in Figure 2b.
The amount of cholesterol released in the presence of A3
increased in a time-dependent manner. Cholesterol syn-
thesis, which is expressed as ['*Clacetate incorporation
into cholesterol, is shown in Figure 2c. AP significantly
decreased the level of cholesterol synthesis. We next ex-
amined whether freshly dissolved AR also affects choles-
terol metabolism in cultured neurons. As shown in Figure
3a and b, freshly dissolved AR did not reduce cellular
cholesterol content or the level of cholesterol synthesis,
while 1A} at the same protein concentration reduced
both.

Since iAB suppressed cholesterol synthesis in neu-
rons, we next examined whether this reduction was due to
the reduced levels of the nuclear forms of sterol regulatory
element binding proteins (SREBPs). Figure 3¢ shows an
experiment in which cultured neurons were incubated
with 5 WM 1A for 48 hr. Nuclear extracts and membrane
fractions were subjected to electrophoresis and immuno-
blotted with antibody against the NH,-termianal segment
of SREBP-2, one of the two isoforms of SREBPs. Figure
3¢ shows that 1Af treatment did not alter the amount of
mature SREBP-2 in nuclear extracts, or the amount of the
SREBP-2 precursor in cell membranes. This finding in-
dicates that iAP affects the cholesterol synthetic pathway at
the post-transcriptional site.

To exclude the possibility that the reduced levels of
cellular cholesterol and cholesterol synthesis are the results
of a general dysfunction of neurons damaged by A, we
determined the effect of A on protein synthesis in cul-
tured neurons. Under the condition that neurons were
incubated with 1A3 for 48 hr, cellular protein synthesis
was evaluated in terms of the uptake of >>S-methionine.
As shown in Figure 4a,b, iAB did not reduce 35S
methionine uptake by the cells or its incorporation into
TCA-precipitated protein fractions. These data indicate
that 1A has a selective effect on cholesterol metabolism.
We also examined the effect of iAB on cell viability in
cultured neurons. iAf3 did not have a neurotoxic effect on
cultured neurons, as shown by the release of LDH from
neurons in the shortest time period of our experiments
(Fig. 5a). The nontoxic effect of AP on cultured neurons
was confirmed by means of another assay system, calcein
AM staining (Fig. 5b), which is a marker for esterase
activity in viable cells. These data indicate that AP used in
the present study had no neurotoxic effect during the time
course of our experiments. However, the incubation with



iAB at 5 uM for a long time, more than 7 days in culture,
resulted in the increase in the amount of LDH released
from neurons (data not shown).

DISCUSSION

In the present study, we found that oligomeric A3
reduces cellular cholesterol content in neurons, which is
accompanied by reduced levels of cholesterol synthesis and
promotion of cholesterol release without influencing pro-
tein synthesis or cell viability.
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AP used in the present study was incubated, fil-
tered through 0.45-pm pore-size filters, and did not
contain any fibrils or AP-derived diffusible ligands
(ADDLs) as described previously (Michikawa et al.,
2001). In contrast to iAP, freshly prepared AR did not
have any effect on cholesterol metabolism, suggesting
that oligomerization of A is required for the ability to
inhibit cholesterol synthesis, promote cholesterol re-
lease from the cells, and finally reduce cellular choles-
terol content. In accordance with our present results,
the interaction of AP with lipids is suggested to be
dependent on the aggregation state of AR (Avdulov et
al., 1997; Mason et al., 1999). Previous investigations of
the effect of AP on cholesterol synthesis revealed a
dependence on cell type: AB1-40 inhibits cholesterol
synthesis in HepG2 cells (Koudinova et al., 1996) but
slightly increases cholesterol synthesis in rat brain and
liver (Koudinova et al., 2000). However, in both cases,
the AP used in their study was not characterized in
detail. In the present study, we found for the first time
that oligomeric A inhibits cholesterol synthesis in neu-
rons. One possible explanation for the discrepancy in
results is that the forms of AR Koudinova et al. used are
different from ours; they might have used freshly pre-
pared AP or AP monomers and dimers, while we used
an oligomeric one. The finding that freshly dissolved
AR does not have an inhibitory effect on cholesterol
synthesis (Fig. 3a) supports this notion.

One may say that the inhibitory effect of AP on
cholesterol synthesis is due to its toxic effect on neurons,
thereb;r reducing the general activities of the cells. How-
ever, ~°S-methionine uptake and its incorporation into
proteins in APB-treated neurons showed levels that are
similar to or higher than those of controls, indicating that
the inhibitory effect of AR on cholesterol synthesis is a
specific action. In addition, the fact that iAP has no

Fig. 1. Effect of filtered amyloid B-protein (1AP)1-40 on cellular
cholesterol content, cholesterol release, and cholesterol synthesis.
AB1-40 was prepared as described in Materials and Methods. a: Cul-
tured neurons were incubated with 1A} at various concentrations for
48 hr. Cellular cholesterol content was determined as described in
Materials and Methods. Three independent experiments were per-
formed and similar results were obtained. The data are means * S.E. for
eight cultures. *P << 0.005 vs. cultures at 0 M iAf. b: Cultured
neurons labeled with 37 kBg/ml ["*C]acetate for 48 hr were incubated
with 1A at various concentrations. The cultures were then incubated
for 8 hr, and the amount of labeled cholesterol released into the media
and that remaining in the cells were determined as described in Mate-
rials and Methods. Three independent experiments were performed
and similar results were obtained. The data are means = S.E. for
duplicates. ¢: Cultured neurons were incubated with 1AB at various
concentrations for 48 hr. The cultures were then washed with
phosphate-buffered saline (PBS) three times, followed by incubation
with 37 kBq/ml ['*Clacetate for 2 hr. The ['*Clacetate that was
incorporated into cells was then quantified as described in Materials and
Methods. Three independent experiments were performed and similar
results were obtained. The data are means = S.E. for triplicates. *P <
0.003 vs. cultures at 0 WM 1APB.
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cytotoxic effect on our culture system as demonstrated by
two independent assay systems, quantification of released
LDH and calcein AM staining, excludes the possibility that
the reduced levels of cholesterol synthesis are due to the
toxic effect of AR.

The molecular mechanism by which AR specifically
inhibits cholesterol synthesis remains obscure. The mature
forms of SREBPs are necessary for activation of the tran-
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scription of multiple genes encoding several enzymes in
the cholesterol biosynthetic pathway, including HMG-
CoA synthase (Brown and Goldstein, 1997). In various
cell types, sterols suppress cleavage of SREBPs at site 1,
and this interrupts the transcription of genes for HMG-
CoA synthase and genes encoding several other proteins
required for cholesterol synthesis and LDL receptor ex-
pression. Our study shows that AP inhibits cholesterol
synthesis without affecting SREBP-2 processing, suggest-
ing that AP may affect the cholesterol synthetic pathway in
a post-transcriptional manner.

It is now evident that there is relationship between
cholesterol and AD (Hartmann, 2001; Simons et al.,
2001). Several studies have suggested that high levels of
serum cholesterol are involved in the formation of AD
pathology (Notkola et al., 1998; Wolozin et al.,, 2000;
Launer et al., 2001). A growing body of evidence shows
that AP production and secretion are dramatically reduced
when cellular cholesterol levels are reduced (Simons et al.,
1998; Fassbender et al,, 2001). Cholesterol has been
shown to modulate the processing of amyloid precursor
protein (Simons et al., 1998), a- and B-secretase cleavage
(Simons et al., 1998; Fassbender et al., 2001; Kojro et al.,
2001). These lines of evidence indicate that lowering
cholesterol levels prevents developing AD by reducing A3
production and secretion. Recent studies showing a de-
creased prevalence of AD and dementia associated with
the use of statins (Jick et al., 2000; Wolozin et al., 2000)
support this notion. These findings seem to contradict our
present results that oligomeric AP reduces cellular choles-
terol levels, which may induce AD-related pathophysiol-
ogy including promotion of tau phosphorylation (Fan et
al., 2001; Sawamura et al., 2001), dendritic damage (Fan et
al., 2002), and eventual neuronal death (Michikawa and
Yanagisawa, 1999). This discrepancy can be explained by
the notion that the involvement of cholesterol in AD

<

Fig. 2. Time course of cellular cholesterol content, cholesterol release,
and cholesterol synthesis in the presence or absence of iAB (5 wM)
a: Neuron-rich cultures were maintained in N2 medium in the pres-
ence (filled circles) or absence (open circles) of AR (5 wM) for 48 hr.
The cholesterol content of the cultures was then determined as de-
scribed in Materials and Methods. Three independent experiments
were performed and similar results were obtained. The data are
means & S.E. for triplicates. * P << 0.0001, ** P < 0.0005 vs. cultures
treated with 1A for 2 and 4 days, respectively. b: Cholesterol released
into the media of the cultured neurons in the presence (filled circles) or
absence (open circles) of AR (5 #M) was determined on culture days
3 and 5. The amount of cholesterol released into the media of the
cultures treated with iAB was higher than that of the control cultures.
The data are means = S.E. for triplicates. * P < 0.03, ** P < 0.05 vs.
control cultures. ¢: [*Clacetate incorporation into cholesterol was
determined in the cultured neurons in the presence (filled circles) or
absence (open circles) of 1Ap (5 wM). The cultured neurons were
incubated with or without 1A for 48 hr, followed by incubation with
37 kBq/ml ["*Clacetate for 2 hr. The amount of ['*Clacetate incor-
porated into cholesterol was determined as described in Materials and
Methods. The data are means = S.E. for triplicates. *P < 0.001 vs.
control (CONT) cultures.



o)
O

kDa

)

iy
o
(=]

|« mature
SREBP-2

o]
<

S
[w]

N
°

Cellular cholesterol
(% of control
@
=)

@il |« precursor
¢l SREBP-2

o

174

Membranes Nuclear extracts

bcg T
@
S8 15 8 e
52 &
w Q <
O o -
EE1O'
8
.Eg
(]
S 5]
= 3
[0]
O &
ml—
&8
¢OE -
‘_l_”cﬁ %
o

fresh AB(5uM)
iAB(5uM)

Vig. 3. Freshly prepared AP has no effect on cellular cholesterol me-
tabolism in cultured neurons. Neuron-rich cultures were maintained in
N2 medium in the presence of AR (5 uM), fresh AR (5 wM), or
absence of AB for 48 hr. Cholesterol content of each culture (a) and the
ability of ["*Clacetate incorporation into cholesterol (b) were deter-
mined as described in Materials and Methods. The data are means *
S.E. for triplicates. * P <C 0.05, ** P <C 0.0005 vs. control cultures.
¢: Cultured cells were incubated in the presence or absence of 1A
(5 wM) for 48 hr in serum-free N2 medium. The nuclear extracts and
membrane fractions were prepared as described in Materials and Meth-
ods. Each sample was subjected to western blot analysis using anti-sterol
regulatory element binding protein-2 (SREBP-2) antibody.

pathophysiology may be biphasic; in one aspect, the cel-
lular cholesterol level regulates AP generation and secre-
tion, and, in another aspect, once AP oligomers are
formed, they could disturb cellular cholesterol metabolism
and decrease cellular cholesterol levels, which in turn, may
initiate the amyloid cascade leading to hyperphosphoryla-
tion of tau and neurodegeneration. This notion is sup-
ported by a previous study showing that an elevated serum
cholesterol level is a risk for developing AD; however, the
serum cholesterol level decreases before AD development
(Notkola et al., 1998). In accordance with this notion,
exogenous cholesterol addition protects neurons from Af3-
induced cell toxicity (Yip et al., 2001).

Based on the present results together with our previous
findings, we propose the putative role of cholesterol in the
amyloid cascade (Fig. 6). Our findings are shown in Figure 6a
that oligomeric AB promotes cholesterol release from neu-
rons to generate AB3-lipid particles, which are not taken up by
neurons (Michikawa et al., 2001), and that it inhibits choles-
terol biosynthesis, leading to decreased levels of neuronal
cholesterol content, as demonstrated in this study. Further,
we and others have shown that alterations in cholesterol
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Fig. 4. Effect of iABon cellular uptake of [**S]methionine and
[35S]methionine incorporation into the cellular protein, [>>Sjmethi-
onine (0.9 MBq/ml) in methionine-deficient medinm was applied to
the neuronal cultures pretreated with iAB (5 pM) for 48 hr. Cellular
uptake of [**S]methionine (a) and [**S]methionine incorporation into
the cellular protein (b) at 30 and 120 min were determined as described
in Materials and Methods. The data are means * S.E. for triplicates.

metabolism promote tau phosphorylation in vitro (Fan et al.,
2001) and in vivo (Koudinov and Koudinova, 2001;
Sawamura et al., 2001)(Fig. 6b). Additionally, the essential
roles of cholesterol in dendrite outgrowth and synaptic plas-
ticity (Mauch et al., 2001; Fan et al., 2002) and maintenance
of neuronal viability (Michikawa and Yanagisawa, 1999)
have been demonstrated (Fig. 6c, d). Apolipoprotein E
(ApoE) may be involved in this cascade by its isoform-
dependent difference in the ability to modulate cholesterol
metabolism in neurons (Michikawa et al., 2000) (Fig. 6e).
These lines of evidence may indicate that oligomeric AR



