DESCRIPTION ANTIBODY CAPABLE OF BINDING SPECIFICALLY TO AB-OLIGOMER, AND USE
THEREOF 5 Technical Field The present invention relates to antibodies that specifically bind to
AP oligomers and uses thereof. 10 Background Art Various evidence has shown that
deterioration of memory arises from synaptic dysfungtion triggered by soluble AP oligomers (see
Non-Patent Documents 1 and 2). Excessive accumulation and deposition of AP oligomers may be the
trigger for a series of pathological cascades that lead to Alzheimer's disease (AD). Therefore,
therapeutic intervention targeting 15 AP oligomers may be effective for blocking these cascades.
However, findings on neurodegeneration med@gﬁwmecules of this amyloid cascade
hypothesis which are responsible for neurodegeneration, particularly by AB oligomers, originate from
in vitro experiments (see Non-Patent Document 3). This neurodegeneration has not been proven
directly in vivoANRE3§IDatéat REeREdE OFBaVIILLY SPPOIRA ALYV expeIinentsNathal they;90 failed to
demonstrate synaptic toxicity of endogenous AP gligefsfs due to the lack of conformation-specific
molecular tools (see Non-Patent Document 4). There has been known no technique capable of
proving the toxicity within the human brain, an aspect which is difficult to demonstrate even in
Alzheirner d&idgsgdiglsiuse models. Thus, the in vivo neurotoxicity of endogenous AP has been often
disregarded. It hasTheqreust RN EOLmBIGRANS: 055 2001 REIYG CElS prscede senile plague
formation ipfhe;Auman entorhinal cortex, and how AP oligomers are'involved in this mechanism.
Prior art literature information relating to the present invention is shown below. [Non-Patent Document
1] Klein WL, Trends Neurosci, 24: 219-224, 2001. [Non-Patent Document 2] Selkoe DJ, Science 298:
789-791, 2BagkaafiNbAPatent Document 3] Hass C et al.: Nature Review 8: 101-12, 2007.
[Non-Patent Docurigf 4] tal.l Bl hem,.281:.4292-4299, 2006. Disclosure of the
Invention [Pg%lf(f%ms toéeelg%%\%g %% %%%‘}‘I%l\ﬁén%%%}%aﬁh%} B?élégnﬁ?%%ﬁ?f = 8B ved in view of
the above SRS EEeeRy B roliRle oF wlieprese femdientiyicn Roprowide hatibalieSiesbind
specificallyteusmialigorrsidpmitios e AB thizrentrMore ispheifically fhe RiGseHt aM@IlgE,provides
annboduesmamqlmsﬁm;@ﬁw@mrémeth@ﬂaéﬁ{rg%%%g%%gf3 Qligor R the

antibodies, methods for diagnosing Alzheimer's diSease using the ies, and p ArRa utical
<':1gen(t?_§i comy rlmsEllr"icé1 € ah Vb%’a?%iéﬁfﬂ%ﬁ 2 Uiss friraeh e cHlomaYe i éipfasen an antibody
binding to BFREEBHuHSR Weditied euntisdeipiss of)tbis (2) Heldveascill anmmibadyithat:eomprises an
H chain hwﬂwﬁhiamh&mlﬁbg@m@m%y@g%Eﬁgg&ng@%ﬁ%ﬁl;ﬁea%gqmgosequence of

E

B0

1

SEQ ID NQ; Q1 d ino.acid. sequence of ID.NO: 93 ag CDR3, and an L chain
having the%?n%?ﬁ%%g, %e %%gr?é%%%fsﬁlé‘*&f%%g 9535 CD i%‘e%%‘?ﬁ&%&f&%’&&%@%"&fbf SEQ ID NO:
97 as CDRI “Hhi & Em i??@%&?&ag"éﬁﬁ EPEPSERHY NOTSY 5 eDRIeriRial Britivobgythat
compfisesfeifetiicHaindnavagsteinineidcid Segitgatee LB QUM NN PG MELasd an L chain
having the:anmingais SRGHRNGRIHRE QR MOGE Mk Doyl R 3PCORT ASDEGL (here I provided a
comp_os|tlg&ﬁuolmu%rf|:5|ng)fggfagt@od%g%d?eﬂned. boye and a pharm ceutlcemw%gcge ta e e rier.

In a third aspec%, there is pro}\Jnae. agéﬁftgd’&ll 8%, ifFh&RESh AR s Hisigesiehe
antibody £5HERHERHEIOM B sHpasHIon asue finettlaboVerasianmetiveningsediRity of  In a fourth
aspect, thesddgepoavid@d.a thetapRulic agentdar N@E@%ﬁﬁﬂ@%@ﬁ%ﬂ%ﬁ@%%@%ﬁg%gﬁb ody as
defingd abeve 9f ggﬁ;sc&r&gggi&%ﬂ gﬂ%gr}ggn above as an active ingjre lent. In a fifth aspect, there
is provided an agent far suppressing the progresaion of AlZRGimar s B SALE- AR Rbiprises the
antibody &4 ESREFEIBVa B HE RS M6 Ras defined above as an active ingredient.  In a sixth
aspect, there is pfsvider kvragentfirsuppreskitg: serieplesnedamationsaviishsomprises the
antibody giglefardabove:Rn i ERMRPENRas Uslingd ahoveas angetive ingredient.  Ina

seventh ect, there.is provi agent far suppressing AP accumulation, which comprises the
antibody s%%%ﬁga{a %C\/Béng?gggscggfﬁﬁgé%ﬁﬁ Cﬁeﬁgeo%ﬁngﬁgég@v@%*an active ingredient. In an
eight aspeeE-HiéTe S yvrmsd ldfesm-ratirdtoxic Ryoityvinith 6Gnatges the antibody as defined

above or fhecdupasitianasefined Eboveas apiacirnaediens 289 148 a ninth aspect, there is
provided an agent for inhibiting Af3 amyloid fibril formation, which comprises the antibody as defined

above or ige comgosjtionuas defined above as an active ingredient. In a tenth aspect, there is
provided = raptic toxicity, which comprises the antibody as defined above or the
compositidhicaéctisfindd above Istanlactivviigredient. In an eleventh aspect, there is provided a
methed for detecting gasAR phgamarwhishLcemarises hesten.of S%%‘(éﬁx?;%?%aers‘bA%%'t?é’ At

contained in,a sample. g‘géil%cted ftrom a.?u\%)%(ﬁa% L%]slngjl;[}he,antibod as defined above. n a twelfth
aspect, there is provided a methodrer Brovithing Hat At ers feransghasrtf mhiseararmdusesubject is a
possible Alzheimer's disease patient, which comprises using the antibody as defined above to detect
an AP oligomer in a sample collected from a subject. In a thirteenth aspect, there is provided a
method of providing data useful for diagnosing whether or not a subject is a possible Alzheimer's
disease patient, which comprises the steps of: (a) contacting a sample collected from a subject with

the antibody as defined above; and (b) measuring the amount of AP oligomer in the sample, wherein
tha cirithiect ic determined to he 3 nncecihle Al7haimear'e dicaeace natieant when the amoirint meaciired in



(I) a_nti-neurotoxic activity; (2) activity to suppress AP amyloid fibril formation; (3) specificity to

recognize only AP oligomers; (4) ability to capture AP oLigomers in AD brain; and (5) ability to prevent
the development of Alzheirner's disease-like pheng@types (memory impairment, brain AS accumulation)
in APPswe transgenic mice (T22576). Using an ultrafiltration/molecular sieve method, among the

antibodies {hesdeice dVivrsriveRifiarlln thameesms weretivatermirisd aptdmstifichiy adomsiié wiiowmers of
30 10a or mere];ipaaiely, AOHKAR G aeiQuRYt AP LMRReensial ARPIAKIDAE!Y et kParol 08 MSsing
antibodies e confirmed to have neurotoxicity-neutralizing activity by evaluating the neutralizing
cifect aga AP SRR RGO AR b0 CARe ANt ok B8 ke PR e e G rBhagTFeT
assay and electron microscopy showed that the antibodies have activity to suppress AP amyloid fibril
formation. ﬂ' jity of LA9 and 2C3 to capture AP oligomers in AD brain was confirmed by

immunoprecipitation using the antibodies in the presence of SDS-stable 4-, 5-, 8-, and 12-mers.
Furthermore, to determifissthenectivibene usapoxiaitgdirmthentitrrdn breimgtie amafnbbEpolymers

recognized@gﬂ%@ﬂéimwgﬁ(@y&@g&mhe human entorhinal cortex mostly at Bran NET
Stages | to |ll. By payticularly focusing on t 2-mer, which has been reported to urotoxicity in
el st AT AN G SR by HIE A PR A G L St SHRa Bt cooniive
impairmeniyénd9is:inCizRsethyvith itheaprdgegssiorn of BEAAKNED:stage. (PR resdltlshemws:for the first
time that the,J2smetubish i:epesificalhoreseunisrs, by, ihe-Antibosien. 5.2 GRETrTAqEAl assembly
that causes in vivo neyrotoxicity in the human brain. The present inventors also discovered that the
oligomeric ¥R AHOHARstH Ctre retb it Pda By e BhABHrEEnsredentth E2ridbrodpital fluid
_(CSF), andﬂ@&hregﬂ;dmbimﬁﬁbp?aﬁbmqum gfééizmt}m%@t&% MBEAQ or 20 in passive_
'mmu“Othe(fz")%bﬁniﬂ}&ﬁ\@dﬂ%édﬂﬁ&é@“aﬂ%"ﬂﬂmﬂﬂ%ﬂ%%%9{% disardere-tavasaanfimed that

Tz2576 mice are protected from memory impairment, senile plaque formation, synaptic dysfunction,
and A3 acBitiRasn b S0 A SnTEPAIGVREINTABIRR AT FHHTBGE RARK GDGHEZE The resuits
obtained byihe present inventors demonstrated for the first time that 3 monoclonal 1A9 and 2C3 are
promising candidates for therapeutic antibodies for preventing Alzheimer's disease-like phenotypes in
Tg2576 mice, whicH &r&EapSERETo BREWIRER KRSt B)PRMNERE SRR IR AP Sus
administratiefinatdibus thé repisana aveedctd] g arsagheatibeaimtransfer. 5The present inventors also
confirmed that passive immpnotherapy using the, 1A9 and 2C3 antibodies suppresses senile plague
amyloid formation gﬁ&‘s&ﬁfﬂ?ﬁ%r fe 1S ebhE 46t SRS ARG SREWIY SR iintors
discoveredwhathactragticiesoththentif®dsred d6hmeti xddies adhanistepesttiotothdditoat] dbansfars into the
brain. As d%%@ﬁ@giﬁg&\ﬂ%ﬂhe present inventors disclose herein that monoclonal 1A9 and 2C3,
10which are antibodies that specifically bind to AP oligomers, fulfill all of the diaposticitherapeutic
antibody criteria, amcadrehorspsigtioandidatesded théxapeutic agtiboied fdretiagrodingisreventing
Alzheimer'ggisgase, ﬁgéb%mg;ﬁb@@%mﬁmwc%%%ﬂ%mﬂ%ﬁﬁ&g&]&%\(@%@rs
successfully obtained the 5A5, 5A9, 4E7, 4H5, 6E4, and 6H4 antibodies which bind specifically to Ap
150ligomer® B HBERERYgnize AP monomers. The present inventors discovered that these six
types of antlbod'esﬂaaavm@tagﬁyc%gtﬁ%tﬁelﬁ%ﬁ@eangysg&mfe@w@mg@h HPRIGSSAF amyloid
on

fioril formation. . The present inventors disclose that the above-mentioned 5A5, 5A9, 4F7, 4H5,
6E4, and GRIFLHISE tiediaFa Proidiy EamidtRs s (REFRBEN i tBts tBpve or the
diagnosin\Wpngwesnitiog 202k heimbs'sediseasetiMoraspesifically, the present invention provides the
following- [1] an antibody hinding to an AP oligomer, that binds to an antibody comprising an H chain
naving the amino A sEAHbACESSF SERFIES 1 Vg EB AR RAORTEESRZa ST AU Eequence of
SEQ ID NGoBpatsia] avhahtilcoohpbiaaditigetamrbad® oligalelisrahattvind ototha antilpodiyiconaprising an H
chain having, ghe AmINQ acic,seanenre-afiskQ ID NO: 21 and an L chain having the amino acid
sequence of SEQ ID NO: 23; [3] anantibody binding to an AP oligomer that binds to an antibody
comprising an H cHainzhasevngnthe apic) dbitsequencedddSEQ 18280 141 angraestighaikfhaving the
amino acid,30,3e048H5E0hSE L HLNQs 4% dlisngnibadykinding o AvArgligamenihal binds to an
antibody comprisjng an H chain having the amino acid sequence of SEQ ID NO: 61 and an L chain
having the ?ﬁﬁ'ﬁﬁiﬂ%wgé’ﬁﬁ@ﬁ@%ﬁ? BE&IFNO: 63;  [5] an antibody binding to an AP oligomer that
binds to an antibody, comRising aQdd-chaia 35 Rayingithe amingacidReaHenceehSERIR NO: 81 and
an L chain having the aminq aﬁid sequ nf%? f SEQ ID NO: 83; 4. [61 a %lnteigo%y binding to an Al3
oligomer tHE BB IR RHES W%gﬁ%i P AFEHPERRREIRY HAB Ainfit Rl PE8YE &R B of SEQ ID
NO: 101 amdtare inghalrediaving the amino acid sequence of SEQ ID NO: 103; [7] an antibody of any
one of (1) to (38) below: 5 (1) an antibody that comprises an H chain having the amino acid sequence
of SEQ ID NO: 9 as CDRI, the amino acid sequence of SEQ ID NO: 11 as CDR2, and the amino acid
sequence of SEQ ID NO; 13 as CDR3; (2) an antibody that comprises an L chain having the amino
acid sequence of SEQ ID NO: 15 as CDR 1, the amino acid sequence of SEQ ID NO: 17 as CDR2,
and the amino acid sequence of 10 SEQ ID NO: 19 as CDR3; (3) an antibody that comprises the H

chain of (1) and the L chain of (2); (4) an antibody that comprises an H chain having the amino acid
canlience Nf SEO ID NO: B ac \/H- (B an antibody that comnricee an | chain havina the amino



(20) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 75 as
CDR1, the amino acid sequence of SEQ ID NO: 77 as CDR2, and the amino acid sequence of 10
SEQ ID NO: 79 as CDR3; (21) an antibody that zomprises the H chain of (19) and the L chain of
(20); (22) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO; 65
as VH;  (23) an bnalyouih thetecbrifsises protidsgdhim geirgftnerdrvinio addh seqleit@ofilSEQ ID NO:
67 as 15 Visrmbethanantibesnhatecamprisgsdhe b chain &f @nangdrthel chainfifad)s (25) an
antibody thgt orgpgses an H chain.havi(til the amino acid sequence of SEQ ID NO: 89 as CDR1, the
amino acid fé%’ﬁ RERYGF S ED I NI BT UL EDR2, and the amino acid sequence of SEQ ID NO: 93 as
CDR3; 20 (26) an aatibegyrthapsampeses advigiainhaving hsiaminaanid seqeepcg@tSEQ ID NO:
95 as CDR1, the.amino acit S uenﬁe of 50%%@ NO; 97 as CDR2, and %Fa ino acid sequence of
SEQ ID NGPBEUETBR MO0 3 A TR et cUI SHERRHE BhAIR BF L8N aTha L chain of
(26); (28)ae mgtibdeytthat comprises an H chain having the amino acid sequence of SEQ ID NO:
85 25 as VH; (29) an antibody, that comprises an L chain having.the amino acid sequence of SEQ ID
NG 87 as VL B30F AR Tl R EEL S MR O LSS MRS IR0y (o)
an antibodyvihak comprisestan $tepldiddienting theAdhihgoavid segamedant SEGPIDND:CKEI 30 as

CDR1, the @@ﬂms%ggc%%gﬁ%%@ @ 1B NAndd LR LOR2, and the amino acid sequence of SEQ
ID NO: 113 as CDR3; (32) an antibody that comprises an L chain having the amino acid sequence of

SEQ ID NO: 115 a¥nGDRElffhecaspsiiotheid seguendedod SROID Mpravitiag CDRRselnt fifre amino
acid sequepekSEQRONCLAS 35 GRS S5(ERan ntbad e suEetisshdie Higbgin of (31
and the L chain of (S 2); (34Q§n antibody that comprises an H chalnhgﬁvmg the amino acid sequence of
SEQ ID NG THESE a5 VA %?%‘??Qﬁt?ﬁo‘?%ﬂ‘f DISESEAN AR HA HENHGTAR &R Kcid
sequence ebBEQAIrMDa 3@t VL; (36) an antibody that comprises the H chain of (34) and the L
chain of (35); 5(37) an antibody that comprises one, or more amino_acid sybstitutions, deletions,
additions, and/or'ing‘e"ft%?’%efﬂ1 &Rtibd ?f%f%ﬁvgﬁ%ﬁ(’ﬂe{ X 8{%?%#?\% aé?qﬁ’ﬁﬁffgné%ctivity to the
antibody oftéagpamegoniiether (86 naind (B8 <n antibodip bt almis ¢o'thiisepitopetisotnethyhthe antibody
of any one égngg,}iggs(g@:ste]ps[ghthe antibody of [7], wherein the antibody is a chimeric antibody or a
humanized antibody;. 10[9] a composition comprising.the antibody of any one of [I] to [8] and a
pharmaceJ&éﬁ?r&g%ﬁt[gbﬁm%‘é?, &&ﬁdaﬁj P eSS ‘é% figatihosian S HiIch B6iprises the
antibody ofaadly one of [1] to [8] or the composition of [9] as an active ingredient;  [11] a therapeutic

agent for %Y%&?&M%ﬁ@%&oﬂm% ggrggf&%%ltﬂgtﬂggmgyeg)f any one of [1] 15to [8] or the

composition of [9] as an active ingredient; T12] an agent for suppressing the progression of
Alzheimer & BRERSHS, AT L ot prisee e dndisoliP oty dreisiictt HsromHistboribétition of [9]
as an activéringnedignticdd@kdnregiemt fo isshiphee dsanghee wife: hlzdihe fodinadion, which comprises the
antibody of any one of [1] to [8] or the composition of [9] as an active ingredient; 20[14] an agent for
suppressing AP ac%h?n%!é% ,%/ﬁ?&‘?céofg]ﬁﬁ%é”fﬂ‘él%‘?ﬁiBé’&?@daﬂgﬂ%fﬁ@‘%‘?ﬁfi%a{gf?ﬁ“]}@rcomposition
of [9] as ardagesiinyredédnt; ¢ Bpan anbijere isotopissaigient lutichecBndpreses phaeantibddshof any one
of [1] to [S]c%EﬁBﬁs%Q@BQ%%EQ'&@f [9] as an active ingredient; [16] an agent for inhibiting AP arnyloid
fibril foimation, which comprises the antibody of any 250ne of [1] to [8] or the_ composition of [9] as an
active ingréMéAaAsh agule SeRmESTRIp A C 1B hiihehreaRfshisesdefnath ibets rdany one of
[1] to [8] orahenttwmpogitiobind{ % as AP activenagredient; [18] a method for detecting an AP

oligomer, whi r S f ' i r Ined in a sample collected from
a subject m@%&gﬁgﬁﬁgﬁ%ﬁﬁ gn(g%ﬁ%ﬁ]g) 3‘3@? (? %é%%%r%é&g(%%é?%?agnosing whether or not a
subject is APEELHIL ARG P Saieraiasd Ribs A WRTSPE i BlisER S il serscapiibetly Bhemhy one of [1]
to [8] to detketrativAlaligednarsiem(bain higlcoltestedl ftofndsiliigdidividizd] a method of diagnosing
whether or not a subject is a possible Alzheimer's disease patient, 35which comprises the steps of: (a)
contacting a sampl& @oﬁé@féghmﬁtsﬁ’&@ﬁﬁﬁﬁvfﬁédaﬁm%ﬁﬁﬁ%%e&f PRSTSIn&rEe 7 (b)
measuring dhebathound efikR dliganier iscthetsamptbodvinedefimtideabubject is determined to be a
possible Alzheimer's disease patient, when the amount measured in step (b) is higher than that of a
healthy individual; B %"ﬁ‘?@ﬂ%%&%?ﬁﬁa@ﬁﬁ’sﬁﬁﬁrﬁmgﬁqear 5t rorr&inetayipedimdsizidimers
disease patiante Savhighicahepristhethe stdpedibgag.contacting a sample collected from a subject with
the antibody of any one of [1] to [8] and an antibody that binds to an AP monomer; and (b) measuring
the ratio of AP limner to A. monomer in the sample, wherein the subject is determined to be a possible
Alzheimer's disease patient, when the ratio



10measured in step (b) is higher than that of a healthy individual; [22] the method of any one of [18] to
[21], wherein the sample is blood or cerebrospinal fluid; [23] a pharmaceutical agent for use in the
method of any one of [18] to [21]; and [24] a kit fobse in the method of any one of [18] to [21].
Ftu-thennore, the present invention provides the following: 15[25] a method for preventing and/or
treating cognitive impairment, which comprises the step of administering the antibody of any one of [1]
to [8] or the[dérmpdsitRuivifd GheRrablantie ingredient; [26] a method for preventing and/or treating
Alzheimer's diseaseywhich, | ministeting. the antibody of any one of [1] to [8] or
the composition gLéQ%m&%@gR\%%%%%ﬁ?%%%g&mjﬂ%@ or %b?f?e%’ﬁi‘é%%%é fon of
Alzheimer L% Fﬁ&%ﬁ?ﬁ%&%%@%ﬁoﬁ%ﬁﬁ?ﬂﬁ@%ﬁﬁg@@%w@bma@mm@] to [8] or
the compostRiprsifoiubcanimuthietinyietietitod28havmethdifsrspppressing senile plague formation,
which comqqrﬁgﬁtmi%g@@%ﬂqinistering the antibody of any one of [1] to [8] or the composition of

[9] as an active ingredient; [29] a methad for suppressing Af3 accumulation, which comprises the step
of ad_ministzg'r}/na&ﬂa{% b%ﬁ%?g "gﬁtﬁ%ﬁ@?ﬁﬁ%&%‘[’@%ﬂ%omposition of [9] as an active ingredient; [30]
a method fé7 ridacianitiig resngotaxieity, Athidizwosmprises the step of administering the 30antibody of

any one of {4 4eifig} erdhsonpesiianf idhassamactiye ingredient; [31] a method for inhibiting AP
amyloid fibg’bfggm%;ign whi(%qh%ogp%ises thte §t of administering the antibody of any one of [1] to [8]

or the compgosition o ‘g];;iénan acf‘l_vecl’%areemqf)en , 5?% Frfgﬁfr‘ﬁﬁi: ?@Eﬁ’i‘ﬁﬁﬁ?ﬁﬁ%}?ﬁmc toxicity, which
comprises tHPETES HEakhinisteriiy Het wm ibA8Y viedryrsmraioffide¢TIg) 06 he composition of [9] as an

active ingredient; L%}gm@ﬁl@h&ﬁﬁb@ﬁ&hﬁﬂkﬁ@@%&[é&}%&%kg%g%3%51?9%;?8&8@ 9]in the

production i itive impairment; [34].nise of the antibody 6f any orie of [1] to [8]
or the com %’%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ% rgggget é’r’%"é"&ﬁﬁ: PR onemeroirbE_or [35] use of

the antibody BF 4R U & W PR 67 [E105 e Beimiseenien of opintwaisipductibn. of Bie Segent for

suppressingiﬁ#@tﬁp@gmssiminﬁédzthéimeﬁsﬁé@@&ﬁg}d&ﬁ}ﬂm@&g@pgp%ﬂ%ﬁmne_ of [1[]3t70] [8] or
ormation; use

the composiigr o9l uctiansef:an ag uppres senile. plaque
of the antibcoﬂ\ ofﬁfgﬂgﬁ% F%l to 8qﬁt@%%%f8%1%%£%qg%cﬁ% SR dg st or
suppressing ¥P accuml‘ﬂﬁt% 10 ‘%5‘338?%%?&%&9‘6‘? {retfaeompiadi¢sharethaivtpiposition of

[9] in the prEERFcEOAfoiaN eiddirfofomatiadizinGs stiipyessing) aauobweini3ab useahthgantibody -
of any one Ab[brit: Whoidkie-eeRPOsHian-H b I iReNIH %ig&ﬁgg&gyg% Jnhibiting AP amyloid fibril

formation; 4 of the antjhady of any one of [1] to J8] or t eco[nppsmgﬁeo J]in the production
of an 15ag§ﬁt§f89ri?:f§l%fé’fliz?ﬁg?ﬁ%a"y“m 3%/ ’é%%ﬁg%% s Wrcakip sayreR AR ol [1] to [8]

uppressin _
or the comPBHERTOH & [Fprom oL ﬁ%ﬁ%&?@ﬁﬁﬁgcam‘il@ﬂ o i grebgditiverisnpaitaredty hihgrantibody
of any one=oiqdiel [&}ox thestgrapbaitoNbT [Qkfef Lserin prgyentingand/ar teatingAlzheimer's
- disease; 2Q/#:3}, the %gq%r@gqgm%glﬂ[% %iSIié)r the composition of [9] for use in suppréssing the
t 0 a”dfﬂa%fzm% ‘[f[

progression of Alzheimer's disease; [44] the anti one of osition of [9]
\ hy one ot (TFi6BIoRh
for use in SUPPPES AT SRR IR Ga bR AfpHTence fgs?ﬂ%ﬁamimagmmngnddeimrmm $8for the

con;] positiﬁ@%&@;}fiﬁm&p%ﬁsﬁ%ﬁmmﬂm@@mx %@M%@Eﬁ%ﬁﬁ%[?] to [8]
or the compesiigmafy el dosas| Newrotoxicity; the antibody of any
one of [1] toe@ltor.they[co pgsitio?lygi%:] f g%e%%%%?%&@?ﬁ%%} %ﬁ%oc}ﬁfgﬁéﬁ?’%d 30[48] the
antibody of an %}%(efngfl qyfo %?ﬁ ompbEiEIoRsTIBs e ifisreutrad g theupismsssiieg) synaptic
toxicity. [ERUERTBFRRA SrasmshTecognizre a thiratiesiprvideddy he-presentinyentiansaie expected

to greatly eassihutede SSitunesiabishent atpievenieANREPEAE Be RS aglective (o molecules

responsiblg far. evoking p 94 ical conditions of Alzheimer's disease, and the establishment of early
9 diagnosti mbarkerés%%’r zﬁeﬁi‘%@g’%@ aﬁ%%r%%gﬁ? ﬂ%‘@?gﬁﬁiﬂﬁa eVidescendhiskihg that,
even in antiBod§AtHErEIRF GIFgRRF 154 FeTe greaten e, thraily plagwefiphetiabintayeous

< oxpectodinsmidy sseits B UEKS S SOILOOL LGS o SRS S ol
Description of the Drawingsu Fig. 1 pr‘eser%ts photoggrrégﬁsgéa&ﬁn %Sté%%ffﬁo %\ﬁlﬁﬁ Hﬁ%er@%ns of
production and characteristic determination of oligomer-specific antibodies. A: Electrophoresis of



10irnmunogens. The AP 1-42 tetramer (black arrowhead) which is free of contamination of the Ap 1-42
monomer (outlined arrowhead) was isolated using SDS-PAGE. Lane 1: Af3 1-42 dissolved in 10 mM
phosphate buffer; and Lane 2: AP 1-42 dissolved in distilled deionized wa e B: AP amyloid, which is
insoluble in a buffer but can be extracted using formic acid from the brain of Alzheimer's disease
patients, was immunoprecipitated using the supernatant of a 15positive hybridoma cell culture, and the
immune complex was selectively separated using protein-G agarose (Amersham). Nine clones were
tested; lane 2 (asterisk) is 1A9 and lane 6 (double asterisk) is 2C3. C: Elution profile of SEC of a
conditionedmr{r)1ne0%13rrln1 on%ﬁ%e3 24 SEC-collected frac[%?n , fractions 8, 13, and 16 were subjected to
1A9 immunBPreeiBiation. SRbA i RR e RA AR S e ﬁgﬁ?&%@g?b?ﬁ’ésoﬁ?fﬂf%’ﬁ%ead
indicates thi#heaesritiseombksutipedyanowAeat moicatedrble dintepeAsian sko) indliestes he
anti-mousectgelighibaiphig. iZresenisahoResaphsand-aampishowingthe Anitpxigactivity of
1A9 and 2G3. 400 F: Representative images of NEW-treated P012 (PC12N) cells, which were
exposed to seeg-free Af3 1-42 at 37C for 48 hours in the presence or absence of the antibodies (left
half of 25each panBly, IESHREEBsTATAlS contimvd e @ariive ieradiberentissiverdastdifeddgreen and
dead cells Wetersthiried vgrbfeight allopleaahpandl) fesmEtienviabitibn DEcelisoxpRsedIQ seed-free Af3
1-42 (25 ubdiapith ihe folauinganilbgics: BarBRATicdaGap s s B OB ORe fiangle); 1AS
(open square%' aé]d 2 anllledgc,lrcle . Fl(%gg ﬁresentsﬁg)hoto raphs and a graph showingthe size and
morpholog%}abé’ & APRETRTIETRES P s B BUYSHDIRs i Geted by 1A9 and 203. A: The 540,000 x
g supernatant of Af® 1e4cribRs dvyswiis stispetiotetdcaschntiosmusandlet wansikwird ptoegisE13sing
ultrafifigationHRembEAABSRNAMING Sepelest Aweiohs cupihyalug @i 310 30, and 100 kDa (Microcon).
The four ty %ftfi% tes thus frggti ned were named as.follows: f%giogg §3 kDa), fraction 2 (3 to 10

. / 1
IcDa), fractiof - { ,gr%“wfac)%rag ion WD 16166 RAd): 4R Atk CESRB AT IR was finally
retained. THé frgaetee Bevsprirasirheass oiigsesabove-mentioned fractions was detected by 408
immunoblorting. BFRépresestativelimagesahd 0N efttitdate dR Gl lah s elistigated with the

five fractio .48 I5:+1 g 10Xjg)t h fraction was.evaluated as.descriped above for
Fig. 2. C: Pﬁf&g%%égé‘élég%gﬁﬁa%%ﬁv%ﬁ %%4%%@8@8%%3%%}%% %?H&Bffﬂ% %n‘%ghe five
fractions (FPAGRBIE{EIEYC BRTTRSP EBER S VBPR BN e L BrASSRb IS BISEdesvesddhishdnes sPhe values
are presentgginirerfediaybafmectiviSD) withaidapettitdithel centtadxRitDaibiotanpadysispof the five
fractions (fragtiensiddoinddg blots were reacted with All, IA 9, 2C3, and 4G8. E: AFM images of the
five fractions. In fr%gtciopag éﬁrﬂ %%}{hat E{:ua?l th%?s%r%]n%gst toxicity, ring-shaped and bead-shaped
structures were obSEVEd 1h A0GTION 10 grantiar MoleUTeE By i preserts pHatotraphs*afitigraphs
showing tH&dcibpdesiao Mas o ¢ersidsies thempeatiayloithfibirt fordiagorsing/maanyidi fibril
formation ofiARih«42 aissarious concentrations (10 uM (open square), 25 uM (filled diamond), and 50

uM (open circle)) Wﬁe%'ﬁ%ﬁg%e-r;tr%s?n?%%e%ﬁg’lzg?éi@éf tj%gcﬁigours. B: Coexisting antibody

dose-dependent inhibition of amyloid fibril formation i yvas“gﬁgér\{ed for 2C3 (open circle). In
contrast, the) FRETEH0EH Sgtiae s Aa8H AheameaRBIdingn i derihasdr cogeridine asdwheé) antibodies
did not inhiiaititsfisrisforming! asgemispif$gat-ee MRd =42 (Tl hegalive-240:000:d g supernatant).
C: Coexistigguantibady=dogerdepgndent inhibition of fibril-forming assembly of AP 1-42 was observed
for 2(;52 (o?ym circ[@édarhd(@eq}r%cogglete inhibt'ﬁion_w s observed also for 1A9 (open square) at 3 uM.
D: Néie of thé tést antibodies aude AREEYSA Y L BRIy SPRpsising s AT fibril
formation &aviREdRSsaNRoreIddieEssEmpiSERRIR IO Zoaadandictlitinilea EnptiR0aGinE Midnages of AP
1-42 in thesahsancer Frapab B presence of 2C3 (Panel F) and 1A9 (Panel G). Fig. 5 presents
photograp .0n. foxicity-rel Ap 1-42 oligomers. A: Dot blot assay (upper half of Panel
Al 43 T e B o S ey 2BV an
immobilizeF GREr% AIBEEMASSEmEmPr ke, ThQubleadand shupiBioradsaminarises All, 1A9,
2C3,3r 4G8yEnee fifErQEMERIOf #ymunoreactivity-positive structures for each antibody was tested.
mmunoreqebiahinisask aRalisis Unerliplh ok anel AV IESHS AR, sesaere analyzed

semiquantjtatively using the Multi Gau .0 software (Fuji Film, Tokyo). To torrelate the oligomer
formation %%%“é#ﬁéfﬁlﬁ%ﬁ? oFTation. %ﬁgﬁéﬁlﬁ re C%?‘Pc%r\}afa‘é”&ﬁ@vr‘%@?% %645 overlaid on
the same GRABCAGESOTEESDIPHEAP31-42 assembly after 0-, 2-, 4-, and 24-hour incubation at 37C, and
the changgsidaurods ansanahly afics GiberABhoudncbalianBliedipAsd2 asseably was detected
y 468 i thi iy ' (Y abovermentioned various AP.1-42 assemblies. The
by of e Bel e A SRS 5865, The
anti-neurotRERERIRFSHEAI @ 2C3 was evaluated using various AP assemblies (the 35AP 1-42
assemblies formed at 37C for 0 and 2 hours ("Oh" and "2h"); and the ThT-positive supernatant
collected after ultracentifugation at 540.000 x g for two hours ("2h sup")). Il Representative images of
PC12N cells exposed to various Ap 1-42 assemblies in the absence or presence of the antibodies are
shown in the left half of Panel D (a: "Oh"; b: "2h"; c: "2h sup"; d: "2h sup" + IgG2b; e: "211 sup" 1A9; f:

"2h sup” + 2C3). The viability of cells exposed to various AP 1-42 assemblies in the absence or
nreacance Nf the antibndiec ic nrecantad in Bnarcentane (Mmean <D) with recnect tno the control and



12 Fig. 8 presents graphs showing that the onset of memory impairment in Tg2576 mice can be
prevented by passive immunization treatment. 13-month-old Tg2576 mice were divided into the
following three groups to perform learning/behavior tests: PBS-administered group: n = 10;
1A9-administered group: n = 13; and 2C3-administejed group: n =11. All of the measured 5values
were indicated as mean SE. (A) Y-maze test. Spontaneous alteration behavior was monitored in each
group during an eight-minute session of the Y-maze task. The results of one-way ANOVA were as
follows: F(l, 52) = 3.09, p< 0.05; * p <0.05 in the comparison with PBS-administered Tg2576 mice. (B)
Novel objegt,recogniti ntest. Ther ton sessionw. erformed.24 hours. after ng. The
explorator B ear%rrirjcé) Yina te'r'r mrnd{% se slon %‘ {;b n%étrgove i %5( recéjgnﬁl%rﬁégt:wg% determined
in each gr Eﬂ%h‘é@r@%ﬁri}s&eﬂtmw ANGRARVER: A3 femd s gﬁﬁﬂ%@’?&éﬁmﬁnﬁlﬂaﬁ@ﬂ) =3153, p
<0.01; anrmhgnoupf%m BANCI M8, p < O 01; repeated training/retention by the animal group, F(2, 64)

=10.12, ps§ ﬁnupﬂgg})p;ngncmeo@pm R the corresponding untrained mice, ### p <0.01 in
the co par son with PBS-administered ég% 76 mice. (C) The swimming path Iengﬁg during a

60-second'Se¥SBH BT VS RALEPRTLSE 18 PRSAR FRRTBIS YPtway
ANOVA wéieRs fotlewsiotricit] F(91:820)£52Q 48, 00045 @Blmahgﬁohpaﬁ(ﬁe 880 sendh&Nfp <0.01;
repeated tg’@k;bmh@ammakymgp F(18, 320) =1.78, p <0.05; p <0.05, ** p <0.01 in the comparison

with PBS- inistere 576 mice. F ar-conditioned leatnin st Conte and
clue-depe rﬁneeng%gi% S\(;/:Gearéﬁe d I%ermr"’rlf'eudg sevegliE fs ?\%el\}vg)? A%%?\gﬁ%ﬁre%
follows: coﬂ%&iadépéﬁﬁé’rﬁeﬁéﬁeqﬂezv@ﬁ SEQIR N b70% (ERR2 depkihd entiteskif (2gBaicedf 33, Pc
0.01;10Pc SHIb AnE ¢ <0 ObRi3;the comparison with PBS-administered Tg2576 mice. Fig. 9

presents g{) ag&go pggltggﬁ%p]gé@m&gﬁ%mmg@%AE AGENTHY tion in Tg2576 can be

prevented by passive Immunotherapy. The |ppoca pus and cerebral Cortex of three roups of
13-month- @é%@?@%%ﬁ%%ﬁ BRI AMTS s Ira0e 2 mina kil sermmrs of tEIHOUP, Tes 13; and
2C3- admrﬁi’éfered group, n = 11) were extracted in three continuous steps to prepare the
buffer-solylg &%“-l!i’é@c&ﬁ f%é@i?@%z%ﬁxt{?@ﬁﬁlﬁbféﬁﬁ“&%@ﬁerﬁ@%@* ﬁﬁgﬁff\ﬂgn?@ was
subjelrst AP -specific ELISAs (WAKO kit: BNT77-BA27 for AP x-40; BN177-BCO5 for AP x- 42).
The adcumtation of AP 40 (SDS and FA) and AP 42 (SDS) was found to be significantly suppressed
only in the(@xo-aethedy dhaigrrmsaobe ELshaiand (s epshieskintpistigfdBior the All-positive oligomer

(4-mer) qumr&ma@iylrhalﬂaﬁ@&mtrl&;mrﬂr&ﬁhg%@ﬂ@@ueﬁssimé%ﬂwe@mwmrﬁéted
ok o %9 5 B{S%géfd%hﬁgg% wsrs no srg ican Igd%fl@&rsahgl%ﬁel@sma A ac

Tg2576. A and B: As a result erence’in SMAUM GI°AP x-40 and
AP x-42 inthe a@ﬁaj%a%%gérved between the PBS-administered group and the 35immunotherapy
group{ C: Sijmiteatyiboddiffe renceinthe D Eh40/ARIAR tatimvasdisetvescanfs iy e fbeesgroups
tested. D: egmr%ﬁymg%éa@é@aau%% sisingrpeeled i i3 M&Q&Hﬁ%@ﬁcﬁ%%&%%h Nge in the
amount of%}ﬁ %gsal oluble All-positive oligomer was observed among t ree groups
tested. Hi mpus i panety and cerebral cortex (right panel). PBS-administered group, n = 10;
1A9-admikmStetastgoliphat eomanseohe Bahwimi sterBdatdarpl nhaia bf EBYAccording to imrnunoblot
analysis ugibgdnentintidligeraengial antibady, theiipmeperesetiteehihe APsEramRDImEe
SDSﬁxtradcétegicerebral cortex fraction (right panel) was decreased in the 1A9- and 2C3-administered
groups cowared tg the PBS-administered group. On the other hand, this was not observed in the

hippocarnblid TRAHARRT) e EBIBE SEAIB M HAB HRESE Prasia dpiserpumuTPaRal B NO: 27 &

aIbumin/Iipdprotern depleted plasma, lower part of Panel F) was pooled from each of the groups,

10and sukj ta@é%ﬂ@%@ée&aaahea&am 1 %ﬁkﬂam&%%%@ ¥jty was found to be
increased he 1A %Cs -administer, '%ﬁ% pS €O pared tot admlnlstered group (Panel
). The prodaABFEPHE TEbETBED A0 SEBERISEE TSGR 5 NGk tan that of
1A9-F8coghi£aeRdlidomueraqleibsqaurned PETRQED ﬁ@Tﬁém@%eﬁﬂhm&p@m&Hm@wcﬁhoww
positive srgﬂgsrampmgmmgly 200 ki)a, and the 15immunoreactivity was clearly mcreased in the
1A9- and i roups compared to the PBS- admrnrs ered rou om these
results, |t|%%?1%(??e%a§i£ t g{tgt é)ltse?saa%%trcl? e gg{‘f St é% ive on o%eaqr Cﬁﬁ §IEQ) ﬁrc?l Eﬁles was

obtained i %aﬁ%‘ﬁﬁé‘&y%ﬁr@t&%& @?§@&I@.m9uéa%€w%rmm ﬁ@'&ééarésc@é 11
presents Higiddraphssérd giaphs showing that senile plaque amyloid formation 20(A: AP-specific

antibpgly sipn mgmam tﬁaroa‘ay in-SsRAsitive20alyEs) andiswollen dystephic neurite formation (C:
synaptopr?{% Emposr fsg were Slé% {1 SSI%JI in the Tg2576 mouse brain by passive
immunizatio e%%wen PRPIT LB R BB & %%%ﬁ%&ﬁﬁbsrﬁ&%ﬁﬁﬁf S Syfraptic
degeneration by passive immunization treatment with IA9 and 2C3. Immunostaining of synaptophysin
(left 25panels) and drebrin (right panels) in presynaptic and postsynaptic dot-like peripheral cells. Top:
PBS administration; middle: 1A9 administration; and bottom: 2C3 administration. Fig. 13 presents

photographs showing the brain transfer of the antibodies by passive immunization treatment. The

distribution of administered antibodies in the Tg2576 mouse brain is shown. Staining with anti-AP
antibodiac (left naneale) and 1AaC (centar nanealel 1 A0 20admMminictratinn (AY 2C2 adminictratinn (RY and




20 specifically to AP oligomers but not to AP monomers. That is, the present invention provides
antibodies that bind to AP oligomers but not to AP monomers. The antibodies are preferably isolated
or purified. The terms "isolated" and "purified" used for substances (antibodies and such) of the
present invention indicate that the substances do nof substantially include at least one substance
25that may be contained in the natural source. Therefore, "isolated antibodies" and "purified
antibodies" refer to antibodies that do not substantially include cell materials such as hydrocarbons,
lipids, or other contaminant proteins from the cell or tissue source from which the antibodies (proteins)
are derived, \hien the antibodies are chemically synthesized, the terms refer to antibodies that do not
substantia&/ include.c ical precursor léig%ta ces or.other 30chemical substances. In a preferred
embodime ﬁtﬁ% EHET ?ﬂ%@tﬁf’{?@iﬁ%%ﬁ‘t 8%‘?8??%%%5*5‘[%6%* SRR of SEQAH%@H?ES‘S refers to

glycoprotelisithat have the same structural characteristics. Antibodies show binding specificity
towards sR@gyfkﬁl@ﬁtiggabsgﬁk&é&i{%d&@EiQ@H$h@wﬁ(§%%thb@&H@Y@ztﬂ? ability to bind to tr:le )
corresponding antibodies,,and induce 35antigen-anti reactions in vivo. A ins,.which are the
majorgongt{l%ggﬁt%n%%grﬁf &P s?,maprrésﬁse%rﬁ e%%é{rllhsalg ?ﬁﬁ%ﬁ’&‘“ﬂ%‘t‘(‘? %ﬂriﬁ?ﬁé) g%%ra@t&éﬁﬁa‘)a known to
be produc@ e prsclirses prcteanEsees et BRABI & predurs Siiratends ampisp syidreaetienvbf
proteases.SB€esites@nyplasdiitRils collected in ultracentrifuged sediment fractions, the amyloid
molecules pradyceddiampl i laameric Aaeinys assamplesnAddiien g spluble

fth f - e%rg lies. The "AP

monomers, "AP oligomérs” of theé 5 pregent invention refer to non-fibrous asser h
oligomers' &t the BréCEAP RS SRITIARIRE Yo B R ples A(RRG: @re HessyiBRg6HAere sRer A{342 (AP
1-42)i8ligovRerSPRe X2 I®RA1342 oligomers" of the present invention are molecules showing a

molecular wejghtof #5080 KRR 8 SRSIRAGE.AN0) 22510 1 835, kP ). Blue Native PAGE. Using
moleculargﬁav%s, th?% moI]%c_ules are CO”?S% d.m%linlﬁglg the >100 I%%a retentlogn %I)utlon. When
observed Hder TSR St MiE FOTRESR D §baén HoteCHEE S HEN AT TR ﬁ% toyree P granular,
bead-shapsdy Bhd ring-shaped molecules having a height of 1.5 to 3.1 nm. By the gel filtration method,
the molecytes wereiblatedin dheprid ¥olumeailiagtion Gwithiasnalesidasweighimb 680itsRa gr more,
and infracfjon 15 with a molecular weight of 17 to 44 kDa. There is no limitation on the origin
and form of}t’e antibodies used in the present 15invention as long as they bind to AP oligomers but
not to Ap HEAGRREIEPLY thaksapweairss (s thehgle sEm2haatiths-irkatie Bbth monoclonal and polyclonal
antibodies(ZFhevatithodiesafctheppres entinhanticevals dinchide aiv/stypernt aftiodies soctvas
non-humaganimgl artibodies; Aunanizedranibedies.dimersnibgdies, hymanantibadiess the
Iater-descn%ggzdgg&gp es, (‘?{%9‘0 acid sequence-modified antibodies, modified antibodies
20conjugatedto o er &fe S (for example, polymers such as polyethylene glycol), and sugar
chairdmoditecraatibbeiashat corppasinantechsim heriogobivmalraribbuigs hrefelf SEdMiNOdRsathat are
obtained fitinra, s stamtiaklihesegeng i pupiation of @nibogiashd atis «the dadividuat antibodies
constitutingé@glﬁ%@éog %ﬁggentical with the exception of possible natural mutants that may 25be
present in a trace amount. Monoclonal antibodies are highly specific and recognize a single antigenic

site, Each & 1178 ARGRBEI0HRA! comtisbarcls dtehpines@ iyl dhgdishaimaiz6iithe antigen, in contrast to
conventioriz8 ) pokywibody) taatibadyiprepatatibaia thaity tealtyioomniaisadifferentt R o0iNs agrminst
different apdigenic determinants (epitopes). In addition to the above-mentioned specificity, monoclonal
antibodies have the, 3§ a%\éﬁnta e that tlg‘ee%c,a%bg synthesized from a hybridoma culture that is not
contaminated AFTEISY ISEUThS. PABISRSIRE “AS SRR A sTRtRRRR ATRE et etics of

antibodiesMhat can be obtained from a substantially homogeneous antibody population. This term

does not ifuticateatirsed ik doari-fos any iseesHi e eshash e antihadyrproguction. Basically,

monoclonal antibodies ¢ e roduced py using known techniques. For 35e I y.may be
produced E’l’yﬂﬁg %?llgr?ﬁ%gaprﬁ%%ﬁégeﬁ%‘% e%%r%g ‘ggvl\%h er and %Iﬁ%qgler? ﬁ\lﬁ%g‘;@z@é@ 9%- , 1975),
or by*the racombindt #miRe rédrisereecimiyp B0 Bdc! N Gt 206 Bepmyspagit: spreuge 1984), but
the methods5it€ HoMithitdd thé&lBRA;For example, when using the hybridoma method, an AP oligomer

(for exampley the ARhiRHamer deseioed inthe, Examples)isisethasAsesiizng ﬁi‘ﬁ%ﬂg@ind

immunization.s.carried out according to a tional immunization method. The obtained immune
cols are HSSPbth RABRIHAS T ELEIE B S bHverohil Tot ARdof e BB 8- rSABcIEal
antibody-proukiEifg déls!édntielteened and isolated using a conventional screening method.

The p3onogisnai antibeniesolshepresaptinvention canhemeadusadasfojiows. Synthetic Af3 1-42

(Peptide Institute, Ir is dissalved in distilled deionized water or a 1 sphate buffer
solution, a&aséi%%\sa%{}ign% bﬁa%zggﬁ%gfég %&%@%ﬁ%&" gﬁe %%%e%ﬁ%g%q&%l%?gofsge%éﬁﬁgﬁ ‘y?&f-lz%

SDS-PAGE, and visualized by CBB staining, and the portion of the AP 1-42 tetramer alone which is
not contaminated with the AP 1-42 monomer is cut out and used as an antigen. On the other hand, a
preparation containing a large amount of the AP 1-40 oligomer is prepared by mixing (i) a modified
A13 1-40 prepared by chemically linking 6-carboxytetramethylrhodamine (6-TAMRA) (SIGMA) to the N

terminus of a synthetic AP 1-40 15peptide using a conventional method with (ii) synthetic AP 1-40
(Pantide Inctitiite Ine Ocalka) at a ratin of 5100 10100 20100 A0-100 A0-100 BO-100 AO-100




out basically according to known methods including the method by Kohler and Milstein (Kohler 17 G.
and Milstein C., Methods Enzymol. (1981) 73, 3-46), Hybridomas obtained in this manner are
selected by culturing them in a conventional selection culture medium such as a HAT culture medium,
which contains hypoxanthine, aminopterin, and thyngdine. Culturing in the above-mentioned HAI'
culture medium is 5 generally continued for several days to several weeks for an adequate time for
killing cells other than the desired hybridomas (non-fused cells). Next, a conventional limiting dilution
method is performed for screening and singly-cloning of a hybridoma that produces the desired
antibody. g V]fj;]ereafter, the obtained hybridoma is transplanted into the abdominal cavity of a
mouse, ang scitic ﬂtlig cgntaining.the desired monoclgnal antibodies is extracted. For example, the
10antibodi s%c%%% B ?ff%%t ?P&ﬁﬁ’%fﬁ%g %%ilt?gi*aﬁﬂi e RS DretmeephrRibIP AN purification

methods s&tNlais a selected combination of column chromatography including, but not limited to,
affinity chroygpsagrapayy filtietionpuitafitationisat e ehatalon:dialysigsgDS polyacrylamide gel

electraphoresis, and.iseelectric focusing (Antibodies: A Laboratory.manual, Harlow,and David, Lane
(edit.)c,bt()lolggléI %%‘%@%o%a%%ﬁ%?s ?%%g%ﬁr}ofgﬁ%fgr%cf%g%%ntsioélﬁﬁgér% el g@mns can be
used for a aBIEHRRS IRbhapiReSr thenmoneirt Al tBlAmsdieircrasy Hiypec D PORBS, and
SepharosenftibodfPhdsnyasiapf (1) toChgpmatography (excluding affinity chromatography) includes ion

exchange evAmARMARIK.IRROARE AR BBlag APl SRk Ilation, [exeleo phasg,.

chromatography, and adsqrption chromatography ("Strategies fof Prot urification :
Characteri@t i ?ﬁi@gyﬁ%&a\"gﬁﬁb@%@ AT PERE R NERR A Adiananssdapbney:Harbor
Labot&tory Pressndog6)n \Whanishainaaodgraghyfisrgasnedidli el drphasiechromataijyaphy methods
such as HBddepainkERkEr.can be used. Monoclonal antibody-producing hybridomas prepared in this
manner ¢ die subcultured in a canventianal cult(;hr&e medium,%%d th%{ﬁaﬂ e stored for a long time in
liquid nitr% PD5RRY tRAMmArcan be mmunized RS AR SR 48 PA AR 888 rddiifttion.
However, WH&R Hrepameg e st narnatbedisgresisstoducing hybridomas, the compatibility with
parent celld Lisechifepedtitzgion for Aybeidomadpieduchianisprefarabluconsisered angray rodents,
Iagonpg)rphtg,[gf &rk%aégﬁfggg&eﬁi%&ép%r%y@yn%%%ne. Bodents include, for example, mice, rats, and
clude, o eb , é

hamsters. Lazomorphs | , ample, rabbits (ﬁfirima}tes_ include, for example, Catarrhini
(old-world) HbAkeFLL TP TREEchs REEtIsNG Ol AaEGT N SIS Fariaigh sesnRifg himpanzees.
The use ohtrénsyeriieraningals [tHab Hidive b oongratitibofljpenmsmrepentditeddidaown in the art (Ishida

[, et al., Clonj 9= ' %?Hﬁﬂ als, 1. i noclonal
antibodies9%%?;;:?f{%gfi}:glgrllgi’lriggﬁljn ga%éf%%%?ﬁaé?ﬁgﬁ%g%\%pody-prggattﬁ%%@gﬁgtg?e o%gcted from
S

the animals Wl%c%n)%qsolrﬁoél Celis'ts 6?0%1&35 WB {dthas, and anti-protein human antibodies
can B prdpAted fashi thiesemybrieoifhsccig e mishithicmatab icatioh dysy MAQOZO OIS,
W094/026{32 8V 9 26580510 96/33 430 antl WNRBEAR4RO6). Alternatively, lymphocytes immortalized
with onco / f 0 n ibo, roduction. For ex le, human lymphocytes
niected L e A B T Bl i zec
lymphocy &R iRt Wi h s e dtaredsiyeloma cells (U266, etc) capable of unlimited division,
and thus Hybiidoegast thatirbdirgestheresicefitail fuan-atibadies anembiaited(didpanesenfatent

Appligation <ol Pulisalian NowsdBud) %%@ﬁ%&ap@%m% published Japanese patent

applicatiorﬂi)7 Once_n%ono.clonal antibocjjesfca .be obtaine any of the aforementioned methods, the
10antibodled ARFESTEG BATS SHRHLE (IS SHUHR Smeprss: é?ﬂ%ﬁﬂ 8l aReorgPLibimlé] Borrebaeck

CAK and Hxrferpysitivhefd petrin prsivedranedipmitibodies, MacMillan Publishers, UK, 1990). For

exa}bm p(;?, [eepmainBa anidadias m@%ﬂ)&i@?&&!ﬁﬂgﬂ sbaninePMASIhat @éligaﬁi% thesgesired .
antibodies igen-producin Ssu ridomas or immunize ocytes that produce
the aﬂntibog(iigﬁ%%%ﬁgé%ﬁ%%%% (g% gﬁ?ﬁcﬁfggﬁ%%a;g&%ﬁ%%g vee g9§ aél/’l{(%g aaﬁis%@fcs{iﬁéothe vectors
into stitabl®host cells. Such recombinant antibodies are also included in the present invention.
Examples[dfthenetbnd oltdiagamtipdlethef theqresajtinitentioniiclutbdheiA%sanoelonal antibody,
2C3 monagignatantinedy,AfIRonasianakantinady: PA%manedanal antikady, 4E7 monoclonal
antibody, rp(ar%oclonal ﬁntlbody, 6E4 monaoclonal antibody, and 206H mo?loc?ona?ann%ody.
Preferably’ the monociGnaraftivodies include the antibodies of (i) to (vi) below: (i) an antibody that
comprised#Hl Mretihin (Hebggperiainy abingthet arrihis ddick segubnce B BEOSs DissE: fatad, an L chain
(lightshainhhavinehe-aminaacigsequence of SEQ ID NO: 3; (i) an antibody that comprises an H
chain (he ) %ay i id sequence E IDNOQ: 21 and in (light chain)
having thggayr%?i)?l%iaci s%%gfr?ccg %5}88%8(%5?6 &Iz\l%%?%% W(%%%%%r%t%ﬁ%ﬁ? tAat 8%%0632&01%?’!3{10 ain (heavy
chain) having the amino acid sequence of SEQ ID NO: 41 and an L chain (light chain) having the
amino acid sequence of SEQ ID NO: 43; (iv) an antibody that comprises an H chain (heavy chain)
having the amino acid sequence of SEQ ID NO: 61 and an L chain (light chain) having the amino acid
sequence of SEQ ID NO: 63; 30 (v) an antibody that comprises an H chain (heavy chain) having the

amino acid sequence of SEQ ID NO: 81 arid an L chain (light chain) having the amino acid sequence
of SEO ID NO: 22 (vvil an antibndyy that eomnricee an H crhain (heawvyw chain havino the aminno acid



particularly limited as long as it has the ability to bind to an antigen. Examples of antibody fragments
include Fab, Fab', F(ab")2, and Ey. Examples of minibodies include Fab, Fab', F(ab')2, Fv, scFv (single
chain Fv), diabody, and sc(Fv)2 (single chain (Fv)2). To obtain polyclonal antibodies against the
proteins of the present invention, blood is Sremoved;from a mammal sensitized with an antigen after
the serum level of the desired antibody is confirmed to be increased. Serum is separated from blood
by a known method. When a polyclonal antibody is used, serum containing the polyclonal antibody
may be utilized. Alternatively, if necessary, a fraction containing the polyclonal antibody may be
isolated fr(%gj serum au Eﬂ?}l%%llljn eo(%. I%ogileé%ngglgmiénsmuni%globulin G or M can be prepared by
obtaining a (S?rac‘flrori’t lat specifically recognizes a p?zori%lrf of the present invention using an affinity
column coliBrEBiA T 55t dtcipcERRA EnDE GrAYIRG IS Fhainensulistes apiisteivrep ER@TeIG column,
In the presentsinye hiicap e atiified vhthahiinds teabhyApddligaaer is an antibody binding to an Afl
oligomert j , 4 i refer M ntib IS any one
of the gntig%iqg&jﬁh%g%éii%k%%% é%%ﬁ%%%n%r%%ﬂc%%ébﬁé%%gﬁ%gg kﬁ egﬁ%érsnge?rs%ﬁaétfgﬁ%‘é’ to an
antibody cd1 ﬁﬁig‘i’ﬁﬁjﬁ?‘f‘ﬁ S H3Ving the amino acid sequence of SEQ ID NO: 1 and an L chain
having thelamimtecitid seguplece bfcSE GaD NChiSst WiB) tha anitbddpibinging t Hi) @[ ligdmer that
binds to anaHibee.comArising AP Hebaik:having the amino acid sequence of SEQ ID NO: 21 and an
L chain haying the amino acid 2 uence of ID NO: 23; (C) an antibody binding to an All,
oligomer trﬁga?%?ﬁs §1P§§}$§#| Sgé%séirﬁéﬁﬁiﬁrniﬁﬁ D@ﬁ%’l?fﬁ%(%ﬁ glezé?%tmino acid sequence of SEQ ID
NO: 41 anthsein drainbirslitgletemainna i deid sugidnodbisES rMe et (Bheariwmibody binding
to an1All oligamesdthalinds ichameantibodyeampeigtng aaikichain 25 having the amino acid sequence
of SEQ ID : ' i ' igd sequence,of SEQ 1D NO: 63: (E) an antibody
pinding to B A T iR T L e Rt e A, acid
sequence BPSEAFGERSH A8eP LR iR EIR #f amvineeait 8bpUdhbewt SEQ ID NO: 83; and
30(F) an aldbedyt Bindimgrttham:Ahsdaligomendhéf hds{# |an antibody comprising an H chain having
the amino acid sefiyence, o IREHRNOL IO AN AR ChRiIR Iaving. the amino acid sequence of SEQ
ID N? 10rfg~ F%thdﬁ%[more, the prescgnttinventlon Erovides AP oligomers to which the antibodies of
the p SsentiveREoR R BT PP RLT) e SO B I (B S Bhatisie CORPHRS Mottt fnal
35antibodyipedinsicbba tativs dyy3ns ahBl delShar dribway $ie nidAbelenaktntibody, 4F7
monoclonadgsdibagy, 4H5 monoclonal antibody, 6E4 monoclonal antibody, and 6H4 monoclonal 20
antibody. AP.oligomers can b el antigens for.preparing antibodies, or vaccines. Ina
preferred m% ﬁé%%%ﬁé% Ssr’\?f%%“d’.g%%z 1 gasm? s‘:&egir?‘?%1 ?ﬁrgg%gccﬁ%%% e o?oérax%rfﬁ%ﬁé%'%ﬁ%e%ﬁ ibody of
any one of (B EsmERRTGRL PO A Fahesath thin B miohiesempositiasonf [Rhstig 856 8mino acid
sequéhce ofS&EEED NO: 9 as 5 CDR1, the amino acid sequence of SEQ ID NO: 11 as CDR2, and the

e amino i e o RO 18 @%ﬁ%ﬁ%ﬁ%ﬁ%@%ﬁ?ﬁéﬁ%%@E%eﬁ%@%of" 17 s

O
CDR?2, and tﬁ@lé?%tﬁﬁ%%es%lgk%é%go%@@ A5"BSRPIBPST Sh B htbEHFIA: comprises

the H chaitt@t{intind the L chain of (2); (4) an antibody that comprises an H chain having the amino
aC@g sequgree: af B slgﬁ?iré;sﬂﬁg\ékﬁﬂ&gleﬂlﬁeaﬂaﬁaﬁgﬁngh?]hﬁﬁMﬁ?@%é—sﬁﬁ%ﬁ havifn% the gn”;:noL
aci uepce.of VAL ; ody that comprises the H chain o and the
chair{si %?( %%%%%?%L%%ﬁ%ﬁgf 55%%%5%5% gﬁ?—ﬁﬁ% gi?wr t%v?r?én Oélg%iﬂ%[%ﬁc?a %%hd%lé’ﬁ ce( o)f SEQ ID
NO: 29 as®&FRF¥he amino acid sequence of SEQ ID NO: 31 as CDR2, and the amino acid sequence
of SEQ ID[MQ2 BdtasiCRRGypr(@remantibadythah cotitiisenmirds chairhavidenthieamingeacid
sequence g0 N33 A BRI heAmIRAdEsPAUENgE:of BEQRNO: 37 o CDR2. and

the amino id sequence of S 0: 39 a ; an antibody that comprises the H chain of

(7) and th§§ &&F%’Sff(%’)‘; Rdis) %%Wi’r‘iﬁ%c%%%h%‘&%ﬁ% RPN acid

sequé&hce BHEER DO DiaE Mel |93 1) @martitoupititscm prisesmgedietiain having the amino

acid sequenoe: of B@ 1 NGhiRK A8 y1o{ 1 2nan BRHERAGY, t@ﬁ&&@%@ﬁiﬁ%m{éﬁﬁain of (10) and the
the

L chain of (11):. _(13) an antibo at compri H chain havin ino acid. sequence of SEQ
ID NO: 49%%5%? %r%e%ﬁhgaﬁ??%éqﬁgr%? i? @Ebor RGTEY 531.8066@ g & Eimino acid
sequenceBEFSBIBEQ ID NO: 53 as CDR3; (14) an antibody that comprises an L chain having the
amino aciB3eeuentesi 6HSEQHIANG shmas: GRRIL, théiaminambics seouence-afSEQRHING: 57 as
CD132. anh b Nan A6l sadyenas of SEQBING,DS:#9 CORT. 1 (1h).asgitinody that comprises
the H Cha'@élf %3(#%1 the L.chain 0 4%2 [:ij %)fh ntibody that co%nses an H chain having the
amino acid $efifendés e&?ﬂf’iﬁ ot SENAYE Off% WPERTHERY B R BFRELUF O ain having
the amino acid sequence of SEQ ID NO: 47 as VL; (18) an antibody that comprises the H chain of 06)
and the L chain of (17); (19) an antibody that comprises an H chain having the amino acid sequence
of SEQ ID NO: 69 5 as CDR1, the amino acid sequence of SEQ ID NO: 71 as CDR2, and the amino

acid sequence of SEQ ID NO: 73 as CDR3; (20) an antibody that comprises an L chain having the

amino acid sequence of SEQ ID NO: 75 as CDR1, the amino acid sequence of SEQ ID NO: 77 as
CDR?2 and the amino acid ceaaiience of SEO ID NO: 70 ac CDR2 10(21) an antibondy that comnricac



(27) an antibody that comprises the H chain of (25) and the L chain of (26); (28) an antibody that
comprises an H chain having the amino acid sequence of SEQ ID NO: 85 as VH; 25(29) an antibody
that compriseshain having the amino acid sequence of SEQ ID NO: 87 as VL; (30) an antibody that
comprises the H chain of (28) and the L chain of (29); (31) an antibody that comprises an H chain
having the amino acid sequence of SEQ ID NO: 109 as CDR1, the amino acid sequence of SEQ ID
NO: Il as CDR2, and the amino acid sequence 30 of SEQ ID NO: 113 as CDR3; (32) an antibody that
comprises an L chain having the amino acid sequence of SEQ ID NO: 115 as CDR1, the amino acid
sequence of AF_ nstl\(lxm11 \Zea}s CDR2 tand the amino acid sequence of SEQ ID NO: 119 as CDR3;
(33) an antibody That cor‘ﬁprlse sthe H' c%am of (3{% and the L chain of (32); 35(34) an antibody that
comprises fafi] F;Séwéw@iﬁﬁ@dm@féﬁwa%&@% EdhsremEPaof Bhmdbevepdapiogs)aan
antibody thatmepenficisgsafot Adhhtinteavidigetize; amino acid sequence of SEQ ID NO: 107 as VL (36)
an antibodysthat comprises s Ek%ﬁ?%@&%?@t@@?} ek E0AIBALIRNE (031020 ARL0RSY IR

compréses one %’ more amlno acid substitutions deletlons a IthﬂS sertions In

antibody of &Y ShE BT 108 (36) P RATRITFAS éﬂéf\‘?ﬁféeﬁts ﬁ?ﬁﬂ‘?vas the antibody of any one of (1) to
(36); and (38) @n eiribedyttbdt binds tocthiEpitdBe ddbmdooyptiseiantibisdyrohanydneiof (E)to (36). An

example ofshg: Ws@%@ﬁ@g@@ tignedmiedain having the amino acid sequence of SEQ ID NO: 9
(sequence.of the 5A5 anti ¢ DR1, the amino 10 acid sequence of SEQ ID NO:
11 (seque 5)f{e]to?eih %i\%nan? 8yaI§|3 Bgl(ﬁ gl%%@? ¢ ﬁ%‘“&ﬂ%ﬂ‘%‘%&%’& Eg@ afgéa‘i}é%?c‘g%‘? SEQ ID
NO: 13 (segaeiios wpiessas Shapawiatenain CDR3) as CDR3-of (1) is a VII having the amino acid

sequence (H8ER JDMN@rihisgaqangenf dhp bAFsamtiledyoYildshionexampef thandidn dnen

above-mentigned."l. chain:-havin uence 15 of SEQ ID NO: 15 (sequence of the
5A5 antib rgg L-chain CDR1 ?Y %@&1 %%%‘qn)%&r%éggd sequence of SEQ ID NO: 17 (sequence of the

5A5 antibddy Ui EHEY dé’s"é@ﬁ?“%?ﬁ%@é%%ﬂﬁcﬁ?@@aﬂ%ﬁ%éfcﬂ thapredectios géuence of
the 5A5 antgsoiplixdhiEitng BR 3xngkic BRI bi:{2}ima V0L having the amino acid sequence of SEQ ID

NO: 7 (se A\ R | chain
havin theq g?npl&% gifgigg%é;g%cg@o \ﬁk)ef%gﬁ@ %w&@&f{ﬁgg Yl;!d%iti% %a%%%égﬁgﬂc%ga?g aé:l_DRl) Ias

uence of the 5
CDR17 the®&f 8@8% PR BRG* éﬁxig’@%uence of the 5A9 antibody H-chain CDR2) as
CDR2, and4hiéhartidubi¢isariercd bl SES) b Ro:aa®tsiimer{deldbthec5Agrantitiodytd/chain
CDR3) as 23 afdfjiie ﬁmébiﬂft&‘iiﬁg the amino acid sequence of SEQ ID NO: 25 (sequence of the

5A9 25antj X le-of th the above-m ed "L chain having the amino
acid sequ QQ@% %Q]bod 8% 3513?%%[?50 %}e BAY aRtbO ﬂ?? fain CORT) A “the amino
acid sequétreinsrSEEHy NGI8%tsequence of the 5A9 antibody L-chain CDR2) as CDR2 and the
amin@lacid 44 duencbaf;SE@DNMNOL 89 (s¢juenbe mithesiA9 afihdelyuke ¢hainedaRa) s 30 CDR3"of
(8)isa VL %iya%gmmlg@psgg%ggce of SEQ ID NO: 27 (sequence of the 5A9 antibody VL).

An examp %%g (5; above t|o Qﬁham havin %th amino acid sequence of SEQ ID
NO: 49 (s B SEFA Gty 1R RIPRSEGRO 1 Rhififo ASRRER RN SEQ ID
NO: 51 (sé’é@féﬁ@é@ﬂth@AF? antibody H- chaln CDR2) as CDR2, and 35the amino acid sequence of
SEQID N@s@&ému@w@%%%w NPy HreR3RLe B3 s@@R&@i‘n( laiydhhaving the
ami%au %%of SEQ ID NO: 45 (sequence of the 4F7 23 antibody V n example of
the in the ove mentioned "L chain having the amino acid sequence of SEQ ID NO: 55 (sequence
of the 4F7%ﬁ1l@6&9% et R Ad G sre] ‘fﬁ@%ﬁﬂ%%&@%éﬁ@érﬁ%@éﬁ BpeRlKIcE 57 (sequence
of the 4F7(antibedink} chatmtGRYZ) as CDR2, and the 5 amino acid sequence of SEQ ID NO: 59
(sequenc i 4 acid
sequence 6&? tﬁ%ﬁ% @QP{M Bglﬁcé?gﬁ%gﬁgﬁ%%g%é%ﬁ% %étggﬁ@qﬂhﬁﬁ %% in the
above- meﬁlﬁ%” SRR 9"?5 he amino acid sequence of SEQ ID NO: 69 (sequence of the 4H5
antibddly Hé&idie ©ORY el eDRuahéE[AMME 10 teidsemenoedTSER 1B MQeialeaguence of the
4H5 antibgshypicefial) &EMRA) asdefdR2, and the amino acid sequence of SEQ ID NO: 73 (sequence of
the 4H5 antibody H-chain CDR3) as CDR3"of (19) is a VH having the amino acid sequence of SEQ ID
NO: 65 (sequence of the 4H5 antibody VH). An example of the VL in the above-mentioned "L chain
having the[gﬁﬁﬁﬁ‘gé?&é%?ﬁ%‘ﬁé‘é 15 of SEQ ID NO: 75 (sequence of the 4H5 antibody L-chain CDR1)
as CDR1, the amifbcanithsdfuenoadafi S Qelidebéar: if Ve{sRaueneepefitdadiimantbaeykzchain CDR2)

as CBR2, ﬁ@fésmeme& %@&&%@&%g SEQIRNG: %9&%%9%%8%8{1&'3%%@5%?% bgdy L-chain
CDR3) as COR3- VL havm yﬁ%&mno acjd sequence of SEQ ID 67 (sequence of the

of
4H5 antib&8yVEP % rﬁ?ﬂgl Ofthe THE §HGTAS Rt T R R the amino acid
sequence of SEQ ID NO 89 (sequence of the 6E4 antibody H-chain CDR1) as CDR1, the amino acid
sequence of SEQ ID NO: 91 (sequence of the 6E4 antibody 11-chain CDR2) as CDR2, and the amino
acid sequence of SEQ ID NO: 93 (sequence of the 6E4 antibody H-chain CDR3) as CDR3"of (25) is a
VH having the amino acid sequence of SEQ ID NO: 85 (sequence of the 6E4 25 antibody VH). An

example of the VL in the above-mentioned "L chain having the amino acid sequence of SEQ ID NO:
QR (cendiiance Nnf the AEA antibody/ | -chain CDRID ac CDR1 the aminn acrid ceadiience of SEO ID NO:-



An example of the VH in the above-mentioned "H chain having the amino acid sequence of SEQ ID
NO: 109 (sequence of the 6H4 antibody H-chain CDR I) as CDR |, the amino acid sequence of SEQ
ID NO: 111 (sequence of the 6H4 antibody H-chain CDR2) as 35CDR2, and the amino acid sequence
of SEQ ID NO: 113 (sequence of the 6H4 antibody I—c}-chain CDR3) as CDR3"0of (31) is a VU having the
amino acid sequence of SEQ ID NO: 105 (sequence 24 of the 6H4 antibody VH). An example of
the VL in the above-mentioned "L chain having the amino acid sequence of SEQ ID NO: 115
(sequence of the 6H4 antibody L-chain CDR1) as CDR1, the amino acid sequence of SEQ ID NO: 117
(sequence @f the 6H4 antibody, IL-chain.,CDR2) as . CDR2, and the 5 amino acid sequence of SEQ ID
NO: 119 (sdga‘ﬁapeoﬁgg% %36? %&%%%%8? ﬁ_fl-%ﬁaalﬁ' COEFSETE Slﬁgmgfs(g%afge PREATGIR &mino acid
sequence §RSEGN D RGPADTsERIdAEs BT helBrrEiantisediion Fde frelBASrarmbddy of the present
invention, the-astiog adithseguence amddhs: nugloetids seavanceohde: wiklensaihns. chaipsare shown

in SEQ ID : X e vely: ino acid s n nd the nucleotide
sequence g%ﬁé?%ﬁ}ﬁ%ﬁ%%%a%ﬁ%ﬁﬁ g@ﬁtﬁl% %PE%I} %%Eﬁ% PREna’S E%%%O%’Ca%sre%pectively; the
amino-aci té 4ffi#the nucleotide sequence of the H-chain variable region (VH) are shown in
SEQ ID NO: 5 and SEQ ID NO: 6, respectively; the amino acid sequence and the nucleotide sequence
of the IL-chgippasiahlgisegiond Mkdare.shown in SEQ ID NO: 7 and SEQ ID NO: 8, respectively; the

amino 15 acid seqilzlen e and thegnuc eofide ée uerlé: of the H-chain CDR1 are shown in SEQ ID NO:
SHTERE TS

9 and SEQ ID NO* 0. FESHEH DRI ShE At i pRiaBifies®ience of the

H-chain CER2grs golgreimisEon bf RidzortaingSEonibodds.1 2Arddpantivelesthefamino acid
TSC‘N“S"EZ aﬂﬁxﬁh@gt_eﬂ!ﬁ@({ﬁig%ﬁ@_%ﬁ@_?@ém@dﬂwﬁiﬂf}t@%%ﬁ% W&%M&%%MQS@%@E@SEQ
14, s ively: the aming acid seguence. and the nucleqti uence e -chain
CDR1 arez% é&%i%?é‘&e{goﬁ%?e%@%g%q B R gf@}%%é%%%%@%?e zlgﬁjtﬁfé\cgdlé guence and
the nucleofitiécdesuanfersy e trkaiairéprpdleshdv i SEsIo wOn distiie! SEOHBNG1eLS,
respectively; Afd:théoainiideadidisaipiencesnditheuniveleniide-sequeanse ffithr hckhabnGRR3 are
shoun in SER NCcH9.200SEQ IR M. 20 Feanesitely, ERLAe SARATIBOM.gf s presen

, i :
invention, the_ aming acgid sequence and the 25nucleotide sequence 0f ength H chain are
showt?in SELTS B e 6 L2 HONBE CHTOR S thasIRTE ShiPSERiehEad the

nucleotidepsetgireficezasbthd fuikidmgth. L Mimdrelanesshowieite SEQe D Bi@i28) dantASERY IEHNO: 24,

respectivelyithecasineacid esquencs aad éj%&t@%@@@f%%ﬁ@ﬁ%é&%%hﬁh%AGMQ%@% egion

(VH) are s nin SEQ.ID NO: 25 and SEQ ID NQ: 26, respectively; the amino acid séqguence and the
nucleotidegsge%ﬁgglg%ég Re' i}éh%?ﬁ%%’ria B eGion l‘)%éer%%%}#&ﬂ/ﬁ‘?ﬁ@ﬁ@(iﬂﬁiﬁ'@wé ™nd SEQ ID
NO: 28, reSfdBtvenyrtadisiimMebesreed nsnecstid thamhierkotitiovbegliodiates thettiehain CDR1 are
showatin SEQUliNOxASanst SEQHRsNE dBRerespastively;) theiamine asig seauense aad the
nucleotide sgguence of the H-chain CDR2 are shown in SEQ ID NO: 31 and SEQ ID NO: 32,
respectively; the aFmino acid se%Jence and the nuclectide se%uenqe of the H-chain CDR3 are shown
in SEQ ID NO: 33"4fid BESEE IBNNE284S AL e ARR MBS Hf B O S iTacY Ah8 e Hikleotide
sequence Hftths Raphein@DR insageshOWO THSEG KT NP G524) dBE QIRIN@rS6; yesdastively; the

amino acid.2bSeoNgNce and e mrelentide SastsnRssof thelwchain GRRAAG showninSEQ FD

NO: 37 and SEQ ID NQ: 38, respectively, a, amino acid sequepce and the nucleotide sequence
of (e o1 et TS o DA ST RS B B TN o S S the anr
antibody cfaroshsstse wvsat ol tHeha ko beadhseagabnc& afiep thiatilituefostis expegebiace of the
full-length ddeahiaén Afe1stiprs VS BRH BN G Eah 8RA4D NRsARifespestvals dhg.amino acid
fﬂﬁig)_are shown in SEQ ID NO: 43 and

t

sequence | c e.fully
@gg{t&p%‘}gg{gﬁjﬁﬁ@%{?& ?q%x%l a% zéggﬂhédd% e hucleotide segue_nce of the H-chain

SEQ ID NO: 44, respectively; the amino acid sequence an )

variable region (VHFar&ShAPRr SEErs 12 sxpihihstes ibene: aw! negp % the amino acid
sequ¥hce @nththeisimlebtidesegddricecofithes Lagaaid K0! v iatl @ Cégion: (Ve) saE®0skhawn in SEQ ID
NO: 47 and, SEQHR NQuB4tesaantively; heiamineadidseauence pndtheucleptide seguence of
the H-chal&t%? tr]ét%rx? sgogégnlens gav% I[g Nq: 4 and.ShE&%l%chg: 50 Iesi;%ectlve%/' the amino acid
sequence and the NUcieotide sequente of the HEchalR COR? 3f e R0 LD NEPE1 and SEQ
ID NO: 52(Yasissenvely: i univnesdid satsdheeiaatbonrs nectastsd sefbavee BittenH-Bain CDR3
are showrkiD:GEQRANGS &31and iR i ND b respedivalyn the aninocagid sequensg.and the
nucleqtid e, L-chal .are shawn in SE 0,55 an NO: 56,
resp%%tivgﬁiiggﬁﬁ%%kg%ggﬂﬁi&%g %ﬁ%ﬁe r?l?(\:é:l 5??5%023515 : nl\llc'g:)oﬁﬁ%(%-% ain CDR2 are shown in
SEQ ID NEYOBT RRHIERE B NS 58S SedpdetiPaI Ao it acid s Byneseuaivg wmazatefeotide
sequence of the L-chain CDR3 are shown in SEQ ID NO: 59 and SEQ ID NO: 60, respectively. 20For
the 4H5 antibody of the present invention, the amino acid sequence and the nucleotide sequence of
the full-length H chain are shown in SEQ ID NO: 61 and SEQ ID NO: 62, respectively; the amino acid
sequence and the nucleotide sequence of the full-length L chain are shown in SEQ ID NO: 63 and

SEQ ID NO: 64, respectively; the amino acid sequence and the nucleotide sequence of the H-chain
variahle reaion (\/1-1) area chown in SEODO ID NO: AR and {EO 2BID NO: AA rechectivvelvs: the aminn



35present invention include multivalent antibodies whose antigen binding sites are all the same and
multivalent antibodies whose antigen binding sites are partially or completely different. 27 Ina
preferred embodiment, the above-mentioned antibody of (37) is an antibody with no modified CDRs.
For example, the "antibody that comprises one or m8re amino acid substitutions, deletions, additions,
and/or insertions in the antibody of (1), which has equivalent activity as the antibody of (I)" of the
above-mentioned antibody of (37) is preferably "an 5antibody that has equivalent activity as the
antibody of (1), and comprises one or more amino acid substitutions, deletions, additions, and/or
insertions INGReranitib 86} DRG] BhbceBeriprisebyeth he Aamfrasting thé it 4tidwequéhce of SEQ ID
NO: 9 as GRRIthe aminaarid seauencealfSeL BN BN as ERR2, @@H&%ﬂﬁmp@éaz@equence
of SEQ 10O 138 ERF oS Riclened apibady oting boxamenioned anibady of (57) can
be expresse In a similar A equivalenit actvit B the tibody of
interest ha@‘ﬁféﬂb@%P%W%MW@é%tﬁwﬂll%ﬁ%ﬂW%étW%nt|%@V %ﬁ%h@ﬁﬁé@éﬁ‘t%iféntlon
Examples wfthaigetivity oShepirksesicnve mibosoimal dathBactivithidybindf speqificaliyion AP

oligomers (G A MOARMALR AR RAUIAIGHR ATHY X RORIGIR AYRPIeRS AT AIYIQIEMN

formation, 15% nti-synaptic toxicity activi (éy and anti-memory impairment activity. ods for
preparing g‘% K?péfﬁ W8havigastalis hé&gim%ﬂ?ﬁéfrfifl&eé SifBoiiseiaedRd are well known
to those skitebsimpled wrtdnchsdeemetirodsdon midsducingranutationé:intesa polypeptide. For example,
one skilled in the gk Caﬁfir&!&fi’s’iﬁﬁcﬁﬂg@s{ﬁlﬁ%ﬂ Eﬁﬁﬁ&&@ﬁﬂh‘ﬂtﬁ&éﬂﬁ@lﬁ%ﬁ@ﬂ@%@f@% antibpgdy.of the

pres t|nv tlonb tr ucm 20a te ons mtot ti usm site-directed
mute?gaenes 28 ﬁm%g U‘?o F a %é%r%géﬁ OYBEuSH ¢ ;ﬁﬁ fbé) flgr"” ﬁ?i’%eﬁjffﬂ?oﬁf (1983)
Methods Ehﬁy&%@on@mque@)%@pwéﬁw W@tcmd)(lagéépNﬂél@men\@m@@aesasmowzdgx}%%amer
W, and Friigsiida 3987 Ydvlephods touzyme; Codkidbiy 36Tty ked-depetkR8bhRiagoNathrisad. Sci.

USA. 62, 4482 kel (958) hada epayroeh £5,.2783/2766) and. sch, Aminp agid mutations
Bodico el e

25may also occur naturally. The ant ies of the present inven |on also Include an'a t?body that

comprisesS 3t Hd B@é&ﬁl’é@%% Wﬁﬁl%épﬁi#ﬂ%(}aﬁ I56 sara arstodichiifhaamiibacid
sequince frdriantibg dysafithe gdresdnt tavdhiien, (Ahd-wdgehvb as(a0Mivity: agpévatent)to that of the

Genorally 3 S e oo %owr%é%a?%%ﬁ“’%f‘@uf‘?%% on 30amino
acids or Iesgs? or%%?ér%%?f) ofve %Fnlr‘j?) ac% s%éi O 162EY pete mﬁﬁhﬁ% it é%ﬂﬂfé%lsé’r égg(ﬁm’f} mutated

into other swind acidsMhati&oneesvé tretpicptiespidiedatine %Eﬁgsdle‘%hwwfﬁnﬁe)@fﬁnple amino
acids are categerized ﬂ&fﬂtﬂﬁ&ﬂ@%ﬁdﬂ&&ﬂd@ﬁ@@l@a@&%@@@@mQmilé{ﬁ@@ah%@m'@@oacids (A,

F, T id
Wlth %}ﬂphacrtlzl)c \s{\\lkdexgxgghd%l%l/ﬁg3 (G W%a%fé %}r(]gd 3% |no e%ﬁf?%zggléfy -CO taallr:ﬂg 9321 é%c;l?lzl (g

T,and YY), (BARF¢cids with sulfur atom- -containing side chalns (C and M), amino acids with carboxylic
28 acid- and amldégzérpmmmg sideghains: (D gNpks M@,tamimmms-wmmtgamerslde%ms (R, K,
and H), armlo@am zeefho@@m% rig Em@taf&aegzagd%h %@'bﬁu&%a%’é&%@’& éaéuﬁgdacids are

represented by ter parent tid avm amlno .sequence, in
which one(%g? ?1%8 c? 2 Qs ﬁﬁ%éﬁ?&f (é/ﬁ%lltg?g affe 6%? &t §ﬁ Egfth other
amin® acids} mﬂé@éﬁdﬁﬁwﬁﬁhébﬁé&%@%@éﬁ@ &ncvin eoncegamdtef mmm@@mammmty
(function) structifeadditiam @ﬂ&@@hﬂyﬁtéﬁemﬂOﬂﬁﬂiﬁﬂ@@mﬁﬁﬁi@ﬂﬁtéﬁk@tﬂﬁﬂﬂ?ﬁﬁ@o@kﬂl@!ﬁ@e nt

e o aRebe AR ey s ane s an nd AR AR A BENG SXamples
IpI s

the substances e pept sugars and su ar ch ms acetyf groups, an 10hatiral and

synthetic pdlyivierarerik H%dTﬁéfé{ﬂbnsTﬁla?ﬁ?g‘ﬁé% W%ﬁ@ﬁﬁ]@%ﬁﬁﬁhs to the
antibodiespontgstathitize THh anrtibodesalue (thé\ngh‘oﬂmssuwhl eledeerakisgino acd sesiduBs have

Comaiing B S I e e DO e anppe oot R U LR oo,
ini [ usi [ used with [ [
Methods ?l)g %?%Eg g% FIISh BroRh RS PBLoRar ﬁ%’gﬁt iﬁ% iBSERG PRk E Ecoding an
antibody oftenmilsaintinventiba tirkivasieriithl shp elyngolentidecdncoiting dnbiibasseptide.or
polypeptidaaaaﬂaamgeﬂm@ﬁm@éHMQ @s@f&ﬁﬁﬁi@mmmw&pmf@@é%m&mrro@wgtwct in a host.
TeChqu.J t—?let hr(O)a%ﬂSckI” 19 10 f? i‘ ta%%@@? vlv'lgseéjvé?ualihcﬁ llpur 92%1?0&%4% }€S %
polypeptide use with an anti d‘f’ of the present invention includesfor RHoWn peptldes
such’éis Fﬁ;& tRspsmPiesioameigdtiinogyd ddwye, (i @’0432@1@”)5)@%%3@?@%@‘& six histidine
(His) residupsrrb@ntisldntidefizaiemagghinim(HA) 4 hidangctmyediagmeis, s\iSV-GP fragments,
pl181-flV fragments, T7-tag, HSV-tag, E-tag, SV40T antigen fragments, lek tag, a-tubulin fragments,
B-tag, and Protein C fragments; glutathione-S-transferase (GST); immunoglobulin constant regions;
P-galactosidase; and 25maltose-binding protein (MBP), etc. Commercially available polynucleotides
encoding these peptides or polypeptides can be fused with poly/nucleotides encoding the antibodies of
the present invention, and the fusion polypeptides can be produced by expressing the fusion

polynucleotides thus prepared. The antibodies of the present invention may differ in the amino acid
caniience 20 moleciilar weinht nrecence nr ahecence nf cr1inar chaine <triictiire and <cirich denendina



90body is reduced, such an antibody is useful for administration to humans for therapeutic purposes or
such. Chimeric antibodies are produced by combining sequences derived from different animals
Examples of chimeric antibodies include antibodies comprising the heavy-chain and light-chain
variable regions of a mouse antibody and the heavyi—bhaln and light-chain constant 25regions of a
human antibody. The production of chimeric antibodies can be carried out using known methods (see,
for example, Jones et at, Nature 321:522-5, 1986; Riechrnann et at, Nature 332:323-7, 1988; and
Presta, Gun. Opin. Struct, Biol, 2:593-6, 1992). For example, first, genes encoding the variable regions
or CDRs oRérecemiionyi ot intariddt i prdparedshdim thizorRNNS b Antisodyiproddcingaels by
polymerasgr&haiiz Eﬂ‘@l@éi@smﬂa@&)a% Saeth (Pa8e lorexamppiendObagrickiet sl SMetheds .g,Ggmpanion
to Methodsjp zym ¢ 19% A@%L;ﬁ%urtepa&? ckepGe eEL gnlﬂulatlon 9 Monoclonal
t*bog es: En d 1&

Antibodies'in Monoc onal roduction, Engineéring an al Apphication. Ritter et at

(eds.), pag&ties, AdhinbritrsertbHrsdrcipg plrssse pooseiig Wk %ﬂa‘Wd@e‘ﬁ@f@%ﬁlﬁulatlon and
Expressiopataniipqdiest indpnablenatAntdadiestBrincipids ardoApphoatens: asd Gireheenat (eds.),

page 137, Sallashispe i 19900, Lhe pipared genee ﬁﬁ&%@g@aﬁgelef%&%@agw%ﬁf inked to

genes enc a 1;he constant regions Qr, framework regions. The genés encoding the const nt regions

30 or frametoHP rdGrERE Fiaye B’é?‘ﬂ%tt‘é’ﬂﬂ?féa E?r‘li%tgf:ﬁ%\?fﬁ@}"‘&m ﬁ]aartt%f that fr the CHresesiebling genes,
or alternatiVelysthaficitbe Eripant dlbaste oeuthsiyéndeivforfratdalofdricvin atitibodies. DNA

sequenceaﬁa@@wng mﬁnaﬂﬁapn@@&a@@%@@lﬁfa@ét@@ pradustsMavBesypihasized aampletely or

parti nthesis techni . Forexa 5the 0I| 0 ucleotldes nthesis
desc?l edb @9& ones ef gu%féf éﬁv gs s m mﬁe nggfg’rerﬁéiaerﬁn i r‘?%%‘?e m‘g/ me cases,
site-direct&PRYS a@%ﬁég@%a (ﬁu};bﬁ)e%@em @H&ﬁbﬁﬁ@@m@h@@wa@@%m@@w used.
Techniquesdhy retigafuctestidsspetificsupgtaganesiswhlkanwe; ffaftablewre gighsiereibed:ay

Verhoeyeng, é&ﬁeﬁ@%@%ﬁ%ﬁ%x@%ﬁe}%ﬁ%} CIATY 5&%%9%9 et aL (Nature 332: 323-7, 1988) may be

used for mo fylng:the variable Oreglon sequences, for example to enhance the binding ability of

chimeric antibodiedSFS RS HbREC T FadEs S e e sitta SHklpddd oigbratiesigéatsing T4
DNAIlpolymiegasennaysbh e performmedyror. exﬁm;blmlasagmnhédwbgo@meme&mc@m@ NadheAcad. Sci,

U??l% M@%b m}%ﬁ%@@ﬂ%ﬂ\@%ﬁéﬁ?&ﬁéh& ?éé%ﬁﬂﬁﬂ&&%%g%@é&%%%ﬂ?ﬁ%ﬁﬁﬂi n‘iwrli'n the
art ("Imm ene ademic ondon and Michael Act a

Proc. Nat?@:?é% %m % %(f %Ag%mfgm w%gr?ﬁnu?ec nlq szllﬁé C?f)Rs of a certain antibody
are replac%@%ﬁﬁqﬁ@@mtaﬁéﬁ&nébtsffﬁmw TS bepnstelesdpladermerlt) ne bialdingepetificity of
the formemantibpgysis ehtaa};ed{@zf&bahﬁhﬂ’a:&éaile;faﬂliheti}&d&@@ﬂ@ sushchimerigiantibedies, those in

bochdne iamewa-ATRRAc e delied amalman.aniholyae caledoimanized

90antibodies CDR grafted antibodies)”, When using an treat umans an antibodies or

humanizeSCAHB OGS R MRS A5y ?ufﬂfféga@éﬁé?& Oé:‘ll'}?llﬁ@ﬁé W@C%ﬁwb%g@%@%nable
regions offd noth<human maminmaﬂ@eﬂwelébfamldcfdyzaﬁdamepsmstamfa@mﬂead\iégl fremizadiuman
antibody. @nheratreshand, humanized.antibgdies.compsise/the-complamentaxiyrdglgrmiging regions
of a 25 nopshuman maH}maI -derived antibody and the framework regions and constant regions derived
from a human antlbod After producing the chimeric antibodies or humanized antibodies, amino
acid€in the varlaB@rggfid’rﬁ%S‘Efé@%ﬁﬁﬁ%‘”@&@}%ﬁ@@@dﬂaﬁﬂé’@éﬁgmé Sigestiererfwith other
amino acigshafih€sFigirafiidevalialielegions atthecsrmens-antibod i.ze&: er e KakRsaokibe

humanizeg C(ﬁi%a ‘ﬁ’p@ O@gﬁtl&ﬁg@ﬁ ﬁﬁﬁgﬁ Izegtgﬁf%rmdewmsiﬁpv% X regéByTs are used for the

C-regions of the merlc ntibodies and xample , Cy3, Cy4, Cu,
C6, Cal, 45515 E?é‘é’ﬁﬁ’i?@‘ﬁ%&%ﬁﬁ@%laﬂmﬁ@ eg@ﬁ’san&ﬁdé’ékda%d}@?}&%‘ﬁeﬁé BEdYor the

L-chain 35@sregialysed ﬁmmseithmma}m&mmermamemammm@ regions can be

modified temprosedhesiahility piibe aniingsigs Qrihei-RRdUAton «3ld Ap ZGRINdINg activity of
the antlbodles of tgg Pﬁ%ze(% r|ln1\}/{%(§]tlon to.the antigens (AP oligomers) can be measured using, for
r

example, an a Sorbancs medstifeman mgfhod an enzyme-linked immunosorbent assay (ELISA)

method, an enzyrﬁ&wﬁ%tﬁi@%@&%ﬂ(ﬁmylﬂ‘é&mﬂ b rathoipmrauricd Sl RN avdthidghranit/or a
fluoroimmaiseassay! mehods ELASA AT 3aTikRegyis inemabilized m&wagﬁaz@afas@a@migen for the
antibody ipeddgd e dhe Rlate, (hen a SAURIE:CANAIDOANg Sepredanibod, auehas fhg cullure

supernatant of antibody-producing cells or a antlbody isa antibody
whick? recB@%’?&gglﬁ‘i}ecﬁﬁWa(Pf%f%c%‘ﬁ) Shd |;P i QSRR ARCBIFE yRNE éﬁféﬁ“é% lall?éﬁﬁ’é PhotPhatase is
added to thel pld#s;Bnd this is preincubated. After washing, an enzyme substrate such as p-nitrophenyl
phosphate is 10added to the plate, and the absorbance is measured to evaluate the antigen-binding
ability of the sample of interest. The evaluation can be performed using BlAcore (Pharmacia),
Furthermore, the present invention provides compositions comprising the above-mentioned antibody
of the present invention and a pharmaceutically acceptable carrier. As described below, the present
invention strongly suggests that monoclonal 1A9 and 152C3 antibody are promising candidates for

therapeutic antibodies for preventing Alzheimer-like phenotypes. Memory deterioration has been
chown to he related to evnantic dvefiinetion cariced by enlithle AP nlicomeaere (Kleain \ W1 2001 Trandc



amelioration or suppression of cognitive impairment, amelioration or suppression of senile plaque
formation, amelioration or suppression of synaptic dysfunction and reduction or 30suppression of AP
accumulation in brain tissues, blood, or such. Herein, "cognitive impairment" includes, for example,
memory impairment including long term/short term rlr?emory impairment, object recognition memory
impairment, spatial memory impairment, and associative and emotional memory impairment. The
present invention provides pharmaceutical compositions or pharmaceutical agents which comprise as
an active ingredient the above-described composition comprising an antibody of the present invention
and a pharmaceufital§ mesmptatiehsahderinghat thelprgve Presenrinvertiongthie pBPage ttéemprising as
an active iw{%@iﬁ@%ﬁ&@h%@ﬁ@@@ﬁéﬂﬁ&ﬁ@@@ﬁ%ﬂ@ﬁbﬁ@mpﬂisﬂa;at%amgmg efithe.pregenicinvention

and a pharma%%auf %d% %ﬁrgtable carrier” means comger sin rt e at%%/ scrl ed £om osmon
comprlsmg AN antio ESent n‘R/entlon an harmaceu IC acce & fe carmier as a 5major

ingredient, Buiﬁ%ﬁfﬁ@i’rﬁﬂdﬁ%@nf@ﬁﬂr’a@d ECJE%@MB@?ﬁ &Ffé%ﬁbvéime’hﬂéﬁé@ praftieteutical
compasitionsuinckideiagients] agaiasi cahitiva iriipaipnest, Azhaimesssdiseasenageatsomgants for
suppresgqlgem%g@glrg;&l o9 %ﬂfg‘g}%@ﬂ'ﬁﬁﬁé@ s@&%ﬁ%f‘%ﬁ@?@ﬁ’@é&@g seqileRlagye formation,

agents for suppressi 3 accum atlo% anti-neurgtoxic a%ents ents for neutralizing
rieurotoxiciy; Holents o inHBiahE 10AP Ayl d fofit-Biaton %nﬁ Qﬁﬁ%&ﬁgﬁﬁwwm‘wﬁgenw
(agents foPRétadalizistgrsyizgsid doxicity) (B) NoTHebbovecrmpniioned phinmetenticadsompasition of

the prese@emﬁﬁ@@mthmmw f%@éﬁﬁl@ﬁoﬁﬁar@i@m{%@%JQ&&HHQ&%?&&@&M&QH@GV s
dlseaﬁz)e Whlcq 0 mprise thff ste of adm nlsterlg%to a SUtc))lFCt (lﬁgﬁllVld g)t e above ‘ﬁ% |bed
rm

E‘BCO 11 IIT rmme S
composmon com rlsmg e present | nand & pharmaceutica C%ptable

carrier. In Wé%ﬁﬁﬁ@‘d’ﬁﬁéﬁfﬁn@%?ﬁﬁ% FhbiGde Trdthods 18t %h@pr@@om%éﬁmé)umbéﬂmént
methods forsyppressinethegiragiassion bf Azheimens, diggage~metndsdar suppressingrsenile

plaque for i uppressing)
neurotoxm;%%%g\))/%y?? rﬁg%qggg%r%ﬁ?r%} g\%aﬁf fg id 1 %%c% at cl)?)r? qgn{g q%g%%flgr% Z(tgneutrallzmg
(suppressingy SSRAPHETEite, 1 Rifther & %E&ﬁ?ﬁ@?ﬁg pathiting ?T‘?Qfﬁ?ﬁfi%‘ Fi5tevehting
and/ab treatiiey ummtwe‘mmaﬁmeml fanekrhathogs fdr}pﬁeve?uﬁlm@wandmy fadEvig Wizheimer's disease.

;he presei}ﬁi&&@%&n ﬁtgowtﬁw%&zgss@bli@ p%ﬁ@gl%ﬁé@;?%@%}g%&t}es@b%\@ogﬁ% g antibody of
e presen inyention and.,a ar (S ep carr | ucton o

above- menhg\rg) 5}1 h%?%%c%u?%a%gmﬁgiltlgn%lzﬁr<herr$ié’re %{8 r[%re%e ?E ﬁj@%ﬁ%ﬁ%}%ﬁé@% the
following c@ﬁlﬁ%ﬁrmémﬁe&ﬂﬂ"@éﬁ%m%méi%rr@@ﬁézaxﬁf&/@a@éggﬁ@éo(@mm@mnmt@sent
invention and auehaBaeliealingcoeptable erriekioiiee iMpFevaming andiostreqting segaitive
impajent, ;40 G?FOC%%@QYC a&m;@%&?@&ﬁﬂgﬁaﬂ SRR nep g A ualop,and

30pharmaceut|c acceﬁta e carrier for use in preventing an tlng ers isease. - A

compositidhdbfpriding’ife @ovebded B@éhﬁr‘fﬁmff%%t?’?’éﬂb?égéﬁ‘?lﬁw&‘ﬁ%ﬁ %@%ﬁ?maceutlcally
acceptable carriertfgr Yisesarsupprdssiny)dpbopsegrassiowiof Alzhdinesis diSeasenulatioA igomposition

comprtlsglg*gbgv%%%éﬂa%%e RnpRary eﬁml B{@éﬁwf mvt@g%@&;&@é%ﬁ%@&m%ﬁ@% .

acceptable carrier for in suppr enile e formation. - A compasition comprising the

above-de F‘Fﬁe‘ﬁ%‘ﬁf‘ 8@ %lﬁsfé%g? %ﬁﬁgé%a%ﬁadglﬁgeﬁ%da?m%tlcl hﬁg d f’éeli? rrier for

use isuppressing AR ﬁ&%ﬁuﬁﬁéﬁlSﬁﬁ@%mmﬁm%&m%%%%%%E@e@cﬂ@éﬁf&mltﬁbdy of the

present inyﬁ@ﬁmw&afmﬁm@nwmamaﬁ@abk@ﬁa&mr@m@%&mymﬁﬁm (SEREHR$SIN)

neurotoxu;£ ac}gr té{ons eg]ﬁtlgg\ c&gnso Fg Eﬁsa}{’ Acigag{rf% %’g}y—f thg prqﬁ)ent |nvent|on
epta | i

and a 5pharmaceut|ca e car oruseini |b|t|n formation. -

0
composﬂ@?‘%&f&%ﬁé&h‘é%&% d&%ﬁﬁ@ﬂ%ﬁlﬁb‘?ﬂcéﬁﬁg §é‘ﬁfi|}%éﬁ¥i@)ﬁ%ﬁa @Bﬁbﬁ"ﬁsaceutically
acceptabléooadriertiosiprsi sanmie strpdizissgd suppregsinig)dsyapdigrtaxicitiihthe above-mentioned

pharmpaceytical agentsof thapresaetinyantion canhe.administe @qnf& W@@éf%emﬁ&@@'mals In the
present |n¥§§ &on h n anl Isfo 1 hIC the ph%&y%ceutlc ents are administered include

mice, rats’ PIRE fé)ﬁ RERY N A8 SRS BigE E—EE Hionkeys, baboons, and
chimpanzees. Thésg éﬁm@@@rﬁ%ﬁ@ﬁ%@éﬁ(hﬂﬁlgmh@@ AiffeoBgonptorin Sbﬁeﬂ@@ﬁdﬁmﬁ,bf@in@fample,

cognitive impairaent sendelageaianEation e e vahinetioniARascumulation.in Hraim tissues
or blood, ‘?gt%fa? ?ﬁ? dzz(; }%I ﬁg gba% eggrma é{tl%%%h ) it ngn@notfetgg d%r(]as‘%ggéllgventlon are

15nat particu ast ey are ncluded IR ove-mentione i6S of the
presént m%%ﬁﬂﬁr?@béﬁéﬁwescm%m&éﬂﬁ@%ﬁt%%g @é@éﬁ%@ﬁe@eﬁ% ratio WARfING%Hg the
above-meationgthariibogdresmfitied reBeAtsinvention tort phamdgenticakbqamipdsitidns, they may be
formulated by methods known to those skilled in the art. For example, as necessary, they can be
prepared in the form of injectable sterile solutions or 20suspensions using water or another
pharmaceutically acceptable liquid, and can be administered parenterally. For example, the antibodies
to be included in the pharmaceutical compositions can be combined with acceptable carriers or media,
specifically, sterile water, physiological saline, vegetable oils, emulsifiers, suspensions, surfactants,

stabilizers, flavoring agents, excipients, solvents, preservatives, binders, or such, and mixed into a unit
AdAoce form reaiiired for 26neanarallyvy accented nharmacaeritical nractice The nhrace "nharmacaeriticallv/




34 buffer and sodium acetate buffer), soothing agents (for example, procaine hydrochloride),
stabilizers (for example, benzyl alcohol and phenol), and antioxidants can be used for the formulations.
Prepared injection solutions can be filled into appropriate ampules. The administration is preferably
parenteral administration, and specific examples 5 iAclude administration by injection, transnasal
administration, transpulmonary administration, and transdermal administration. Examples of
administration by injection include systemic and local administration by intravenous injection,
intramuscular injection, intraperitoneal injection, subcutaneous injection, and such. The
pharmacetfigaiceomisositidsicontaintze pratmadiatiicitip g fid ciiacarmbbit of thedtectilieossmponent

(the abovesmestiened eﬁﬁbgehé@trtel&ez@f@seettmvem@@bcaﬁt@@gmaﬁ%ﬁsglby@ﬁe@ﬂﬁ &mount (of a
compoun fers a Q tsufflc nt for tre reventin dlsord sin WhICh the
antlgensf § gget@e %%%]UOHE‘I I%ﬁlt?b%?elg orttﬁlew%egsge (?%%gtnatlo%n ‘%a an mﬁgpidaﬁant role. For

example, %CﬁWﬁfﬁt%gﬁfﬁﬁﬂ?@cﬁeptébléa%&ﬁtﬁmﬁt’éyiﬂgi&ﬁﬁﬁtﬁb%ﬁtﬁ%uwu?@r%tt%&ﬁ’@’ﬂP
accuniulation, mmwajmlmglﬁﬁﬁmdeaeﬂthmltyc relticecing oA B fiby i DSfermatianc @t isuChytbereby treating

or preventw&&&p@ p 39@1;%@ycétzsla@'m9{@%6@%&%9@&%&%@8&& %, Admuystered to

individuals he reductlon or ne trallzzﬁlélon be for example, a reduction or neutralization
o1 ot loaot LSRR GKT &850 0 Ot oAIBO HAATSEH S0k SBRACERH (1150006,
Assessmeprrfd}. defe Fiininglsuchnadphigisn atrsoticalhpeffectivePanbbint of the 20above-mentioned
antibodies,gfhenIesepidRVaionIparRE RATHEhAWBSIRG By WQ%Q&W%QS%@ sngluding

hlsto%tthologm ! d| E%qoﬂ%t%‘ﬁw% Qbalzea?dmlnlstratlon H]%h/{j} be srgée: (?ndln Qon the age

and symptoms 0 dosa e of an antllgoody con alnlnm%?tarmac utic smon may

be se|ecte@ct6%8é§<§mgrel Attrrthe rafge stosdonauRig ¢ pand t%él@@ﬁﬁn@gmmt@@éﬁmm ht for
25each admingsFatiomAfesnatively! dor gxamnpin-thedobagefateachpatiedtonaynte; selected within

the range c imited. to.these
ranges. Algho%gﬁﬁrﬁg%gga%%&rg&j@%r%@%ﬁ%%?n@tﬁ gpg%??zézi%gﬁgm?%%%ﬁe{ %gt?gnt% gody weight,

age, symptBME N Re AISE SECYAHEE S YAS BR-SAh B S81eABH D the later-described
animbl experimsntscthetvvsagbwiassetestd doidhs é d dretkie Aityhddosa @@ drgravenousimdisnoglobulin

therapy (48Q malkahaavered ,Qm?@*mneq ranegOnBIMANEs, it is FHIBRIME B IR BIGSFALIOVention

provides mﬁt P sfor ;detelct%n mers (ex es mcluﬁe AP40 (A3 1- 3 and A1342 (Ap 1-42)

oligomersfireanBiass 2% %m&ﬂthg SpIES ntgtﬂe N PREERTS CETBH UBifécted from

subjects. Wl&?@%ﬁ?@%@bﬁﬁ@ﬁ%ﬁsﬂmﬁé@%e step of detecting AP oligomers contained in a

sample collected frigmi Bpe:sethjediousinglanantibedy ﬁomﬁ@[mhiﬁ\ﬁﬁﬁtﬁwmﬁﬁo&ilﬁﬁfﬁﬁ@dn a

sample ?Abﬁéj?ﬁ@&tﬁgaﬁ'g&J?{aWﬂﬁ Bﬁﬂ%‘ﬁ%&%ﬁé"}%}gﬁ%@f‘&g{#}’ S A3 f‘ Y methods
iluminescence E

that use chemilurninescence ( nmu eC|p|tat|on 8815 that use
the obtainBePSHTGRHRE i SHBISR SRrRRY Ky AR 4SS BB hatAe dige S 76 mouse
n-ununohistasierprsahanalysisizdteir#Rreligomers are detected in a sample collected from a subject

by the 5above-mentioned-maasyremen I&;H&%H@ﬂgﬁgtﬂﬂ@ sHbiestimay: bemanidlEheimears,disease patient.
For example, when the. amount of AP 0

oligomers in Ie coIIected from a sub ct.is compared with
that from gﬁeaﬁhy VAT SRFthe Shdtnt st A %é ligOMEresiang énmﬁ?f@ éf%‘uan in the
healthy m@m@iﬁhtnﬂter@%}e(aﬁ@t tienelahin st toisats p&gmréwmeméﬂ%méerm&m Wipether or
not a subjegSisdpessirieAlzhRimarsdisaasepatientds siagrosed a@u@ﬂy@%y physicians (including
individuals under {nstr, mount. of A13

5! %h&@én@é %?&E%@%@ﬁg%ﬁgg%t é%v LT %’%é'ates SRS by the

oligomers in sampl S Co ected ect an WhICh are

present metHGES B %&&%@MHTBE ‘ti%té’tf}tthP af&&%st%&%%e%eﬁh@%@ ’tﬁ@lﬁﬁesent
methods dfraiagrebsisicansienexpragsediasinethodofich fectiny addidsentingadeta. usefal for

diagngsis QMPEI&‘&%%&@Q%A}EL%@G%HEQ{%&% PESSEN! IYERianRIRvides ethods for d'agnosmg_

whether or not a s;ubjeg‘t IS a ble AI%he ers dh %st% f’lﬂ%t wh rein the me#gﬂ%gs comprise

detecting AP oligorfers i & eanpie SO ER TR the & WY anSaY 51 present

invention. ﬂiﬁibqﬁmﬁé‘rmér‘e‘f?stﬁﬁ'?pﬂé%%ﬁﬁﬁ\?@dt@iﬂm@\ﬂmsﬁm‘etﬁ@d@@ﬁmmbmﬁé Whasthéror not a

subject is @op@ssﬂa@ﬁmm&&ﬂﬁe@amﬂent which comprise the steps of: 20(a) contacting a

sample collected frgq %Q@S&t ' |bo%¥ %ﬁthﬁ esesrg ec n.and a}r% gtt%%od%that binds to
(%? e rati i

an AP monomer; arf measu mer to A monom‘erl e sample, wherein
the stibjed¥ %ﬁ%ﬁéﬁ”ﬁtﬁ?@tﬁ’%‘%@ a% ssfbﬁe%l%*@fghé‘l“é Bisbase patienicst this indisatretisured in step (6)
is higher thiem:thmtohbehealthynigiividdaln25 Bubstheh thepresers méthodsha sampleacdollectef from a
subject is contacted with an antibody of the present invention and an antibody that binds to an AP
monomer. Herein, "contact” may be carried out, for example, by adding each of the above-mentioned
antibodies to a sample collected from a subject, which is placed in a test tube. In this case, the
antibody is added suitably in the form of a solution, a solid obtained by freeze-drying, or such. When
30adding the antibody as an aqueous solution, the solution may purely contain the antibody alone, or

may contain, for example, surfactants, excipients, coloring agents, flavors, preservatives, stabilizers,
hiiffare cricnendinna aneante tonicityy anente hindina anente dicintenrante hiithricante flindity



The methods of diagnosis of the present invention can be performed both in vitro and in vivo, but they
are preferably performed in vitro. 10Preferably, the "sample" of the present invention is not particularly
limited as long as it is a tissue derived from a subject. Examples include the brain (brain parenchyma,
and such), organs, and body fluids (blood, cerebrosginal fluid, and such) of a subject. In the present
invention, the sample is preferably blood (more preferably, plasma) or cerebrospinal fluid.
Furthermore, the present invention provides pharmaceutical agents for use in the 15above-mentioned
methods of measuring A13 oligomers in a sample, or methods of diagnosing whether or not a subject
is a possibibgatzbieimel’ sdiseaseupatiee inhibilnrthdpresentipvahtidastihe] pbantiaceutieal
composntn%g&sagleﬂﬂﬁg @&@pymx m&x;?mg&%@%m%&qmé ARG IS soniaInng materials useful
for treatln%@atholo e@jfg)o(%)(lg ré%glf a subj e E g oducts may comprise any. la ele container for
a compoufi ?Eﬁé faNerasAeE W&e QOB EESYAR S 2P ke EoRibiiffers may be
formed from a vaﬁé&y@mﬁéﬁmﬂ@h&ﬁkﬁﬁr’@!ﬁﬁy an@n]@la’sng Fhtabehonithementbinebslieface should
indicage thatrthagsnpasiion, ksamsa@atsﬂmgﬂhmgaﬂam@ aEmnREeicenNditions,gof thedisease. The
label mayﬁggaltng ﬁ@ta?n%%ﬁ 1] g&r&éo a%g ovrgﬁan suc A‘I;]V Sa%dltlon to.the above- mentloned

ax18 ity relative
container, a kit contain ? ﬁarmacgutlca com OSI ion comprlsm ar’?rt (ﬁ) may Op(%lonally

include a SEECRHERRE aflgwg%%?mﬁé@ﬂﬂéﬁlgﬁ%cé@m@ﬂﬁ%mém fipmeckit rﬁ&%ﬁlﬁdrther
include othe® Baterialsddsisableifroin hicadnmescidhandaBber sweianeipoint cimehaeiag. other buffers,

diluents, filters, ngggdlles syringes.AARACKRIRIBSESWiD desstintionsdaruse. Jf negessary, the
pharmac %%a%%ompogsrg % rowded |n a pack or dispenser 30device that may contain one
or more ur(:%’ Pt oﬁp RIS ATREIRt S D RER R c&h%?%@ﬁﬁ’é?él“@%’eplastlc
foil, and, féﬁ@ﬁaﬁp@ diﬁ@aebhswpmmﬁh&) padk bidispense(idevidd)mayfre accbaipanied by
instructionsfor Adminisiratian ievel aﬁwmuﬁm%%Q%&%ﬁ%@%‘ﬁﬂ@@ﬁaﬂd kits, besides

the antibogdy of the pre ent invention t an active Ln dlent terlle wat $io line,
vegetable%{ﬁsé?fgsurflac an prt:h 54153@%?‘%}%0 ageehlsS gresS proatmln s‘ia ‘rﬁ’z%gré B@gﬁgéﬁﬁm etc.),
preservatlv’@s"e‘é‘l’c‘iékﬁ*f@s%ﬂ}’fﬁ)ﬁé ?@%ﬁdﬁ?ﬂ*@%ﬂ iBhg! %W@Uéh%ﬁﬂﬁ@@ﬂ@ﬁ@ﬁ@ﬂr@ab@nts for 37
treatirig saehplesand kwehoiaay bélMibddasnecessdnyt antibbhe Jesentinvestarsgashowed that the
antibodies of the present invention are effective for preventing Alzheimer's disease. That is, the
present invention p. owdes ethods for suppressing the progression of Alzheimer's disease, wherein
the methotts Cotiprse g oF Sagtriistering to an individual affected with Alzheimer's disease, a
composition comptisiptgtre aﬁo@@@mwﬁtlbﬂé@arhﬁdodyr@ﬁmelﬁce&phﬁmventlon and a pharmaceutically

acceptable carrle&ﬁbwﬂ%@@ﬂ@r@@§§§s&a&qﬁ@ﬁ{&msa&@emarﬁp&%%@/ﬁﬁe@g%{tﬁmﬁ@'S
desci'botlo JCE m AéOTlerelnbg (%W tpe esent mven |s s C|f|ca .described Wj%ﬁreference
tltl

to the Exam SOERTES conatiiaa s §'Beny Timite %pﬁ SOETSPaMPNT
antigens ﬂtﬁgdﬁd}m)ﬁﬁsﬁ%ﬂ%ﬁ@ﬂi@%@ %P‘é%ﬁ@j@ﬂﬂmimteTM@m@@émmagecﬁ%%Wed in
distilled watested &0pmiigahosphate buffer, and incubated at 37C for 18 hours Then, the peptides were

separated by SD&RAGR: (s 26 NG AL Glvine geba0d allaryisualizalion by (BB staining,

just the AP 1-42 tetramer was excised without contamination o

monomer, 20 Preparation
of antigenS Ry RIS 08 ARieAheEhe ShoFaRess do m%\s‘ﬁ%’i‘%&@ht"ﬁg@e at least one substance
6-cazboxyltety arretieyititdaedinetits TEANRNINS | G Wik afers, Cheraicd iy tiddies Tt & Nridmhinus of a

?thqezg kDI’ Qsﬁyé@aéﬁﬁeﬁ%@ ﬂmtﬂzsii%t Mﬁzﬁhm&&eﬁ?@emﬂﬂp lﬁgéé[@slﬁﬂ glgcimer 4rg:h Sargple
ared by ca rizing the madifie and synthetic peptide
his preferg:f%m cf} US[{) fie 25 condi on%ré%)ll ; r?he% uj% escant ﬂﬁt%?%‘?f%‘gfg gﬂ)%;‘ﬁﬁ assay,
which is 0%%’(9‘?8@‘6 %W&%éﬁfb‘{ﬁh omst%@ﬂmg%ﬁﬁd&@m@ﬁgwmtﬂﬁ@%smwmodlfled A.
More spemfmakbmiﬁaqﬁeefwﬁfbHitatshe&mdz@aabl\metb@emmﬁif;ﬁ&&ﬁ’oammaﬁa@o&@ 1-40 peptide

are myxed nddplimerized fo, %gp&%&%a%%ﬁa&ﬁ?esﬁ“&% 25&3&%? REgea dreemas

Balb/c mice were immunized Jecting the antigen prepare escn%ed above into
their foot Eﬁé?éedr?Fe?Pf ster |mmun|zat|on was carried out six tlmes Hybridomas were prepared from
inguinal lymph nddesibydiesionfovititc $h/agin CelidusinieRalyethylenalGlyealidmds 35 Antibody
isotyping &&;bodaeﬁ@wwﬁdﬁﬁm&%wmm&g@ﬁwﬂé M{ﬁ%&in%@& l"‘%&ﬁﬂ;g eherptec{Oxford, UK)

mouse monaclon tlbog t ping ki t blot anal rimayy screeni 5The initial screening
was carriéd ou t%%a b?o aﬁaqy¥ Sis usm%%%?r%%eﬁfﬁ %o”# h 2.5ill of AP 1-42 (2.5

I|g|dé§) pré‘lﬁ*&,‘?ﬂﬁ@a@%ﬂf@ﬁ@ﬁﬁéﬂ/\‘iﬁéhmmoblhzed Non-specific binding sites on the membrane were
blocked with a phes pietenbifericsaniairingoYedavifaim i, 4% B&Awand 202 YolnerrwQand then
the membrane was incubated with a culture supernatant. AP oligomer-binding antibodies in the culture
10supernatant were detected by horseradish peroxidase-labeled goat anti-mouse F(ab’)2 (1:3000;
Amersham), and visualized using an enhanced chemiluminescence (ECL) kit and LAS3000 mini
(Fujitsu, Tokyo, Japan), Among 400 clones, 16 clones positive in the dot blotting, including IA9 and
2C3, were subjected to the secondary screening described below. 15Immunoprecipitation and
immunoblot analysis (secondary screening)




Immunoprecipitation experiments (Ghiso.1, etal., Biochem J, 1993) were conducted using an Af3
oligomer-rich amyloid fraction (Matsubara E. etal., Neurobiol Aging, 2004) for the secondary screening
to assess whether the 16 clones selected in the primary screening can capture AP oligomers in AD
brain. A buffer-insoluble, formic acid-soluble fractiod prepared 20 front AD brain was incubated with a
culture supernatant and Protein G-Sepharose. The imraunoprecipitated Ap oligomers were separated
using an NUPAGE 4-12% Bis-Tris-Glycine gel, and transferred onto a nitrocellulose membrane or
Immobilon P (Millipore) using 10 mM 3-cyclohexylamino-I-propane sulfonic acid (pH 11) containing
10% meth&mék atd@amds.ferdoae krouwnNove spabifisidndingsites oprdhdnmedthi amelvidre blocked with

a phosphaacpiier R5eantang 3wt Bilk-d%BSAmRed Q Q5% Tvern:20 ALIgom temperature

for three hoyrs. The.immunoprecipitated oligomers were detected by im gblotting using the
458 (11000 BT SO0 IO AT S B SRR A BT SIRAE A and 203,
were selectEdfrsHt tha 1B riohasasiisn didabsdoitherdpeminamtibodibs Foiiatzeihel Sadisease. 30
Antibogliespresent e &30 rnd 4G8NTRRoelRahaNthodies(Coyanssiinnwhed sehaalpgigscPedham,

MA) recog itopes.a ingeacidpositions 1-1 < the human seguence,
respectivelg/{a%g y%%%%%%ﬁl%végh sjgésgi%gg?lﬁ %%%?ﬁl%%g‘ﬁ%&o]ﬁégznig \(/}vE Orﬁlﬁf%'has%%e?‘ron%’p iosource
(Camarillo, CX}? RigRmtorpAbABEs S BuaitoRjtigaetrgdat shitiingaseclga andagneids to
Fluor(AF)488-&bajuagtitedigdait amti-Pat 1gGI W B Paricttise dvtrdme MdlEculaisProhek (Hugenes OR).
Anti-mousenlgGah was:pUuEshased fam,Sioma-(&i LodisM@n Atudthantysxnaptopiysinantibody
was p rchase% fr%r? Santa Cruz %S%nta qrgué"CA)' and a antl-d(gab[m antibody was Eﬁ)urchased from
MBL, %\lag%’y%, RS B sl BRI R S BT ADHY TE Bty P B e LEFHE A 1 %8 8ess 1A9
and 2C3 fepthaie sharepaekiciiesis pravidasiyt rdpohted’ (MensubByaie.gd Sliraleurotiuidaging, 25:
833-841, ae@&butkﬂ&mem@fé&mw\c@m@mﬁa@zamﬁméﬁﬁn@e?@z@mg%ﬁ @crlmore,
Lipoprotein- P inoprotein-free AP. T e [nventors concentrated the culture
supernata%ﬁ%{r%%%ﬁl? ﬁé%e%&?gg%lé%g ilfgfl%gzgtrge%?sﬂg%ut ten-fold using a Microcon 3 kDa
molecular weight COERSsTltelINANES - FoTBiy D Arh &k the Apdbrite whed i xiprgarad into 28
one-illiliténiradiionsiasing tSupetase\ B2 Bioeexdusien eoifmhbdiessx 30 cm; Pharmacia Biotech.,

Uppsala, Swede,n*ﬂ%s@}@s@t%e@i@gyﬁ);waaﬁggf&%@r@a@%mtmemmmﬁ@s@?” of each
fraction was ‘%ljjké]{ecte 0 m@g@rﬁg{g&gﬁtmn using 1A9 or 2C3. A[3 contained’in the resulting
| [

[
immunopr&Bitatel walsddit RGBSRy DL Rlg AR deraE FEBr Y A Gt 165383 pooled
from ten casesehalzneimensi tisecisayeisnts orthgdianalthed hedftvdied ividual syginalies, the
gpoprote;n}%@pﬁegeﬂbg&lﬁﬁm@aaf&@ @g@l&a&a@@@i@@c&&%@ﬁ%&%@&%@hﬁﬁmg aﬁﬁmglﬂe@s ﬁs -
escripe ove. AP in.the collected fractions was detecte EL analysjs. etect the lipid, the

el Ehate e R S e R e 5 e the
experimerftitégnenitrtBthmiodpresent inventors, the CSF lipoproteins were eluted at fractions 7 to
14, while fractiongtE:in 28 eontdinechcholdsiaibbdied priicinsafitediratianed seatdietsAt solution

Synthetic A wAg.Aissale s Aalitd if Q923 ammenia alagL N8R I.Rid8leSto prepare a
seed-free AP s_olutlo?}%mséi‘%%% fﬁg‘pﬁ'l"l_ es, which may function as a seed, were precipitated by

ultracentrif {GEHOH MG PSR s SARAGG S BRERMAP RS AB%b BB tAree hours.
The rSsulthigpsispelratdrcoasoolie cteidpadignoltentiznidcs tordd gl y 80& i fintilnd sec @aimplesnglere
preréarft?d lagﬁgéfma@get.heag&om Mtéwﬂﬁdirﬂﬂiﬁgiﬁéghé&%ﬁﬂ. E@Cs%ﬁn@@(ééi@ﬁr{iﬂﬂml - éeg-fold with
Iris-buffered.saline (TBS: mM Na nd 10 m OTris-HCI (pH 7.4)). The resulting.25 uM
Somtione Pt B e o6 s et PR B
Institute, 1HEICtSRERIIPRASS HIERTEH I on aoreatratispninania epikeapation and ThT assay
(Yamamoto N. a dh addRiohGhemaRB2: A6AG-Ra5p2001), tAscBRabehilon;éhiviMidvas incubated in
the prgsenae.alacedelertined cancentiaionol anAONRUALT e Y I Al A U S dhe ThT

fluorescence intensity of 40 the incubation mixture was determined using a fluorescence
spectrophg}%‘fﬁg’i‘g}“ﬁa@%@@ﬁc;gﬁfﬁ%@zur@é‘fcﬁ?&bﬁﬁﬁﬁﬁﬁ.W%’ﬁﬁﬁfﬁ“ﬁﬁ&@é‘é’ﬁ@@%ntensity
was deterthiteefbe Eraae fodchfibrilbstngatitdtor gactemissivmypaplbnigths dhdd6rantb&0 rim,
respectively; uging:d (iR RARAEHAN M a6 oNaINNG 2 MolD T:806.80-MM glycine-NaOH (pH

8.5). The 5fluoresgence,intensity, was determined 'mmegiate after preparation of the mixture.
Foemons. the S R R i e P
amydid filsiitfinhabohtpidassedysd by ivdibnsivme prieddine davriker byl oombon Millsteld to 12.5
pM with ceNamultEeaneEdiam W, inchipdiecttatiidnpreSahaenethabsensel obedcPantitadysatd 7 C for 24
hours. The amount of formed amyloid fibrils was determined 10by the above-described ThT
fluorescence intensity assay method. AO-induced neurotoxicity assay (Yamamoto N. et at, J Biol
Chem 282: 2646-2655. 2007) Rat pheochromocytoma PC12 cells were cultured in Dulbecco's
Modified Eagle Medium (DMEM) (Invitrogen, Carlsbad, CA) containing 10% heat-inactivated horse
serum 15(Invitrogen) and 5% fetal bovine serum (PBS) (Invitrogen). In order to induce the

differentiation into nerve cells, PC12 cells were plated at a density of 20,000 cells/cm2 in culture
dicheac ~rnated with nolv-l -Ivveine (10 Mma/mD and criltirired for civ dave in DMEM <ciinnlemented with



30 CytoTox96 kit (Promega). tiltrafiltration and molecular sieve In order to determine the
size-dependent characteristics of neurotoxic AP oligomers, the four types of filtrates (<3 kDa, 3 to 10
kDa, 10 to 30 kDa, 30 to 100 IcDa) and the retention 35solution (>100 kDa) were prepared from a 25
uM Ap oligomer solution by sequential ultrafiltrationi¥sing Microcon 3 IcDa, 10 IcDa. 30 IcDa, and 100
kDa cut-off membranes. Each 41 of the fractions was subjected to the A13.-induced neurotoxicity
assay described above. PC12N was exposed to each fraction to identify the toxic fraction as described
above. The distribution of the three-dimensional structures recognized by All, 1A9, 2C3, and 4G8 was
also identified b Ahl a7 Biat (BEdlysis desorithedsabovet Hhaah drphologikalchandel erizatiompf the

neurotoxicRoligamers.wasBer oy e diy SXAMIPING:AAENHALKIB SR RAQ-ARMG fyce microscope.
Electron méCIOSCPd%Y- §EM& and atomic force mlcroacﬁﬁl%ABM _ Safgcples: were, diluted with distilled
water and SPTAYEY over CarbBA Eo AR e THE TS &b tERh S By T HE B s Awere
negativelycseaipeépuat e p e sphoatmystic laeidbi0agtti vbsarsy eella atefusedivitbHinawrogoeetectron
microgcopec(ikakydestapamwitte-amarselieratbanMalrenabyid ki EMassessment wasecarried out as

recently reporie B{QP%IQ{ ttpg samples were placed ontg freshly cleaved mica. The mica was allowed
to stand for %O ngﬁ{nutessa'ng théirzll1 ashec I\lfvﬁ(t)ﬁ%vgagtfgre,ﬁg}r%d%ﬁte%{ﬁ%uid samples were analyzed using

Nartoscope llia (DigitdrrefgnmAtibediserBhamraet mvendiay set bs mredusspirgfeiewe (Tero, R, et al.,
Langmuir 29nd561526- 7831 P00 IrEHarcahile verkisad dias 1OM GLITRAARSALL yvanpus; Japan),
Subject tissheSANARMRGHIN lution REIESRNLSIudIAS Pandicied hasediap.apiopsy;gases (n - 50;
26 mgée arid 24 femaé:% C%Sét%) frﬁg the Tokyo Met é)zgé)gtan Brain Bank for Aging Research of the
Tokye2OMERFSRBTAN TNAAe SPSaroIBR THABHERIZH b S iAo e rRLBARA Brbfubt was
approved by!thistinstittalonaibibical e rmittoasiof thidhFaedlfy lof Medlicine:;, therUniverdityedT okyo; the
Tokyo Mee{@a@iig@ﬂ.G@M&d@ﬁﬁ&ﬁi,%&@a}mm&m@i&@&é@%&EH{ﬁMf%@BtPJ@@xﬁ%ﬂﬂeﬂﬂe
National Center of Geriatrics and Ge tgé%gyi tails %s{.}ub&'ggts Q.Iﬂd Pﬁ,rkndxplle collection have been
reported (ilfa%ﬂ)r%e , Surolog: ,aéﬂ?%oé}?- , 2 O%r'f.pﬁow &r Dhtat & ul)ﬁanalyzed insoluble brain
fractions, Witerede AR fadendanine ioct (RARUHG I b Lo bgyy BamEsRr-ebps2ossy {felptesent
inverttbrs gopdiizadiaglublelerainfibeidans] witiakyemainivadharecteezedt hanadomns. stidies. Frozen
tissue samples (the-anisriofasiomabenierinaksansouere hampagsnizad i gingyolumes of
Tris-buffered sal ez(g);Sé containing a pr%Ease_lnhlbltor cocktaill. The homogenates were
uItracentriﬂI@é aiﬁy 51080k HG B AR EE VO AR ARy D B B de e Een g
supernataHisesrers ivjéatadyteirhmnn ob ot arpiyisish imih nohistodheniisine e ket brain
hemispheres:h 243/ micgveramliced into; 30-idmathicksegittab3nsesionmusirgAciyptome (R.M
2145, Teica, Welz A, Germany). and stained with inioflayin o as previqusly descrined (Wyss-Coray et
al., 2 %1)‘2?%7 ormation o S]V\_IO H—:-n %yétro&*ﬁc neurites E was obséived usm.gqar) 2Nt-S n%ptophysin
antibody (CHEHESHO Terisceiisd o) S hngtim baaH triasata prodpeaitverpibe itesiapd ymph
synaptophysinipositive sitblipa/dysisophiginesinieBoivasgetntegday taserving four or five sections
from the left brain fierisalR .ot eash MK et ALl magniioaign. I gRsaRE: AR aposition.

serial sections briefly pre-treated with formic 5 acid or Protease K were stained using an AP
immunostRHfiig kY f@l%ﬁ?ﬁf’@ﬁ’_%@,g (RS RRA PR RS sERN s Ly Hstd iersll f¥galized using an ABC
elite kit (VEsmribbordtotickdmaghs of thenserobralsedrteR aivdthippoadanipussgre, retayded, using a
digital camgrenepriected With & FRICKRIEAN S ARG APRINESS USINg 3 siaRIeIRfe] Reftwatsi{Compix

Imaging System.. Lake, Oswego, OR). The brain translocation of gntibodies was observed using a
confocal |§%‘§"F‘%¥é‘%§%§%‘6’8¥%%&%r‘ 2&3‘%%@%%3@%@%%% lé’r%?fﬁf&l’%?ﬁ{ %@?@gaﬁiﬁaaes and

synaptoptﬁ%iﬁ%@%‘?ﬁ’é/e swollen dystrophic neurites was determined in a double blind manner. Passive
immunotherapv angibeissiotananalydisifinesinnasdctiematedan:t ansganiedan- Tghmice, and
Ta25¢6 mice g and-da SvRIesR asRnd e edishiee RN mEN ARRARARYIn dual

mutations (K670N and M&71T) derived from familial AD were purchased from Taconics (Oélermantown,
NY, USA) RS Rl SSHEHE REAUEEMITS 2ABHAS old in the animal facility of the present inventors.
To determine whetherxtnepkklzhdimedike ghchetipe istpredentechbynpddsivarinuytenstiterapy, | A9 or
2C3 (0.4 mgtkglweekh-ar FRshwas administerad o the.caudalivein afiamanii:old: 192576, 20
and the a m{i)nistgaltli n was ck%n&ggged until 13 months. The memory function was assessed at month
13 as rewou‘gﬁ/ cffescr?be IY% ourt A, FASEB J, 21: 2135-2148, 2007), based on the following four
behalioral paradi§#is gyt optesentthst by snentiaanh mBHGS {2 A everdbfecerb cophitientiedt; 25(3)
Morris watet mazealestcantingjdontextuatiieas ecohditignirgHesbdHyree Maysafiendhe: hebavioral tests,
the mice were sacrificed for biochemical and histological assessments. The experimental results were
analyzed by one-way ANOVA and two-way ANOVA. Post-hoc analysis was carried out using Fisher
test. 30 Separation and removal of lipoprotein CSF was collected from | 2 AD patients and 13 NC
individuals. Then, lipoproteins were removed from 600 ul each of the CSF by preparative continuous
density gradient ultracentrifugation according to a protocol reported previously (Matsubara E, et al.,

Ann Neurol, 3545: 537-541, 1999). The density of CSF was adjusted to 1.25 g/m1 with KBr. The CSF
wAace 1ilfracantrifiicnead at 100 OO0 ronm and 1AC far eioht hotire 1icina a Hitachi RP10ONAT cantrifiine




43 Lipoproteins floating at a density of 1.25 g/ml and lipoprotein-depleted CSF (LPD-CSF) were
subjected to ultrafiltration using a 3 kDa cut-off membrane (Microcon 3; Arnicon, Inc), and then frozen
and stored, or stored at 4C, until use. Lipoproteins were also removed by affinity chromatography
using PHML-LIPOSORB 5 (Calbiochem, La Jolla, dﬂ). Each sample (plasma or brain) and
PHML-LIPOSORB (Calbiochem, La Jolla, CA) were combined at a ratio of 1.5:1, and mixed for 60
seconds. Then, the mixture was centrifuged at 3,000 rpm for ten minutes. The resulting supernatants
(lipoprotein-free samples) were subjected to ELISA using 6E10 for the oligomers. The
lipoproteirkhauh ¥ dakiples Metwd dindg o PRMI71. PESORB using 20 mM sodium 10deoxycholate,

(The Lemoval tf)f sm@icaﬁﬁ@pﬂ&&siﬁéﬂ\ﬁaﬁ;ﬁqﬂ&wer@ymk@w &lﬁfﬁ@@ﬁ%ﬁ%ﬁa@ﬂ@;ﬁ%ﬁ?' o
Beckmanp), follo staining with F RED 7 ako a, Japan). Quantification of human
A Whol B B e B oA e
15previoudRiaeErBetrivaiBihaTa £ BtainaRiNebrsr-sentsasd IddenamsaiiEset at, Neurobiol
AgingS 25:@3@3814;1«;@@&%@& To mze@sammmp%m,fmmw@pmzi RikGRQ ud:lldtn‘ dahiffer were
directly SU@J&?E@Q&%E&%@&%S& L!@L%A!@qgﬁm@J@ﬁ,%&m&%mmm?&mo%%%%

neutralized with 1 M Tris-FICI (pH,8,0) and diluted 1,000Q-fold prior to ELISA. The values obtained by
the assay W %S?rf?élffée&%%@ﬁfé“é%#%% i ,gaﬁa%mf&éaa%aﬁégéﬁwaﬁﬁlﬁmwg.
Normalization ambgepfiste thavalsadomebyyridetudingraneptmts stantiarcbdlasma saipiés inaiithree
plates. APagligomer speciiakihsmChamiuninaseancadiasad sanedwicty solidrrhaseienzyme

immypoassay. 25(chemiluminescent ELISA). was used to specifically detect oligomeric AP but not
o e R e B B B R R o e thyczb isotype),
or a mixtukdfatiosRads sudepr stlacdethipraiBranT of ealeBrodpnmataeia)waschidded bind
incubated seantinuelisly:fHn2d dhesrs@i4ehy fersthorseradishiperoxidpseprnjvgatetyBAZDEaD'
fragment i Z ecifi ; ical Qa?ﬁ’é Pl dish
et ?8%@&:%&%@& M@ﬁgﬁwﬁ&ﬁ%mﬁg%m ic t%wA;PR?ZQ;})O V%rg%%pp% F%e%c%’emical,

peroxidase-c njuga(}ed 3 @C;OS Fab' fragment (anti-AP 35-43

Osaka, JaBﬁﬁ?W&% s SARFifre a&ﬂ%?@@ﬁ?ﬁoﬁéﬁ T4E-cHéMilurninescence generated using
SupéiBignal EL1SA0Rioc\ChlemilumihBsdemt S oidstratecR lercssRbekfbirdyl ko luiSrs) whs:naetified by a
Veritas MigreplatesleminemsiardRionegr) rilpassassihe iand e sifieacy of theperipheral
administration of Qggl_nocl%nazll JhA and@ng h&laagg{? apd orl'%aﬂs%‘rﬁples were collected from
administered mice and analyzed &K O%igolm'e‘ S y@if@%\a Y 1gn PLIRB&ETBET0 (Senetek PLC,
Napa, CACSyteg@eitic f@@%«?@hﬁwqﬂﬁwm@wh@rgﬁ%w&@hmwrgmé@é@ﬁbwwagaémév@w by using
the abovesdesgribadichemiumphescenitsykiern: Moavddinaderenas hy-tpeatatrin-nound A(3
monamers. g ARSI s s R ieAipIaR AN d AR IR H HRG BN L OSORB In

the same Wa%as escribed above. The resulting lipoprotein-de samples wer useé’for the

assay. 5 INRBHtion EIFsHromatogspie 5 fsred S84 HtHi R Hpeigsrapar s B HiRtiig Sy nthetic AP
1-40 (HC HBf ptw! ddobcentration.of 0.1 mg/ml with PBS and incubating this at 37C for one hour.

Meanwhile, AP mORRmess MeeeRis ARRA DY HIHING SY OGS AR I ACIEA T et Beuttured
10concentration of 0.1 rq%rlpl with PBS. AP.oli omErs Weﬁge immobilized onto 96-well immunoplates at
P gg i) ext: th

400 rig/wéﬁ, Bhd Ren the eesn\}\?g}'%n%l%% N ‘ %?&(.H : 8”;&!51?‘}%3 o] n&f%ﬁi&)mers
stepwise-diluted il-BieNERGal 6/ 00BN A B FTRERe FER R it YHeETi oS5, 5A5, 5A9,
6E4, or 6 dwantihadies paptiie contiotiant: AR aatibosiesddQnand Btk Aftectisphalinn for two

hours, the mi d € ' -well | pl d incubated at
room temﬁg%%%g\%%%%%%tggﬁ %%?ﬁ%\é%%%%@rﬁ Faﬁg(baﬁl?%%(a% \?ﬁé %%g%?ngé%sc ?égggfﬁr&bf the antibodies
was detected by HEASGHHJ MR S ESATATRES AP UM S ATesedbioF BevempRigniorRadioiftising an
HRP-labeled adei-imonseniitsnsintibety audchafMB. sdlagene 80fExaimipleid] Reepdcatibbicf AP
oligpier-spsaificsmeneelapal aninedies:(AR and-26:R) moABQUgaMEe AR MARKMELS Co-exist in a
solution. Tﬂusé it is ezs%enktllalgg remove %13 monomers for preparation of antigéns to produce AP
oligomer-sp%%lﬁ% At GaiEE A %ﬁg\?vn%nllﬁfjg@lz&?%he present inventors succeeded in isolating
SDS-stable AP tetramee(HGEEES BomER A lencsf man onBherseby: SePIRG Ekymiter i vivo
immunizatienawithihe iSelalik AR igamSksn Esitivehy b oniz cloneswre @hse lesked oy two-step
screening ising ol bigl apalysis liwed bymimunan eRAlian s Aaed 4qeglones subjected to dot
0).

blot analysis, 16 clones were determine e positive (positivity rate = 0 assess the specificity
of theVisol BEGPBaRI0E-cin s8R e BlfgHA Srmdhsodpha A GRS inEB B RIosHICRYMiRe acid
30(FA)-sctuisfe@rhytwidorastion detiredtdromuabn braiho(iatsuliarprépekdliiddetrsbiofAging: 25:
833-841, 2004) was analyzed by immtutoprecipitation using the cell culture supernatants of the
positive hybridomas (Fig. 1B). The AP dimer, a smaller amount of the trimer, and a
high-molecular-weight smear characteristic to aggregated AP molecular species were detected by
iminunoblot analysis using anti-AP monoclonal 408. A very small amount of AP monomers
35dissociated in the presence of SDS was also detected. To further confirm the existence of

three-dimensional structures recognized by native 1A9 and 2C3 (i.e., oligomers), the present 45
invventore detacted the nlinomere in eonditioned meditim (CAND of hitman embrvvonie kidnev (HEK)Y 20




(mAbs) at 37C for 48 hours. The viability of nerve cells was determined by LIVE/DEAD 20 assay (Fig.
2). Nerve cell death was detected at a significantly high level (50%) in the presence of AP 1-42 (Figs.
2B and 20), as compared to the control assay (Fig. 2A). Non-specific IgG2b (Figs. 2C and 2G) could
not inhibit the AP 1-42-induced neurotoxicity under tfe same conditions. The commercially available
AP-specific monoclonal antibody 408 (IgG2b isotype; Figs. 2D and 2G) had a tendency to enhance the
toxicity. Monoclonal 2C3 (IgG2b isotype; Figs. 2F and 20) 25neutralized the neurotoxicity of AP 1-42
almost completely in a concentration-dependent manner. Thus, the de novo-foiuied neurotoxic
three-dimepsidnisrsatisonl reubdicegrnizees by Q83 0a58s FecdiBain WKy 4R BkGoMesfoiTMeanwhile,
the anti-nes@wxioastivie: of 1A9 (IgG2b isotype; Figs. 2E and 20) falls between the anti-neurotoxic
activity of 2C3 and, non-spegific 1gG2b. This suggests that the three-dimensio aflgstructure recognized
by 170 5 atrucira B o B e e B oy e gl 1" 2
determinafiBROSAHEphedisn siFeranaredsfbmandrahaedestre rf BB NysnEE éne of the most
urgentissuesmanidadhichi;is stilbjeatechtaéatendecompeattiomiZdedmasen Arvartarastcceeded in

isolating s _peur ' = i ] ' ing.t ies. into. the following
fve fracﬂo%*é*%i? E%ﬁ%ﬁ’%%ﬁﬁrﬁn%@%ﬁ%t@eé%%%%%fz‘#}%%‘@%?‘é@g%; RSP of < ko

(lane 1); friGhSP RS SIEB I IENARS 35 shiviionh Sarmict Gt A aipakelas 3); Sfraction
4, filtrate oP@ditatDONGHE (nE63)] Hiss fractioniBedepehlisreéSntionopaitkiliasiany.5). The

immunoblot analysjgddsiRgsnenacians d08:.(hig. Shirvaniedtbath fracionchsiora prRucRRtalp AP
(Ianeng); fra%g)a%z contains @P monomers (lane 2); 10 lane 3 co tg;s&(%p% monomers and a small
g

amount of AP dimers. fraction ar%%““‘n aiﬁ%%lg?%%t}fo%%% %mp%lﬁ%_ . grf)’f Fractions contains
AP monorierectessritaherd hivdithdWeblusorus i asnirpa fateogiss. Mackfllse Hiddiskuggest that
2% SDS deHolysnerizesmhighnmpiipeulamivaighin(ii My AL okgesersiiBicRRimmenomarsand

low-molecylar-yei L P ol . ' istribution of toxic AR 1-42, the
present in\%en{{a%?%gg%%g t@é} ﬁ#ﬁg{}%ﬁg %@%@gg g#ﬁé%ﬁ ?r%%gl?gﬁt%g With ﬁ?ﬁ‘i‘ﬁf‘% 37C for 48
hours. As %ﬁﬁ‘ﬁﬁ‘?@iﬁt BB 4HE Be et el ronSaia thaclmscidN Asiae ASHARIAE and fraction 2
hgd dveryoebak, o ¢citnssugge stingethats ARomotbin drstantdinters: aceourtlikely 4ntibedioxias Fractions
3 to 5 wergigigniicantiy IQXIG(Qne WaANOVA; p<0.0001), suggesting that the size of neurotoxic
oligomers theoretically 20cofresponds. to the sjze, of trimers or higher-molecular-weight polymers. The
dot blot analysis uﬁ%%r% he 8ﬁtgﬁgr%é)ﬁggg%%]ﬁjl%’%%ﬁ%%%%i/’ed%rﬁgﬁg%ﬁ?gaoﬁﬁé’f%’fgeatﬂs\?@‘énentioned three
neurotoxicHpaetisnal (@b aiere pesnientd emibasiippditimgproseldetidedn st thenneerivtakic
moleculesaatbaligamesiekipbndDhibhe2 O3sresnptized sligomesrweaiadetesiadimdmctions 4 and
5 (Figg 3D).: n I ' rotoxi ali ers 25(>30 kDa).
Furtr?grmogrgrt '§nn%§}%?¥ty;%%ﬁ‘g@%%}%c§?{{%%%bg%?g%%ocf&%%\%{v{%gg%e%el&%% ﬁﬁ%ﬁ%%gé‘e(sﬁ% kDa) that
was the m@&"f&?&?‘ﬁhd thus the 2C3-recognized oligomers having a molecular weight over 100 IcDa
were considereghthstiola strgngasenrBicxadithEiy. 3B Meanyhidendntyail sxdremelyfsnall amount
of the 1A9eqegnizeg Sligemersvas-distinated imfraction.sishat wasthedpestioys. sthis is
consistent, with the_.éegult1 that the.neutraljzation of 30neurotoxicit IA9 was jnsufficient (Figs. 2E and
20). By co%\%ggt?‘ﬂr%o ClORAIAE AR %agg,gfzﬁaggrgﬁg%i 3&%&%5@8&5‘3{ A YSisEQistributed
in all’8f th&araEtich s pRian BophairHiiebt eppintbariapssibiing Mt earersriefATdXORINOIgdmers of the
same size(ii)-@xistibody (i furthekassess ety BHF kIOt aon, Rackfirstienwas
sublected $ ROl IISCORY (RN Tl GRIGRMACE, 0L IRy AL RANIEIS: BiipRplogy gonsistent

with the 35fraction size was detecte three neurotoxic fractions. Fig. S the atoric force

.

microscopic \ATaFED BTN IR P TsEsr Do el equxicbhze henastbraming seid gareaye #hd the 47
most toxicSEectiom e (Bt. &)l d&hle doaimdlign diaisdhyving i arpalywidrsmoteculeSSEQSIDiaamtlys®hserved
in thegoxig.fractians.dy partisuiahsbastionp.wasdayealad R.contaip fatesogenequs.toiespglecules
including ?S%jés- ?\Fl)a‘% an% rn -S.Eggﬁﬁ mgl cuIeSég addltlonéo‘varlousﬁg%e and small granular
molecules: - S NEXth %Fggé EiheHTE & eI ES ST RR AvFRFEIE d 53 % Sippress AP
amyloid fibil foravathody T formasivriofiabaindRearmyibiitfibaiticho 2ot acidnelBOcMY 10was
assessed $yQueasyring thedHAT ueregeencadan k2/hpurs abhdiacldndsidhe corditignsused by the
present in}/&gtors, seed-free AP 1-42 (ThT-negative supernatant fraction obtained by
ultracentrifugation at 540,000 x g) was polymerized into amyloid fibrils by nucleation-dependent
polymerization (Ff@.@WW%ES@W@%@&Wﬁif‘#@ﬁ@%ﬁ?&@@@%%%%‘ﬂﬁ%ﬁ@idﬁﬁbriI formation,
the presemtimbedtosintubatedi &y MaseediffediAf3: bet@on dhe whekentthadahsé oenfl 50f the
antibodies at 37C for 48 hours. As shown in Fig. 4B, the Tin fluorescence intensity was altered in a
2C3 concentration-dependent manner, while none of monoclonal 1A9 and 408 and non-specific IgG2b
altered the florescence intensity. Meanwhile, when AP was polymerized by incubation for two hours,
1A9, as well as 2C3, showed the activity to almost completely suppress the fibril formation (Fig. 4C).
Since the activity to suppress AP amyloid 20fibril formation was detected even when the molar ratio of

2C3 to AP was low, 2C3 was inferred to have the activity to inhibit the polymerization nucleus formed
dAe novo nr the ceed fiinctinon at an eaarlvy etane nf AP 1-42 amvionid fibril formatinn <imilar raciilte were



30[Example 5] Toxicity-related oligomers taraeted by 1A9 and 2C3 To elucidate the structural
and kinetic connection between the AP 1-42 oligomerization and amyloid fibril formation, the
polymerization time course was analyzed by dot blotting using All, 1A9, 2C3, and 4G8. As shown in
Fig. 5A, the majority of All antibody-reactive 350Iigoln‘%ers was formed during the lag time phase of
polymerization (O to 8 hours), and the ThT fluorescence intensity was relatively weak. During the next
fibril extension phase (8 to 24 48 hours), the level of Al 1-immunoreactive oligomers reached a
plateau, and then was constant (about 20% of the peak level) until 72 hours (plateau phase). It has
been demprsieatetythatisinedorraa Hthaligoras i kahtildodyuveiaot réseynpize aiayiibitifibrils, the AP
og%orré%r forpakion ﬁaﬂub@?u@@iﬁiggﬂyashgiemwsi@iﬂ@z@@ﬁbeﬁﬁﬁﬂg&wﬁ;&&t%%‘@ocg 300, i
486-489, . Hence, the present ts suggest that AP, oligom mation precedes amyloi
25%9%. LS IEgm eo??mm I‘r%')s i soshﬁ%fxea ﬁgﬁv tf’]gsm I? i @r\ézi

fibril formation, and there is an oligomerization state 0€es tly eriter the amyloid fibril

formation pathwayloTHéB s iskghmsauigoratirs s e risanel psnimaritinvaetian. keedisized

oligorrers rémbnat fven kASareealizéd-olighthersartierlAQ+ erognizelt @ligome w-vetedeiegied only

after four h@%ﬁﬁﬁa@%%mn%@@ﬁ{%%ﬁ%@@ﬁ@ﬁ{%ﬁ%@%&&ﬁ%ﬁ{f&%@g&suggests
ed that the

that the 1A9-regﬂo%]n|ze%ca§gomers are slowly fgrmed. Meanwhile,’it was revealed

2C3-recogi P B HIRREL YA in STty SR I BHPRING 2R PRRAS BRRSE WBLtEFS hours), and then
exist at a veigrighvdyell lesssshiana5%)tinnecoligorinerize g iaierfabantBod 724y chir ssoTdied from
abOVG‘-dem@r@ﬁ%@b@medFB%%m&SﬁﬁdﬁMgI&%%%%Eﬁﬂ%@f??&i@ﬂ@%gh%tg?ﬁﬁ%'lci’ 1A9-, and
2C3- %co%gi%ggnqggpsrnecgigﬁyeré%%sggggural,la/t and in murre}SoeIotgiicall .different conformations or stability,
and the 2C3-Tecognizad oligomers aré refatively unstabie as comparad 1o e TA8 801 2ed
oligomers couplefgrifidhsatetisia. el deonpvotbnectivs stz anbg sthreleP@2NRusein éxpolsethat 37C for
48 hours to seed-frepdireleAi(Ochon) 10y ARbE M 2tk ated fon e oW hOinddmgurs (Fig. 5B),
and the n [ thvit in i , j blotting 2Q,analysis using
108 reveal T N B A T G P B o
pre-incubdtivf’ R%%%&W&?FQ%@W@&%‘%%Fﬂﬁ%l@@ﬁl‘éﬁ-weight (HMW) smear pattern of 45 to
160 IEDa, (A )additiohotty thiedimgriomets toipemtarther $idls theatimei paiptcomdd fhepiss HhgdiMW smear
was dramakicalredysssladpddnRR WETeRY aiReS LM AIOL CAMPRNGRISHA NG Meecular-weight
species th%t cg%’}d%ﬁ@]% %?.Q@' and ﬁgremainédﬁ%ﬁg well, and izflsmall aglrr?gelmt of the
monomers. qll_he(if'i Smear disappeared after further incubation at 37C for 48 hours. As shown in
Figs. 3A alft sTanheorydhéding siavé rpevimrenrebiadicd thansbedvfrempign 42 isabemverted into
molecularispegiebainlifo kpasegunaeotsRERDKTs thesirongeshipxishys Bl 2RSRAGE, it was

‘ demggstrgg%gett%tot%g@% Wiglecules elude molecular species showing a high-molecular-weight
(1-11V1W) smear pattern of 45 to 160 30kDa, in addition to the monomer to pentamer species, and
the toxic poyierdbaipandisicdasdhpligrmetthwtoion-in sretibrsisrprapasias holipresence of
SDS. However Whemseedff eegAdck-4PSNad Prdnéubateahforchwin, Hovingahe 24ioanig, the neurotoxic
activity of gda.pavedospedii3eligomers was reduced by about 12.5% and 26%. respectively (Fig.
5C). This result su ts.that the leve| of. de novo-formed Ap oligomers in the early period of AP
35polyme{|zz |oﬁni1§%%se%enr§rilﬁiﬁog a@o?{fé?‘ﬁ8%‘#&%%&?&%?&?&%%?%&?8}%5{%@&#% a peak in the
period of PerebthferrBa asid s SV AL et Amdligrindrsving tivesmove atithe. 49
AlternativelythessiSa@assiiitythat nuclei for the de novo polymerization of AP amyloid fibrils, or
amyloid fibg , Reuratoxicity-neutralizing activity. The present.inventors incubated
AP 1-42 f@i%%%?l%??ﬁ%g?ﬁ\%%:@rﬁﬁv%%ﬁ%%%%%A %gﬁfrﬁgﬁ%?l CPI_%I] e?%%an aﬁ%_c‘% fibrils by
ultracentr%ﬁb‘&ﬁdﬁ%@?‘fﬂ?@élﬁéﬁ%ﬁ%%%I@gk;('fh%i end dpdrrbtinhaiee st endmaniéd by
ultracentrifegation tBA0 MDT R g Bxmidited similar levels of thioflavin T signals; suggesting that the

540,890 X(g)%ﬁ%{%@%@ﬂ{@%ﬁ%@ﬁgm&%iﬂmﬁﬁ ROMMRER, TG40 LRding ipdicates
structural Ighan es to form a p sheet—r%ﬁg{@ﬁ%&btg not fl&?{,%ffglrm tion). The neurotoxicity was
restored and SRRSHEEE WIEA BEIP & 88K 1 tHES ﬁBIab?ﬁ@% iR 2%his suggests
that insolfBieeRKe1cd B HHEEIP YS! tHE anti-toxic 10activity. Under the conditions described above,

monﬁclonal 1A9 @%ﬁwﬁf@&nﬁa&fﬁﬂéﬁﬁﬁb@;ﬂ@ﬁl@&%&Hﬂ@@lﬂ@&ﬁé@%@%@ﬁtﬁ?&@ﬂm&ﬂ%@fw iched i?
13 sheet g iS;newtralizi ctivity, was greater than that of 2C3. Meanwhile,, non-specific
lgG2b haﬁl%g}élﬁg g? Igr!} ?%%@i‘ab. %?%r?@g ft%lree%ng%@g T\%ﬂ%%g%’rﬁhlhe?ﬁ? %%’ é% beeiﬁya%(al?ﬁ%nﬁ}eurotoxic
1A9-%%co§ﬁf%@%&9ﬁf@@%@%§%&?@ﬁwé@lé"fﬁ%@?ﬂfﬁéﬁﬁ@%dﬁn%ﬁﬁé@@lﬁgéﬁﬂ%ﬁ@hMtéﬁﬁized 15due
to sonic stractwiahehanige white meuraioxicd 2CBadcddidi rec@dbyaiersibsebasicsiy shat:lvad
oligomeric intermediates that are very unstable due to drastic structural changes during the early stage
of polymerization process. [Example 6] 20 Monoclonal 1A9 and 2C3 recognize All oliaomers in the
brain parenchyma The present inventors demonstrated the specificity and biological activity of
1A9 and 2C3. Furthermore, the inventors detected 1A9 and 2C3 polymers in the brain by
immunohistochemistry. The present inventors performed conventional immunohistochemistry methods

to enhance immune reaction by folmaldehyde fixation, and formic acid, SDS, or 25microwave
treaatment of hrain cectinne The two antihndiee avhihited no intintinoreaactivvityy to AD hrain by anyvy nne



50 autopsy cases was determined by inununoblotting using monoclonal 1A9 and 2C3. The 50 cases
include two AD cases, 35 cases at Braak NFT stages Ito I, and 13 cases at NFT stages Il to IV
(Katsuno et al., Neurology, 64: 687-692, 2005). As shown in Figs. 6E (1A9) and 6F (2C3), the
immunological activity of 1A9- or 2C3-immunoreactife 12mer relative to actin was 20significantly
higher in AD patients as compared to the healthy control group (Braak NFT stages | to 1) and mild
cognitive impairment group (Braak stages lll to IV). Interestingly, the 12mer was accumulated in the
entorhinal cortex of the healthy control group (Braak NFT stages Ito Il) and mild cognitive impairment
group (BraakistagesStkctoAlN phgarievekofbaboed 409t and 608HréheitaveltifcdBs cases isdd0%),
respectively (Figs3,6F and-af)hhirastitindicateaithalrine 2eacsumulation.Ridrmsr Rrassdes the

onset of cognitive i irment, a 1'5 increased as the Braak NFT stage advances, sugges ing that the
1A9- and ﬁ%ﬁ%@uar?ﬁgaﬁn%ﬂff?n Ib gorg é%%fr%‘e”r’s responsible for the in vivo neurotoxicity. [Example 7]

30Monocldhbin ety S@B-reeptizenAll Sioigomesstn thdrereldrngpinatb fdidEQ IFREAP3polymers
(soluble 1APrancha e:3iimdtiacRastivect 3menresponsitle T Ihedind vehbeLratpidsinwese found in
the brain p@@a@mgg stéﬁlﬁg_present inventors speculated that CSF also contains the polymers.
To verify this, the present inventors fractionated pooled CSFs from ten AD patients and ten
age-matcHed drdidoaeissradriaibirsipe hamipimrsidyerrenecPAchoh S bY Al o
oligomer-spBeifictsamdmichckl ISAcuseng FidhdoIdkal BGOSR B ArVthe thereapfidriaguand détection
systems. T 6Re/12CQelgomer ELISA detected 51 soluble AP 1-42 in fraction 13, while the
BA2743A27 ELISA detected soluble AP 1-40.in fragtions 7 to 14 (data not shown). However, in each
e BA e WhEBHHED (So PRS0 WAL 1o B A QEREHORof 2 small amount of A
oligomers i @SFitiThdydbeecompgicam rchambasing the yame deattivnsioy BN EWIBNSASslkowed that
lipoproteinsiggund A/3 monomers 5(fractions 7 to 14) and lipoprotein-free AP monomers (fractions 15
to 17) coexist with AP, oligomers in the fractions (Figs, 7-l1A.and 7:1B) (Mats -a.al., Neurobiol
naing, 25 N A S T B e e e R R R S0 20 o
of the heal‘tﬂy? control, while the level of lipoprotein-free A1340 monomer (Fig. 7-1A) and AP42
mondmer (Fign ZxBpily Ak waspoweradtamipartd tedh e afetmatenet);healthy control. The 10present

inventors I iD= ers,.1 it] i e
detested %ﬁ%@%@%@%@é@%@ﬁ?%ﬁ Wﬁ%?@%%%%%%%%é??ﬁé%%?ﬁ%%%& This

e HRP-labe
problem rerramed UHROHCES in~thE S gﬁ@&%d St B2 87 The BB CHihicis1c 9924290,
2006), which@8scé¥besiasdalydethods (for example, 6E10/6E10 EL1SA) that are similar to the
methods dgsefibeghiesain: %ﬂ?g—&ﬁé@@!iEQM$;@@ﬁ’g|m%@ﬁ%%%ﬁ?ﬁ%ﬁge &%s@\gngrlé%%ﬁrﬁseluteﬂ at
a compar etention time in it i 3 | is m by oligomer using the
same@[gnt?g)ﬂgﬁi’r:tggap 1&?&1@%@%&&@%@%&%2 %S§ea edatlf’]éz:ll-llg&gﬁy %%f%é%ﬁ%l Eﬁ%ﬁ:&?;foteins is
unsuitableﬁ%&&@é&%éﬁﬁ@%ﬁéh Ap oligomers are analyzed using A p oligomcr-nonselective
antibodies(9} envareiizain éntheongaknedsds didhe Piiorattihedihbas, dhegpresent inventors improved
20the detegt gl ] | - ' ofel WRIR I rgm CSF, and
the resuIt%ﬁﬁ%%%g{%%ﬁggﬁgﬁ%(ﬁﬁsg%&g%ﬁ%ﬁ%ﬁ%ﬁ%{é z£z;?filklila%say stga)ér?p-ﬁg@ Aﬁéq(ﬁ%c?r%er-speciﬁc
1A9 and 2%?’ ere used as detection antibodies for ELISA. Furthermore, chemiluminescence ELISA
was dévelOgédntentithandethenspsitivity. PeblddywRDLE SE{Figsd FeiBaeOMBEQAGHOnATed by SEC,
and each fpaction was analyzed for AP oligomer 25distribution by luminescence ELISA using 1A9 or

2C3asa ction antibody. As shown in Figs. 7- D, AD oligomers were detected in SEC
ractions 18 R B B o B o R S 6 10 108 I, which
correspontis’ térRetdedydharrenisisesmel che lsvérbihe AginmirdosirseeypiZeildiydfete was
elevated insaliioR thehAbrpratissit-defivac:fed SR EDIMOhEhahemigome ewaradairciahlenck@mssess
the Uﬁfulggﬁﬁgl(:}@t_h%gg@iﬁg{ners as therapeutic markers, the level of AP oligomers in LPD-CSF
from AD patients was Sompjared tq that from the age-matched healthy control, although a limited
number of CASESANETR XA SRBPRESABIS A R V0 B° SEH0aCEIREHS ot L OiRho3ed of AP
x-42 were Sighifidantiyincredseddentite AE QdlieNCy igs 8D8Gnpdred torthe walaucordrdl group
(nonparanmsgfjqranalysis ap c¥k@103). By contrast, for 2C3-recognized oliaomers 35composed of AP
x-42, ther S no . significant differen tween the.two groups, Me ile, the level of

1A9-recog E\lglzgaélg .%3%%% F%agg‘r}nnﬁ%%sg %cﬁf%%x?bo\gv?%%% %E?#TA 1?h‘gf?fin the 52 control, although the
differéhcetWaenatsbatstbaiRpEigrme aht b Aovise mEEacGiib RIeYSTEs MpYSRADNAP 4840, there
was no sigaifieant difference between the two groups (Fig. 7-2E). The structural change from AP
monomer to oligomer occurs in the earliest period of the process of AP polymerization. The ratio
between A13 oligomer and monomer (0/M index) can be used 5as a clinical indicator reflecting the
pathological conditions of AD. As shown in Figs. 7-2F and 7-2H, the 0/M indices for A342 and AP40
were significantly increased in the AD patient group as compared to the healthy control group (I1A9,
P=0.0137 for AP42 and P=0.0429 for A1340; 2C3, P=0.0012 for A1342 and P-0.0051 for A P40). The

results described above show that the 1A9- and. 2C3-positive three-dimensional structures are
nracant ac AP nlinomere in | PD-C<E and 10increaced in AD natiente In additinn the recriltie nhtainead



non-administered wild type cohort mice, which was previously determined. Therefore, 1A9 and
2C3-administered Tg2576 mice were shown to retain both short- and long-term memory, which were
impaired in the PBS administration group. That is, the present inventors obtained evidence supporting
the view that the onset of memory disturbance, in r?drticular AD, can be 35prevented by conducting
passive immunotherapy targeting AP oligomers before the onset. Furthermore, the result described
above presents the first in vivo evidence that directly indicates 53 that AP oligomers are responsible
for the onset of memory disturbance. [Example 9] Monoclonal 1A9 prevents AP accumulation in the
brain of T¢25H76 antibotiy2BREenipdseelamihistere davity PB SoiinoB) b Ry2s 75 hi¢ elirdigkety with
passive impunotherapy during the 4 to 13 month period (LA9 administration group, n=13; 2C3
administratj roup, n=11) were dissgct fter arning/pehavio (periments. The amount of
AP accun?ﬂ%:e n %1%@ %%%C&%Péﬁﬁgl%%ﬁic%\}goh@;gp éa%@n%%sg ?N%%‘ 8§g?§r§nned in the following three
fractions (150 AR BreyaRsHIB P EHEIEX GRS MeHRIBRAAEHEHT T ASTED U dF&diRaining
protedse ishitiiRas 124G Sead| shjecameyd ORE HACIBK: and200BD] ¥adisokusiie and 70Mefosmic
acid-solubig; rnylg'@:ffg%g%ﬁ§§ considered that non-accumulative, physiological A13 molecules are
contained In the Tris buffer fraction, while 2%_SDS-soluble AP in¢ludes AP in %iffu senile plaques
before amiiBIGHBH BN b TGN B ENE AREATE thiBe CAE BTt BRI I EI F aered,
accumulatiieRsoliblaotigenié serAenaPoli8EQ Badiéttiviety qitified ty Afda0arbAi8AReard-specific
ELISA (BNEG/BAYY. specifiptor, A/340, BNT77/BCOS specific for A1342, WAKO kit). There was no
mar difference ng the three groups in the oncentration in ris buffer fraction where the
e o e e R bl On o 9C. AP w0
Figs. 9B af¥d oD anibeda hatregariippradiupianm dea tin aratae spidHe wraee G DSAHEHEM 02 significant

20suppressivaieffect on the accumulation of AP x-40 and AP x-42 in the cerebral cortex was observed

only in theg%ﬁ%%%@%ﬂ?#&{%&%f' kARG A0 E 9 A5 AR %4818 SEQ 1D NO: 67 as
accumulationi-suppressive eftect was observed in thé hippocampus (Elg. 9G, AP x-40; Fig. 9H, AP

X-42). Meaftwhile, regarding insoluble A[3 accumulated in the brain (FA fraction), a significant
suppléssivaieieetdrothyaimt compriatiothoHAf8x-40(M thedobedbrakoortd® 3kas 250bserved only in the
1A9 administgHoR@rRYRHETIG R &8 % 4018 1@¥ind hxAdhINeiaceypilatiorsyppreesiye effect was
observed in Ijg{ip&ocana usé % 9K, Ali?s)}%éal}ﬁ%g AF&S{@) The All immun{PbIot anag/fsis of the
SDS-soluBfefractions TROWET 2 %%nrcees%rve‘ fiect on thé accurmufation ¢ A Qpagis'ltls\‘? ugﬁé%mer (4mer)
in the cereBral BoMek # tid- B antibody treatment groups (Fig. 9M). 30 [Example 10] Plasma AP
oligomers @ increasad hynassiveRdmmunatherannyith 2ARead6quence FIBHE WaNOoosigaificant
differgnced | & &ﬁ%ﬁ 2liesamengdne following tHee.gRs T 92R 8. Mick:
admﬁ;ter%%%v%#%%@ﬁ(ﬁ%g ; a ggg{;ﬁm mice trégtetg ?v??h p’assglve 3%mﬁnothé%py guring the 4
to 13 monﬁ?@%%%@% Rtration group, n=13; 2C3 administration group, n=11) (Fig. 10A, AP
x-40; Fig. QU8 aABNb4RY. (Hkiererwascaldbo Hohbih sigifjcaxt il fedacehie X{840142 ratio (Fig. 10C).

In order to siucidatethe mechapism-uaderiying theinreneptive elfertialpassiveimmynathesapy with
1A9 and 2C ig) against the AD-like phenotype in Tg2576 mice, the present inventors assessed the

level of ph%lo .gical saline-soluble and -insoluble AP oligomers 5in pooled brain homogenates, and
the 1@¥el o2RPepRgbershattrnpekphetdl glvedanepissimaoTiedewaerse diffEre e theaamount of
physiologigal;saline-soluble AP oligomers in the pooled brain homogenates among the treatment
groups (Fig.»,10D). nwhil . ' ligomer. hown to be reduced in the
1A9 and 2% t%%%?r%{légr?? ﬁ%t%%&?%ﬁ %ﬁi ggé[?ﬁgﬁgﬁe@gc%%gd p_égr%\%@ m each grou
(albumin-déplétetnihedentat HyBPEGT Bt @bﬁﬁéﬁﬁw&|ﬁwﬁﬁnfp6ﬁdmﬁ@a@a&%’%%?%w§z 18%er part of
Panel F) wasBSsayiedafoina Bealigamerns: loy FKUED bitting . sF iiksultd Hevessthakthbseligomers were
presgpt in jhemlagmadrom BBS-administered Tg2576 /nice (Fig. 10F). Al 1.-positive oligotners in

plasma were clearly increased in the passive immunothera roups as com t S

B ministraah B T e RO HE DO IOR B o e ST S i ebound
form 15waes GieBletthamifvaactd saQaecytzed8Ilyemérsal i p ar dhPasioRciE spgkerpiore,
plasma ARmtigomersyvene detgotey by All immunoprecipitation. The result shows that the oligomers of
about 200 were increased in :T I ' Ve | notherapy as compared to
the PBS aﬁr%]s?rﬁgﬁ)gg %?%gfgofl?%r‘ S%ﬁg%%%ﬁcggiﬁﬁﬁgg?&g %rﬂg%tzqers in the passive
imnuifoth Va3 GrEBPLCERUSE BTG 8Rdd 1B RN S St BRHSHLE RS R P Zd Hedrande. Thus,
the presenik¥entors obtained evidence that direct target molecules for intravenous passive
irrununotherapy are also present in blood in addition to brain, and that oligomer-selective cerebral
clearance can be enhanced through peripheral sites of action. That the present inventors showed the
clinical usefulness of the intravenous passive otherapy. 25 [Example 11] Formation of senile vloid
plaques and swollen dystrophic neurites can be suppressed by  passive immunotheranv using 1A9
and 2C3 Immunohistochemical A13 deposition was suppressed in the passive immunotherapy

30groups (Fig. 11A). The formation of thioflavin S-positive senile amyloid plaques was significantly
crinnreccead in both the cerehral eortey and hinnoecamnpniie (Eid 11R 1innar nartl and the rediictinn wac



55 Immunostaininu analysis using anti-synaptophysin and anti-drebrin antibodies 1A9 and 2C3
suppressed the presynaptic and postsynaptic degeneration in the cerebral neocortex (Fig. 12).
5[Example 13] The antibodies translocate to the brain The existence/localization of deposited AP
and cerebral mouse IgG was assessed using a cond@cal laser microscope. The result shows that
mouse IgG is localized almost independently of deposited AP within the areas containing diffuse senile
plaques. Mouse IgG 10was observed only in the passive immunotherapy groups (1A9, Fig. I3A; 2C3,
Fig. 13B), but not in the PBS administration group (Fig, 13C). Thus, a fraction of the antibodies
administergd jntoathiddip deivamposside fechtorttanslgcatedto ibaddainuthis se SHOIMOMS thet the
preventiveagf{qg:rt on memory disturbance was produced not only through the direct neutralization of the
toxicity of spluble AP polymers by the antjibodies translocated to the brain, but also through the
15clearan2éé§f‘§8'fﬁm£‘?x ﬁmﬁeﬁﬁ}ﬁgmﬁ&’&ﬁ?ﬂlg}?\kiﬂwgﬁ%bdies into the blood. Thus,
the therapéiiticefiesthwanshebemitterssd toher basedronaaoit plebsittitnnmdehainisnsidiExasnple 14]

PrepasatiomalfRsehaamnar spasificmeresional antihadies ) 3amPR Ak lath%8R4,an¢,6H4) 20and

dot blot anaarlllggio% of ar?go%)gp@otroe egn kay the above-described method that uses the AP 1-40
oligomer as an a%tlge were assessed by dot blot analysis. The result showed that the six types of

monoclon&? &ribadieedsbaibindr odbe ghiecp BIhBMatenaBsN WA st ltte ivé3pe of the six
types of antibodies f4k#n4H o BAS/ BADBEEcant@Giddleiasidatermined; Bb4kTidedar the L chain,

#K8: b o Ichain. a0l dgteayor e LRI PAPRT LY lghain. and

and 'gezaséaﬁéﬁ&'dfﬂﬁérﬁ'
19G2h for the H chain; 5A9: K for the'L chain, and %ga fof the H chain; 6E4: X chain, and

IgG 1 or S EARACRASSGb AN T} (FRAtEBREM Bt ig @ZHPRGY tHerhr Gl PudithdtRror@dihe
immuno-détebivtanadybisairovest HHP, AsNithl 2 G8plescribbthabdfentiediFE;chkib (5463)549, 6E4,
and 6H4 antifrocligs spesifealiybindio AReligamersdiet dodins ierrenizeAfmangmers(see Fig. 14).
35[Example L r&lfn ion ELISA 56 To assess the AP oligomer-selective binding activity of the six
types of aﬁﬁBoo &S 7, 4H5, 5A5, 5A9, 6E4, and 6H4), each antibody was mixed with
stepwise-diluted AP ghigomess Berféripihesbeiptmsioreey dhdltie prenaikedsbloticisssemeacadded to
AP oligomef Smnobiized DGyelhimoiuroplates:isndy thendacubateriseprthediMathadscigection). The
commerci il tibqqi re used as cont ihodies that nonselectively
Bind to AP O R P B KR B
antibody pHEIARKER ATHGAES oGRS US4 REEERIBRETNE ME> HOTIELsPARC BRI, and
therefore €AnRsite (@)immdbilized g8 etigomeid sQudahe of EMANA ThE Gutjibady pfe:endxed with AP
oligomers Qindsiiowhe AP oligomers in the solution, and therefore the amount of 10antibody bound to

immaqhilized Ap oligomers js redu with the increase in jnhibitor concentration. The results for the six
typegl%f antibodiezsg}fWﬂ%é%ﬁgé&&eggﬂf%ﬁﬁ@fﬁils o%%lacé%ﬁ’é‘% Faﬂ@r?—%@%éndent reduction
in the amdaARBTBOUAE ARHDIEY AMHesayRRcs i drn SrdIverdedet -thesoRiPRd!) w0 3th $teomymeduction
in binding wassdgiested\BENBRMAOmEIWe theesh(seaibigy FhihMeanwiiesiontd8and 6E10,
the conceqiialiansigheadinkiedicion AR (he AmaunL ofbpun Abody War abeasel when AP
monomers and oligomers were used (see Fig. 15). These results suggest that the six types of
antibodies{4R7, ¥HY5, SAY TE R REUe aars Aoy seruenoeRf S 19 A%gfo?@@ﬁ%’@cﬁ?;féh?ﬁéﬂm 20The
activity of shelsistytyfi€s of antibodies (4F7, 4H5. 5A5. 5A9. 6E4, and 6H4) to neutralize AP-induced
neurotoxiciv  TRAssesswvIetiarithe Six RLsREAIRe e ST Haddd e RRn o A4 Q%ﬁeﬂ%d 6H4)

have an actiyj tralizing AP-induced neurotoxicity, hu neuroblastoma cells (SH-SY5Y) were
cultured inog\érléégimﬁ%ozéﬁﬁﬁ%ﬁ ?%Léjf ?&?ﬁ%;%ﬂﬁ?ﬁ%&% ﬁ%{a’ﬁrg%%gﬁ’éantibodies for
24 hours, #sgaRre ehangein AP 1745inguecd dhtctoRieniiwds ndnitofdak Asaa FERAt oy totoxicity
was enhagggbhyiddeiiencele SHPMIEI3H L keAlthor gh:thes aytetoxiciy wasalspirgyeased by

additJi n oEggﬁfLFg qm;ig QQJ'Q ‘ig he ingre was tp%] observed for 3F.1 (see Fig.
16). The rem_ami%gﬁ%);bratypes o# %%?b%le% (%(g\ Sggﬁeéwglgiggﬁg%H ‘weretbund to Fn%r%g%ly reduce
the cytoto%‘t’fiﬂ?@e ig. 16). The results 30described above demonstrate that the four types of
antibodies (5A5, ZA%;GE4|carfditH4) hatke sbetrongacthaty ‘of shaiializingARrngueed neurotoxicity.

Since 4F7;ahd A3 dewergshifte eytaloxigity 88 cemPALegiRiceNtiol A s Se @pfhogdies Al also

inferred to have an actiy, f lizing AP-indugced rofoxicity, 57.amyvloid fibril formatjon To
ascess Wi AF IS KhoHas B Mol aEs S M S8R e AN L) Folv s iy of
suppressifity AriangigiefibriifophBiei DI toririator e AP herfdiehfibeifls WashdeteBd) by the ThT
fluorescerceRiateAsiy) assasHRetnadhe asalion {meditrrwhQs®3e0mpqQsiiamuas: e same as that
used in the experiment for AP-induced neurotoxicity (see the "Methods" section). 6E4 and 6144 were
found to suppress the fibril formation in an antibody concentration-dependent manner (see Fig. 17).
The other four antibodies (4F7, 4H5, 5A5, and 5A9) were also inferred to have an activity of
suppressing the fibril fonnation, since the antibodies exhibited the tendency of suppressing the fibril
formation as compared to control IgG. 10 Discussion The data obtained by the present inventors show

that monoclonal 1A9 and 2C3 specifically recognize the "neurotoxic epitope" and "polymerization
oanitonea"” nf enlhithle AP nolvmeaere that are rececnoncihle for the taovie activvitns and anticnean fihril formation



ultrafiltration and molecular sieve revealed that the size of LA9- and 2C3-immunoreactive oligomers is
greater than 100 kDa (>20mer). The result of morphological observation by AFM 20demonstrated that
the toxic polymers are morphologically heterogeneous (granular, bead-shaped, and ring-shaped).
To demonstrate that the toxic polymers are actuallyAsioactive molecules that exhibit in vivo synaptic
toxicity, the present inventors commenced treatment of young Tg2576 mice before the onset of
memory disturbance with anti-AP oligomer passive immunotherapy targeting 1A9- 25and
2C3-recognized toxic polymers. For the first time, the present inventors presented evidence supporting
that age-depehdswHiemory deterioration that naturally develops in 192576 mice can be prevented by
passive immunoth usin tisAP. oligormer-specific ti]?ogies IA9 and 2C32i. Herein, short-term
memory disturban‘géaé?éémsfgeﬁf/ %ﬁ%%%a%% gé?l?%{é?nml ar 10 the V?%%?E%ll% i0 %%SBE‘?&?ed
memory didtHBRABSSHser{tsgurssiRf SyMithaithphidnemis6iRvic ) asPBashabnimhacid maze test
showed exegliemtearf B BIpNASNIDIFAdbtqsttts bf Tg2B76micaiadministerod yith ABRARAES,
respeaiively- Wihehssesab oanave! sbiechisraaiitianiask,ois WRISY mage) And contextual
rly normal by the ant

fear condit] t he long-term memaqQry was maintained nea I-AP oligomer
antibodies%@gﬁt@ i Erg g@‘fﬁ“ﬂfﬁﬁﬁﬁﬁﬂ?’e&‘&%ﬁ%ﬁﬁﬁﬁ%@ #%%b‘%ﬁf‘éﬁ‘?ﬁ%%f the 4F7
35antibodytidatedvibuse groups as compared to the PBS treatment group, which is consistent with
the ability of the antibadigsito preyvent #e.0nsetafmemeLy distibance dhe.MeMeL; 8 maintenance
ability). The 1A9 anglg%g?' r also exhihited effect of suppressing.cerepral accumulation.
The 2C3 antibody trea é}éﬁa@n%%iﬁ% s %cf%é%eﬁﬁ)%gt%ce’%%f 5&%%%@%%&8 We%ef’éné‘b%pared
to thd A Ag2atiseHs R afmert eV (s tracasrcithr AP Seeindidfichadu pprBessd B o the 2C3
antibody traatment wissaneiass oASEQrdnGlY: 51A2esngnized sligomarsiyergisansidergddo have

greater coptsytian {9 g ceeRAARAGEHIBUAIAE AN A BiBcpanegqlaamets, The folvement

of the polymers |n cerebral AP accumulation can be explaine owing assumption:
neurotoxic? 1A Wers are soluble toxic oligomers that are somewhat conformationally, while
neurotoxie 2C3 paiymersdeerdry Vihstablegtshertamadnoliddnobaie ntenpédiatendhatiappearat an

earlylstta_gamtﬁmagﬁmlm%aa&% Bf%@_ﬁﬁst%ﬁeﬂﬂmfﬁéiﬂlbgfwgl&@ﬁz@ﬁ%ﬂx %%%%% The
present inventors di | In VvIvOo venyyve erjec N{-oligomer anupodaies on
AIzheimersse%}gréc%%?,%?%%t#gé‘ﬁ]@éﬁ%&lﬁeﬁ\%gﬁ%& t ?ﬁ?é)&%y%”é Ghs %%@Q H&ttSacRd Bfigomers
formed in B¢ af driBibRIERRLNERIRSNP néhvecatica b feb fiidutivig! tHe SyimptdIRs ofsAlzheimer's

disease, 15PRe daiambiainadibyiifiapresent iveniaisis asoahamfinshe videprge-suppeting the view
that AP e%@é@d@\yﬁp neurotoxicity in the human brain. It is well known that the human entorhinal
cortegais an ared that is easily affected with AD. In this area, NFT formation and nerve cell loss

precéle the formatbFFBFEE-HE At &2 terbe B ahisHin Al chriakaying thraapnpagidarea to which
the commewiyeacceptddldnyitid Caseaae trypiihesis: catibedbd-apyitictDROHaEVRT, thiSmine
inconsistengy hasdheepmaaiesiadsng {é‘éﬂééﬁ@@'df@ﬁé@@%%@%@%ﬁﬁ?cﬁﬁ?&fféﬁﬁi%%mors

proposed and examined the hyp i that previously unidentifiable, invisible AP oligomers are
Tl o R LT P BT T bGP RIS ROy R P

e this
hypothesi& e sieSehtsavanters pethe rrbebswidisquemetoei/ BEAh B 819 :0f51(a8rendt of the 654
2C3dmmundredetiven2mer in the entorhinal cortex of 25elderly individuals who were mostly at Braalc

NFT stages lto 1l e dAd sfl s imungieastive Jamerere isady,present iy the entorhinal

cortex of healthy individuals at Br NFT stages | to increase e’advancement of Braak

NFT stag®! PR 1D WASouRF i be s ity idcrbaled iR Nos FR  the aipieaeifice of IAO-
and 2C3-imamancr e &SHNEID2MiErI d=gemansitateti-tosptidodd é tieiarnSeROf sognilivedmdapaérment in
3othe hurgarai: QauAeherhanshiby siochmicel end EmunBhisiochEmiGabesfigaues, it was

demopstr ba lle plaques contain 1A9- and 2C3-immunoreactive AP oligomets. In addition,
a0l iz G g BT o TGRS HIUFS Ao LIGe 153 B o Doty i RGBT A
neurotoxi@ﬁiibqf@ﬁéyé}indings suggest that, under conditions where AP oligomers are present without
senile plaque formatioanAR efigRersexeriiowive:tXeHY anchablhus Gambaa.cause of memory

disturban ' ove, t resent inventors sho the first time evidence 59
that directgfgqé%%c%i%ﬁaﬁggﬁﬁp\%g tg]ef\S %gf%logg g%%%%?n%é@%%ﬂﬁﬁ%ﬁ%n&%%@a%té%éf%ection caused
by endog&RdtR 3&iS SifysHEr TR SN AN Shamrrroaichaitrriredy HobanNgBa:aMorgan D,
20063 Natliiy arddhssiveiniidnetherapy BB, 222, Natomed: DeMadios RBLRNASHZH01) have
been use¢:prevjauelprbemephanism yiehlsarping disapilitvAnd premery. distyhange can be
prevented has remained a matter of conjecture. One widely proposed possibility is that the antibodies
reach the brain through the blood-brain barrier and directly neutralize in vivo soluble AP oligomers that
cause memory impairment. The second possibility, the "sink theory", is that the antibodies act
peripherally to deplete the peripheral blood AP pool and thus activate Ap clearance from the brain.
DeMattos et al. have reported 10that a peripherally administered anti-AP antibody rapidly transports

not only cerebral AP monomers but also Ap dimers into plasma, and also cerebral AP into CSF
DalMatitne PR at al PNAS 09 QAEN-QQEE 2001 The nrecent invventare alen reavvealed that AfR



in the CSF O/M ratio in AD, which is reported herein, is expected to be one of the leading candidates
for pre-onset diagnostic markers. 35Industrial Applicability The antibodies provided by the present
invention can be used, for example, in 60 intravenous injection-based preventive passive
immunotherapy for Alzheimer's disease, and as bioliagical markers for pre-onset diagnosis, disease
monitoring, drug efficacy monitoring/assessment for the disease, and such. Furthermore, the
antibodies of the present invention are expected to greatly contribute to 5the establishment of
preventive/therapeutic methods for Alzheimer's disease that are selective to molecules responsible for
evoking thefpetltdlogiestiennditions of the disease, and the establishment of early diagnostic markers.
The present IMVeniare,aRIBINGEfY\EE R SUBROLIRG AL 0L GG, {IEAR R SUER MhEN sy 210t
intracerebra] pathological conditions, can be satistactorily achieve ‘6y perl ReraliAtravenous.
administrafion-WitHouriHe hEet o S Hb A aeerebrariFaRBR orthORhbs drinaacddition, the
present invequersealitdlife diedite hte (demonstodtingstidtatifsadidnchbadiiRistesetDapiaadias

translacatemindie drainard arofucesialitesteliechavenin parinherbintayenousedministration
therapy, a%%/mtlf t[)the efg to consider intracerebral transfer of the antibodies. Thas, the present
invention is expet g# 0P| yaéfé%gefg?aat'@lﬂ?ea Eﬁ%‘%@%’f%%%d? ﬁﬁ@f&ﬁ&?ﬁ@?@?%‘ﬁﬁ@%ﬁs
disease. BHEPHMINS)- 1. An antibody binding to an AP oligomer, which is the antibody of (1) or (2)
below: 5 (1) an antibeehe thes eonppases @e fleehaimhaving the AMBaagidsagense @t SEQ ID NO: 89
as CDR, ' ' ce of Q: 91 as CDR amino aci ence of SEQ
ID NO: 93%%%%2%@%%‘%%%%%%%5@gﬁ%{‘\l%?ﬁ%%% é@éﬁ@i@%ﬁggﬁ‘gﬁ@ﬁgg%g@m, the
amind’acid°ERefidfice bF SEBABFNEERTAS BB H PaREGHEE sflraec Bediuibiagf SBEGIBNO: 99 as
CDR3; 10¢R)vaniadtibdy Hat tenHisR sCaN Gt ¢hadsphaiviely;the anincsidd-gaaurnsd 0&SEQ ID NO:
85 as Vi, anttanit ChaRaNng B AMNGARK SRAERe Al SHOIP N BT AN s

/L he
antibody OIE)C{Q n 1, wherein the antibody is a chimeric antibody or a 15 humanized a%r%fib.%é . 3.A
composition cotﬁqﬁlrr%@i ﬁ‘iﬂs"%‘fnﬁb%%ﬁ}%? g%ﬁirﬁef%ipﬁgﬁﬁ BOR SheeRractdisthntiadrrier. 204.An
agent agalistabbyisgive (MphirmsntvwhichE ool piides thé SitEBI Of &laimettoreX pihtherdamposition of
Clai'rt?% asﬁ;aiali @_é‘cﬁi)l@&egfﬂdiﬁfﬁu@e&iﬁ@@ﬂ@?@%@q@@%qﬁf@ﬁﬂz@ﬁm_%@ @ﬂé@ﬁd %EZE\PZ??E %ﬁ@”sfes the
antibody q 20r the composition of claim 3.as an activ redjent. . An agent for
suppressir%n %t%’e??%rgt;br ﬁ@h?@rg?%ﬁpvgﬁﬁi%&%aé%%%%‘g?ﬁ ‘éﬁng%%ﬁ&g}gg‘{ﬁig"gﬁﬁSSW%?%‘PE&?1 or 2 or
the compéf‘lﬁ%%\”o? fnits shoWR HCHGE MYPEdidAEBbTEANRGERt 1or suppréesiidhsamiieplaijue
formation sehicih:eendptisesdiet@ntiboey.af efalinil-or: TIRe earspositiorselclBimG as aw active

Ingredients BepAgeN iokyeRIESSINGARACGUAHAN NRICR LRMRHARE i aNiinggy. of claim 1 or 2

or the compasitio laim 3 as an active ingredient. 35 10, An agent for inhibiting Af3 amyloid fibril
formation; V\%ﬁ%ﬂ @8%‘%3 ﬁg%ghﬁ%ndﬁt%o(éégot‘\géilrﬁ b S5Q T N Qo M ESRASH L6 SiFAmine afidactive
ingredientsequenshaagehn axpadnstsyaapticaolidio withWoRiprisebdive arkiBHQAR of@idifmddor 52 or the
com DQSitiSlB;]QfIEiQJEKD:a BSAPAGUIVS ingreriontind 24 walhad %QE&%@M&%@%% Qﬁg@é@%g_WhiCh _
comprises t| etegting an Af ler.cont S e collected from a subject using
the antibo%af' %%%élegltrﬁ{id%{r@ %Tgnllélﬁbjr{née?#gggﬁ F%S‘&?d%%ﬁg%né\%)ggﬂgﬁ%?%ﬁ%‘é% sing whether or not a
subject is a possibR¥ R A8 EfoUiE o4 dee prersht VBRI BOHIfRBIES adhecteranabddseof claim 1 or 2 to
dete2f an Ai3wligomenine sdmhpliicotented e arsuhjeat.id SEQAIMathod afdsevidingdata useful

for diagnogi I£CL | |zheimer's di ient. which comprises the
steps of @%ﬁ&aﬁggﬁg&%ﬁ2%%%?%%*2&%%%%%%%%&%&3‘*§§§@§§%&%§%§“&%@5 o o

measuring the am eiftetit thednpidesresiitiehaibeiaammed seauerssmifdieto be a
possible Altiennds s aisoeselthtiBrthoihear2bltregmdiinl meaburediinS&OAINE) & hither $HaN that of a
healt_h>|/ irﬂbff’l}d@@ﬁ@&?éﬂ@&@g@ @k @M@_&%@é@éﬁ%@fe&ﬂﬁ %ﬂl&@%&?&a& Q&E@&ﬂﬁ@ﬁl&aﬂbieft is a
Pos e Alzheimer's di e patient, w | t -~ a COﬂtaCtI['l a sample
Colealod HaTE e AT e G T s D S S A bndes e A
monomera&iAdedvensy mddatiAvcotideanarsresraidhip Shebrim QR mribaver in BEQJBM 2Wherein the
subject is el SFNINBAND: 16, appesibleyAlzbeimes sdliseqsepatieninahen-iigs alinsneaspied in step (b)
is higher than, 1a¢ o BeAlINIIMERAID NO. 31 and SEQ D NO: 32, respectively; the amino acid

sequence and the nucleotide sequence of the H-chain CDR3 are shown in SEQ ID NO: 33 and

35 SEQID NO: 34, respectively; the amino acid sequence and the nucleotide sequence of the
L-chain CDRI are shown in SEQ ID NO: 35 and SEQ ID NO: 36, respectively: the amino acid



3016.The method of any one of claims 12 to 15, wherein the sample is blood or cerebrospinal fluid.
17.A pharmaceutical agent comprising the antibody of claim 1 or 2 for use in the method of any one of
claims 12 to 15. 35 ANTIBODY CAPABLE OF BINDING SPECIFICALLY TO AB-OLIGOMER, AND
USE THEREOF ABSTRACT The present invertbrs successfully produced monoclonal antibodies
that are specific to only soluble Ap oligomers, but do not recognize soluble Ap monomers, which are
physiological molecules. It was demonstrated that the antibodies are useful as diagnostic/therapeutic
monoclonal antibodies for Alzheimer's disease. (No Suitable Figures) Pagel SEQUENCE LISTING
<110> IMMtdNAS RiHARNMA NG Matsttoars, thd Suth 1 ZDRAKNE BORYSREQIF ICBRNRING TO A

BETA OLI B'?\féNj% N o
<150> US 61 gﬁ%g% 1515 2008 01058 <151> 2008-08-04 <160> 120

<170> Pathf %‘”345@1%@?@9 J?g\%é ?‘ﬁ%EIQRQ DX H0NRSRSHIE lus <400> 1 Asp Val
Gin Leu Val Glu SegrGly 431y @Btipbdiucd dicpheserbiGinGly. 151015 Serdsgibysct endSer Cys Ala Thr Ser

Vol 554043 Al Tyt 1o S0 561 Gt St e AR 6t Ly AR A TR Al SCERES 70 AT P Tr
a a_Tyrlle.Set Se et Se aAsp a S rg Phe Thr
et ER ke S M E Rl PRSI B A e

lle Ser Arg &gp sn Pro 1ys
Ala Met Tﬁmeﬁ%@%&%ﬁ#@é %Fe@ @%&%ﬁfaww@g e w@gﬁ@ﬁmwwg&evm

10010511 @ukheldd Setses Alaht s kit W@ﬁQWVBIaTyEMLﬁLSB@IE}MZQiaﬁd@MW Cys
Glv asn 1k, Ko, Gl Refdetar@l ke Gle capadiel A0 nEA0aL s Gl Tyl Glu Ser val

Thr Val Thr Trp Asn Ser Gl 14’51 SerlLeu Ser S His Thr P ro Ala eu Leu Gin
Ser GfYy 1681707752183 4¥2 1) gt %Néyé'fsaéwm@ MQ b RSOk SRR

195200208¢1d sequence and the nucleotide sequence of the H-chain CDR1 are shown in SEQ ID NO: 49
and SEQ ID NO: 50, respectively; the amine acid sequence and the nucleotide sequence of the
H-chain CDR2 are shown in SEQ ID NO: 51 and SEQ ID NO: 52, respectively; the amino acid
seguence and the nucleotide sequence of the H-chain CDR3 are shown in SEQ ID NO: 53 and
15 SEQ ID NO: 54, respectively; the amino acid sequence and the nucleotide sequence of the
L-chain CDRI are shewn in SEQ ID NO: 55 and SEQ ID NO: 36, respectively; the amino acid
sequence and the nucleotide sequence of the L-chain CDR2 are shown in SEQ ID NO: 57 and

SEQ ID NO: 58, respectively; and the amino acid sequence and the nucleotide sequence of the
L-chain CDR3 are shown in SEQ ID NO: 5% and SEQ ID NO: 60, respectively,

20 For the 4HS antibody of the present invention, the amino acid seguence and the
nucleotide sequence of the full-tength H chain are shown in SEQ ID NO: 61 and SEQ ID NO: 62,
respectively; the amino acid sequence and the nucleotide sequence of the full-length L chain are
shown in SEQ ID NO: 63 and SEQ IID NO: 64, respectively; the amino acid sequence and the
nucleotide segquence of the H-chain variable region (VH) are shown in SEQ ID NO: 65 and SEQ

25 ID NO: 66, respectively; the amino acid sequence and the nucleotide sequence of the L-chain
variable region (VL) are shown in SEE ID NO: 67 and SEQ ID NO: 68, respectively; the amino
acid sequence and the nucleotide sequence of the H-chain CDR1 are shown in SEQ ID NO: 69
and SEQ ID NO: 70, respectively; the amino acid sequence and the nucleotide sequence of the
H-chain CDR2 are shown in SEG ID NO: 71 and SEQ ID NO: 72, respectively; the amino acid

30 sequence and the nucleotide sequence of the H-chain CDR3 are shown in SEQ ID NO: 73 and
SEQ ID NO: 74, respectively; the amino acid sequence and the nucleotide sequence of the
I.-chain CDRT are shown in SEQ ID NO: 75 and SEQ ID NO: 76, respectively; the amino acid
sequence and the nucleotide sequence of the L-chain CDR2 are shown in SEQ 1D NO: 77 and
SEQ ID NO: 78, respectively; and the amino acid sequence and the nucleotide sequence of the

35  L-chain CDR3 are shown in SEQ ID NO: 79 and SEQ ID NO: 80, respectively.

For the 6E4 antibody of the present invention, the amino acid sequence and the



Val Asp Lys Lys Leu Glu Pro Ser Gly Pro lle Ser Thr lle Asn Pro 210215220 Cys Pro Pro Cys Lys Glu
Cys His Lys Cys Pro Ala Pro Asn Leu Gin 225230235240 Gly Gly Pro Ser Val Phe lle Phe Pro Pro
Asn lle Lys Asp Val Leu 245250255 Met lle Ser Len Thr Pro Lys Val Thr Dye val Val Val Asp Val Ser
260265270 Gin Asp Asp Pro Asp Val Gin lle Ser TI2#he Val Asn Asn Val Glu 275280285 Val His Thr
Ala Gin Thr Gin Thr His Arg Glu Asp Tyr Asn Ser Thr 290295300 Ile Arg Val Val Ser Thr Len Pro
305310 le Gin His Gin Asp Trp Met Ser 315320 Gly Lys Gin Phe Lys Cys Lys Val Asn Asn Lys Asp
Leu Pro Ser Pro 325330335 lle Glu Arg Thr lle Ser Lys lle Lys Gly Leu Val Arg Ala Pro Gin 340345350
Val Tyr lle hte®RrdeReguBnceAlXIG ifulGinngentSduirerd yeorAspVEEQIBIS0365 Harsten PvE s L eu Val

Lys i'sypi*h% *”é R g@% A S SRR R n
40541041§ W‘t‘ Ly %igé?ﬁ;% L@ﬁ%ﬁp sﬁ%’éﬁ%‘?ﬁ"gys‘gﬁ’ &%"ﬂéﬁ‘%/%ﬁ%%% 36 Arg His Glu
Gly Leu L@ﬂ@‘i’fﬁ?ﬁ%ﬁkwﬁw stk vieiehde megpa S8 HA 02 S Sen ProHQYIE YEU S0 xR <211>
1359 <212» BiAsE2kapeMus i uscuiis ~A420x 4 .eaigtaaans toatesae s iae8a9agscitiagigeage
ctggagggte, ceagaa; g%ag;(ggi@ﬁ %l%tgﬁ:aa o]cﬁtg%g(g%g ﬁ%?t a{% g%ﬁﬁc{act gglg%act ttc tc%ggmtlm

ccagagaagg, actg cgcatac attagtagtg gcag cca chyacatag
ctgcaaatgé‘ij Fé&f‘&fﬁﬁ %ﬂé@@%ﬁ%&?&f&?&té g&ﬁb&@&éé&é@f&ﬁ%&%ﬁ%&@%&@c
ggtggaccatracaccaayg afittggtitgtiadantagiaiggeadgeaginatcied anan grgtagighgnestcagtg
°i§gt°ft%%*aa§’§?mi%° e {%%?ffcgi ot E“f‘tf??%%%é%?%iﬁ%%%@ﬁ%gﬁatgcaa
tanab e A IER AR AC T SIEAEECh ) LA R L SHLRLY S S BL e W L
tcaaggaac%@ g?é—m@&m Eaﬁ‘@tmm @t@éagmaemtdg@@gadeatgic%gw@ﬁﬁmtcca

gatg gtggamgﬂagmﬁo; ﬂ@tﬁﬁg@aﬁpm@ﬁ%%@mmwg@%@%m@% Yeactg fttctcatge
ceggteteeq,, tccagg%l&%é"cgccl%&aégt tc%gﬁ%g%?%ﬁgga tca‘s’itgaq?m?ﬁfg?ﬁ %\g(g §§ é
aaaaaactt%égcacaaat aatat caagg diga cgagg acagc aga ctccccalce aaagaterce ¢e tat

acttgcctgg t@?@t’é‘é‘(‘fﬁ Bt disgapiegybashteaience and the nucieotide sequence of the
15 L-chain CDR3 are shown in SEQ ID NO: 99 and SEQ ID NO: 100, respectively.

For the 6H4 antibody of the present invention, the amino acid sequence and the

nucleotide sequence of the full-length H chain are shown in SEQ ID NO: 101 and SEQ I NO:
102, respectively; the amino acid sequence and the nucleotide sequence of the full-length L chain
are shown in SEQ ID NO: 103 and SEQ ID NO: 104, respectively; the amino acid sequence and

20 the nucleotide sequence of the H-chain variable region (VH) are shown in SEQ 1D NO: 105 and
SEQ IID NO: 106, respectively; the amino acid sequence and the nucleotide sequence of the
L-chain variable region (VL) are shown in SEQ ID NO: 107 and SEQ ID NO: 108, respectively;
the amino acid sequence and the nucleotide sequence of the H-chain CDR1 are shown in SEQ ID
NO: 109 and SEQ ID NO: 110, respectively; the amino acid sequence and the nucleotide

25 sequence of the H-chain CDR2 are shown in SEQ ID NO: 111 and SEQ ID NO: 112,
respectively; the amino acid sequence and the nucleotide sequence of the H-chain CDR3 are
shown in SEQ ID NG: 113 and SEQ ID NO: 114, respectively; the amino acid sequence and the
nucleotide sequence of the L-chain CDR] are shown in SEQ ID NO: 115 and SEQ 1D NO: 116,
respectively; the amino acid sequence and the nucleotide sequence of the L-chain CDR2 are

30 shownin SEQ ID NO: 117 and SEQ 1D NO: 118, respectively; and the amino acid sequence and
the nocleotide sequence of the L-chain CDR3 are shown in SEQ ID NO: 119 and SEQ ID NO:
120, respectively.

‘The above-mentioned antibodies of (1) to (38) include not only monovalent antibodies

but also multivalent antibodies with two or more valencies. The multivalent antibodies of the

35 present invention include muitivalent antibodies whose antigen binding sites are all the same and
multivalent antibodies whose antigen binding sites are partially or completely different.



<210> 3 <211> 219 <212> PRT <213> Mus musculus <400> 3 Asp Val Leu Met Thr Gin Thr Pro Leu
Ser Leu Pro Val Ser Leu Gly 151015 Asp Gin Ala Ser lle Ser Cys Arg Ser Ser Gin Asn lle Val His Ser
202530 Asn Gly Asn Thr Tyr Leu Glu Tip Tyr Leu Gin Lys Pro Gly Gin Ser 354045 Pro Lys Leu Leu lle
Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp
Phe Thr Leu Lys lle 65707580 Ser Ser Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Gin Val
859095 Page 4 Ser His Val Pro Pro Thr Phe Gly Gly Gly Thr Lys Len Gin lle Lys 100105110 Arg Ala
Asp Ala Ala Pro Thr Val Set lle Phe Pro Pro Ser Set Glu 115120125 Gin Len Thr Set Gly Gly Ala Set
Val Val Cys Phe Lier: AstieAst &ite:didRh35146bTye-Reatysdapiledsn ¥aj lsysm rptas UerAsp Gly Ser

Gin Arg 14515012R16HRIN ASY @Mn}/p?é, LENAILRE BEPLHASR GIE SRpELYS é@g ser
165170175]%%[ Tyr Sef%Met Set Ser. ThriLeu Thr Lel Thr Lys Asp Glué'[)(g Glu 180185190 Arg His Asn

Ser Tyr Tht ARSARE TP S Y HOR R B PTIP SR TYB LR 20815 e Vartifd St 9sHiakesh Arg Asn
Gin Cys 220215y <2 Iigsartibod of660 «2h 2o Al Gred/ usipodg odl(i) iatcefittgta tasctgcaga
tctstzgtggiccw%glgsg{%%g@ﬁm@gé@&ﬁ%?g@d{gaﬁt«;@&gtt &aﬁéﬁé&gegnﬁg%tgtﬁ%%{a%}tﬁ%a
atctagtca aaccaggcca ca aggctga aggcac caccatccag tciaccccaa tectgaaca
eacgtga L e e o paeatpees
agacatcaatittggacigunedbyyaiyatpicsenes Qfa?%é ) @ttty ibiigg die agypaacit seryorcatehaacggg
acatctggag gzaagigga icagibag eadtaig aabgoscgicaagageb UFIAACBAGR agagagiite cagattigae
ticaagtttc %%%98%&3%8?8@@1%%%@5@34&%&%@%8@5 @%m%t%et%@c%%%%% atg?r%?tgg caaccgattt

act c?slgatc acatgttcct actaactgta cgtgtgcttc cagtgaacga ctacagcatg tacctgtgag tgagtgitag
manner.

Herein, “equivalent activity” means that the antibedy of interest has biological or
biochemical activity similar to that of an antibody of the present invention. Examples of the
“activity” of the present invention include the activity to bind specifically to AD oligomers but
not to AP monomers, anti-neurotoxic activity, activity to suppress AP amyloid fibril formation,
anti-synaptic toxicity activity, and anti-memory Impairment activity.
Methods for preparing a polypeptide having activity equivalent to that of a certain
polypeptide that are well known to those skilled in the art include methods for introducing
mutations into a polypeptide. For example, one skilled in the art can prepare an antibody
having activity equivalent to that of an antibody of the present invention by introducing
20 appropriate muiations into the antibody using site-directed mutagenesis (Hashimoto-Gotoh, T, er
al. (1995) Gene 152, 271-275; Zoller, M, and Smith, M. (1983) Methods Enzymol. 100,
468-500; Kramer, W. er ai. (1984) Nucleic Acids Res. 12, 9441-9456; Kramer W, and Fritz HJ
(1987) Methods, Enzymol. 154, 350-367; Kunkel, TA (1985) Proc. Natl. Acad. Sci. USA. §2,
488-492; Kunkel {1988) Methods Enzymol. 85, 2763-2766) and such. Amino acid mutations

25 may also occur naturally,  The antibodies of the present invention also include an antibody that
comprises an amino acid sequence with one or more amino acid mutations in the amino acid
sequence of an antibody of the present invention, and which has activity equivalent to that of the
antibody of the present invention. The number of mutated amino acids in such mutants may be
generally 50 amino acids or less, preferably 30 amino acids or less, and more preferably ten

30 amino acids or less (for example, five amino acids or less).

Amino acid residues are preferably mutated into other amino acids that conserve the
properties of the amino acid side chains. For example, amino acids are categorized as follows
depending on the side chain properties: hydrophobic amino acids (A, I, L, M, F, P, W, Y, and V),
hydrophilic amino acids (R, D, N, C, E, Q, G H, K, S, and T), amino acids with aliphatic side

35 chains (G A, V, L, I, and P), amino acids with hydroxyl-containing side chains (S, T, and Y),
amino acids with sulfur atom-containing side chains (C and M), amino acids with carboxylic



<210>5<211> 116 <212> PRT <213> Mus musculus <400> 5 Asp Val Gin Leu Val Glu Set Gly Gly
Gly Leu Val Gin Pro Gly Gly 151015 Set Arg Lys Len Set Cys Ala Thr Set Gly Phe Thr Phe Set Set
Phe Page 5202530 Gly Met His MI) Val Arg Gin Ala Pro Glu Lys Gly Leu Glu Trp Val 354045 Ala Tyr
lle Set Set Gly Set Set Ala lle Tyr Tyr Ala Asp Thr V& 505560 Lys Gly Arg Phe Thr lle Set Arg Asp
Asn Pro Lys Asn Thr Len Phe 65707580 Leu Gin Met Thr Set Leu Arg Set Glu Asp Thr Ala Met Tyr
Tyr Cys 859095 Ala Arg Set Gly Asp Thr Met Asp Tyr Trp Gly Gin Gly Thr Set Val 100105110 Thr Val
Set Set 115 <210> 6 <211> 348 <212> DNA <213> Mus musculus <400> 6 gatgtgcagc tggtggagtc

tgggggagoeithgigeagidsiggagagicsttagadaciool tectalgcaaeaiaagrl Gasiisagtageiagan,
B P e R e s L AN

gcagacacag tgaagggccg attcaccatc tccagagaca atcccaagad cacce otgjcaaatya ceagtctaag

gtctgaggad Aty GEcERyE S Bl S A St 500 §atERYg actactgggg tcaaggaacc tcagtcaccy
tctcctca348 <210>AheRpdptidd Baxd2i2m RRE<RiBseMeasaitsalins st mérAspiMakk@u Met Thr Gin

Thr Pro LeisSeick o1 Bioreh Seldey Q151005 AsEARESHIe Sercys (e 3eL gl Cin Asn lle
Val His Set 202530.Asn G'%QASQKTW '%/r Len Glu Tr. ;}géen Gin Lys Pro Gly Gin Set 354045 Pro Lys
W%{E; r

Leu Leu IE TP AT EREARF AT PR &R iy BERBPHEP A BIE et Gly Set Gly Set Gly
Thr Asp Phe Thr Lsgddjsmectrepasosutigaed mbdiisaionsithospibeliosty thal Fesefiyr Cys Phe Gin

Val 85909 &ettiisnégivR i ialdl B8 e lybabvrdoty Ahehy a0 ahyille: L s Rages6 100105110
Exampies of the substances include peptides, lipids, sugars and sugar chains, acety! groups, and
10 natural and synthetic polymers. These modifications may be performed to confer additional
functions to the antibodies, or to stabilize the antibodies.

Antibodies in which several amino acid residues have been added to the amine acid
sequence of an antibody of the present invention inchude fusion proteins containing the antibody.
In the fusion proteins, the antibody is fused with another peptide or protein.  Methods for
producing a fusion protein can be carried out by ligating a polynucleotide encoding an antibody
of the present invention in frame with a polynucleotide encoding another peptide or polypeptide,
and inserting this into an expression vector, and expressing the fusion construct in a host.
Techniques known to those skilled in the art can be used for this purpose.  The peptides or
polypeptides fused with an antibody of the present invention include, for example, known
20 peptides such as FLAG (Hopp, T.P. ¢f al., BioTechnology {1988) 6, 1204-1210), 6x His

consisting of six histidine (His) residues, 10x His, Influenza hemagglutinin (HA), human ¢-mye
fragments, VSV-GP fragments, pl 8HIV fragments, T7-tag, HSV-tag, E-tag, SV40T antigen
fragments, Ick tag, a-tubulin fragments, B-tag, and Protein C fragments;
glutathione-S-transferase (GST); immunoglobulin constant regions; B-galactosidase; and

25 maltose-binding protein (MBP), ete. Commercially available polynucleotides encoding these
peptides or polypeptides can be fused with polynucieotides encoding the antibodies of the
present invention, and the fusion polypeptides can be produced by expressing the fusion
polynucleotides thus prepared.

The antibodies of the present invention may differ in the amino acid sequence,

30 molecular weight, presence or absence of sugar chains, structure and such, depending on the cell
or host producing the antibodies or the purification method. However, as long as the obtained
antibody has an activity equivalent to an antibody of the present invention, it is included in the
present invention.

Antibedies that bind to an epitope to which an antibody of any one of {1) to (36) above

35 binds can be obtained by methods known fo those skilled in the art.  For example, the
antibodies can be obtained by (i) determining the epitope bound by the antibody of any one of



<210> 8 <211> 336 <212> DNA <213> Mus musculus <400> 8 gatgttttga atctcttgca tacctgcaga
tctggggtcc agcagcegtgg ccgacgttcg tgacccaaac gatctagtca aaccaggcca cagacaggtt aggctgagga
gtggaggcac tccactctcc gaacattgta gtctccaaag cagtggcagt tctgggagtt caagctggaa ctgcectgtca
gtcttggaga tcaagcctcc catagtaatg gaaacaccta tttaga#tgg ctcctgatct acaaagtttc caaccgattt ggatcaggga
cagatttcac actcaagatc tattactgct ttcaagtttc acatgttcct atcaaa <210> 9 <211> 5 <212> PRT <213> Mus
musculus <400> 9 Set the Gly et His 15 <210> 10 <211> 15 <212> DNA <213> Mus musculus <400>
10 agctttggaa tgcacl5 <210> 11 <211> 10 <212> PRT <213> Mus musculus <400> 11 Tyr lle Set Set

Gly Set SatiMa (&) itk r2hbertRraids; mﬁ@@?§§@%§;ﬁ§9@lﬁe§%@> zltgo> 13 Set
> 7 <212> <213> Mus m us <
e R S G R T SR
tetggggatal SR @Faogéfit‘b g predueehy fé@i@g‘t’lﬁ%mﬁfﬂéﬁmt§§3¢ﬁﬁ§%l§m%3%h@‘0‘ﬂ@5%rg Ser
Ser Gin Aspillep¥althtissBer A smGliksmThrdfyrlaey Gluct (5y10(16)<210> 16
5 The above-mentioned antibodies of (1} to (38) also include any type of antibodies such

as the above-described minibodies, antibodies with modified amino acid sequences such as

humanized antibodies and chimeric antibodies, non-human animal antibodies, human antibodies,

modified antibodies conjugated to other molecules (for example, polymers such as polyethylene

glycol), and sugar chain-modified antibodies.

10 In a preferred embodiment, the antibodies of the present invention are modified
antibodies such as chimeric antibodies and humanized antibodies. Examples of preferred
antibodies include (i) a chimeric antibody whose variable region is derived from the 2C3
antibody, 1A9 antibody, SAS antibody, SA9 antibody, 4F7 antibody, 4H3 antibody, 6E4 antibody,
or 654 antibody, and whose constant region is derived from a human immunoglobulin; and (i) a

15 humanized antibody whose CDR is derived from the 2C3 antibody, 1A9 antibody, SAS antibody,
5A9 antibody, 4F7 antibody, 4H5 antibody, 6E4 antibody, or 6H4 antibody, and whose FR is
derived from a human immunoglobulin, and whose constant region is derived from a human
immunoglobulin.  These modified antibodies can be produced using known methods.

Since the antigenicity of a chimeric antibody or a humanized antibody in the human

20 body is reduced, such an antibody is useful for administration to humans for therapeutic purposes
or such.

Chimeric antibodies are produced by combining sequences derived from different
znimals. Examples of chimeric antibodies include antibodies comprising the heavy-chain and
light-chain variable regions of 2 mouse antibody and the heavy-chain and light-chain constant

25 regions of a human antibody. The production of chimeric antibodies can be carried out using
known methods (see, for example, Jones ef af., Nature 321:522-5, 1986; Riechmann et al,
Natuare 332:323-7, 1988; and Presta, Curr. Opin. Struct. Biol. 2:593-6, 1992).  For example, first,
genes encoding the variable regions or CDRs of the antibody of interest are prepared from the
RNAs of antibody-producing cells by polymerase chain reaction (PCR) or such (see, for example,

36 Larrick ef al., “Methods: a Companion to Methods in Enzymology”, Vol. 2: 106, 1951:
Courtenay-Luck, “Genetic Manipulation of Monoclonal Antibodies” in Monocional Antihodies:
Production, Engineering and Clinical Application; Ritter ef al. (eds.), page 166, Cambridge
University Press, 1995, and Ward ef al., “Genetic Manipulation and Expression of Antibodies” in
Monoclonal Antibodies: Principles and Applications; and Birch ef /. {eds.), page 137,

35 Wiley-Liss, inc., 1995).  The prepared genes encoding the variable regions are linked to genes
encoding the constant regions or framework regions. The genes encoding the constant regions



<211>48 <212>DNA <213> Mus musculus <400> 16 agatctagtc agaacattgt acatagtaat
ggaaacacct atttagaad8 <210> 17 <211> 7 <212> PRT <213> Mus musculus <400> 17 Lys Val Ser
Asn Arg Phe Ser 15 <210> 18 <211> 21 <212> DNA <213> Mus musculus <400> 18 aaagtttcca
accgattttc t21 <210> 19 <211> 9 <212> PRT <213>3Mus musculus <400> 19 Phe Gin Val Ser His Val
Pro Pro Thr 15 <210> 20 <211> 27 <212> DNA <213> Mus musculus Page 8 <210> 21 <211> 455
<212> PRT <213> Mus musculus <400> 21 Gin Val Thr Leu Lys Glu Set Gly Pro Gly lle Leu Gin Pro
Set Gin 151015 Thr Leu Set Leu Thr Cys Ser Phe Set Gly Phe Ser Leu Thr Thr Ser 202530 Ala Met

Gly Val SesrlranéatAkG<ionb i pBt As@riaifcdly: bewhialy 354049 idmermlabis de Jakd rp Asp Asp
Asp Lys Arggegééf ()Aﬁsﬁtfrﬁ%t%gfy?!%%? ggn be prepared based on the sequence information of known
antibodies, DNA sequences enceding chimeric products and CDR-grafted products may be
synthesized completely or partially using oligonucleotide synthesis techniques. For example,
5 the oligonucleotide synthesis described by Jones er af. (Nature 321:522-5, 1986) may be

performed. Furthermore, in some cases, site-directed mutagenesis and polymerase chain
reaction techniques may be appropriately used. Techniques for oligonucleotide-specific
mutagenesis of known variable regions described by Verhoeyen ef ¢/, {Seience 239: 1534-6,
1988) and Riechmann ef al. (Nature 332: 323-7, 1988) may be used for modifying the variable

16 region sequences, for example, to enhance the binding ability of chimeric antibodies.
Furthermore, if necessary, enzymatic fill-in of gapped oligonucleotides using T4 DNA
polymerase may be petformed, for example, as described by Queen ef al. (Proc. Natl. Acad. Sci.
USA 86: 10029-33, 198; and WO 90/07861).

For example, CDR-grafting techniques are known in the art (“Immunoglobulin genes”,

15 Academic Press (London), pp 260-74, 1989; and Michael A ef al , Proc. Natl. Acad. Sci. USA ‘
91: 969-73, 1994).  Using the techniques, the CDRs of a certain antibody are replaced with the
CDRs of another antibody. Through such replacement, the binding specificity of the former
antibody is changed to that of the latter antibody. Among such chimeric antibodies, those in
which the framework amino acids are derived from a human antibody are called “hurmanized

20 antibodies (CDR-grafted antibodiesy”. When using antibodies to treat humans, human
antibodies or humanized antibodies are preferably utilized.

Generally, chimeric antibodies comprise the variable regions of & non-human
mammal-derived antibody and the constant regions derived from a human antibody. On the
other hand, humanized antibodies comprise the complementarity-determining regions of a

25 non-human mammal-derived antibody and the frameworlk regions and constant regions derived
from a human antibody.

After producing the chimeric antibodies or humanized antibodies, amino acids in the
variable regions (for example, FRs) or the constant regions may be substituted with other amino
acids.

30 The origin of the variable regions of the chimeric antibodies or the CDRs of the
humanized antibodies is not particularly limited.

Human anfibody-derived C-regions are used for the C-regions of the chimeric
antibodies and humanized antibodies. For example, Cy1, Cy2, Cy3, Cv4, Cp, C3, Cal, Co2,
and Ce can be used for the H-chain C-regions, and Cx and CA can be used for the L-chain

35  C-regions. Their sequences are known.  Furthermore, the human antibody C regions can be
modified to improve the stability of the antibodies or their production.



Leu Lys Set Arg Leu Thr lle Ser Lys Asp Thr Set Set Asn Gin Val 65707580 Phe Leu Lys lle Thr Set
Val Asp Thr Ala Asp Thr Ala Thr Tyr Tyr 859095 Cys Ala Arg Lys Gly Leu Gly Gly Ala Met Asp Tyr Trp
Gly Gin Gly 100105110 Thr Set Val Thr Val Set Set Ala Lys Thr Thr Pro Pro Set Val Tyr 115120125
Pro Leu Ala Pro Gly Cys Gly Asp Thr Thr Gly Ser S#t Val Thr Leu 130135140 Gly Cys Leu Val Lys Gly
Tyr Phe Pro Glu Set Val Thr Val Thr Trp 145150155160 Asn Ser Gly Set Leu Set Set Set Val His Thr
Phe Pro Ala Leu Leu 165170175 Gin Set Gly Leu Tyr Thr Met Set Set Set Val Thr Val Pro Set Set
180185190 Thr Tip Pro Set Gin Thr Val Thr Cys Set Val Ala His Pro Ala Set 195200205 Set Thr Thr
Val Asp Lys Lys Lek:GiudRoaoedi6s lytie deimaickhir 2023522 Oitenden: B e Gys Bxo (Rro Cys Lys Glu

Cys His Lyg; eﬁ;ﬁocﬁ'%ﬁ&%&%ﬁ%@%@%&@k%@é@@v GOEIRRAAALERGA g e PTo Bro Asn

lle Lys 245250255 Asp Val Leu Met lle"Set L r Cys Va 0265270 Asp
Val Set c;m“aé’gﬁ%g%@rmwaﬂém R EL Y P PR D PEDBIPEE PG GRS lle Arg
Val Val Set fﬁdmrem@naﬁﬂﬁﬁwwsml@irm\spfﬁ%aﬂ@@bﬁﬁﬁﬁtmpsmmém@Iy InyBIGIAPHe Lys Cys Lys

Val Asn A@.ﬁtm}ﬁﬁ%ﬁg&mm&oﬁ&ﬁﬂ%@ﬂ% REGIHNMG Rebbadlebyafalvkgy Val Arg
340345350 Ala} Pro GmV r lle é_a}i ro Ala c:‘}"(I‘;Iu Gin Leu Set ?%355%‘?603 5 Lys Asp Val

Set Leu TRAERS TOUASIR/A “f*“’“iﬁ SE AR SR B AETS HEYHPEet Asn Gly

His Thr Gl@ﬁ@@rwn%wst@s%mésﬁod%p THicAIdaPy aVAPEE (viieh rsetznizestly BEnayr Phe lle
Tyr Set 4054ib04:1 bridyis fagpeAshthiert mﬂmzﬁﬁtabx&aliﬂe@hbmﬁmé\m&%m 440425430

Cys fon VEIIDRIRGIG!Y LatbhiadhR, I b he Wb B LNL PR IS RE MR PR 022
10 added to the plate, and the absorbance is measured to evaluate the antigen-binding ability of the

sample of interest.  The evaluation can be performed using BlAcore (Pharmacia).
Furthermore, the present invention provides compositions comprising the
above-mentioned antibody of the present invention and a pharmaceutically acceptable carrier.
As described below, the present invention strongly suggests that monoclonal 1A9 and
15 2C3 antibody are promising candidates for therapeutic antibodies for preventing Alzheimer-like
phenotypes. Memory deterioration has been shown to be related to synaptic dysfunction caused
by soluble AB oligomers (Kiein WL, 2001, Trends Neurosci; and Selkoe DJ, 2002, Science).
Excessive accumulation and deposition of AB oligomers may trigger the complicated
downstream cascades that cause Alzheimer’s disease.  If this is the case, therapeutic
20 intervention using a composition comprising an antibody of the present invention and a
pharmaceutically acceptable carrier could be effective for blocking the pathologic cascades, and
thus this could enable the treatment of Alzheimer’s disease,
The “treatment” of the present invention does not necessarily have complete therapeutic

or preventive effects against organs or tigsues exhibiting symptoms of disorders or diseases, but

a2
i

may have partial effects.

“Treatment of Alzheimer’s disease” in the present invention means amelioration of at
least one symptom that may be caused by Alzheimer’s disease, and examples include
amelioration or suppression of cognitive impairment, amelioration or suppression of senile
plaque formation, ameloration or suppression of synaptic dysfunction, and reduction or
30 suppression of AP accumulation in brain tissues, blood, or such. Herein, “cognitive

impairment” includes, for example, memory impairment including long term/short term memory
impairment, object recognition memory impairment, spatial memory impairment, and associative
and emotional memory impairment.
The present invention provides pharmaceutical compositions or pharmaceutical agents
35  which comprise as an active ingredient the above-described composition comprising an antibody
of the present invention and a pharmaceutically acceptable carrier.



<213>Hue 440 Set Pro Gly Lys 455 musculus 445 <400>22 caggttactc tgaaagagtc tggccctggg
atattgcagc cotcccagac cctcagtctg 60 acttgttctt tctctggatt ttcactgacc acttctgcta tgggtgtgag ctgggttcgt 120
cagccttcaa gaaagggtct ggagtggctg gcacacattt actgggatga tgacaagcgc 180 tataacccat ccctgaagag
ccggctcaca atctccaagg atacctccag caaccaggta 240 ¥ectcaaga tcaccagtgt ggacactgca gatactgcca
catactactg tgctcgaaag 300 ggactgggag gtgctatgga ctactggggt caaggaacct cagtcaccgt ctcctcagec 360
aaaacaacac ccccatcagt ctatccactg gcccctgggt gtggagatac aactggttcc 420 tccgtgactc tgggatgect
ggtcaagggc tacttccctg agtcagtgac tgtgacttgg 480 aactctggat ccctgtccag cagtgtgcac accttcccag

ctctectgea gtctggahmlﬁét@dmaammgﬁogcagqthﬁg& Gastgitgag tecagracetiggedaagtsa gaccgtcacc 600
O D HSACEERUBEPAGAASANE ATIIORGRAARAANOR BEG5RUGIIA AR FaRATcaa caatcaacee

tgtcctcca tgcaagga cacaaatg, ccca CtCCt
9 % gc% gca%y acceptable carrxger means comprising the above-described composition

comprising an antibody of the present invention and a pharmaceutically acceptable carrier as a
5  major ingredient, but does not limit its content rate.

Examples of the above-mentioned pharmaceutical compositions include agents against
cognitive impairment, Alzheimer’s disease agents, agents for suppressing the progression of
Alzheimer’s disease, agents for suppressing senile plaque formation, agents for suppressing AB
accumulation, anti-neurotoxic agents (agents for neutralizing neurotoxicity), agents for inhibiting

10 AP amyloid fibril formation, and anti-synaptic toxicity agents (agents for neutralizing synaptic
toxicity).

The above-mentioned pharmaceutical composition of the present invention can be
expressed, for example, 25 “methods for suppressing Alzheimer’s disease™ which comprise the
step of administering to a subject (individual) the above-described composition comprising an

15 antibody of the present invention and a pharmaceutically acceptable carrier.  In other
embodiments, examples include methods for suppressing cognitive impairment, methods for
suppressing the progression of Alzheimer’s disease, methods for suppressing senile plaque
formation, methods for suppressing Af accumulation, methods for neutralizing (suppressing)
neurotoxic activity, methods for inhibiting AP amyloid fibril formation, and methods for

20 neutralizing (suppressing) synaptic toxicity, In further embodiments, examples include
methods for preventing and/or treating cognitive impairment, and methods for preventing and/or
treating Alzheimer’s disease.

The present invention also provides use of a composition comprising the
above-described antibody of the present invention and a pharmaceutically acceptable carrier in

25 the production of the above-mentioned pharmaceutical composition.

Furthermore, the present invention relates to the following compositions.

- A composition comprising the above-described antibody of the present invention and a
pharmaceutically acceptable carrier for use in preventing and/or treating cognitive impairment.
- A composition comprising the above-described antibody of the present invention and a

30 pharmaceutically acceptable carrier for use in preventing and/or treating Alzheimer’s disease.

- A composition comprising the above-described antibody of the present invention and a

pharmaceutically acceptable carrier for use in suppressing the progression of Alzheimer’s

disease.

- A composition comprising the above-described antibody of the present invention and a
35  pharmaceufically acceptable carrier for use in suppressing senile plaque formation.

- A composition comprising the above-described antibody of the present invention and a



aacctcgagg gtggaccatc cgtcttcatc ttccctccaa atatcaagga tgtactcatg 780 atctccctga cacccaaggt
cacgtgtgtg gtggtggatg tgagcgagga tgacccagac 840 Page 10 gtccagatca agagaggatt tggatgagtg
gagagaacca ccaccagcag aaccctggag gacaccgcac aaaacaagca aaaaat tact gctggtttgt acaacagtac
gcaaggagtt tctcaaaaat agcagttgtc acatcagtgt cagtcétyga agtgggagaa acctgaagaa gaacaacgtg
tatccgggtg caaatgcaag taaagggcta caggaaagat ggagtggacc ctctgacggt aacagattcc gaccatctcc
gaagtacaca gtcagcaccc gtcaacaaca gtcagagctc gtcagtctca agcaatgggc tcttacttca ttctcatgca cggtetccgg
cagctcagac tccccatcca aagacctcee cacaagtata cttgectggt atacagagga tatatagcaa acgtgagaca gtaaatga

acaaacccathguagsaggaityatcapetatcoatetigeogecgtyggoitsigaadtacaagugieionataty cgagggtety <210>
23 <211> 249 sedddmi R mgd dxaMids: Rave clalsi s00m 13 ahMeteRbEiRgThr Pro Leu Ser

Leu Pro Va] Ser e%Gﬁ/ 15 O%%ﬁs Gin Ala Ser lle S?r Cys Ar% er Ser Gin Ser Leu Leu His Ser

202530 ASTER LTI TP RLERETeD Py PG MEIR TOLRS IO S8 SERIE TS Lou Lo ll

Tyr Lys Val‘Sermsniligy Phwseedhy P sobséennbpix e PhesenGirsdioaiider Gly Thr Asp

Pile Thr Letd-yadiathilg 415689@ae AgiMabtlwe AMarfGibivisnBeanelyiy abiyfoRhaicys Ser Gir|1 Ser |

859095 ThrHj L B 13 Gly-Thr Ly 105 Arg Ala Asp Ala
M&@EE ) 6 Y 2 16-Gho % ?&}! Hel Mﬁ«?@%ﬁ%%ﬁ%ﬁ?@% éﬁ%’,oi\

Ala Pro Thr Val Ser lle Pile Pro Pro Ser Ser Glu 11512012 ) la Ser Val val
Cys Pile LERPREKAERAHRECTIILYS FA0! T PPIEF L) RGP PR SHRRFISRST PRy SAIe el Gly Ser Glu
Arg 1451501551 6Dh&idAsm@iydtal pbardsreSenllapThoAdp GincAspGerityysaAdp Ser 165170175
Thr Tyr SepMeitaeedRehiihhedt HReSULHE LS AShlbnd Mi/aHBAdAREIA T HIR Asn Ser Tyr Thr
Cys Gju Al L s s T, Sef Thn Ser 195200205 Pag 11Ero e al Lys Ser bhe Aon Arg Asn
Glu Cys » TaL8, mgs, ;
chickens, cats, dogs, sheep, pigs, cattle, monkeys, baboons, and chimpanzees, These animals
preferably exhibit at least one symptom selected from, for example, cognitive impairment, senile
plague formation, synaptic dysfunction, AP accumulation in brain tissues or blood, etc.
Antibodies contained in the pharmaceutical compositions of the present invention are
IS not particularly Hmited as long as they are included in the above-mentioned antibodies of the
present invention, and examples include the antibodies described herein.
When using the above-mentioned antibodies of the present invention for pharmaceutical
compositions, they may be formulated by methods known to those skilled in the art.  For
example, as necessary, they can be prepared in the form of injectable sterile solutions or
20 suspensions using water or another pharmaceutically acceptable liquid, and can be administered
parenterally. For example, the antibodies to be included in the pharmaceutical compositions
can be cormbined with acceptable carriers or media, specifically, sterile water, physiological
saline, vegetable oils, emulsifiers, suspensions, surfactants, stabilizers, flavoring agents,
excipients, solvents, preservatives, binders, or such, and mixed into a unit dose form required for
25 generslly accepted pharmaceuntical practice.  The phrase “pharmaceutically acceptable”
indicates that the substance is inactive, and contains conventional substances used as diluents or
vehicles for pharmaceuticals.  Suitable excipients and their formulations are described, for
example, in Remington’s Pharmaceutical Sciences, 16% ed. (1980) Mack Publishing Co., ed.
Oslo et al.
30 Physiological saline and other isotonic solutions containing glucose or adjuvants (for
example, D-sorbitol, D-mannose, D-mannitol, and sodium chioride) can be used as aqueous
solutions for injection. They can be used together with appropriate solubilizers such as alcohols,
more specifically, ethanol and polyalcohols (propylene glyeol, polyethylene glycol, and such),
and non-ionic surfactants (Polysorbate 80™, HCO-30, and such).
35 Sesame o1l or soybean o1l can be used as an oleaginous liquid, and benzy! benzoate or
benzyl alcohol can be used in combination as a solubilizer. Buffers (for example, phosphate



210215 <210> 24 <211> 660 <212> DNA <213> Mus musculus <400> 24 gatgttgtga tgacccaaac
tccgctctcc ctgectgtca gtcttggaga tcaagectcc60 atctettgca gatctagtca gagccticta cacagtaatg gaaacaccta
tttacattgg120 tacctgcaga agccaggcca gtctccaaag ctcctgatct acaaagtttc caaccgattt180 tctggggtcce
cagacaggtt cagtggcagt ggatcaggga cagatttcac actcahgatc240 agcagagtgg aggctgagga tetgggagtt
tatttctgct ctcaaagtac acatgttccg300 ctcacgttcg gtgctgggac caagctggag ctgaaacggg ctgatgctgce
accaactgta360 tccatcttcc caccatccag tgagcagtta acatctggag gtgcctcagt cgtgtgcttc420 ttgaacaact
tctaccccaa agacatcaat gtcaagtgga agattgatgg cagtgaacga480 caaaatggcg tcctgaacag ttggactgat

caggacagda dergadagdasctedagdatisiCegbngagoyicae gitgapleapygaog g datddacdmc ataacagcta

tacctgtgagﬁ@&mag@aﬁmﬂacgéﬁ@ﬁ%@mﬁtpa%@g@%hﬁ%ﬁf&@g&%ﬂ%ﬁl@mm <210> 25
<211> 119f<21%> PRT 213> usmﬂus <400> Ziﬁs aI Thr Leu Lys Glfé Ser Gly Pro Gly lle
e

Leu Gin Pro Ser 8?%315 OTE Tt ec Ly ca&be r ﬁe ?@F%’@aﬁh & t'eu Thr Thr Ser
202530 Ala Met GT?W“SWWBW&* Nﬁ@ﬁﬁ%@&{ﬂ@%@ﬂ@@@l%@i@@%%u Ala His lle
Tyr Trp Asipohsiz AdpibiysaAitg By iHsn G arSenbobabaihetidiys Sendmgheshdhdiarberliys Asp Thr

Ser Ser Asp Gin-Val.0ar Qfe8RERe e U s Ie T aaValAse &hﬁﬁ%&s%me% tm NN

859095 Cys Ala Arg Lys Gly Leu Gly Gly Ala'Met Asp Tyr Trp 100105110 er Val Thr
Val Ser SgP(‘f‘i% ﬁ%%ﬂé%ﬁm“\o&‘éi@%ﬁa% mﬁéw%wen : &a@?ﬂﬁefé]t@é%ﬁ%gtc
tggccctggguitattgeays ioptcoragad setbagtctg 60 acttgttctt tctctggatt ttcactgacce acttctgceta

The pharmaceutical compositions contain a pharmaceutically effective amount of the
10 active component (the above-mentioned antibody of the present invention). “Pharmaceutically
effective amount {of a compound)” refers to an amount sufficient for treating and/or preventing
disorders in which the antigens for the above-mentioned antibodies of the present invention play
an important role,  For example, “a pharmaceutically acceptable amount” may be an arount
required for reducing AP accumulation, neutralizing AB-induced toxicity, reducing AB fibril
15 formation, or such, thereby treating or preventing conditions caused by Alzheimer’s disease,
when the compound is admministered to individuals (patients). The reduction or neutralization
may be, for example, a reduction or neutralization of at least approximately 5%, 10%, 20%, 30%,
40%, 50%, 75%, 80%, 90%, 95%, 99%, or 10G%.
Assessment for determining such a pharmaceutically effective amount of the
20 above-mentioned antibodies of the present invention may be carried out using a standard clinical
protoco! including histopathological diagnosis.

A suitable administration method may be selected depending on the age and symptoms
of the patient. The dosage of an antibody-containing pharmaceutical composition may be
selected, for example, within the range of 0.0001 mg to 1000 mg per kilogram body weight for

25  each administration. Alternatively, for example, the dosage for each patient may be selected
within the range of 0.001 to 100,000 mg/body; however, the dosage is not necessarily limited to
these ranges. Although the dosage and administration methods vary depending on the patient’s
body weight, age, symptorms, and such, one skilled in the art can appropriately select thern, In
the later-described animal experiments, the dosage was selected based on the high-dose

30  intravenous immunoglobulin therapy (400 mg/kg) covered by health insurance for humans.

Furthermore, the present invention provides methods for detecting AP cligomers
{exampiles include AB40 (AP 1-40) and AP42 (AP 1-42) oligomers) in samples. Examples of
“samples” of the present invention include samples collected from subjects.  Specifically, the
present methods include the step of detecting AP oligomers contained in a sample collected from

35  asubject using an antibody of the present invention. AP oligomers in a sample can be detected
using, for example, sandwich solid-phase enzyme immunoassay methods that use



tgggtgtgag ctgggttcgt 120 cagccttcaa gaaagggtct ggagtggctg gcacacattt actgggatga tgacaagcgce 180
tataacccat ccctgaagag ccggctcaca atctccaagg atacctccag caaccaggta 240 ttcctcaaga tcaccagtgt
ggacactgca gatactgcca catactactg tgctcgaaag 300 ggactgggag gtgctatgga ctactggggt caaggaacct
cagtcaccgt ctcctca 357 <210> 27 <211> 112 <2123FPRT <213> Mus musculus <400> 27 Asp Val Val
Met Thr Gin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 151015 Asp Gin Ala Ser lle Ser Cys Arg Ser Ser
Gin Ser Leu Leu His Ser 202530 Asn Gly Asn Thr Tyr Leu His TLp Tyr Leu Gin Lys Pro Gly Gin Ser
354045 Pro Lys Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser
Gly Ser GlyiSetiGhirardep Eharlhntieisdysel & 6SXQ 1h80LSardigivab GheAlGhaAsp keu Gly Val

TyrPhe et OBeRE AR LB QSIS Gl ARl gy Lye Leu Gl Leu Lys

100105110 <210> 28 <211> 336 <212> DNA < 3> MUs musculus < gatgttgtga tgacccaaac
tecgetetee CRGEAGRITR 6Ky cotees0 atctettgea gatetagtca gagecticta cacagtaatg gaaacaccta
tttacattgg120 tacciyjbayga hgbgaggecagicterad ayactectgatst! headdyittcacadpag aittdh80 tctggggtcc
cag acgggt&mm%wmaml@ﬁg@a&mﬁctﬁ@m%%%Qe%C@gﬁatagr %gﬂgé&%%aeﬁﬁtgggagﬂ
tatttetget CEcaaagma(i %g;[tfhcgan?(?ugtt C?S& ﬁgggxgg}sggga%%rﬁ%%g&tggggd%%glag gi?bject is compared

with that from a healthy individual, and if the amount of AP oligomers is greater in the subject

than in the healthy individual, the subject is determined to be a possible Alzheimer’s disease

patient. Whether or not a subject is a possible Alzheimer’s disease patient is diagnosed usually

10 by physicians (including individuals under instructions from physicians; same herein below).

Data on the amount of AP oligomers in samples collecied from a subject and a healthy individual,
which are obtained by the present methods of diagnosis, will be useful for diagnosis by
physicians. Therefore, the present methods of diagnosis can be expressed as methods of
coliecting and presenting data useful for diagnosis by physicians.

15 Specifically, the present invention provides methods for diagnosing whether or not a
subject is a possible Alzheimer’s disease patient, wherein the methods comprise detecting AR
oligomers in a sample collected from the subject using an antibody of the present invention.

Furthermore, the present invention provides methods of dlagnosing whether or not a
subject is a possible Alzheimer’s disease patient, which comprise the steps of:

20 (a) contacting a sample collected from a subject with an antibody of the present invention and an
antibody that binds to an AB monomer; and
(b) measuring the ratio of AP oligomer to AP monomer in the sample,
wherein the subject is determined to be a possible Alzheimer’s disease patient, if the ratio
measured in step (b) is higher than that of a healthy individual.

25 First, in the present methods, & sample collected from a subject is contacted with an
antibody of the present invention and an antibody that binds to an AB monomer. Herein,
“contact” may be carried out, for example, by adding each of the above-mentioned antibodies to
a sample collected from a subject, which is placed ina test tube.  In this case, the antibody is
added suitably in the form of a solution, a solid obtained by freeze-drying, or such. When

30  adding the antibody as an aqueous solution, the solution may purely contain the antibody alone,
or may contain, for example, surfactants, excipients, coloring agents, flavors, preservatives,
stabilizers, buffers, suspending agents, tonicity agents, binding agents, disintegrants, lubricants,
fluidity promoters, or corrigents.  The concentration at which the antibody is added is not

 particularly limited. For example, as with human immunoglobulin formulations, 500-mg,

35 1000-mg, and 2500-mg freeze-dried formulations and such may be suitably used.

Next, the ratio of Af oligomer to A monomer (herein, this is also referred to as “O/M



<210> 29 <211> 7 Page 13 <212> PRT <213> Mus musculus <400> 29 Thr Ser Ala Met Gly Val Ser
15 <210> 30 <211> 21 <212> DNA <213> Plus musculus <400> 30 acttctgcta tgggtgtgag c21 <210>
31 <211> 9 <212> PRT <213> Mus musculus <400> 31 His lle Tyr Trp Asp Asp Asp Lys Arg 15
<210> 32 <211> 27 <212> DNA <213> Mus muscufis <400> 32 cacatttact gggatgatga caagcgc27
<210> 33 <211> 9 <212> PRT <213> Plus musculus <400> 33 Lys Gly Leu Gly Gly Ala Met Asp Tyr
15 <210> 34 <211> 27 <212> DNA <213> Plus musculus <400> 34 aagggactgg gaggtgctat ggactac27
<210> 35 <211> 16 <212> PRT <213> Mus musculus <400> 35 Arg Ser Ser GIn Ser Leu Leu His Ser
Asn Gly Asridh Tythkatbidischbdidbsmafe s3bedage. 147s 2s2zubNAs €243 ¥h Misl daise g os400> 36
agatetagic adageialacasagaahgaearaacal ABERI S Rd BRaip e e sttt lasp 1S Mus
musculus <400> 37 Lys Val Ser Asn Arg Phe Ser 1 <210> 38 <2f1> 21 <212> DNA < 13 Mus
musculus SHB65 38 Wfierh Yo ATR RS L fi205eeL 99 Mepomer ELISA values obtained

from the same sample.

5 Then, this ratio is compared with the ratio for a healthy individual. When the ratio is
higher in the subject than in the healthy individual, the subiect is determined to be a possible
Alzheimer’s disease patient.

The methods of diagnosis of the present invention can be performed both in vitro and in
vive, but they are preferably performed in vitro. ,

10 Preferably, the “sample” of the present invention is not particularly limited as long as it
is a tissue derived from a subject. Examples include the brain (brain parenchyma, and such),
organs, and body fluids {blood, cerebrospinal fiuid, and such) of a subject. In the present
invention, the sample is preferably blood (more preferably, plasma) or cerebrospinal fluid.

Furthermore, the present invention provides pharmaceutical agents for use in the

15 above-mentioned methods of measuring AP oligomers in a sample, or methods of diagnosing
whether or not a subject is a possible Alzheimer’s disease patient.

In the present invention, the pharmaceutical compositions comprising an antibody may
be included in products and kits containing materials useful for treating pathological conditions
of a subject. The preducts may comprise any labeled container for a compound.  Suitable

20 containers include botties, vials, and test tubes. The containers may be formed from a variety
of materials such as glass and plastic. The label on the container surface should indicate that
the compasition is used to freat or prevent one or more conditions of the disease. The label may
also indicate descriptions for administration, and such.

In addition to the above-mentioned container, a kit containing a pharmaceutical

25  composition comprising an antibody may optionally include a second container that stores a
pharmaceutically acceptable diluent.  The kit may further include other materials desirable from
a commercial and user’s standpoint, including other buffers, diluents, filters, needles, syringes,
and package inserts with descriptions for use.

If necessary, the pharmaceutical compositions may be provided in a pack or dispenser

30 device that may contain one or more unit dosage forms comprising an active ingredient. The
pack may comprise metal or plastic foil, and, for example, it is a blister pack. The pack or
dispenser device may be accompanied by instructions for administration.

In the above-mentioned pharmaceutical agents and kits, besides the antibody of the
present invention that is an active ingredient, sterile water, physiological saline, vegetable oils,

35 surfactants, lipids, solubilizing agents, buffers, protein stabilizers (BSA, gelatin, etc.),

preservatives, blocking solutions, reaction solutions, reaction quenching solutions, reagents for



<212> PRT <213> Mug musculus <400> 39 Ser Gin Ser Thr His Val Pro Leu Thr 15 <210> 40 <211>
27 <212> DNA <213> Mus musculus <400> 40 tctcaaagta cacatgttcc gctcacg27 <210> 41 <211> 447
<212> PRT <213> Mug musculus <400> 41 Gin Val Thr Leu Lys Asp Ser Gly Pro Gly lle Leu Gin Pro
Ser Gin 151015 Thr Leu Ser Leu Thr Cys Ser Phe Sér Gly Phe Ser Leu Ser Thr Ser 202530 Gly Met
Gly Val Ser Trp lle Arg Gin Pro Ser Gly Lys Gly Leu Glu 354045 Trp Leu Ala His lle Tyr Trp Asp Asp
Asp Lys Arg Tyr Asn Pro Ser 505560 Page 15 Leu Lys Ser Arg Leu Thr lle Ser Lys Asp Thr Ser Ser
Asn Gin Val 65707580 Phe Leu Lys lle Thr Ser Val Asp Thr Ala Asp Ser Ala Thr Tyr Tyr 859095 Cys
Ser Thr Metehgng kuGieR hedbabl yhdy pelyxGinsehedshsdeu 100105110 Val Thr Val 8cr Ala Ala Lys

Thr Thr Ala Pro S%é/g%&yﬁt J@&%&lﬁié&@@&%&ﬂ%&%&‘@& %e VL8P %Méga &g {?;?f Val Ala

Leu Gly Cés 130135140 Leu Val Lys Gly Tyr Phe Pro Glu Pro Val Thr Leu
1451501 55Y8Y R E&r LB EST 8158887 af HISST PR BTG REIA %8"‘%@%@?"1&‘6&1‘70175 Asp Leu
Tyr Thr LetpSurSee 8ur MapEhrdtabiThirBenSér &fmianp b 048 5100 vai San@imsSte lbeeT hf Cys Asn

Val Ala HI%&%N&%&&&J&&&%@@%&% Lnyﬁlx@ixéﬁﬁew%wésﬁea%&h 59%@90%%% felle Lys
Pro Cys 21 215220tPr0 fﬁgt}/c? ¥%} S¥s Pr él%n@{o As Leu Gg/ g/ Pro Sa%Val
225230235200 Phé 1fe' Pr TFeeE XS+ ?Paﬁ AP SR R SR BIE 5AT 5SS Pro lle
Val Thr Cys Val véﬂWOAga vﬁqrsae@ueﬁiésrm@rp ﬁé%@@@@@h%@f@m@ Gip thesSescTipii®he Val Asn
Asn Val Glu Val His Thr Ala GIn 275280285 Thr GIn Thr His Arg Glu Asp Tyr Asn Ser Thr Len Arg Val

Val Ser 29@%%%96(%1
10 Hereinbelow, the present invention is specifically described with reference to the

Examples, but it is not to be construed as being Hmited thereto.

Methods
Preparation of antigens {1A9 and 2C3)

15 Synthetic A 1-42 (Peptide Institute, Inc., Osaka) was dissolved in distilled water or 10
mM phosphate buffer, and incubated at 37°C for 18 hours.  Then, the peptides were separated
by SDS-PAGE (4-12% NuPAGE Tris-Glycine gel}, and after visualization by CBB staining, just

the AP 1-42 tetramer was excised without contamination of the AB 1-42 monomer.

20 Preparation of antigens (4F7, 415, 5A5. 5A9, 6F4, and 6H4)
A fluorescent dye, 6-carboxytetramethylthodamine (6-TAMRA) (SIGMA) was
chemically linked to the N terminus of 2 synthetic AR 1-40 peptide (Peptide Institute, Ing.) to

produce a modified AR, An oligomer-rich sample (A 1-40 oligomer) was prepared by
copolymerizing the modified AP and synthetic AP 1-40 peptide. It is preferable to adjust the

25 conditions so that the fluorescence intensity determined by ThT assay, which is described below,
is one-fourth or less the fluorescence intensity in the absence of modified Ap.  More specifically,
it is preferred that 100 uM each of the modified AP and synthetic AP 1-40 peptide are mixed,
and polymerized for 20 hours.

30 Preparation of antibody-producing hvbridomas
Balb/c mice were immunized by injecting the antigen prepared by the method described

above into their foot pads. Then, booster immunization was carried out six times.
Hybridomas were prepared from inguinal lvmph nodes by fusion with Sp2/0-Agl4 cells using
Polyethylene Glycol 1500,

Antibody isotvping




Page 16 Cys Lys Val Asn Asn Lys Asp Leu Pro Ala Pro lle Glu Arg Thr lle 325330335 Set Lys Pro Lys
Gly Set Val Arg Ala Pro Gin Val Tyr Val Leu Pro 340345350 Pro Pro Glu Glu Glu Met Thr Lys Lys Gin
Val Thr Leu Thr Cys Met 355360365 Val Thr Asp Phe Met Pro Glu Asp lle Tyr Val Glu Trp Thr Asn
Asn 370375380 Gly Lys Thr Glu Leu Asn Tyr Lys A¥h Thr Glu Pro Val Leu Asp Set 385390395400
Asp Gly Set Tyr Phe Met Tyr Set Lys Leu Arg Val Glu Lys Lys Asn 405410415 Trp Val Glu Arg Asn
Set Tyr Set Cys Ser Val Val His Glu Gly Leu 420425430 His Asn His His Th Thr Lys Set Phe Ser Arg
Thr Pro Gly Lys 435 <210>42 <211>1344 c212>DNA <213>Mus musculus 440 445 <400>42
caggttactc tgaaagkoteriggedgtagiedtattgoagd deticcagacacatehgicigiod astigitet{ tatiggUik ftcactgagce
acttctggta ﬁggg%g&&mbag%gﬁgﬁ@@@g gaaagggtct ggagtggctg gcacacattt actgggatga
tgacaagcgc 180 tataacccat ccctgaagag ccggctcaca atctccaagg atacctccag caaccaggta 240 ttcctcaaga

tcaccagtgt ggacactgca gattctgcca
Dot blot analysis (primary screening)

5 The initial sereening was carried out by dot blot analysis using a nitrocellulose
membrane onto which 2.5 pl of AB 1-42 (2.5 pg/dot) pre-incubated for 18 hours was
immobilized. Non-specific binding sites on the membrane were blocked with a phosphate
buffer containing 5% low-fat milk, 1% BSA, and 0.05% Tween-20, and then the membrane was
incubated with a culture supernatant. AP oligomer-binding antibodies in the culture

10 supernatant were detected by horseradish peroxidase-labeled goat anti-mouse F{ab*), {1:3000;
Amersham), and visualized using an enhanced chemiluminescence (ECL) kit and LAS3000 mini
(Fujitsu, Tokyo, Japan), Among 400 clones, 16 clones positive in the dot blotting, including
1AD and 2C3, were subjected to the secondary screening described below.

15 Immunoprecipitation and immunoblot analysis (secondary screening

Immunoprecipitation experiments (Ghiso J, e al., Biochem J, 1993} were conducted
using an A oligomer-rich amyloid fraction (Matsubara E, et al., Neurobiol Aging, 2004) for the
secondary screening to assess whether the 16 clones selected in the primary screening can
capture AP oligomers in AD brain. A buffer-insoluble, formic acid-soluble fraction prepared

20 from AD brain was incubated with a culture supernatant and Protein G-Sepharose.  The
immunoprecipitated AP oligomers were separated using an NuPAGE 4-12% Bis-Tris-Glycine gel,
and transferred onto a nitrocellulose membrane or Immobilon P (Millipore) using 10 mM
3-gyclohexylamino-1-propane sulfonic acid (pH 11) containing 10% methanol at 400 mA. for one
hour. Non-specific binding sites on the membrane were blocked with 2 phosphate buffer

25 containing 5% low-fat milk, 1% BSA, and 0.05% Tween-20 at room temperature for three hours.
The immunoprecipitated AP oligomers were detected by immunoblotting using the 4G8 (1:1000)
or 6E10 (1:1000) monoclonal antibody as described above. Two clones, 149 and 2C3, were
selected from the 16 clones as candidates for therapeutic antibodies for Alzheimer’s disease.

30 Antbodies
The 6E10 and 4G8 monoclonal antibodies (Covance Immuno-Technologies, Dedham,
MA) recognize the epitopes at amino acid positions 1-16 and 17-24 of the human A sequence,
respectively. Polyclonal A1l which specifically recognizes AP oligomers was purchased from
Biosource (Camarillo, CA).  Alex Fluor(AF)488- or 594-conjugated goat anti-mouse [gG and
35 Alex Fluor(AF)488-conjugated goat anti-rat IgG were purchased from Molecular Probes
(Eugene, OR).  Anti-mouse IgG2b was purchased from Sigma (St. Louis, MO). An



catactactg ttccactatg 300 attacggggt ttgtttactg gggccaaggg actctggtca ctgtctctgc agccaaaaca 360
acagccccat cggtctatcc cctggceccct gtgtgtggag atacaactgg ctcctcggtg 420 gctctaggat gectggtcaa
gggttatttc cctgagccag tgaccttgac ctggaactct 480 ggatccctgt ccagtggtgt gcacaccttc ccagctgtcc
tgcagtctga cctctacacc 540 ctcagcagct cagtgactgt a@éctcgage acctggecca gecagtccat cacctgcaat 600
gtggcccacc cggcaagcag caccaaggtg gacaagaaaa ttgagcccag agggcccaca 660 atcaagccct gtcctccatg
caaatgccca gcacctaacc tcttgggtgg accatccgtc 720 Page 17 ttcatcttcc ctccaaagat caaggatgta ctcatgatct
ccctgagccc catagtcaca780 tgtgtggtgg tggatgtgag cgaggatgac ccagatgtcc agatcagctg gtttgtgaac840
aacgtggaagtenacatadgsicagabadpaacpratagad fagydttetedarca(Ractc IO Yy aiggica gtgeccteee
catccagca&}@@gggﬁ;gg@gggfw&c&@@g@gtg%ag@(@ @%%gggt %J%aacaaaga cctcccageg cccatcgaga
gaaccatctc aaaacccaaa 1020 gggtcagtaa gagctccaca ggtatatgtc ttgcctccac cagaagaaga
gatgactaag1080 aaacaggtca ctctgacctg catggtcaca gacttcatgc ctgaagacat ttacgtggag1140 tggaccaaca
acgggaaaa&age heamgaty Cddaccagt cctggactct 1200 gatggttett acttcatgta cagcaagctg
agagtggaaa agaaSE@G&&sgﬁﬁgﬁa@%g@%@&@W@Q@M@@ﬁts%@ﬁ&ﬁﬁ%gQM%&Q@U@&@‘CC&C&‘C

gac'[aaga@%%%%&i%ﬁ%&%@%% gtc Clgz%gtﬁau%% igmgy 25: 833-841, 2004), this method can selectively

separate A monomers and A oligomers, or lipoprotein-bound AB and lipoprotein-free AB.

The present mventors concentrated the culture supernatant from APP/PS1-overexpessing
HEK293 cells about ten-fold using a Microcon 3 kDa molecular weight cut-off filter (Millipore

16 Corp.). Then, this concentrate was fractionated into 28 one-milliliter fractions using a Superose
12 size exclusion column (1 em x 30 cm; Pharmacia Biotech., Uppsala, Sweden; fiow rate of 0.5
mi/min) pre-equilibrated with a phosphate buffer. Half of each fraction was subjected to
Immunoprecipitation using 1A% or 2C3.  Ap contained in the resulting immunoprecipitates was
detected by immunoblotting using 48, _

15 Cerebrospinal fluid (CSF) pooled from ten cases of Alzheimer’s disease patients or
age-matched héalthy individuals, and lipoprotein-depieted CSF from the pools were also
fractionated under the same conditions as described above. AP in the collected fractions was
detected by ELISA analysis. To defect the lipid, the total cholestero! was enzymatically
quantified using a standard kit (Wako, Osaka, Japan}. Under the experimental conditions of the

20 present inventors, the CSF lipoproteins were eluted at fractions 7 to 14, while fractions 15 to 28

contained cholesterol-free proteins.

Preparation of seed-free AD solution

Synthetic AP 1-42 was dissolved at 250 pM in 0.02% ammonia water. Then, in order
25 to prepare a seed-free A solution, insoluble peptides, which may function as a seed, were
precipitated by ultracentrifugation using an Optima TL ultracentrifuge (Beckman, USA) at
540,000 x g for three hours. The resulting supernatant was collected, aliquoted, and stored at
~-80°C until use. Samples were prepared by thawing the AP stock solutions immediately before
use, and diluting them ten-fold with Tris-buffered saline (TBS; 150 mM NaCl and 10 mM
30 Tos-HCl(pH 7.4)).  The resulting 25 uM solutions were used in the experiments described
below. Synthetic AP 1-40 (HCL form; Peptide Institute, Inc., Osaka) was prepared at 2x

concentration.

AP incubation and ThT assay (Yamamoto N. ef al.. ] Biol Chem, 282: 2646-2655, 2007)
35 An AP sotution (25 pM) was incubated in the presence of a predetermined

concentration of an antibody at 37°C for two or 24 hours. The ThT fluorescence intensity of



<210> 43 <211> 219 <212> PRT <213> Mus musculus <400> 43 Asp Val Leu Met Thr Gin Thr Pro
Leu Set Leu Pro Val Set Leu Gly 151015 Asp Gin Ala Set lle Ser Cys Arg Set Set Gin Ser lle Val His
Set 202530 Asn Gly Asn Thr Tyr Leu Glu TLp Tyr Leu Gin Lys Pro Gly Gin Set 354045 Pro Lys Leu
Leu lle Tyr Lys Val Set Asn Arg Phe Set Gly Val Pré®05560 Asp Arg Phe Set Gly Set Gly Set Gly Thr
Asp Phe Thr Leu Lys lle 65707580 Set Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Gin Gly
859095 Set His Val Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys 100105110 Arg Ala Asp Ala
Ala Pro Thr Val Set lle Phe Pro Pro Set Set Glu 115120125 GIn Leu Thr Set Gly Gly Ala Set Val val
Cys Phe L #AsnhAsem Riier 303540 Raged8skyi RrestyscdgrdeopismtodadbyRFrsbysdle Asp Gly
Ser Glu Ar, 5160, Gi ! D | S,ASp Set
65170178 e ot Mot GapaE i B B e g s s
Ser Tyr Th QB Ffﬁ?ﬁﬁﬁgiwﬁa?‘@é?%}”%véﬂcf%’é@g%% PRoME U 15781 BhaEsHEN Arg Asn
Glu Cys 210218 ef2002cddn< @ik hre3@0 a2 RS [PINATHZ 18 MushMrgiscinadNaabpH 4. atgittga
tgacccaaagﬁg%@&%%%@&ggmﬁ aieHERARPCARBEISCAR AlClsHARR Dateiagicagagcatigta cat«'ilggaatg
gaaacaccta tttagaat tacctgcaga aa tccaaag ctectgatc aagtttc, caaccgattt
tctggggtee cagaca%&%%%rglg%’éjegcgzé%%%%gycg%%gg&qaggzggﬁt%%gag%ga%%C%%%%aaa 155 8gctgagga
tctgggagtt TapEIes é‘t%t@%@ﬁitﬁkﬁﬂifﬁﬂ?@@@é%w&ﬁﬁéw%@Ygﬁljcf@}éga@@aag@@gag dgaddhtddg
ctgatgctgcsateaacigtaatn terateticeigacentadagdgagoagiasealtigaah kg gateati-catatastte420
ttgaacaactotﬁéaamﬁaao@g%9&6@%9%?&&%961MQ%M@&%@@%&%@Q fBARAIGECIgRnCcad

ttggactgat caggacagca aagacagcac ctacagcatgb40 agcagtaccc tcacgitgac caaggacgag tatgaacgac
ki

g
ataacagetdy E@@%@ﬁ@@@é&%@%%%@%%@%&%&%&%gagct tcaacaggaa tgagtgttag660
<210> 45 <211> 117 <212> PRT <213> Mus musculus <400> 45 Gin Val Thr Leu Lys Asp Set Gly

Pro Gly lledeeih & Prouset Giny LRl erIhn ket Rerhey B CyR-nebENS SRI f3ls Pip Ser Leu Ser

Thr Ser 202530 Pfa%%h%%ohromocytoma PC12 cells were cultured in Dulbecco’s Modified Eagle

Medium (DMEM) (Invitrogen, Carlsbad, CA) containing 10% heat-inactivated horse serum
15 (Invitrogen) and 5% fetal bovine serum (FBS) (Invitrogen). In order to induce the
differentiation into nerve cells, PC12 cells were plated at a density of 20,000 cells/em” in culture
dishes coated with poly-L-lysine (10 mg/ml), and cultured for six days in DMEM supplemented
with 100 ng/ml nerve growth factor (NGF; Alornone Labs, Jerusalem, Isract) (PC12N). PCI2N
was exposed to 25 uM seed-free AP 1-42 or pre-incubated A 1-42 in the presence or absence of
20 antibody at 4°C for 48 bours. The neurotoxicity induced by AP 1-42 was assessed by
Live/Dead dual-color fluorescence assay according to the supplier’s instructions (Molecular
Probes, Eugene, Oregon).
Furthermore, the activity of the 4F7, 4HS, 5A5, 5A0, 6E4, and 6H4 antibodies to
neutralize Af-induced neurotoxicity was assessed by the method described below.  First, human
25  neuroblastoma cells (SH-SY3Y) were cultured for 24 hours in DMEM containing 10% FBS, at a
density of 150,000 cells/well in 24-well plates. Then, the medium was replaced with
serum-free culture medium containing AP 1-42 (12.5 pM) in the presence or absence of antibody,
and the cells were cultured for another 24 hours.  To determine the cytotoxicity induced by
AR 1-42, the level of dead cell-derived LDH released into the medium was measured by a
30 CytoTox96 kit (Promega).

Ultrafiltration and molecular sieve

In order to determine the size-dependent characteristics of neurotoxic AP oligomers, the
four types of filtrates (<3 kDa, 3 to 10 kDa, 10 to 30 kDa, 30 to 100 kDa) and the retention
35 solution (>100 kDa} were prepared from a 25 uM AB oligomer solution by sequential
ultrafiltration using Microcon 3 kDa, 10 kDa, 30 kDa, and 100 kDa cut-off membranes. Each



Gly Met Gly Val Ser Trp lle Arg Gin Pro Set Gly Lys Gly Leu Glu 354045 Trp Leu Ala His lle Tyr Trp
Asp Asp Asp Lys Arg Tyr Asn Pro Ser 505560 Leu Lys Set Arg Leu Thr lle Set Lys Asp Thr Set Set
Asn Gin Val 65707580 Phe Leu Lys lle Thr Set Val Asp Thr Ala Asp Set Ala Thr Tyr Tyr 859095 Cys
Ser Thr Met lle Thr Gly Phe Val Tyr Tip Gly Gin Gly¥Thr Leu 100105110 Val Thr Val Set Ala 115
<210> 46 <211> 351 <212> DNA <213> Mus musculus <400> 46 caggttactc acttgttctt cagccttcag
tataacccat ttcctcaaga attacggggt tgaaagactc tctctgggtt gaaagggtct ccctgaagag tcaccagtgt ttgtttactg
tggccctggg ttcactgage ggagtggctg ccggctcaca ggacactgca gggccaaggg atattgcagc acttctggta
gcacacatttodtitic Gaagong atistgbiaiadtictggted- telccabgacdggitaigag: adigoadalatacct@cag¢atactactg

ctgtetetge welcaplcla [aaaiieqt 8RS ARGAE GRRSCAIURHSFACAIR AheiZ v T ThldRudddisg 12> PRT
<213> Musfr%us ulus,<400> 4 S JLeuSetleu F;)L%r}/%l‘i@ tLeu Gly

Asp Val Leu Met Thr Gin Thr P
o015 Ad) BHiTATE RS Al FCHr BavELEA ST €6 0588 &h Tin- Tyr
Leu Glu THY T d@ biginnepsiPssaipCipbset 3545480 Phrje foisiaystizativeofleeTyntoyexival Ser
Asn Asg PBEeSEES Y ak6e IR0 ASRIAY G RhERE0SsBE hShoRes fiYeThiAsRRhe Thr Leu Lys lle
65707580 Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Gin Gly 859095 Ser His Val Pro

Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys 100105110 <210> 48 <211> 336 <212> DNA <213>
Mus musél.?ﬂ'mn miicroscopy {EM) and atormdc forcé microscopy (AFM)

Samples were diluted with distilled water and sprayed over carbon-coated grids to
conduct electron microscopy. The grids were negatively-stained with 1% phosphotungstic acid
10 and observed under a Hitachi H-7000 electron microscepe (Tokyo, Japan) with an acceleration
voltage of 77 kV. AFM assessment was carried out as recently reported,  Drops of the samples
were placed onto freshly cleaved mica,  The mica was allowed to stand for 30 minutes and then
washed with water, and the lquid samples were analyzed using Nanoscope 1la {Digital
Instruments, Santa Barbara, CA, USA) set fo the tapping mode (Tero, R, ef al., Langmuir 20,
15 7526-7531, 2004). The cantilever used was OMCL-TR400PSA (Olympus, Japan}.

Subject tissues and extraction
The present study was conducted based on autopsy cases (n = 50; 26 male and 24

female cases) from the Tokyo Metropolitan Brain Bank for Aging Research of the Tokyo

20 Metropolitan Institute of Gerontology (Itabashi, Tokyo, Japan). This research project was
approved by the institutional ethical committees of the Faculty of Medicine, the University of
Tokyo; the Tokyo Metropolitan Geriatric Hospital of the Tokyo Metropolitan Institute of
(Gerontology; and the National Center of Geriatrics and Gerontology. Details of subjects and
sample collection have been reported (Katsuno T, Neurology, 64: 687-692, 2005). However,

25  that study analyzed insoluble brain fractions, whereas in this research project (Katsuno T,
Neurology, 64: 687-692, 2005), the present inventors analyzed soluble brain fractions, which
remain uncharacterized in previous studies.  Frozen tissuc samples (the anterior portion of
entorhinal cortex) were homogenized in nine volumes of Tris-buffered saline (TS) containing a
protease inhibitor cocktail. The homogenates were ultracentrifuged at 265,000 x g for 20

30 minutes, One-third aligoots (0.5 ml) of the resulting supernatants were subjected to

immunoblot analysis.

Immunohistochemistey
The left brain hemispheres of Tg2576 mice were sliced into 30-um-thick sagittal
35 sections using a cryotome (RM 21435; Leica, Wetzlar, Germany), and stained with thioflavin S as
previously described (Wyss-Coray er al., 2001).  The formation of swollen dystrophic neurites



<400> 48 gatgttttga atctcttgca tacctgcaga tctggggtcc agtagagtgg ctcacgttcg tgacccaaac gatctagtca
aaccaggcca cagacaggtt aggctgagga gtgctgggac tccactctcc gagcattgta gtctccaaag cagtggcagt
tctgggagtt caagctggag ctgcctgtca catagtaatg ctcctgatct ggatcaggga tat tactgct ctgaaa <210> 49
<211> 7 <212> PRT <213> Mus musculus <400> 48 Thr Ser Sly Met Sly Val Ser 15 <210> 50 <211>
21 <212> DNA <213> Mus musculus <400> 50 acttctggta tgggtgtgag c21 <210> Si <211> 9 <212>
PRT <213> Mus musculus <400> 51 His lle Tyr Trp Asp Asp Asp Lys Arg 15 Page 21 <210> 52
<211> 27 <212> DNA <213> Mus musculus <400> 52 cacatttact gggatgatga caagcgc27 <210> 53
<211> 7 <24RphRdRiedBE B M ustmusquipd w4003t bSdMEiieridon GlsnRhe &/l Alyr Th«<2itbeb4 <211>

21 <212> 3 | 2 16 <212>
PRT <213%*%‘?%§; “?@%%%é@ o dredige @{“ﬁﬁfﬁ?ﬁf@%ﬁ%ﬁ Tyr Lew Gl

er Ser
1015 > FOURE B3 PSHATEI P oDRIA L1 R RS S et
acatagtaat'ffaliavagetfmatagaals «iztos= 5§ dppisioncrizd PRTns 2HgE s traeisdutish formic

5  acid or Protease K were stained using an AP immunostaining kit (Sigma, St. Louis, MO), and
immuno-positive signals were visualized using an ABC elite kit (Vector Laboratories). Images
of the cerebral cortex and hippocampus were recorded using a digital camera connected with a
microscope, and analy-zed using a simple PCI software (Compix [maging System, Lake Oswego,
OR). The brain transiocation of antibodies was observed using a confocal laser microscope
10 (Carl Zeiss LSMS310).  The number of thioflavin S-positive plaques and synaptophysin-positive

swollen dystrophic neurites was determined in a double blind manner.

Passive immunotherapy and behavioral analysis
Three-month-old female non-transgenic {non-Tg) mice, and Tg2576 mice having and

15 overexpressing the Swedish-type mutant human APP gene with dual mutations (K670N and
M671L) derived from familial AD were purchased from Taconics (Germantown, NY, USA).
These mice were reared until 13 months old in the animal facility of the present inventors. To
determine whether the Alzheimer-like phenotype is prevented by passive immunotherapy, 1AS or
2C3 (0.4 mg/kg/week), or PBS was administered into the caudal vein of four-month-old Tg2576,

20 and the administration was continued until 13 months. The memory function was assessed at
month 13 as previously described (Mouri A, FASEB J, 21: 2135-2148, 2007), based on the
following four behavioral paradigms:

(1) Y-maxze test for short-term memory;
(2) novel object recognition test;

25 (3) Morris water maze test; and
{4) contextual fear conditioning test.

Three days after the behavioral tests, the mice were sacrificed for biochemical and histological
assessments. The experimental results were analyzed by one-way ANOVA and two-way
ANOVA. Post-hoc arialysis was carried out using Fisher test.,

30

Separation and remeval of lipoprotein
CSF was collected from 12 AD patients and 13 NC individuals. Then, lipoproteins

were removed from 600 pl each of the CSF by preparative continuous density gradient

ultracentrifugation according to a protocol reported previously (Matsubara E, ef al., Ann Neurol,
315 45:537-541,1999), The censity of CSF was adjusted to 1.25 g/m] with KBr. The CSF was

ultracentrifuged at 100,000 rpm and 16°C for eight hours using a Hitachi RP100AT centrifuge.



<400> 57 Lys Val Ser Asn Arg Phe Ser 15 <210> 58 Page 22 <212> DNA <213> Mus musculus
<400> 58 aaagtttcca accgattttc t21 <210> 59 <211> 9 <212> PRT <213> Mus musculus <400> 59
Phe Gin Gly Set His Val Pro Leu Thr 15 <210> 60 <211> 27 <212> DNA <213> Mus musculus <400>
60 tttcaaggtt cacatgttcc gctcacg27 <210> 61 <211>4345 <212> PRT <213> Mus musculus <400> 61
Asp Val Gin Leu Val Glu Set Gly Gly Gly Leu Val Gin Pro Gly Gly 51015 Ser Arg Lys Leu Ser Cys Ala
Ala Ser Gly Phe Thr Phe Ser Set Phe 202530 Gly Met His Tp Val Arg Gin Ala Pro Glu Lys Gly Leu Glu
Tp Val 354045 Ala Tyr lle Set Set Gly Set Set Thr lle Tyr Tyr Ala Asp Thr Val 505560 Lys Gly Arg Phe
Thr lle SetiAsgpAsgrAstvatiaglys Aanifihsiliels Rhel 6bd 0858 kaudeinMet T ISes-LawAtg:Set Glu Asp

Thr Ala M%55%%&%&%&%%88%6@%&%aséxtE@fM@!&J 1c£8c§ 3Pm§ xgl%fu LThr

10010511Q Val Set Ala Ala L Ala Pro Set Val Tyr Pr Leu age 23 Val
Cys Gly A%*ﬁ@ﬁﬁt@ﬁ%&rsé‘?é?%ﬁ% %81 ¥fy Cys Len Val 130135140 Lys Gly Tyr Phe Pro Glu
Pro Val Thr Len Thip@ipoksn: SerGhSemtdsl 5015H16CremSegSeryGhyny #FHE THPPEEORR0 Ala Val

180185190 S ]‘%m’l@w@‘?‘i iyl rt"‘#mmﬁ%%%’%?él'p o Lyelys
lle Gin Pro Gujn éf?"r“o T 01%/%‘@ } erg LRzt ?f‘@ffézgg é‘ﬁ‘ﬁé& %@ 0"ATdPBro ?éer?’geu Ii/en
Gly Gly pr‘@l@é]r}(%«': Rgeqeatrifu gr::d at 3 000 rpm for ten minutes. The resulting supernatants
(lipoprotein-free samples) were subjected to ELISA using 6E10 for the oligomers. The
lipoprotein-bound samples were eluted from PHML-LIPOSORB using 20 mM sodium
10 deoxycholate. The removal of specific lipoproteins was confirmed by agarose electrophoresis
using 1% gel (Beckmann), followed by staining with FAST-RED 7B (Wako, Osaka, Japan).

Quantification of human AR

Whole plasma and LPDP AP species were specifically quantified by sandwich ELISA as
15 previously described (Matsubara E, ef al., Ann Neurol, 537-541, 1999; Matsubara E, ef al.,
Neurobiol Aging, 25: 833-841, 2004). To analyze brain Ap species, solubie AP species in 100
ul of buffer were directly subjected to ELISA, while insoluble AP samples extracted with 70%
formic acid were neutralized with 1 M Tris-HCI (pH 8.0) and diluted 1,000-fold prior to ELISA.
The values obtained by the assay were normalized using the brain wet weight, and ultimately
20 presented in pmol/g. Normalization among plates was done by including the three standard

plasma samples in all three plates.

AR oligomer-specific ELISA
Chemiluminescence-based sandwich solid-phase enzyme immunoassay

25 (chemiluminescent ELISA) was used fo specifically detect oligomeric A but not monomeric AP.
Micropiates were coated with monoclonal 1A9 (IgG2Zb isotype) or 2C3 (IgG2b isotype), or a
mixture of 1A9 and 2C3. 100 ui of a sample {(brain or cerebrospinal fluid) was added and
incubated continuously for 24 hours at 4°C.  Then, horseradish peroxidase-conjugated BA27
Fab’ fragment (anti-Ap 1-40 specific to AP 40; Wako pure chemical, Osaka, Japan) or

30  horseradish peroxidase-conjugated BCOS Fab® fragment (anti-AB 35-43 specific to AR 42; Wako
pure chemical, Osaka, Japan) was added and incubated at 4°C for 24 hours. The
chemiluminescence generated using SuperSignal ELISA Pico Chemiluminescent Substrate
(Pierce, Rockford, IL, USA) was quantified by a Veritas Microplate Luminometer (Promega).

To assess the in vivo efficacy of the peripheral administration of monoclonal 1A9 and

35 2C3, plasma and organ sampies were collected from administered mice and analyzed for AR

oligomers by ELISA using HRP-labeled 6E10 (Senetek PLC, Napa, CA, USA) specific to the



225230235240 Phe Pro Pro Lys lle Lys Asp Val Len Met lle Ser Leu Ser Pro lle 245250255 Val Thr
Cys Val Val Val Asp Val Ser Gin Asp Asp Pro Asp Val Gin 260265270 lle Ser Trp Phe Val Asn Asn Val
Gin Val His Thr Ala Gin Thr Gin 275280285 Thr His Arg Gin Asp Tyr Asn Ser Thr Len Arg Val Val Ser
Ala Len 290295300 Pro lle Gin His Gin Asp Trp Met®6er Gly Lys Glu Phe Lys Cys Lys 305310315320
Val Asn Asn Lys Asp Leu Pro Ala Pro lle Gin Arg Thr lle Ser Lys 325330335 Pro Lys Gly Ser Val Arg
Ala Pro Gin val Tyr Val Len Pro Pro Pro 340345350 Glu Glu Gin Met Thr Lys Lys Gin Val Thr Leu Thr
Cys Met Val Thr 355360365 Asp Phe Met Pro Gin Asp lle Tyr Val Gin Tip Thr Asn Asn Gly Lys
370375380uRageiRd:Tds. GlHigbsosiifiyy deyscisnvldiaGlisRibbyaklreuhd spBeribspiialy

38539039%%1%51&5@%{@%% Tyféﬁro%dc%éf&\ée 19 MQHWM [Ro¥H&Q54,10415 Glu Arg
Asn Ser T r%r r Ser C s Ser Val Val His Glu Gly Leu His A %)%Eégléﬁa—rhr Thr Lys Ser Phe Ser

Arg Thr PSS D ABEBGAR! &%ﬁ%ﬁ%ﬂi%}sﬁw ERIBLERRIT tootgtgoag
ccagagaadtryeagesabad Bjcaaalia wegtoadotrcesiogheetyayoptegretytosaly dgctsagtga

cacccggcaa ccctgtecte ttccctccaa gtggtggatg gaagtacaca gtcagtgecce gtcaacaaca gtaagagctc

gtcactctga;aacaacggga. cetctggatt ggctggagtg tgaagggccg ccagtctaag actggggcca atccectgge
tcaagggtta”gtgt’gr:atac:‘ctgtaacctc caccaa catgcaaatg agatcaagga tgagcgagga cagctcagac

tccccatcca aagacé’t@éélé%iﬁgﬂg‘ﬁé% &G4t AascEERed Pactheing gotedisataciatftBdchtc gtectgaggac
agggactctgeesotgtgtgiritteectiagotiict eagetl gatcziBStgg! gotgbatandicacagcacat dgtagioatg tgacccagat
acaaacccalgeanaadaRC, AURIaRALC AFUACEt GRAGRNARNIE ARRASGE Qﬁ%aﬂé@%fﬁﬁgﬁ%fg%gtagtg
tccagagaca acggccatgt cactgtc&agga%atacaa ‘cagtgacct gtcctgca tcccagcc 5%1 aaattgagc
aacctcttgg® 8’[’&&?@ &fg@ AJARR R ggatt‘fég%lfé%‘aﬁjsg%@rﬁd lized ity degreiigcctgaag
aacactgam@mptg@ga@%@@wﬁ,m@dmgham:ﬁtamchhitgka@mdaﬁﬁggctﬁem thaddtggaa
CtgaCCt‘;tarﬁéﬁéﬁ%t?é:Eﬂ %@%&g%ﬁ%ﬁﬁ%@ﬁ%%@t éﬂ?@@t tt I%Q%?@ﬁﬁ Geaaggagit ttht:aaata(t:C
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at 450 nm in the color development reaction using an HRP-labeled anti-mouse IgG antibody and
a TMB solution.

20 [Example 1]

Preparation of AB oligomer-specific monoclonal antibodies (1A% and 2C3)

AP oligomers and monomers co-exist in a solution.  Thus, it is essential fo remove AR

monomers for preparation of antigens to produce AD oligomer-specific antibodies. As shown in
Fig. 1A, the present inventors succeeded in isolating SDS-stable AP tetramers without

25  contamination of AP monomers by SDS-PAGE.  After in vivo immunization with the isolated
AP tetramers, positive hybridoma clones were selected by two-step screening using dot blot
analysis followed by immunoprecipitation. Among 400 clones subjected 1o dot blot analysis,
16 clones were determined to be positive (positivity rate = 4%). To assess the specificity of the
isolated positive clones to the oligomers, a phosphate buffer-insoluble and formic acid

30 (FA)-soluble amyloid fraction derived from A brain (Matsubara E et al., Neurobiol Aging, 25:
833-841, 2004) was analyzed by immunoprecipitation using the cell culture supernatants of the
positive hybridomas (Fig. 1B). The AP dimer, 2 smaller amount of the trimer, and a
high-molecular-weight smear characteristic to aggregated AB molecular species were detected by
immuroblot analysis using anti-AD monoclonal 4G8. A very small amount of AP monomers

35 dissociated in the presence of SDS was also detected.  To further confirm the existence of

three-dimensional structures recognized by native 1A9 and 2C3 (i.¢., oligomers), the present
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When immunoprecipitated with monoclonal 1A9, 8DS-stable AP dimers secreted into CM were
precipitated in fraction 8 (>680 kia); SDS-stable Af} dimers and irimers were precipitated in
fraction 13 {17 to 44 kDa); and a very small amount of the dimers was precipitated in fraction 16
10 (Fig. IC). Similar results were obtained when immunoprecipitation was carried out using 2C3
(data not shown). These data demonstrate that monoclonal 1A9 and 2C3 are exactly specific to

AP oligomers but do not recognize A monomers.

[Example 2}
15  The anti-neyrotoxic activity of monoclonal 1AS and 2C3

To assess whether monoclonal 1A9 and 2C3 can prevent AB-induced neurotoxicity,
NGF-differentiated PC12 cells (PC12N) were incubated with 25 uM seed-free AP 1-42
{(ThT-negative 540,000 x g supernatant) in the presence or absence of the monoclonal antibodies
{mAbs) at 37°C for 48 hours. The viability of nerve cells was determined by LIVE/DEAD

20 assay (Fig. 2). Nerve cell death was detected at a significantly high level (50%) in the presence
of AP 1-42 (Figs. 2B and 2(), as compared to the control assay (Fig. 2A). Non-specific IgG2b
(Figs. 2C and 2G} could not inhibit the A 1-42-induced neurotoxicity under the same conditions.
The commercially available Af-specific monoclonal antibody 4G8 (IgG2b isotype; Figs. 2D and
2G) had a tendency to enhance the toxicity, Monoclonal 2C3 (IgG2b isotype; Figs. 2F and 2G)

25 neutralized the neurotoxicity of AP 1-42 almost completely in a concentration-dependent manner.
Thus, the de novo-formed neurotoxic three-dimensional structure recognized by 2C3 was
speculated to take an oligomer form. Meanwhile, the anti-neurotoxic activity of 1A9 (IgG2b
isotype; Figs. 2E and 2G) falls between the anti-neurotoxic activity of 2C3 and non-specific
IgGG2b.  This suggests that the three-dimensional structure recognized by 1A% is structurally

30 different from the 2C3-recognized oligomers.

[Exampie 3]
Currently, the determination of the precise size and conformation of neurotoxic AR 1-42
oligomers is one of the most urgent issues and which is subjected to intense competition. The
35 present inventors succeeded in isolating soluble nevrotoxic AR 1-42 molecular species and
fractionating the species info the following five fractions by ultrafiltration and molecular sieving



ggatcaggga cagatttcac actcaagatc 240 agcagagtgg aggctgagga tctgggagtt tattactgct ttcaaggttc
acatgttcct 300 ccgacgttcg gtggaggcac caagctggaa atcaaacggg ctgatgctgc accaactgta 360 tccatcttcc
caccatccag tgagcagtta acatctggag gtgcctcagt cgtgtgcttc 420 ttgaacaact tctaccccaa agacatcaat
gtcaagtgga agattgatgg cagtgaacga 480 caaaatggcgtfcctgaacag ttggactgat caggacagca aagacagcac
ctacagcatg 540 agcagtaccc tcacgttgac caaggacgag tatgaacgac ataacagcta tacctgtgag 600 gccactcaca
agacatcaac ttcacccatt gtcaagagct tcaacaggaa tgagtgttag 660 <210> 65 <211> 115 <212> PRT <213>
Mus musculus <400> 65 Asp Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 151015
Ser Arg LYS'CEMPeFEy3ala Ala Per Gly Phe Thr Phe Per Per Phe 202530 Gly Met His Tp Val Arg
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Arg Ala Tyt Gy isen) TholEUkPaltane 3%
5 fraction 4, filtrate of 30 to 100 kD= (lane 4); and
fraction 3, retention solution of >100 kDa (lane 3).
The immunoblot analysis using monoclonal 4GR (Fig. 3A) revealed that:
fraction 1 does not contain AP (lane 1};
fraction 2 contains AP monomers (lane 2);
10 lane 3 contains A monomers and a small amount of AP dimers:
fraction 4 contains A} monomers to pentamers (lane 4); and
fraction 5 contains AP monomers to pentamers, and molecules of 45 to 160 kDa (lane 5).
These data suggest that 2% SDS depolymerizes high-molecular-weight (HMW) AR
oligomers into AB monomers and low-molecular-weight (LMW) AB oligomers. To assess the
15 size distribution of toxic AR 1-42, the present inventors measured the biological activity of each
fraction incubated with PC12N at 37°C for 48 howrs. As shown in Figs. 3B and 3C, it was
demonstrated that: fraction 1 was non-toxic, and fraction 2 had a very weak toxicity, suggesting
that AB monomers and dimers are unlikely fo be toxic. Fractions 3 to 5 were significantly toxic
(one-way ANOVA; p<0.0001), suggesting that the size of neurotoxic oligomers theoretically
20 corresponds to the size of trimers or higher-molecular-weight polymers. The dot blot analysis
using the oligomer-specific A1l antibody demonstrated that the above-mentioned three
neurotoxic fractions (3 to 5) were positive for All, supporting the evidence that the neurotoxic
molecules are oligomeric (Fig. 3D).  The 2C3-recognized oligomers were detected in fractions
4 and 5 (Fig. 3D). Thus, 2C3 was demonstrated to actually react with neurotoxic Af oligomers
25 (>30kDa). Furthermore, the majority of the 2C3-recognized oligomers was detected in fraction
5 (>100 kDa) that was the most toxic, and thus the 2C3-recognized oligomers having a
molecular weight over 100 kDa were considered to show a strong neurotoxicity (Fig. 3D).
Meanwhile, only an extremely small amount of the 1A9-recognized oligomers was distributed in
fraction 5 that was the most toxic.  This is consistent with the result that the neutralization of
30  neurotoxicity by 1A9 was insufficient (Figs. 2E and 2G). By contrast, monoclonal 4G8 having
no anti-neurotoxic activity detected the AP species distributed in all of the fractions (Fig. 3D).
This suggests the possibility that non-toxic and toxic oligomers of the same size co-exist.
To further assess the toxicity-structure correlation, each fraction was subiected to atomic
force microscopy (AFM). The presence of globular particle morphology consistent with the
35  fraction size was detected in the three neurotoxic fractions.  Fig. 3E shows the atomic force

microscopic images of non-toxic fraction 2 (Fr. 2), toxic fractions 3 (Fr. 3) and 4 (Fr. 4), and the



100105110 Val Ser Ala 115 <210>66 <211>345 <212>DNA <213>Mus musculus  <400>66
gatgtgcagc tggtggagtc tgggggaggc ttagtgcagc ctggagggtc ccggaaactc 60 tcctgtgcag cctectggatt
cactttcagt agctttggaa tgcactgggt tcgtcaggct 120 ccagagaagg ggctggagtg ggtcgcatac attagtagtg
gcagtagtac catctactat 180 gcagacacag tgaagggccg Hitcaccatc tccagagaca atcccaagaa caccctgttc 240
ctgcaaatga ccagtctaag gtctgaggac acggccatgt attactgtgc cgggactggg 300 acgagagctt actggggcca
agggactctg gtcactgtct ctgca 345 <210> 67 <211> 112 <212> PRT <213> Mus musculus

most toxic fraction 5 (Fr. 5).  The formation of many granular polymer molecules was clearly
observed in the toxic fractions. In particular, fraction 5 was revealed to contain heterogeneous
toxic molecules including bead-shaped and ring-shaped molecules in addition to various large

and small granular molecules.

[Example 4]
The activity of 1A9 and 2C3 to suppress AD amvioid fibril formation

Next, the present inventors assessed the activity of 1A9 and 2C3 to suppress AP
amyloid fibril formation. The formation of AR 1-42 amyloid fibrils (at 0, 10, 25, and 50 pM)
10 was agsessed by measuring the ThT fluorescence for 72 hours at 37°C.  Under the conditions
used by the present inventors, seed-free AP 1-42 {ThT-negative supernatant fraction obtained by
ultracentrifugation at 540,000 x g) was polymerized into amyleid fibrils by nucleation-dependent
polymerization (Fig. 4A). To assess the activity of 1A9 and 2C3 to suppress AP amyloid fbril
formation, the present inventors incubated 25 uM seed-free AP 1-42 in the presence or absence
15 of the antibodies at 37°C for 48 hours. As shown in Fig. 4B, the ThT fluorescence intensity
was altered in a 2C3 concentration-dependent manner, while none of monoclonal 1A9 and 4G8
and non-specific [gG2b altered the florescence intensity.  Meanwhile, when AP was
polymerized by incubation for two hours, 1A9, as well as 2C3, showed the activity to almost
completely suppress the fibril formation (Fig. 4C).  Since the activity to suppress AP amyloid
20 fibril formation was detected even when the molar ratio of 2C3 to AP was low, 2C3 was inferred
1o have the activity to inhibit the polymerization nucleus formed de nove or the seed function at
an carly stage of AP 1-42 amyloid {ibril formation. Similar results were obtained by
marphological observation,  As shown in Fig. 4E (Af 42 alone) and Fig. 4F (AP 42 + 2C3,
25:3), electron microscopy (EM) demonstrated that the formation of AP amyloid fibrils was
25  partially inhibited in the presence of monoclonal 2C3, while only a weak inhibitory effect was
produced- in the presence of 1A9 (Fig. 4G). Meanwhile, none of the test antibodies exhibited
the effect of lysing or depolymerizing A3 1-42 amyloid fibrils that were formed by incubation
for 24 hours (Fig. 4D).

30 [Example §]
Toxicitv-related olicomers targeted bv 1A9 and 2C3

To elucidate the structural and kinetic connection between the AR 1-42 oligomerization
and amyloid fibril formation, the polymerization time course was analyzed by dot blotting using
All, 1A9,2C3, and 4GR. As shown in Fig. 5A, the majority of A1l antibody-reactive
35  oligomers was formed during the lag time phase of polymerization (0 to & hours), and the ThT
fluorescence intensity was relatively weak. During the next fibril extension phase (8 to 24
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fibril formation pathway. The 2C3-recognized cligomers were kinetically similar to the
All-recognized oligomers, but not the 1A9-recognized oligomers. The 1AS-recognized
oligomers were detected only after four hours, and then the immunoreactivity to 1A9 increased
10 twofold over time. This suggests that the 1A9-recognized oligomers are slowly formed.
Meanwhile, it was revealed that the 2C3-recognized oligomers are transiently increased during
the lag time phase (0 to 8 hours), and then exist at a very low level (less than 5%) ina
oligomerized state from 8 to 72 hours.  The above-described data obtained by the present
inventors suggest the possibility that the A11-, 1A9-, and 2C3-recognized oligomers have
structurally and immunologically different conformations or stability, and the 2C3-recognized
oligomers are relatively unstable as compared to the 1A9-recognized cligomers,
To characterize the de novo toxic polymerization state, PC12N were exposed at 37°C
for 48 hours to seed-~free AB 1-42 (0 hour), or AB 1-42 pre-incubated for two, four, or 24 hours
(Fig. 5B), and the neurotoxic activity was assayed. As shown in Fig. 5B, the immunoblotting
20 analysis using 4G8 revealed that the monomers, dimers, and timers exist even at the O hour time
point.  The pre-incubation of two or four hours resulted in a high-molecular-weight (HMW)
smear pattern of 45 to 160 kDa, in addition to the monomers to pentamers. At the time point of
24 hours, the HMW smear was dramatically reduced, and there were two types of major
components: a high-molecular-weight species that could not enter the gel and thus remained in
25 the well, and a small amount of the monomers. The HMW smear disappeared after further
incubation at 37°C for 48 hours. As shown in Figs. 3A and 5C, the molecular sieve experiment
revealed that seed-free AP 1-42 is converted into molecular species of 100 kDDa or more, and
exhibits the strongest toxicity. By SDS-PAGE, it was demonstrated that the toxic molecules
include molecular species showing a high-molecular-weight (HMW) smear pattern of 45 to 160
30 kDa, in addition to the monomer fo pentamer species, and the toxic polymers can be easily
depelymerized into low-molecular-weight species in the presence of SDS,  However, when
seed-free AP 1-42 was pre-incubated for two, four, and 24 hours, the neurotoxic activity of de
novo-formed A oligomers was reduced by about 12.5% and 26%, respectively (Fig. 5C). This
result suggests that the level of de novo-formed AP oligomers in the early period of AP
35 polymerization is a determining factor for neurotoxicity, and that the formation reaches a peak in

the period of zero to two hours, and then the level of formed AP oligomers reduces over time.



15 <210> 74 <211> 18 <212> DNA <213> Mus musculus <400> 74 actgggacga gagcttacl8 <210> 75
<211> 16 <212> PRT <213> Mus musculus <400> 75 Arg Ser Ser Gin Ser lle Val His Ser Asn Gly
Asn Thr Tyr Leu Glu 151015 <210> 76 <211> 48 <212> DNA <213> Mus musculus <400> 76
agatctagtc agagcattgt acatagtaat ggaaacacct atttagéha8 <210> <211> <212> <213> 77 7 PRT Mus
musculus <400> 77 Lys Val Ser Asn Arg Phe Ser15 <210>78 <211>21 <212>DNA <213>
Mus musculus <400> 78 aaagtttcca accgattttc t21 <210> 79 <211> 9

Alternatively, there is a possibility that nuclei for the de novo polymerization of AP amyloid
fibrils, or amyloid fibrils themselves have the neurotoxicity-neutralizing activity, The present
inventors incubated AP 1-42 for two hours, and then removed insoluble AP polymerization
nuclei and amyloid fibrils by nitracentrifugation for three hours at 540,000 x g.  The
5 supemnatant and pellet obtained by ultracentrifugation at 540,000 x g exhibited similar levels of

thioflavin T signals, suggesting that the 540,000 x g supernatant contains soluble ThT-positive
AP polymers {The ThT binding indicates structural changes to form a B sheet-rich structure, but
not fibril formation).  The reurotoxicity was restored and enhanced when PC12N was exposed
to the soluble polymers (Fig. 5I)).  This suggests that insoluble AP 1-42 itself has the anti-toxic

10 activity. Under the conditions described above, monoclonal 1A9 completely neutralized the
neurotoxicity induced by soluble AP oligomers enriched in B sheet structures, and this
neutralizing activity was greater than that of 2C3. Meanwhﬂe, non-specific IgG2b has no effect
on the viability of cultured PC12N. Accordingly, it is speculated that neurotoxic
1A9-recognized polymers are basically soluble toxic olipomers that have been slightly stabilized

15 due to some structural change, while neurotoxic 2C3-recognized polymers are basically
short-lived oligomeric intermediates that are very unstable due to drastic structural changes

during the early stage of polymerization process.

[Example 6]
20 Menoclonal 1A% and 2C3 recognize AP oligomers in the brain parenchvma
The present inventors demonstrated the specificity and biological activity of 1A9 and
2C3. Furthermore, the inventors detected 1A% and 2C3 polymers in the brain by
immunohistochemistry.  The present inventors performed conventional immunohistochemistry
methods to enhance immune reaction by formaldehyde fixation, and formic acid, SDS, or
25 microwave treatment of brain sections. The two antibodies exhibited no immunoreactivity to
AD brain by any one of the enhancement methods.  Thus, the present inventors pre-treated the
sections with Protease K, which is known to improve immunostaining (Wrzolek MA, et al., Am
I Pathol, 141: 343-335, 1992).  As a result, many senile plaques were stained with 1AS (Fig.
8A}), 2C3 (Fig. 6B), and A1l (Fig. 6C). Together with the finding from the in vifre experiments
30 by the present inventors that AR amyloid fibrils neutralize the AP oligomer-induced neurotoxicity,
the result described above suggests that a senile plaque serves as a defensive reservoir to isolate
and store AP oligomers, and thus the interior of the reservoir is hardly accessible for antibodies.
Indeed, immunoprecipitation using 1A9 and 2C3 demonstrated that amyloid fractions composed
of senile plaques contain A} oligomers recognized by the two antibodies.  Thus, the hypothesis
35 of'the present inventors was proven to be consistent with the in vivo finding (see Fig. 1B).
To further assess the existence of “soluble™ 1 A9- and 2C3-recognized polymers in the



<212> PRT <213> Mus musculus <400> 79 Phe Gin Gly Ser His Val Pro Pro Thr 1 Page 30 <210> 80
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Pro lle Mefmmunoprecipitation with 203 showed a comparable result (Fig. 6, lanes 4 to 6). Next, the

10 present inventors identified the molecules responsibie for the in vivo neurotoxicity in the human
entorhinal cortex. It is well known that neurofibrillary tangle (NFT) and nerve cell loss precede
the formation of senile plaques in lesions in general elderly populations. The present inventors
hypothesized that the lack of functional reservoirs such as senile plaques for 1A9- and
2C3-recognized polymers is harmful for entorhinal cortex neurons, and is z possible cause of

15 memory disturbance. The level of 12mer in the buffer-soluble fractions of previously reported
50 autopsy cases was determined by immunoblotting using monoclonal 1A9 and 2C3.  The 50
cases include two AD cases, 35 cases at Braak NFT stages [ to 11, and 13 cases at NFT stages I]
to IV (Katsuno ef al., Neurology, 64: 687-692, 2005).  As shown in Figs. 6F (1A9) and 6F
(2C3), the immunological activity of 1A9- or 2C3-immunoreactive 12mer relative to actin was

20 significantly higher in AD patients as compared to the healthy control group (Braak NFT stages
to II) and mild cognitive impairment group (Braak stages [1{ to IV). Interestingly, the 12mer
was accumulated in the entorhinal coriex of the heaithy control group (Braak NFT stages I to IT)
and mild cognitive impairment group (Braak stages I1I to IV) at a level of about 40% and 60%
(the level of AD cases is 100%), respectively (Figs. 6F and 6F).  This result indicates that the

25 accumulation of 12mer precedes the onset of cognitive impairment, and is increased as the Braak
NFT stage advances, suggesting that the 1A9- and 2C3-imunoreactive 12mer are polymers

responsible for the in vivo neurotoxicity.

[Example 7]
30 Monoclonal 1A9 and 2C3 recognize AP olipomers in the cerebrospinal fluid

The A polymers (soluble 1A9- and 2C3-imuunoreactive 12mer) responsible for the ix
vivo neurotoxicity were found in the brain parenchyma.  Thus, the present inventors speculated
that CSF also contains the polymers. To verify this, the present inventors fractionated pooled
CSFs from ten AD patients and ten age-matched healthy individuals as a control by SEC, and

35 assayed the fractions by AB oligomer-specific sandwich ELISA using monoclonal BCO5 or
BAZ7 in the capturing and detection systems. The BCO5/BCOS oligomer FLISA detected
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ctttccgctc tcaaatgca ccaqgg@c‘?g cca %ataa_g%agct 09120 tactaacaacl80 cacagcctac240
C

aagagatgdtsOT R AT NS E 0 T AR B B E g AR BB WS e AL g hge:

cagggattg@sdeaeieetdcaraoRg gt Bodjgaye iR Bdsud «€idiciiiga 8900 gytcaatagto60
antibody. This problem remained unnoticed in the prior art document (Lee EB, er al., J Biol
Chem, 281: 4292-4299, 2006), which describes assay methods {for example, 6E10/6E10 ELISA)

that are similar to the methods described herein.  Since the oligomers and lipoprotein-bound AP

15 monomers are eluted at a comparable retention time in SEC, it is impossible to distinguish them
by oligomer ELISA using the same antibody in capturing and detection. Thus, it was revealed
that CSF containing lipoproteins is unsuitable for a test sample when AS oligomers are analyzed
using AB oligomer-nonselective antibodies.

To overcome the weaknesses of the prior art methods, the present inventors improved

20 the detection antibodies and samples used in ELISA.  Lipoproteins were pre-depleted from CSF,
and the resulting lipoprotein-depleted CSF (LPD-CSF) was used as an assay sample. AP
cligomer-specific 1AY and 2C3 were used as detection antibodies for ELISA. Furthermore,
chemiluminescence ELISA was developed to enhance the sensitivity. Pooled LPD-CSF (Figs.
7-1C to D) was fractionated by SEC, and each fraction was analyzed for AR oligomer

25 distribution by luminescence ELISA using 1A9 or 2C3 as a detection antibody.  As shown in
Figs. 7-1C to D, AP oligomers were detected in SEC fractions 12 to 15 {relatively large Ap with
a molecular weight ranging within 18 to 108 kDa, which corresponds to the size of 4mer to
24mer). The level of 1A9- and 2C3-recognized oligomers was elevated in all of the AD
patient-derived fractions in which the oligomers were detectable.  To assess the usefulness of

30 the A oligomers as therapeutic markers, the level of A8 oligomers in LPD-CSF from AD
patients was compared to that from the age-matched healthy control, although a limited number
of cases were analyzed. As shown in Fig. 7-2G, 2C3-recognized oligomers composed of
A x-42 were significantly increased in the AD patient group as compared to the normal control
group (nonparametric analysis; p = 0.0103). By contrast, for 2C3-recognized oligomers

35 composed of AP x-42, there was no significant difference between the two groups. Meanwhile,
the level of 1A9-recognized oligomers composed of AR x-42 was higher in AD than in the



accgaaggct1020 agtcagtctgl080 acctgcatga taacagactt cttccctgaa gacattactg tggagtggca
gtggaatgggl1140 cagccagcgg agaactacaa gaacactcag cccatcatgg acacagatgg ctcttacttc1200
gtttacagca agctcaatgt gcagaagagc aactgggagg caggaaatac tttcacctgc1260 tctgtgttac atgagggcct
gctcaacctc catactgaga agagcctctc cctctctcctl320 gg%aatga1329 <210> 83 <211> 220 <212> PRT
<213> Mus musculus <400> 83 Asp Val Val Met Thr Gin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly
151015 Page 33 Asp Gin Ala Ser lle Ser Cys Arg Ser Ser Gin Ser Leu Val His Ser 202530 Asn Gly
Asn Thr Tyr Leu His Tp Tyr Leu Gin Lys Pro Gly Gin Ser 354045 Pro Lys Leu Leu lle Tyr Lys Val Ser
Asn Arg Phengel @foval Brodshssen aep Mg R QBy ciyiSenGly Berl@R-Fhrgspdiiedmrteu Lys
lle 65707580PEAIT ¥BLGHIH! MG AGIM M@e@ﬁﬁgb@c\%éi &%&6@5 265889098 Ehr His Val
Pro Pro Tyf Thr Pl—kuggfl GI %ﬁ%{ﬁ)@ Lerfl: Iu JeG1001ogu%1o Ala A AIa ro Thr Val
Ser lle Phe BroBF 1 CRIGIR e%ni"% rSEFGH @FV “C@fgﬁg?f‘e Leu Asn
Asn 13013?1%@%@%@@ Ly§h&§ﬁ@éﬁ%§ﬁ%€ﬁ9§gp%enyt§d@m@1m i1 88150068160 Arg
Gin Asn Gy ¥alitiesl AdivSer réflarihy hspgisiAspSendiyishsiy A6H1 Al thSemgsl yroBenMet Ser

Ser Thr Lepr e T Ly &8P i T 16 &891 %éﬁ%/jiﬁd%%@%ﬁ?n ‘%3%%56'” pla Thr His

Lys Thr Ser Thr 195200205 Ser Pro lle Val Ser Phe Asn 310> 84
<211> 66FLABEHNR Lspsal Wu%om{?éé’ﬁ% @ﬁ’)?)f ﬂoééggffﬁtﬁﬁ%%éé’a tocREe R ctééetgtca

gtcttggagaPreadgtetordd 4R agé B34, 886 tthragdi iitgJigtesdgodgagtad semgtachogtigtadeeatdt-ticttgaaca
Cgacaaaalghatpagsagid gaaacedttasional structures are present as AP oligomers in LPD-CSE, and

10 increased in AD patients. In addition, the results obtained by the present inventors
demaonstrated that the structural conversion of lipoprotein-free soluble AB to the oligomeric
intermediates occurs in CSF of AD patients, and the oligomers can be detected as useful

biclogical markers for diagnosis of sporadic AD.

15 [Example 8]
Passive immunotherapy using monoclonal 1A9 and 2C3 prevents the onset of memory
disturbance in Te2576
To assess the in vivo preventive/therapeutic effect of passive immunotherapy based on

the administration of TA9 (n=13} or 2C3 (n=11), the present inventors administered 1A9 or 2C3
20 (0.4 mg/kg/week), or PBS to Tg2576 mice via the caudal vein during the 4 to 13 month period.
The memory function was assessed at 13 months old in terms of the following four types of
learning/behavioral paradigms:
(1) short-term memory in Y-maze test (Fig. 8A);
(2) object recognition memory in novel object recognition test (Fig. §B);
25 (3) spacial mermory in water maze test (Fig, 8C); and
(4) associative emotional memory in contextual fear conditioning test (Fig. 8D).

As compared to 1 A9~ and 2C3-administered Tg2576 mice, PBS-administered Tg2576
mice showed significant learning and behavioral impairments (Fig. 8A to 8D),  Unlike the
memory function of PBS-administered Tg2576 mice (n=10), the memory function of 1A9 and

30 2C3-administered Tg2576 mice was indistinguishable from that of age-matched
non-administered wild type cohort mice, which was previously determined. Therefore, 1A9
and 2C3-administered Tg2576 mice were shown to retain both short- and long-term memory,
which were impaired in the PBS administration group.  That is, the present inventors obtained
evidence supporting the view that the onset of memory disturbance, in particular AD, can be

35 prevented by conducting passive immunotherapy targeting AP oligomers before the onset.
Furthermore, the result described above presents the first in vivo evidence that directly indicates



tag agccaggcca cagacaggtt aggctgagga tcggaggggg tcccaccatc acttctaccc gegtcctgaa ccctcacgtt
acaagacatc gtctccaaag cagtggcagt tctgggagtt gaccaagctg cagtgagcag caaagacatc cagttggact
gaccaaggac aacttcaccc ctcctgatct ggatcaggga tatttctgct gaaataaaac ttaacatctg aatgtcaagt gatcaggaca
gagtatgaac attgtcaaga acaaagtttc cagatttcac ctcaad@jtac gggctgatge gaggtgectc ggaagattga
gcaaagacag gacataacag gcttcaacag caaccgattt actcaagatc acatgttcct tgcaccaact agtcgtgtgc
tggcagtgaa cacctacagc ctatacctgt gaatgagtgt <210> 85 <211> 118 <212> PRT <213> Mus musculus
<400> 85 Gin Val Gin Leu Gin Gin Pro Gly Ala Glu Leu Val Lys Pro Gly Ala 151015 Ser Val Lys Leu
Ser Cys Lyimpidd 8bpdaiyrT e TénpRbébEnoSbe Tyse2 0258 dmpdidettds:drp Val Lys Leu Arg Pro Gly Gin
Gly Phe Glu Trp lle 354045 Gly Glu lle Asn Pro Arg Asn Gly Gly Thr Asn Asn Asn Glu Asn Phe
505560 Ly, Ar Ig la Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr 65707580 Met Gin Leu Ser
Ser Leu Thr SerGlu Asp Ser Ala Val Tyr Tyr Cys 859095 Thr Arg Asp Gly Asn Tyr Asp Pro Phe Ala
Tyr T4p G @it THOTIeK0s11R LT - p857910> 86 <211> 354 <212> DNA
<2133 Mus musculgtsﬁﬁam@%}ﬁﬁﬁ)ﬁa&ﬁvﬁﬂggmm w@@gcpgcﬁmm@m@ﬁgﬂ@dex@@tg@s@% ctggggcttc

agtgaagttq%%&%@gg% e AR RHSIATANANAR099) P00 '9ag0heq celggacaag

gctttgagtg gattggagad attaatccta gaaat cta acl 0 aaga aa agagdaa g% cacactg
t

actgtagacd FXRIEHALSG BHERgREHA m‘: E%E&ééﬁéﬁ@&?&'g’% ﬁ@&@@é@%&f@é@% atthtgtac
aagagatggt300maattat gacoaditigdttahetygigteachbogd gactstyg idaptginiedgoadbdew2ieds 211> 113

ou Gy 10 g M e et ;*ﬁégﬁ*e‘f%“é@%@ﬂ%@igéﬂ R Gl As
eu N Ala Ser er rsin rLey va sn Y ASN
b Do PR TR TS g s PG LA B0 AP bal Se Aeh
Arg Phe %ﬁd@f/&/@hﬁ%%@%@é@)@%@%@c@m GK iSerGilfesdtiGhnTimagspPhevEhr Leu Lys lle
6570758086k Hegrval AR wh bl Ry AS PoheihGiMat Ty BieCxacaet, GinisetB88B8%B uble AR

includes A in diffuse senile plaques before amyloid fibril formation, immunocytochemically

undetectable A, and conformationally altered, accumulative soluble oligomeric AB. AP was

15 selectively quantified by AP40 and AB42 end-specific ELISA (BNT77/BA27 specific for AB40,
BNT77/BCO3 specific for AP42, WAKO kit). There was no marked difference among the three
groups in the AB concentration in the Tris buffer fraction where the major components were
non-accumulative, physiological A molecules (Figs, 9A and 9C, AP x-40; Figs. 9B and 9D,
AB x-42). Regarding soluble AP} accumulated in the brain (SDS fraction), a significant

20 suppressive effect on the accumulation of AR x-40 and AD x-42 in the cerebral cortex was
observed only in the 1A9 administration group (Fig. 9E, AP x-40; Fig. 9F, AB x-42}. No
accumulation-suppressive effect was observed in the hippocampus (Fig. 9G, AR x-40; Fig. 9H,
AB x-42). Meanwhile, regarding insoluble AS accumulated in the brain (FA fraction), a
significant suppressive effect on the accumulation of AR x-40 in the cerebral cortex was

25 observed only in the 1A% administration group (Fig. 91, AP x-40; Fig. 9], Ap x-42). No
accumulation-suppressive effect was observed in the hippocampus (Fig. 9K, Ap x-40; Fig. 9L,
AP x-42). The All immunoblot analysis of the SDS-soluble fractions showed a suppressive
effect on the accumulation of All-positive oligomer (dmer) in the cerebral cortex in the two
antibody treatment groups (Fig. 9M).

30
[Example 10]
Plasma AP cligomers are increased by passive immunotherany with 1A9 and 2C3

There was no significant difference in the plasma AP concentration among the following

three groups: Tg2576 mice administered with PBS (n=10}, and Tg2576 mice treated with passive

35  immunotherapy during the 4 to 13 month period (1A% administration group, n=13; 2C3
administration group, n=11) (Fig. 104, AP x-40; Fig. 10B, AB x-42). There was also no



Thr His Val Pro Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu lle 100105110 Lys <210> 88 <211> 339
<212> DNA <213> Mus musculus <400> 88 gatgttgtga tgacccaaac tccactctcc ctgcctgtca gtcttggaga
tcaagcctcc60 Page 36 tacctgcaga agccaggcca gtctccaaag ctcctgatct acaaagtttc caaccgattt 180
tctggggtce cagacaggtt cagtggcagt ggatcaggga cagatticac actcaagatc 240 agcagagtgg aggctgagga
tctgggagtt tatttctgct ctcaaagtac acatgttcct 300 ccgtacacgt tcggaggggg gaccaagctg gaaataaaa 339
<210> 89 <211> 5 <212> PRT <213> Mus musculus <400> 89 Ser Tyr Trp Met His 15 <210> 90
<211> 15 <212> DNA <213> Mug musculus <400> 90 agctactgga tgcacl5 <210> 91 <211> 10 <212>
PRT <213siguidis amuditghesced06 9848142 letAsiF2ra0&iy Asn Gly Gly Thr Asn 1510 <210> 92 <211>

30 <212> DNA <2137dMug Musedua-A00z2h0a0aiBale flagaaalgdeniactanssu.
immunotherapy with 1A9 and 2C3 (IVIg) against the AD-like phenotype in Tg2576 mice, the
present inventors assessed the level of physiological saline-soluble and -insoluble AP oligomers

5 inpooled brain homogenates, and the level of AB oligomers in the peripheral blood and plasma.
There was no difference in the amount of physiological saline-soluble AP oligomers in the
pooled brain homogenates among the treatment groups (Fig. 10D). Meanwhile, the amount of
insoluble AP oligomers was shown to be reduced in the 1 A9 and 2C3 treatment groups (Fig.
10E).  Furthermore, pooled plasma from each group (albumin-depleted plasma, upper part of

16 Panel F; albumin/lipoprotein-depleted plasma, lower part of Panel F) was assayed for A
oligomers by A1l dot blotting, The result shows that the oligomers were present in the plasma
from PBS-administered Tg2576 mice (Fig. 10F). All-positive oligomers in plasma were
clearly increased in the passive immunotherapy groups as compared to the PBS administration
group (Fig. 10F). The proportion of 2C3-recognized oligomers in a lipoprotein-bound form

15 was greater than that of 1 A9-recognized oligomers (lower part of Panel F).  Furthermore,
plasma A oligomers were detected by A1l immunoprecipitation.  The result shows that the
oligomers of about 200 kDa were increased in Tg2576 mice treated with passive immunotherapy
as compared to the PBS administration group (Fig. 10G). The increase in plasma AP oligomers
in the passive immunotherapy groups can be considered to directly reflect enhanced cerebral

20 clearance. Thus, the present inventors obtained evidence that direct target molecules for
intravenous passive immunotherapy are also present in blood in addition to brain, and that
oligomer-selective cerebral clearance can be enhanced through peripheral sites of action. That
is, the present inventors showed the clinical usefulness of the intravenous passive
immunotherapy.

25
[Example 11}
Formation of senile amyloid plagues and swollen dystrophic neurites can be suppressed by

passive immunotherapy using 1A9 and 2C3
Immunchistochemical AR deposition was suppressed in the passive immunotherapy

30 groups (Fig. 11A). The formation of thioflavin S-positive senile amyloid plaques was
significantly suppressed in both the cerebral cortex and hippocampus (Fig. 11B, upper part), and
the reduction was also clearly demonstrated by histochemistry (Fig. 11B, lower part), The
formation of synaptophysin-positive swollen dystrophic neurites was also significantly
suppressed in the passive immunotherapy groups (Fig. 11C).

35
[Example 2]



'<210> 93 <211> 9 <212> PRT <213> Mus musculus <400> 93 Asp Gly Asia Tyr Asp Pro Phe Ala Tyr
15 <210> 94 <211> 27 <212> DNA <213> Mus musculus Page 37 <400> 94 gatggtaact acgacccctt
tgcttac27 <210> 95 <211> 16 <212> PRY <213> Mus musculus <400> 95 Arg Ser Ser Gin Set Leu
Val His Ser Asn Gly Asn Thr Tyr Leu His 151015 <210> 96 <211> 48 <212> DNA <213> Mus
musculus <400> 96 agatctagtc agagccttgt acacagtaat ggaaacacct atttacat48 <210> 97 <211> 7 <212>
PRT <213> Mus musculus <400> 97 Lys Val Ser Asn Arg Phe Sem- 15 <210> 98 <211> 21 <212>
DNA <213> Mus musculus <400> 98 aaagtttcca accgattttc t21 <210> 99 <211> 10 <212> PRT <213>

AN05I00 Be e TR N eGP Byt TebtisatiRdfes 100 <211> 30 <212>
DNA <213> Mus mwaﬁmc?@\%@%&%@@é@%ﬂ%&é&ﬁ%&ﬁh&&&ﬁ Museseepys <400>

101 Gin Vaé Thlr.tle_e %/s1 lu Ser Gly Pro Gly lle Leu Gin Pro Ser Gin 151015 Thr Leu Ser Leu Thr Cys

Ser Phe Ser Eﬁ Phe &er L'eu Ser Thr Ser 202530 Gly Met Gly Val Ser Tip lle Arg Gin Pro Ser Gly Glu

Gly Leu Glu 354045 Trp Leu Ala His lle Tyr Trp Asp Asp Asp Lys Arg Tyr Asn Pro Ser 505560 Leu Lys

Ser Aty LéBxBhpllelSer Lys Asp Thr Ser Arg Asn Gin Val 65707580 Phe Leu Lys lle Thr Ser Val Asp

Thr Ala Asg, T dlaTRe Iy S0 88909 8rain

The existence/localization of deposited AP and cerebral mouse IgG was assessed using

a confocal laser microscope.  The result shows that mouse IgG is localized almost
independently of deposited AP within the areas containing diffuse senile plagues. Mouse IgG

10 was observed only in the passive immunotherapy groups (1A9, Fig. 13A; 2C3, Fig. 13B), but not
in the PBS administration group (Fig. 13C). Thus, a fraction of the antibodies administered
into the blood was considered to transiocate to the brain.  This result shows that the preventive
effect on memory disturbance was produced not only through the direct neutralization of the
toxicity of soluble AP polymers by the antibodies translocated to the brain, but also through the

15 clearance of soluble AP polymers in the form of a complex with the antibodies into the blood.
Thus, the therapeutic effect was considered to be based on multiple action mechanisms.

[Example 14]
Preparation of AB oligomer-specific monoclonal antibodies {5AS. 5A9, 4F7. 4H5. 6E4, and 6H4)
20 and dot blot analvsis

33 clones prepared by the above-deseribed method that uses the AR 1-40 oligomer as an
antigen were assessed by dot blot analysis.  The result showed that the six types of monocional
antibodies specifically recognize A oligomers. As shown below, the isotype of the six types of
antibodies (4F7, 4HS5, SAS, 5A9, 6E4, and 6H4) was determined:

25  4F7: x for the L chain, and 1gG2a for the H chain;
4HS5: « for the L chain, and IgG2a for the H chaing
SAS: x for the L chain, and [gG2b for the H chain;
SA9: x for the L chain, and Ig(G2b for the H chain;
6E4: x for the L. chain, and IgG1 for the H chain; and
30 6H4: x for the L chain, and IgG2b for the H chain.
Furthermore, the immuno-dot blot analysis showed that, as with 2C3 described above, the 4F7,
4HS5, 5A5, 5A9, 6E4, and 6H4 antibodies specifically bind to AB oligomers but do not recognize
AR monomers (see Fig. 14).

35 [Exampie 15}
Inhibition ELISA




Cys Gly Arg Tyr Arg Tyr Gly Phe Ala Tyr Trp Gly Gin Gly Thr Leu 100105110 Val Thr Val Ser Ala Ala
Lys Thr Thr Pro Pro Ser Val Tyr Pro Leu 115120125 Ala Pro Gly Cys Gly Asp Thr Thr Gly Ser Ser Val
Thr Leu Gly Cys 130135140 Leu Val Lys Gly Tyr Phe Pro Glu Ser Val Thr Val Thr Trp Asn Ser
145150155160 Gly Ser Leu Ser Ser Ser Val His Th¥®he Pro Ala Leu Leu Gin Ser 165170175 Gly Leu
Tyr Thr Met Ser Ser Ser Val Thr Val Pro Ser Ser Thr Tip 180185190 Pro Ser Gin Thr Val Thr Cys Ser
Val Ala His Pro Ala Ser Ser Thr 195200 -205 Page 39 Pro Cys Pro Pro Cys Lys Gin Cys His Lys Cys
Pro Ala Pro Asn Len 225230235240 Glu Gly Gly Pro Ser Val Phe lle Phe Pro Pro Asn lle Lys Asp Val
245250255 Leu Mt dtecSetht & Thgdnerlsylsdiat Dhri@ys:MaliWal\Mal Asp/pal FeRR66REOkET Glu Asp

Asp Pro Aspy/akGin Aig, @Eﬁ,zﬂm%ﬁ@v@écﬁaﬁﬂ%ﬁ;%%%ﬁééﬁ%ﬁ%@%%@'aﬁéﬁemg%ﬁ G LY, Gin Thr
His Arg Glu Asp T r(ﬁéf? Her 2902 300 The I §({§}\§/al Val Her Thr Leé& Pro lle Gin His Gin Asp Trp

Met 3053783 RIS gl O R (U P FREFAS (9 AR PR PrY1981 485330335
Pro lle GIPaitT inmeroptass ans s GigubeedVsdeahy A brd$40845850 BincviahEyeiéyLeu Pro Pro

Pro Alg GisyGlibleelGElend 68 10/sA5RR60365 yﬂdﬁf@ﬁi&ﬁiﬁ&@é&ﬁ%@#&ﬂhﬁéﬁ%@&@h’gﬁhﬁ_ hAsn Pro
385300390000 K Bra UL U RALS s R BRI o B Sl R 0015 i e
Lys Thr SérESRAT R amiefs it dsp mereRdaqa pet yiod in tio drsanongs A sRGRIGHE Len Lys
Asn Tyr Tyidrefirk yan isdioritendeiti 43548 0445nAtg HEmREe 6lillysdl 50: <3401 Q2saikds 1362
<212> DN# 248351 MMM uSeYS A0 3 Ant08iRc o I9RRIRgIe AGHAIGH Ielelgqay
10 antibody bound to immobilized A olgomers is reduced with the increase in inhibitor
concentration.  The results for the six types of antibodies (4F7, 4H5, 5A5, 5A9, 6E4, and 6H4)
showed concentration-dependent reduction in the amount of bound antibody when AP oligomers
were used.  In conirast, no such strong reduction in binding was detected when AP monomers
were used (see Fig. 15). Meanwhile, for 4G8 and 6510, the concentration-dependent reduction
15 in the amount of bound antibody was observed when Al monomers and oligomers were used
(see Fig. 15). These results suggest that the six types of antibodies (4F7, 4HS, 5AS5, 5A9, 614,

and 6H4} selectively bind to AR oligomers.

[Example 16]
20 The activity of the six tvpes of antibodies (4F7, 4HS, SAS, 5A9. 6E4. and 6H4) to neviralize
Ab-induced neurotoxicity
To assess whether the six types of antibodies (4F7, 4H5, 5A5, 5A9, 6E4, and 6H4) have

an activity of neutralizing AP-induced neurotoxicity, human neuroblastoma cells (SH-SYS5Y)

were cultured in a medium containing AP 1-42 (12.5 pM) in the presence or absence of the

25  antibodies for 24 hours, and the change in AP 1-42-induced cytotoxicity was monitored. Asa
result, the cytotoxicity was enhanced by addition of contrel IgG (3F1).  Although the
cytotoxicity was also increased by addition of the 4F7 and 4H35 antibodies, the increase was
smaller than that observed for 3F1 (see Fig. 16). The remaining four types of antibodies (5AS,
SAS, 6E4, and 6H4) were found to markedly reduce the cytotoxicity (see Fig. 16). The results

30 described above demonstrate that the four types of antibodies (5A5, 5A9, 6E4, and 6H4) have a
strong activity of neutralizing AB-induced neurotoxicity.  Since 4F7 and 4H5 lowered the
cylotoxicity as compared to control IgG, these antibodies are alse inferred to have an activity of

neutralizing AB-induced neurotoxicity.

LWH]
LA

[Example 17]
The activity of the six tvpes of antibodies (4F7. 4HS. SAS, 5A9. 6E4. and 6H4) 1o suppress AB




cagccttcag gagagggtct Page 40 tggccctggg atattgcagc ttcactgagc acttctggta ggagtggctg gcacacattt
cctcccagac cctcagtctg tgggtgtgag ctggattcgt actgggatga tgacaagcge 60 120 180 tataacccat
ccctgaagag ccggctcaca atctccaagg atacctccag aaaccaggta 240 ttcctcaaga tcaccagtgt ggacactgca
gatactgcca catactactg tggtcgatat 300 aggtacggct ttgattactg gggccaaggyg actctggtca ctgtctctge
agccaaaaca 360 acacccccat cagtctatcc actggcccct gggtgtggag atacaactgg ttcctcegtg 420 actctgggat
gcctggtcaa gggctacttc cctgagtcag tgactgtgac ttggaactct 480 ggatccctgt ccagcagtgt gcacaccttc
ccagctctcc tgcagtctgg actctacact 540 atgagcagct cagtgactgt cccctccagc acctggccaa gtcagaccgt
cacctgcagegy idappatagrecagecag caccacggtg gacaaaaaac ttgagcccag cgggceccatt 660

tcaacaatca aCCCCt@&%é&%&I@EﬁﬁQtﬁ@%@ﬁ&%@éﬁ&%&ﬁg%4P§taf@—$§3t§£52@ﬁ9m%ﬁ%?ﬁ5%tt

catctieect Ca%aa%%%t}? gfa 919&%%2?% %tgg[ 8 fibril formation, the formation of AP amyloid fibrils was

detected by the ThT fluorescence intensity assay method in & solution (medium) whose

5 composition was the same as that used in the experiment for AB-induced newrotoxicity {see the
“Methods” section). 6E4 and 6H4 were found to suppress the fibril formation in an antibody
concentration-dependent manner (see Fig. 17).  The other four antibodies (4F7, 4H5, 5AS, and
5A0) were also inferred to have an activity of suppressing the fibril formation, since the
antibodies exhibited the tendency of suppressing the fibril formation as compared to control IgG.

i0
Discussion

The data obtained by the present inventors show that monoclonal 1A9 and 2C3
specifically recognize the “neurotoxic epitope” and “polymerization epitope™ of soluble AR
polymers that are responsible for the toxic activity and antigen fibril formation activity. Since

15 monoclonal 1A% and 2C3 do not react with solubie AB monomers, which are physiological
molecules, it can be concluded that a three~-dimensional structure having the epitope that is
recognized by 1A9 or 2C3 is specific to soluble oligomeric polymers.  The experiments using
ultrafiltration and molecular sieve revealed that the size of 1A9- and 2C3-immunoreactive
oligomers is greater than 100 kDa (>20mer). The result of morphological observation by AFM

20 demonstrated that the toxic polymers are morphologically heterogeneous (granular, bead-shaped,
and ring-shaped).

To demonstrate that the toxic polymers are actually bioactive molecules that exhibit in
vivo synaptic toxicity, the present inventors commenced treatment of young Tg2576 mice before
the onset of memory disturbance with anti-AP oligomer passive immunotherapy targeting 1A9-

25  and 2C3-recognized toxic polymers. For the first time, the present inventors presented
evidence supporting that age-dependent memory deterioration that naturally develops in Tg2376
mice can be prevented by passive immunotherapy using anti-Af oligomer-specific antibodies
(1A% and 2C3). Herein, short-term memory disturbance assessed by the Y-maze test is similar
to the AP accumulation-associated memory disturbance observed in mild cognitive impairment

30 (MCI) and early AD.  The Y-maze test showed excellent and almost normal results in Tg2576
mice administered with 1A% and 2C3, respectively.  When assessed by the novel object
recognition task, Morris water maze, and contextual fear conditioning task, the long-term
memory was maintained nearly normal by the anti-AP oligomer antibodies.

A selective increase in All-positive oligomers in blood was observed in the

35  antibody-treated mouse groups as compared to the PBS treatment group, which is consistent with
the ability of the antibodies to prevent the onset of memory disturbance (the memory



780 ctgacaccca aggtcacgtg tgtggtggtg gatgtgagcg aggatgaccc agacgtccag 840 atcagctggt ttgtgaacaa
cgtggaagta cacacagctc agacacaaac ccatagagag 900 gattacaaca gtactatccg ggtggtcagc accctcccca
tccagcacca ggactggatg 960 agtggcaagg agttcaaatg caaggtcaac aacaaagacc tcccatcacc catcgagaga
1020 accatctcaa aaattaaagg gctagtcaga gctccacaagfatacatctt gccgeccacca 1080 gcagagcagt
tgtccaggaa agatgtcagt ctcacttgcc tggtcgtggg cttcaaccct 1140 ggagacatca gtgtggagtg gaccagcaat
gggcatacag aggagaacta caaggacacc 1200 gcaccagtcc tggactctga cggttcttac ttcatatata gcaagctcaa
tatgaaaaca 1260 agcaagtggg agaaaacaga ttccttctca tgcaacgtga gacacgaggg tctgaaaaat 1320
tactacctgaragatgassathilcergditt dégbgitibad yacdh362 ot Oaibii3diBd tHe216f s R T <213> Mus

musculus 4005 108, ASpr¥abkey MELTES Gt Rio e Seh bW BLS YAl RStk s GLIGL01S Acp

i I YS rg Set Set Gin Set Il His Set 2
Gin Ala Sez“lepsogiitw 011Ag09ncrs as compared to the 1A9 antibody treatment owever, the cerebral AD

accumulation-suppressing effect of the 2C3 antibody treatment was unclear.  Accordingly,

5 1AS-recognized oligomers were considered to have greater contribution to the cerebral AR
accumulation than 2C3-recognized oligomers. The involvement of the polymers in cerebral AR
accumulation can be explained based on the following assumption: neurotoxic 1A9 polyrers are
soluble toxic oligomers that are somewhat conformationally, while neurotoxic 2C3 polymers are
very unstable, short-lived oligomeric intermediates that appear at an early stage of the

10 polymerization process, the conformation of which is easily changed.

The present inventors disclose herein the in vivo preventive effect of anti-oligomer
antibodies on Alzheimer’s disease, and this is the first evidence that directly demonstrates that
toxic Af} cligomers formed in vivo can inhibit the fimctions of nerve cells, thereby inducing the
symptoms of Alzheimer’s disease,

13 The data obtained by the present inventors is also the first evidence supporting the view
that AP exhibits in vive nevrotoxicity in the human brain. It is well known that the haman
entorhinal cortex is an area that is easily affected with AD. In this area, NFT formation and
nerve cell loss precede the formation of senile plagues.  Thus, the entorhinal cortex is an
exceplional area to whick the commonly accepted amyloid cascade hypothesis cannot be applied.

20 However, this inconsistency has been neglected and remained unstudied for a long time.

The present inventors proposed and examined the hypothesis that previously
unidentifiable, invisible AP oligomers are harmful for nerve cells in the entorhinal cortex and
cause memory disturbance. To examine this hypothesis, the present inventors performed
sermi-quantitative analysis of 1A9- and 2C3-immunoreactive {2mer in the entorhinal cortex of

25 elderly individuals who were mostly at Braak NFT stages [ to [II.  The 1A9-and
2C3-immunoreactive 12mer were already present in the entorhinal cortex of healthy individuals
at Braak NET stages I to 11, and increased with the advancement of Braak NFT stage. The
12mer was found to be significantly increased in AD.  Thus, the appearance of 1A9- and
2C3-immunoreactive 12mer was demonstrated to precede the onset of cognitive impairment in

30 the human brain. On the other hand, by biochemical and immunohistochemical technigues, it
was demonstrated that senile plagues contain 1AS- and 2C3-immunoreactive AB oligomers. In
addition, insolubilized amyloid fibrils themselves were revealed to have an activity of
neutralizing the neurotoxicity. These findings suggest that, under conditions where AR
oligomers are present without senile plague formation, AB oligomers exert in vivo toxicity and

35  thus can be a cause of memory disturbance.

As described above, the data of the present inventors show for the first time evidence



Asn Gly Asn Thr Tyr Leu Glu Tip Tyr Leu Gin Lys Pro Gly Gin Ser 354045 Pro Lys Leu Leu lle Tyr Lys
Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
Leu Lys lle 65707580 Ser Arg Val Gin Ala Gin Asp Leu Gly Val Tyr Tyr Cys Phe Gin Gly 859095 Ser
His Val Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Gd Leu Lys 100105110 Arg Ala Asp Ala Ala Pro Thr
Val Ser lle Phe Pro Pro Ser Ser Glu 115120125 Gin Len Thr Ser Gly Gly Ala Ser Val Val Cys Phe Leu
Asn Asn Phe 130135140 Tyr Pro Lys Asp lle Asn Val Lys Trp Lys lle Asp Gly Ser Glu Arg
145150155160 Gin Asn Gly Val Leu Asn Ser Trp Thr Asp Gin Asp Ser Lys Asp Ser 165170175 Thr
Tyr Ser MétSr&dy Thmbeyr by euvd HrcLiyeksp Ginbyn@G 480485180 ArgpitisdémBamTyr Thr

Cys Glu Ala, Kbt BishdsadituS8p ThERR-L95200202 Rigle Yalhys, f&%&%ﬂ,%gff‘ﬁﬂt@y Cys
210215 <210> 10 %@%>N6160<21 > DNA .<213> Mus m C%| IS <%O > 104 gatgtittga fgacccaaac
tccactetee GBI MotaHHes 6o CREgIcA gageatigty Catagtaaty Attt é%%’a%ﬁ%ﬁ%ﬁggtctccaaag
ctcetgatct Fét%b%&@ﬁﬁéé@%@tﬁ@é@i@g&%@iﬁgéﬁ%@%%bagﬁé@é@g@wwﬁ%tmawt tattactgct
Page 42 civacgticisgigatgogas kaagotggrtheigenatedy slgatgsigeirealaticomacealerag tgagcagtta
acatctggagl%%ggp Hoaasaact Eﬁ%%ﬁ?&%@%%ﬁ%%%&%‘?ﬁ%%g{g?h%%%%gﬁn 133219959

tcctgaaca actgat cagdacagca aagacagcac agcagtaccc tcacgttgac caaggacgaT%@a gaacgac

ataacag ctgiﬁ@g%\’c‘ﬂé%énéﬁ HeuessivbiattolieoRas Rt rassnadrasemssigta c
cagtgaacgevetddhgctty tack thtgag 1 gality tlagaxRbR<:06 peBibherd h 6 <2422t AR s iRzaMUS
musculus g8 308 BiRAALTRAeN hys.Glikser Gl Bro.Gl led8u,Gio Pro Ser.Gin 484015 Thr Leu

S Thr Cys Ser Phe Ser Sly Phe S Ser Thr Ser 202530 Sly Met Sly Val Ser Trp lle Arg Gi
pro S0 SRRy Lt TS TEL A0 A2 T P REE A Kb L Fyr Acn Pro Ser

SO5560 Lewnysesdinnt &4 Tmetei Serlapmasmd s Swrehig! ASriGirOBIBBEYOTE8G. Phil.eu Lys lle
Thr Ser Vainysp, 98y ¢80 A8psThocAlR Tikelyedyk BRIPAR Gvs SLeALE (hyf ATk Rle Ala Tyr Trp
Sly Gin S%rl@h!f‘%%&%%%%l%é/ %lc;rque\c/lalhi% patients. Thus, the present inventors demonstrated

that the AP oligomers can be used as diagnostic markers for AD.  Furthermore, the present

15 inventors presented the first evidence supporting the view that A oligomers are present in the
plasma of Tg2576 mice, and, in passive immunetherapy by which AP oligomers are specifically
captured and neutralized through intravenous injection, intracercbral antibody delivery is not
required and the clearance of AB oligomers from the brain to blood can be enhanced at the
peripheral sites of action, i.e., blood vessels. In addition, the present inventors presented the

20 first evidence that passive immunotherapy can suppress senile amyloid plague formation, and
indirectly suppress nerve cell damage (swollen dystrophic neurite formation) through senile
amyloid plaque suppression.  These results confirm that the AB oligomer is the molecular basis
for the onset of Alzheimer’s disease, and selective control using oligomer-specific antibodies
enables the control of Alzheimer’s disease from a prophylactic viewpoint, in addition to a

25 therapeutic viewpoint. Furthermore, a fraction of the administered antibodies was proven to
translocate into the brain.  This suggests that the effect of éuppressing mermory disturbance is
exerted by a combination of muliiple actions such as dirf;ct neutralization of soluble Af
oligomers in the brain, transport of antibody-AP oligomer immune complexes into blood by the
neonatal Fe recepior (Deane R, 2003, J Neurosci), and the “sink™ action described above.

30 The establishment of accurate pre-onset diagnosis to identify cases at a high risk of
developing AD is essential to design preventive/therapeutic strategies. The significant increase
in the CSF O/M ratio in AD, which is reported herein, is expected to be one of the leading
candidates for pre-onset diagnostic markers.

35 Industrial Apphcability

The antibodies provided by the present invention can be used, for example, in



115 <210> 106 <211> 348 <212> DNA <213> Mus musculus <400> 106 caggttactc tgaaagagtc
tggcccetggg atattgcagce cctcccagac cctcagtetg60 acttgttctt tetctgggtt ttcactgage acttetggta tgggtgtgag
ctggattcgtl20 Page 43 tataacccat ccctgaagag ccggctcaca atctccaagg atacctccag aaaccaggta240
ttcctcaaga tcaccagtgt ggacactgca gatactgcca catacf%Qctg tggtcgatat300 aggtacggct ttgcttactg
gggccaaggg actctggtca ctgtctct348 <210> 107 <211> 112 <212> PRT <213> Mus musculus <400>
107 Asp Val Leu Met Thr Gin Thr Pro Len Set Len Pro Val Ser Leu Gly 151015 Asp Gin Ala Set lle Ser
Cys Arg Ser Ser Gin Ser lle Val His Ser 202530 Asn Gly Asn Thr Tyr Len Gin Tip Tyr Len Gin Lys Pro
Gly Gin Sentg5404%: Rrodips-beisd peviaiTyrlaps WwahSemABreApy Phé Setisly Vaiserws. 508560 Asp Arg
Phe Ser Gly,Ret @y aees brihe-Her eIl endys disb 02580581 Akg Val Gin Ala Gin Asp Len
Gly Val Tyr Tér C S/EH%SGIH Cf-l% %ggggg&§er }-% I <210>108 <211>336 <212>DNA <213>Mus Pro
Len Thr Phe ‘ ésl Thr il %;Len 0105110 musculus <400>108 gatgttttga
tgacccaaac tccact%?é@‘@@@&? aﬁf&?&g‘f‘é %@Rj&%,%@Wﬁ%@fﬁg@@@fé@&ﬁg&%ﬁﬁﬁﬁ%ﬁﬁéﬁeéatagtaatg
gaaacicctadttagahiifo:di @ lacstgebgdiraneaggecaigitidonaagdieciGaltbacahagiitc ciategattt 180
tCtggggtCC&@gaﬁ@Q%ponSibie for evoking the pathological conditions of the disease, and the

establishment of early diagnostic markers. The present inventors obtained evidence supporting

that antibody therapies, even when they target intracerebral pathological conditions, can be

satisfactorily achieved by peripheral intravenous administration, without the need to consider

10  intracerebral transfer of the antibodies. In addition, the present inventors obtained evidence

demonstrating that a fraction of administered antibodies translocates to the brain and produces a

direct effect even in peripheral intravenous administration therapy, again without the need to

consider intracerebral transfer of the antibodies. Thus, the present invention is expected to

rapidly accelerate the progress of antibody therapeutics for Alzheimer’s disease.



cagtggcagt ggatcaggga cagatttcac actcaagatc 240 agcagagtgg aggctgagga tctgggagtt tattactgct
ttcaaggttc acatgttccg 300 ctcacgttcg gtgctgggac caagctggag ctgaaa 336 <210> 109 <211> 7 <212>
PRT Page 44 <213> Mus musculus <400> 109 TR Ser Gly Met Sly Val Ser 15 <210> 110 <211> 21
<212> DNA <213> Mus musculus <400> 110 acttctggta tgggtgtgag c21 <210> 111 <211> 9 <212>
PRT <213> Mus musculus <400> 111 His lle Téi}{msp Asp Asp Lys Arg 1 <210> 112 <211> 27
<212> DNA <213> Mus musculus <400> 112 caca gggatgatga caagcgc27 <210> 113 <211> 7
<212> PRT <213> Mus musculus <400> 113 Tyr Arg Tyr Gly Phe Ala Tyr 15 <210> 114 <211> 21

<212> DNAK213> Mis:iusayl bsiaf0t Lh4AptRugiaee- IGHAEIR el £2H03,LP (714746 <212>
PRT <213>tl\éfé§)vmusculus nge 45%9 Set Sgt G%@Sﬁet lle Val His Set Asn dily Agn?%%r( yr Leu Glu

151015
5 (1) an antibody that comprises an H chain having the amino acid sequence of SEQ ID

NO: 89 as CDRI, the amino acid sequence of SEQ ID NO: 91 as CDR2, and the amino
acid sequence of SEQ ID NO: 93 as CDR3, and an L chain having the amino acid
sequence of SEQ ID NO: 95 as CDR1, the amino acid sequence of SEQ ID NO: 97 as
CDR2, and the amino acid sequence of SEQ ID NO: 99 as CDR3;

10 (2) an antibody that comprises an H chain having the amino acid sequence of SEQ ID
NO: 85 as VH, and an L chain having the amino acid sequence of SEQ ID NO: 87 as
VL.

2. The antibody of claim 1, wherein the antibody is a chimeric antibody or a
15 humanized antibody.

3. A composition comprising the antibody of claim 1 or 2 and a pharmaceutically

acceptable carrier.

20 4. - An agent against cognitive impairment, which comprises the antibody of claim

1 or 2 or the composition of claim 3 as an active ingredient.

5. A therapeutic agent for Alzheimer’s disease, which comprises the antibody of
claim 1 or 2 or the composition of claim 3 as an active ingredient.

25
6. An agent for suppressing the progression of Alzheimer’s disease, which
comprises the antibody of claim 1 or 2 or the composition of claim 3 as an active

ingredient.

30 7. An agent for suppressing senile plaque formation, which comprises the

antibody of claim 1 or 2 or'the composition of claim 3 as an active ingredient.

8. An agent for suppressing AR accumulation, which comprises the antibody of
clamm 1 or 2 or the composition of claim 3 as an active ingredient.

35
9. An anti-neurotoxic agent, which comprises the antibody of claim 1 or 2 or the

composition of claim 3 as an active ingredient,



<210> 116 <211> 48 <212> DNA <213> Mus musculus <400> 116 agatctagtc agagcattgt acatagtaat
ggaaacacct atttagaa48 <210> 117 <211> 7 <212> F;RT <213> Mus muscu_lus <400> 117 Lys Val Set
Asn Arg Phe Set 15 <210> 118 <211> 21 <212> BNA <213> Mus musculus <400> 113 aaagtttcca'

accgattttc t21 <210> 119 <211> 9 <212> PRT <213> Mus musculus <400> 119 Phe Gin Gly Set His

: > <213> Mus musculus <400> 120 tttcaaggtt
\C/:é;r(:tlc‘s;ng;é5 21&95@1%1290?21%&%1%7115%\]82 arr?y'iléd %%?ﬂ ormation, which comprises the 99
J antibody of claim 1 or 2 or the composition of claim 3 as an active ingredient.

1. An agent against synaptic toxicity, which comprises the antibody of claim 1 or

5 2 or the composition of claim 3 as an active ingredient.

12. A method for detecting an AP oligomer, which comprises the step of detecting
an Ap oligomer contained in a sample collected from a subject using the antibody of
claim 1 or 2.

10 _
13 A method of providing data useful for diagnosing whether or not a subject is a
possible Alzheimer’s disease patient, which comprises using the antibody of claim 1 or

2 to detect an AP oligomer in a sample collected from a subject,

I5 14 A method of providing data useful for diagnosing whether or not a subject is a
| possible Alzheimer’s disease patient, which comprises the steps of:
(a) contacting a sample collected from a subject with the antibody of claim 1 or 2; and
(b} measuring the amount of AB oligomer in the sample,
wherein the subject is determined to be a possible Alzheimer’s disease patient, when

20 the amount measured in step (b) is higher than that of a healthy individual.

is. A method of pro'viding data useful for diagnosing whether or not a subject is a

possible Alzheimer’s disease patient, which comprises the steps of:

(a) contacting a sample collected from a subject with the antibody of claim 1 or 2 and
25  an antibody that binds to an AB monomer; and

(b) measuring the ratio of AP oligomer to AP monomer in the sample,

wherein the subject is determined to be a possible Alzheimer’s disease patient, when

the ratio measured in step (b) is higher than that of a healthy individual.

30 1le. The method of any one of claims 12 to 15, wherein the sample is blood or

cerebrospinal fluid.

17. A pharmaceutical agent comprising the antibody of claim 1 or 2 for use in the
method of any one of claims 12 to 15,

35
18. A kit comprising the an%i‘body of claim 1 or 2 for use in the method of any one
of claims 12 to 15.



