1 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
AG3 oligomers and uses thereof. 10 Background Art;Various evidence has shown that deterioration of
memory arises from synaptic dysfunction triggered by soluble A[3 oligomers (see Non-Patent
Documents | 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 A[3 oligomers may b%ﬁgﬁ:ﬁﬁ{ I\plocking these cascades. However,
findings on neurodegeneration mediated by core moleculées of this amyloid cascade hypothesis which
are responsible for neurodegeneration, particularly by A[3 oligomers, originate from in vitro
experimentsASEEINOD-PatgriBoguore RIS HINGSSIurodegenesationdmenotbegnmpraven siectly in
vivo. The greatest defect of previously reported ?ﬁﬁ& eriments is that they 20 failed to
demonstrate synaptic toxicity of endogenous Al3cligomers due to the lack of conformation-specific
moleéular tools (see Non-Patent Document 4). There has been known no technique capable of
proving thedmdeiyridthin the human brain, an aspect which is difficult to demonstrate even in
Alzheimer's disease mouse models. Thus, the in yivo. neurotoxici ndogenqus,A[3 has been often
disregarded. It hZ@‘Sé’é S%tkﬁg\?ﬂ?%ﬁ?%‘ﬁsrt?oﬂ’l’ﬁ&e%#lﬂ835%%&1}%?9&% Sl sitie plaque
formationgesikerfian entorhinal cortex, and how A[3 oligomers are involved in this mechanism.
Prior art literature information relating to the present invention is shown below. [Non-Patent Document
1] Kh;in L, Trrend Neurosci. 24: 219-224, 2001. [Non-Patent Document 2] Selkoe DJ, Science 298:
789- 91,%@&5@@% -Patent Document 3] Hass C et at.: Nature Review 8: 101-12, 2007.
[Non-Patent Doclyaréesdiden&B)estshhval tBio ldBhemtR8lof4aaR 042 968, 2006m Bysajsisure of the

InventiongRiablers 2,36 soed nshenueRUREI-AR LN RLesEA: DGO A AChIEVRd B ey of
the above circumstance égg objective of the present invention is to provide antibodies that bin
specificaﬁﬁ%n}ir\%t&fbﬁ?a %Sﬁ‘aoﬁégé% erasr e Rt gy eameisrinetiniesisiovides
antibodiesaticaddsitihspadificdllylteimer’s disease (AD).  Therefore, therapeutic intervention targeting

15 AP oligomers may be effective for blocking these cascades. However, findings on

neurodegeneration mediated by core molecules 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 vivo. The greatest defect of previously reported i vivo experiments is that they

20 failed fo demonstrate synaptic toxicity of endogenous AP oligomers 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 Alzheimer’s disease mouse models. Thus, the in vivo neurotoxicity of
endogenous AP has been often disregarded. It has been unknown why NFT formation and loss

25 ofnerve cells precede senile plaque formation in the human 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: 783-791, 2002.

30  [Non-Patent Document 3] Hass C et al.: Nature Review 8: 101-12, 2007.
[Non-Patent Document 4] Lee EB, ez al.: J. Biol. Chem. 281: 42924299, 2006.

Disclosure of the Invention

[Problems to be Solved by the Invention]
35 The present invention was achieved in view of the above circumnstances. An objective

of the present invention is to provide antibodies that bind specifically to AB oligomers, and uses



A[3 oligomers, methods for detecting AG3 oligomers using the antibodies, methods for diagnosing
Alzheimer's disease using the antibodies, and pharmaceutical agents comprising the antibodies. 5
[Means for Solving the Problems] The present inventprs produced monoclonal antibodies that are
specific to only soluble amyloid [3 (A[3) oligomers and do not recognize soluble A[3 monomers which
are physiological molecules, and confirmed that the antibodies have the following: (1) anti-neurotoxic
activity; 10 (2) activity to suppress AR amyloid fibril formation, (3) specificity to recognize only A[3
oligomers,, () gbilify 10 ca é%*ﬁ&ﬁ 3 pldomer i'z%eﬁ‘gograr@ﬁ%nga&?tlb%%%?tﬁ%%}en\c/fntetch m‘éﬁ\v opment
of Alzheimers diseaSe. ke phenotypes (memaory ™ Imp fent. srain Aceumutation) 1n APPswe
transgenié ridie ¢Nges 18theg sUsirstantuigrAff vhgomenvlistugahsiavidbasithod ctherbrigthénamideglies
produceda 1apenasienakdAQ @K%%ﬁ@aﬁ’%@dﬂ@sﬁeiﬁﬂi neskigspeciicalyreceatizsipligamersed3e kDa or
r

ik
more, mainly 100 kDa or more, but not monomers of approximately 4.5 kDa. The two antibodies were
confirmed to have neurotoxicity-neutralizing activity by evaluating the neutralizing effect against A[3
1-423ndUdéernetirototidhy theAtadaedk differentiated into nerve 20 cells. Thioflavin T assay and

$lﬁctr% nl mic][?chnymcﬁwqﬁbahm@ %?gh?éﬂ%da@vﬁoaa%gw&ﬁ@y %&eﬁ]g Mﬁgm@l@%k&m@aﬁon-
e ability of IA9 an to captur aligomers in rajn was confirmed by immunoprecipitation
tsing the AR BB LEETEE S 0 EE 2518 DA L B A e GG B S i ermine.
the in vivornksandtoxiodycimfireaduhsathrifibadesahrvanhof@blyring:s recognized by the antibodies was
evaluated indhe humanesenterhinal cortex mostly at Braak NFT Stages Ito lll. By particularly

N
focysing on the 12-mer, which has been reported to have neurotoxicity in animal studies, it was
conlﬁ)me Zrt}n%‘it‘[w &W??&Erﬁ%‘i‘gﬁb&f&@% %98 0ccurrence of cognitive impairment, and is
increased3vipediieipyogressprzefdBimaNETostage. This result shows for the first time that the
12-mer, W@iﬁﬁiliﬁ%%@gﬂﬁﬁﬁg%@g hybe,antibgdies, is a conformational assembly that causes
in vivo 30 ne r_?_toxicity in the human brain. TEe %’sent,ina/_entormleso discovered that the oligomeric
conformdeadl gﬁmeteﬁ%‘f?saﬁg%ﬁ%almﬁ@a (IOBRERTS TrESE T EAUBUEPRIAMRIESF), and is
increasedrpAfnpatiénts: Afepnasetttiovent B ssed i ari2 Glcn(padsie. immunotherapy by
intrgyenous injectiop, as yitf-pietRevriegioat disprdss i was.aeriimach iRk FarREsdnice are

protected from memory impairment, senile plaque formation, synaptic 35 dysfunction, and A[3

accumulRBPPEIPEHbATGE padsrEadrRmatRL iy Rithally Fatsrireqbemmre & %@%gﬁ[lts

obtained iayrthempiesehiirkientorsderianstoatednfon thedirstpime that!3 4ddaclorEdlcl®m® and 2C3 are
pfomiSi”Qﬁ%@&%@é&ﬂﬁfﬁ%@%%erktii?aﬂl%;!ﬂﬁ@!ﬁé’&%&@gng activity by evaluating the
neutralizing effect against AP 1-42-induced neurotoxicity in PC12 cells differentiated into nerve
20 cells. Thioflavin T assay and electron microscopy showed that the antibodies have activity to
suppress AP amyloid fibril formation. The ability of 1A9 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, {o determine the in vivoe neurotoxicity in the
human brain, the amount of polymers recognized by the antibodies was evaluated in the human
25  entorhinal cortex mostly at Braak NFT Stages [ to Ill. By particularly focusing on the 12-mer,
which has been reported to have neurotoxicity in animal studies, it was confirmed that the
polymer accumulation precedes the occurrence of cognitive impairment, and is increased with
the progression of Braak NFT stage. This result shows for the first time that the 12-mer, which
is specifically recognized by the antibodies, is a conformational assembly that causes in vivo
30 neurotoxicity in the human brain. The present inventors also discovered that the oligomeric
conformational structure recognized by the antibodies is present in cerebrospinal fluid (CSF),
and is increased in AD patients. The present inventors used 1A9 or 2C3 in passive
immunotherapy by intravenous injection as with other neurological disorders. It was confirmed
that Tg2576 mice are protected from memory impairment, senile plaque formation, synaptic
35  dystunction, and AP accumulation by subchronic passive immunotherapy, without harmful

side-effects. The results obtained by the present inventors demonstrated for the first time that



Alzheimer's disease-like phenotypes in Tg2576 mice, which are expected to show their effect by
conventional peripheral intravenous administration, and thus there is no need to consider brain
transfer. 5 The present inventors also confirmed thatpassive immunotherapy using the IA9 and 2C3
antibodies suppresses senile plaque amyloid formation and swollen dystrophic neurite formation.
Furthermore, the present inventors discovered that a fraction of the 1A9 and 2C3 antibodies
administered into the blood transfers into the brain. As described above, the present inventors disclose

herein that monoclgnal |A9 2C3, 10 which are antibodies that specifically bind to A[3.oligomers,
fulfill all oﬂ%%o%%l&cm) |C9ﬂ?2$§8eaﬁﬁ@?ﬁ?ﬁ53§yceﬁ?eégaﬁ?sa§& ﬁ}‘g%ﬁ\?sﬁagﬂyf{%ﬁﬁ’f&% apeutic
antibodied\fbedimyisssingyprigkephieny Kbdroimbg 2 dfswass Whiciherermoyssctsi witkhtive thaid elfid 263

antibodiege iemisEE PeiRMPTAEMESRTE Mbh SRIAINGS 1R BAR (RS i néld 30 B5iand it
antlbodlessJ Wh%h bind specifically to A[3 15 oligomers, but do not recognize A[3 monomers. The

present i ts discovered that these six types of antibodies have activity to neutralize A(3-induced
neurétoxicity andTbespreprassnif@oanaldoidofibiiifed thatipas sTiweipresenthivpntoisglibel 0AE thedt the

above-mentipnathodies apBrébs ke BRGudndyRiiltBRIRGES TR BINN FIRGfaRdidates for
therapeutjc antibodies fo dlagnOSéng/preventlng 20 Alzhelmer§ disease. More specifically, the

present inVERERA pr T8 o I B GRS EAHCRHRB SR B Efif %%#ﬁﬂil@&ﬁ?&r‘%ﬁe&“ﬁ%gg’ to an
antibody euntpdsingdantsehadrinhatiagltve amisntadidestgusate of SEQ ID NO: 1 and an L chain

having the aminoacigls SeUENGR Of RERLRNQ: dier [RiapeHPad NG (30 Akbaligospar that
binds to an antibody comprlstiang an H chain having the amino acid s??(}ijence of SEQ ID NO: 21 and

an L EhaitHabing frbardirdiidaredfoaicaist s pirpyiers: (Wil afitety binding to an A[3
oligomer dixgtrostddtberapeatitibotdpahnptisingaad ktcchaimidiayicandd@mniontheishsetuendeodiSEQ ID
NO: 41 aggl a&énsE&%@ﬂ}_@%ﬂ%@%ﬂ?ﬂéﬂ%@%é&%@quence of SEQ ID NO: 43; [4] an antibody binding

to an A[3 oligomer that binds toan antibogg com risin? an H chain having the amino acid sequence
e

of SEQ ID NO: 61 dHFERrechui iimgd fo arithosheiudrcrreresEDy NBSUSSSSUN antibody
binding tekniA{3 thigonies Apubinds1s, ai4ntldayicamipodiagwiidd sivdispaballing thp amino acid

seqpence of e IRNG BT AR0ANL KRR AAUIRG the Q- APl SEAHERCE QL RF RPN $87 4
types of antibodies have activity to neutralize AB-induced neurotoxicity and to suppress AB
amyloid fibril formation.

The present inventors disclose that the above-mentioned 5AS, 5A9, 4F7, 4H35, 6E4, and
6H4 antibodies are promising candidates for therapeutic antibodies for diagnosing/preventing

20 Alzheimer’s discase.

More specifically, the present invention provides the following:
[1] an antibody binding to an AP oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ ID NO: 1 and an L chain having the amino acid
sequence of SEQ ID NO: 3;

25 |2] an antibody binding to an AP oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ ID NO: 21 and an L chain having the amino acid
sequence of SEQ ID NO: 23;

[3] an antibody binding to an Af oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ D NO: 41 and an L chain having the amino acid

30 sequence of SEQ ID NO: 43;

[4] an antibody binding to an AP oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ ID NO: 61 and an L chain having the amino acid
sequence of SEQ ID NO: 63;

[5] an antibody binding to an AB oligomer that binds to an antibody comprising an H chain

35  having the amino acid sequence of SEQ ID NO: 81 and an 1. chain having the amino acid
sequence of SEQ ID NO: 83;



[6] an antibody binding to an A(3 oligomer that binds to an antibody comprising an H chain having the
amino acid sequence of SEQ ID NO: 101 and an L chain having the amino acid sequence of SEQ ID
NO: 103; [7] an antibody of any one of (1) to (38) belpw: 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 CDRI, the amino acid

sequence of SEQ.JD NOQ: 17 as CDR2, and the amino acid sequence of 10 SEQ ID : 19 as CDRS;
(3) i e A BB ErEYA BHIR AT FRETERS © G ey EC AR AR By BHER comprises
an H chahatiagithy gmisericd stidasquéidd DEERO: I Naxdsuad. ahein(Bydngahtilsodyaaaidcomprises
an L chaig-favipgdhsiaminonasid ggquence of SEQ ID NO: 7 as 15 VL; (6) an antibody that comprises

B
the H chain of (4) and the L chain of (5); ( ntibody that comprises an H chain having the amino
acid seqile&ﬁ%%?@ﬁ% %%93@@5‘%&@?@% dMino acid sequence of SEQ ID NO: 31 as CDR2,
and the aihiro avidsbghencenyfriSE@N D NEIERanCHRINE® @) dregntioy haQdbhpis8san L

chain havigrtheraming d6ldSegueRse ASTERIDNO! BaasnRY LR 2Mine asifsgaurRes of SEQ
ID NO: 3é§§eﬁ£§§z i\?d t ino acid sequence of SEQ ID NO: 39 as CDRS; (9) an antibody that
ai

comprise ot { the L chain of (8); (10) an antibody that comprises an H chain having
the amin@2a it seilodntbadt SEDi B RO 2BaiaShasngHhd bh)ian zmdilsegictivatoddihiprise en Liasain

having tk@@@%@&iﬁﬁ&%ﬁﬁﬁé@& $pA'e) R0as7 b cBRhamanibagwihat aampiises dre H

cha(lj of fioz and the L ch?én 11); (13) an antibody that comprises an H chain having the amino
acia'seq RNSEY B BR49 30 as CDRI, the amino acid sequence of SEQ ID NO: 51 as CDR2,
and the diino avidsbgtencengfriSECDINDIIBSHS CDRGI(L4ham abitibody that comprises an L chain

having t 00 A/, SRAUERESRESEY %M@h?ﬁ;?%h@Bﬁih&%%ié%ﬂé&eﬁ&%%%%{?fﬁ%:%’%@ ID NO:

57 as CDR2, and the amino acid sequence of SEQ ID NO: 59 as CDR3; 35 (15) an antibody that
compriseglfhe H chain of (13) and the L chain of (14); (16) an antibody that comprises an H chain
having th@ amiaaikoity sheuemee ot SHQ. KhdChadmg the amino acid sequence of SEQ ID NO: 7 as

15 VL,
(6) an antibody that comprises the H chain of (4) and the L chain of (5);
(7) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 29 as
CDRI1, the amino acid sequence of SEQ ID NO: 31 as CDR2Z, and the amino acid sequence of
SEQ ID NO: 33 as CDR3;
20 (8) an antibody that comprises an L. chain having the amino acid sequence of SEQ ID NO: 35 as
CDR1, the amino acid sequence of SEQ ID NO: 37 as CDR2, and the amino acid sequence of
SEQ ID NO: 39 as CDR3;
{9) an antibody that comprises the H chain of (7) and the L chain of (8);
(10) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 25
25 asVH;
(11) an antibody that comprises an L. chain having the amino acid sequence of SEQ ID NO: 27 as
VL;
(12) an antibody that comprises the H chain of (10) and the L chain of (11);
(13) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 49
30 as CDRI, the amino acid sequence of SEQ ID NO: 51 as CDR2, and the amino acid sequence of
SEQ ID NO: 53 as CDR3;
(14} an antibody that comprises an L chain having the amino acid sequence of SEQ 1D NO: 55 as
CDR]1, the amino acid sequence of SEQ ID NO: 57 as CDR2, and the amino acid sequence of
SEQ ID NO: 59 as CDR3;
35 {15) an antibody that comprises the H chain of (13) and the L chain of (14);
{16) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 45



5 as VII; (17) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO:
47 as VL; (18) an antibody that comprises the H chain of (16) and the L chain of (17); 5 (19) an
antibody that comprises an H chain having the aming; acid sequence of SEQ ID NO: 69 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 CDR2, and the amino acid sequence of
10 SEQ IaI‘DS l}}ﬁ 79 as CDR3; (21) an antibody that comprises the H chain of (19) and the L chain of

(20); (22) an aritibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 65
as VH; (28 aarastiBudly that compissesah thalbha Hag g traizmeicie sedticssqweidd oG 1 mo: 67
as 15 VLy{24) an antibody that comprises the H chain of (22) and the L chain of (23); (25) an antibody

that comprises an H chain having the ami cid s nce of SEQ ID 89 as CORI, the amino
e seq B AR LR BT R Al se0y 1D NO» 65 e
CDR3; 2d1@eyeantibotothptisarasisisrises shalndiiaingdgisgihe smdiseiaeidsefiEREONSEE ID NO:
95 as CRRGIVIE aiminarasichSRIMANERLTBERY PN .97 as CORZE, aadiba AR Acis seauence of

SEQ ID NO; %ﬁ&%sé @Zkgn antibody that comprises the H chain of (25) and the L chain of (26);
i*t% y

(28) an an at corfﬁpnses an H chain having the amino acid sequence of SEQ ID NO: 85 25 as

VH; (29) &0 antibodhothathes viprisaseaan Lothn having theaanineeidisequeprenueS BEOND: Nrs87 as
VL; (30) amantikreyhas cempsinesdbettepim of(28y and thril. shpiRofit?f) at3d bapantibady that
co %riseg ﬁ(@ Blavi B‘F amino acid sequence of SEQ ID NO: 109 30 as CDR1, the amino
aci sequé?l(g 0 % SSI@%): 11 as CDR2, and the amino acid sequence of SEQ ID NO: 113 as
CDR3; (32}l hareatibody that conptisesharlichiiaint{abirmgpdibaimtheiacit(38@3uence of SEQ ID NO:

115 as GBRLiha@pinomaidsasuencs of SER HANQiHli AR 2. 405 e ASHnO B gguUence
of SEQ I%SN/%'.lm as CDR3; 35 (33) an antibody that comprises the H chain of (31) and the L chain

of (32);
{23) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 67 as

15 VL;
(24) an antibody that comprises the H chain of (22) and the L chain of (23);
(25) an antibody that comprises an H chain having the amino acid sequence of SEQ [D NO: 89
as CDR1, the amino acid sequence of SEQ ID NO: 91 as CDR2, and the amino acid sequence of
SEQ ID NO: 93 as CDR3;
20 (26) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 95 as
CDRI, the amino acid sequence of SEQ ID NO: 97 as CDR2, and the amino acid sequence of
SEQ 1D NO: 99 as CDR3;
(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
25 asVH;
(29) an antibody that comprises an L chain 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
30 as CDRI, the amino acid sequence of SEQ ID NO: 111 as CDR2, 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
as CDR1, the amino acid sequence of SEQ ID NO: 117 as CDR2, and the amino acid sequence
of SEQ ID NO: 119 as CDR3;
35 (33) an antibody that comprises the H chain of (31) and the L chain of (32);
(34) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 105



(34) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 105 6 as
VH; (35) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 107
as 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 substitutions, deletions, additions, and/or insertions in the
antibody of any one of (1) to (36), which has equivalent activity to the antibody of any one of (1) to
(36); and (38) an antibody that binds to the epitope bound by the antibody of any one of (1) to (36); [8]
the antib%%l)(/ﬁ_ [7], wherein the antibody is a chimeric antibody or a humanized antibody; 10 [9] a.
composition comprising the antibody of any one of [1] to [8] and a pharmaceutically acceptable

carrier; [16FannaaparhodydinsceoymisvecinipehaiiehrynBitls esHisres speuantibebiyid? ARNEHel 67 1] to
[8] or the gopyposition of [9] as an active ingredient; [11] a therapeutic agent for Alzheimer's disease,
which comprises th tibody of any ope .15 ] or,the composition. of [9] as an active
ingredien@% ffl gﬁté%goaed%tt?‘oaf gﬂ%ﬁ?@%&% t%féI %;r%lg?fé@s%%fl %&lﬁgw%?#érog %%gase, which comprises the
antibddy G¥7amay eriébofljlihes (Slrarises epmpositisoifojaaist snbatitvieoiy delitiony kldaragent for
suppressipg/senie Rl Eﬁ@ﬁtﬂ%@;ﬂﬂﬁhf@ﬁ@mﬁ@m@a 1tibady iR Rbblia {8 aidhe
composition.of [9] as an activ, regient; 20 [14] an agent for suppressing A(3 accumulation, which
comprise&hE }ﬁﬁggw %%ﬂﬁﬁu%)é ?3’]3‘{1 [8] or the composition of [9] as an active ingredient; [15] an
anti-neur6Gi8xmnagthtdyhieh Wordsgrighs ehidcamativoud bF drsy aatid ety of anfd)wr ehél )dortisosition of [9]
as an aCt[%fTﬁEkgéﬁﬁ% hanagrmh e inhibBing MImmyIaid At o spatinm el sarppdises the
antlﬁlg?)dy anf)%%S one of [1] to [8] og}thetcorggorﬁltlon of [9]FI an @:tlv ingredient; [lé%ﬁbn agent
2galHet SRR PBRIEH AR STR BRI AR B BhTbib of (A8 PRFEPaEs L3 Rbosition of [o
as an activedpighddizmtidit 8] a method for detecting an A[3 oligomer, which comprises the step of

deteCtian@} %[r?ag]&%a o £RDIRIREM 1M BSARRIS RIS ISH S S URIRCI HsBIG S AnEPPAY O any

one of [1]to 30 [ method of diagnosing whether or not a subject is a possible Alzheimer's
disease é%@ﬁfhwm%?ﬁﬁré}e@]&ﬁﬁﬂ WS G any one of [1] to [8] to detect an A[3 oligomer
in a samgld ]coftecipeufionpens fij@di; gl 0ea’ s taask ok blidly nosipgsve b thentiodpod sybjectds (4 ]

posgiple M%@fﬁpﬁ{éc%ﬁ@ﬁ%&%ﬁm as an active ingredient;
[12] an agent for suppressing the progression of Alzheimer’s disease, which comprises the
antibody of any one of [1] to {8] or the composition of [9] as an active ingredient;
[13] an agent for suppressing senile plaque formation, 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 accumulation, which comprises the antibody of any one of [1]
to [8] or the composition of [9] as an active ingredient;
[15] an anti-neurotoxic agent, which comprises the antibody of any one of [1] to {8] or the
composition of [9] as an active ingredient;
[16] an agent for inhibiting AP amyloid fibril formation, which comprises the antibody of any
25  oneof [1] to [8] or the composition of [9] as an active ingredient;
[17] an agent against synaptic toxicity, which comprises the antibody of any one of [1] to [8] or
the composition of [9] as an active ingredient;
[18] a method for detecting an AP oligomer, which comprises the step of detecting an Af
oligomer contained in a sample collected from a subject using the antibody of any one of [1] to
30 [8L;
[19] a method of diagnosing whether or not a subject is a possible Alzheimer’s disease patient,
which comprises using the antibody of any one of [1] to [8] to detect an AP oligomer in a sample
collected from a subject;
[20] a method of diagnosing whether or not a subject is a possible Alzheimer’s disease patient,
35  which comprises the steps of:

(a) contacting a sample collected from a subject with the antibody of any one of [1] to [8]; and



35 which comprises the steps of: (a) contacting a sample collected from a subject with the antibody of
any one of [1] to [8]; and 7 (b) measuring the amount of A[3 oligomer in the sample, wherein the
subject is determined to be a possible Alzheimer's digease patient, when the amount measured in
step (b) is higher than that of a healthy individual; [21] a method of diagnosing whether or not a subject
is a possible Alzheimer's disease patient, 5 which comprises the steps of: (a) contacting a sample
collected from a subject with the antibody of any one of [1] to [8] and an antibody that binds to an A[3

monomer; and (b) measuring the ratig of. AR oligomer to A[3 monomer in the sample, wherein the
subject ié@eﬁ?ﬁ%‘gﬁ@é %ebaéna%lﬁ)rgsosﬁab&'fg g\{f Ie%Fﬁe%‘é%ié%%gieLpatient, when the ratio 10 measured in
step (b) isvhegtiartisanhivet of deteoaitmdirdbeidraissibly Meheiaos bseasy e fIBnéRRanwherein
the samplg:ishiapg of- heaspirakBsidhab2eH AHeBRENALBUTRAlL:agent for use in the method of any
one of [18] to [21]; a d%kitfor se in the method of any one.of [18].ta [21]. Furthermore, the
presont N{LHBA AOIAL I TG L5 [25] & T T SREULS g DS HSAG AREY

wWIng: od for prevehting andfor treating cognitive
impairmenhisthicmpumpiisesttheaiep of administering the antibody of any one of [1] to [8] or the

compositj Eg@fx{%tﬁ%@{bﬁﬁ lecomaredianti] 26hajeethan i AraNsHinaARURE HERLNG Bizheimer's
disease, which comprises the st BOf administering the antibody of any one of [I ] to [8] or the
compositﬁﬂ%’é}@é r@\’ﬁ‘d}c'ﬁ\/%nz% TAFBQIHE: 399 a method for suppressing the progression of
Alzheimefts diseasagwiiahtooniprfsel ghmetépAdf mdnomistenitiy tasmaltibody of any one of [I] to [8] or
thﬁ, COMPQBILigH %ﬁ%b@ﬁ&@f@g&yﬁnﬂﬂ&{?@ E@&?gﬁéﬁt%mg&%ﬁef@w@f ﬁt%:ﬁ[% ?Uﬁeigr:@g%tf@rmaftion, f
which comprises the step, of 25,administering the antibody. of any one o o [8] or the composition o
[9] ig an I&&ﬁ%ﬁ%‘&éﬁ%@ fﬁg}%‘?ﬁé{%ﬂ%ﬂﬂﬁr‘) &35%&%’1 dA"V(g'é%wmulation, which comprises the step
of adminig2}ithg thethadtifady ofianf[dBbtof ] 1I].] whisliothhsxophpidilion of [@rakresphwelividgredient;

[30]am 1zl icity, swhi j teR injgtering the 30 antibody
iy Oggsgf%[ﬁaa%%aﬂwga@%%pﬁg@% HhicBROMRrISRSHEtE ﬁ%ﬁqa]’memod oA

amyloid Bl ?olﬂft]%%%?%\rkg# F?%%}ﬁ%ag gli‘%té’[’z‘]? i @gﬁém&]gmz?ﬁé zEmtibody of any one of [1] to [8]
or the compositidruch{@ascathagtiveningsedient;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 composition of [9] as an active
ingredient;

[26] a method for preventing and/or treating Alzheimer’s disease, which comprises the step of
administering the antibody of any one of [1] to [8] or the composition of [9] as an active

20 ingredient;

[27] a method for suppressing the progression of Alzheimer’s disease, which comprises the step
of administering the antibody of any one of [1] to [8] or the composition of [9] as an active
ingredient;

[28] a method for suppressing senile plaque formation, which comprises the step of

25  administering the antibody of any one of [1] to [8] or the composition of [9] as an active
ingredient;

[29] a method for suppressing AP accumulation, which comprises the step of administering the
antibody of any one of [1] to [8] or the composition of [9] as an active ingredient;
[30] a method for neutralizing neurotoxicity, which comprises the step of administering the

30  antibody of any one of [1] to {8] or the composition of [9] as an active ingredient;

[31] a method for inhibiting AP amyloid fibril formation, which comprises the step of
administering the antibody of any one of [1] to [8] or the composition of [9] as an active
ingredient;

[32] a method for neutralizing synaptic toxicity, which comprises the step of administering the

35 antibody of any one of {1] to {8] or the composition of [9] as an active ingredient;

[33] use of the antibody of any one of {1] to [8] or the composition of [9] in the production of an



[32] a method for neutralizing synaptic toxicity, which comprises the step of administering the 35
antibody of any one of [1] to [8] or the composition of [9] as an active ingredient; [33] use of the
antibody of any one of [1] to [8] or the composition 0fg[9] in the production of an 8 agent against
cognitive impairment; [34] use of the antibody of any one of [1] to [8] or the composition of [9] in the
production of a therapeutic agent for Alzheimer's disease; [35] use of the antibody of any one of [1] to
[8] or the composition of [9] in the production of an 5 agent for suppressing the progression of
Alzheimer's disease; %3%5e of the antibody of any one of [1] to [8] or the composition of [9] in the
productio?\gg}?taefgagb% P té‘ffbﬁgggfﬁané’enile plaque formation; [37] use of the antibody of any one of

[1] to [8] éB4hesearhpssitibhaly[ 9] imytprddUttioBbbatheagenpdoitionpprdsmthafBodoctinubdtion; 10
[38] use ghthsaniibadyofany ARerk {diei8l.or the composition of [9] in the production of an agent
for neutralizing (suppressing), neyrotoxicity;. [3 of the antibody of qne, of [1] to [8] or the
composiaa O OT T BIEHIC AT AR L4 EON TGP D o R o REHOH < 1A3f e o
the antibedynofargnppressiig tho [Bhorshiorofmpabitiorwds [iéasthe production of an 15 agent for
neutralizings {SUPRIGRSI R YNPRHLIOSIE YT [#176) I IROLY R AR {11 10 [Blodk.the composition

of [9] for use in, preventing and/oggertireatln ognitive impairment; [42] the antibody of any one of [I] to

C
[8] or the X&SHIBERBRSFIgESFY W%ggﬁﬁjiﬁ’%d/or treating Alzheimer's disease; 20 [43] the
antibody B7amgeoralof f4}itod8] drtieccempbditio 8o bihéoransporitBwpyf E8sin ghtherodiogressien of
AIzheimeg;g%g@sfgp%{%@ﬁ%e mgp&g}{@;@&y one of [1] to [8] or the composition of [9] for use in
0

suppressing.senile. plaque formation; [45] the antibody of any one of [I ] to.[8] or the composition of [9]
for e rl<BppRes é{ﬁlbz@%eéawaﬁeﬁ {1469 hé %mﬁs&aylaﬁan%ﬁé[%} FL1146 BT Bt @ bosition
of [9] for ugenirforerstnalidingg(Guppressiny nagorokxisity; [47] the antibody of any one of [1] to [8] or the
ComPOSifg@@ﬁIsE’M%éﬁﬁi_ NI S ATYISIERTIBELIRUPANR: ARG AR IARkHRe AYdikady of any one
of [1] to [8] or the composition of [9] for use In"neutralizing (suppressing) synaptic toxicity. [Effects of
the Inverﬁ%ﬁ‘]t for inhibiting AP amyloid fibril formation;
[40] use of the antibody of any one of [1] to [8] or the composition of [9] in the production of an
15 agent for neutralizing (suppressing) synaptic toxicity;
[41] the antibody of any one of {1] to [8] or the composition of [9] for use in preventing and/or
treating cognitive impairment;
[42] the antibody of any one of [1] to [8] or the composition of [9] for use in preventing and/or
treating Alzheimer’s disease;
20 [43] the antibody of any one of [1] to {8] or the composition of [9] for use in suppressing the
progression of Alzheimer’s disease;
[44] the antibody of any one of [1] to [8] or the composition of [9] for use in suppressing senile
plaque formation;
[45] the antibody of any one of [1] to [8] or the composition of [9] for use in suppressing AR
25  accumulation;
[46] the antibody of any one of [1] to [8] or the composition of {9] for use in neutralizing
(suppressing) neurotoxicity;
[47] the antibody of any one of [1] to {8] or the composition of [9] for use in inhibiting A
amyloid fibril formation; and
30  [48] the antibody of any one of [1] to [8] or the composition of [9] for use in neutralizing

(suppressing) synaptic toxicity.

[Effects of the Invention]
The antibodies provided by the present invention are expected to greatly contribute to
35  the establishment of preventive/therapeutic methods selective to molecules responsible for

evoking pathological conditions of Alzheimer’s disease, and the establishment of early



The antibodies provided by the present invention are expected to greatly contribute to 35 the
establishment of preventive/therapeutic methods selective to molecules responsible for evoking
pathological conditions of Alzheimer's disease, and the establishment of early 9 diagnostic markers
for Alzheimer's disease. The present inventors obtained evidence showing that, even in antibody
therapy targeting pathological conditions in the brain, peripheral intravenous administration is
sufficient and there is no need to consider brain transfer. Thus, the present invention is expected to
rapidly acgelerate the es '[Ide dru 5 Alzheimer's disease, Brief Description. of the
Craning B R DI A SRS A 3 St SRR TET i VSRS PO AR apoine
charactefibtic @@lsemnahoﬁydhotmﬂtﬁmﬁﬂtmwo@hesnm’tlﬁisotr@mmﬂmemimunogens The

A3 1-42 Mm@ﬁ%@&%@a@gmmﬁﬁ%@m@@J@%@@E@e&m& B%éﬁl%ré%ﬁpnm (outlined
arrowhea%ewas isolated ysi ég SDS-PAGE. |Lane 1: %3{8'12 dissolve phosphate buffer;

and Lane'% eS8 GRUOIVE R SIS defhdes BIRE C}cﬁﬂﬁ %ﬁrgg% Yiuble in a
buffe¥ but’dakeirber sxtrseted using formic acid from the brain of Alzheimer's disease patients, was
immunoprecipitated using the supernatant of a 15 positive hybridoma cell culture, and the immune
complex was electjvely separ ted using protein-G agarose (Amersham). Nine clones were tested;
lane 2 (aStERSIICRCEREAILY (IS EaPIRH e asterisk) is 2C3. C: Elution profile of SEC of a conditioned
medium. Among tg 24rSEGsqditectrabhiaetidnghrplcibmeite 1B; arsd!isGofvereisciijacted to | A9
immunopgeipiiation. d%{%ﬁﬁmmwa%?eﬁ%m%%&ﬁae&&ﬁ%mg 468 Lhe Blagksargwhead indicates

the trimer and 20 the outlined arrowhead indicates the dimer. Asterisk (*) indicates the anti-mouse 1gG

light Cchalfitiigo8sRe sehite ROt H5Hesh PR ApRvdaringinB Lrittestcsetwmriatiano’dhe 2c3. A
to F: Reprgséntativenimag ésuoliiNG krivedied PEAA(REP Nice ) Ssvhicti Bverb axposedl todBeed-free

A3 1-42 &E?oﬁ%@ﬁ L% feur HQs %@rﬁ\/?\%gg%:fi{/%eeﬁcﬁﬁfﬂﬁﬁ iy &99939% Q?sféf‘ﬁ‘;a% &»ﬁ 2ash.panel).

Representative calcein AM/ ainin e cells were stained green an ells were

stained ré&d %Wﬁ&f"@f“@%ﬁ%%5 : bR ERR Ryt orE IR ekiss Selbin g Buaniras i (omdbe 25 )

with the fbihmnfg@zﬁﬁmdr&dﬂeamespmﬂmlgﬁﬁhnﬁfﬂhﬁdapmmmeméﬁﬁr@ﬂenﬂpaﬁgl@htMQ (open
) 1) RIesgt ray and

Srﬁ;rfz)gr?o gqgglg%gl CEI%?gég%gIC%E% t%le toxmlgéﬁﬂgglége%n =s %%&%%?Qaﬁ?g %%EC u§, ﬁ he 540,000

X g supePFIERTHRREYSE-AOSE Mas iRsjetane tWeéeGSﬁﬁ?ﬁugﬁ@ %@%@GF&) éﬁé\ﬁﬁg&B@&é@’éé using
ultrafiltratidgsuble mipsdsiod UM g T nRiletdgruiighf SBOGMalvaditidndOm3timnd 108 &kdaheMicrocon).

The four bipes R IIIAEIHNS MRSHARSWRI SN d R [IoWRSBHRY ihiShoprecipitation.

AP immunoreactivity was detected using 4G8. The black arrowhead indicates the trimer and

g

20 the outlined arrowhead indicates the dimer.  Asterisk (*} indicates the anti-mouse IgG light
chain.
Fig. 2 presents photographs and a graph showing the antitoxic activity of 1 A9 and 2C3.
Ato F: Representative images of NGF-treated PC12 (PC12N) cells, which were exposed to
seed-free AP 1-42 at 37°C for 48 hours in the presence or absence of the antibodies (left half of
25  each panel). Representative calcein AM/PI staining where live cells were stained green and
dead cells were stained red (right half of each panel). G: The viability of cells exposed to
seed-free AP 1-42 (25 pM) with the following antibodies: non-specific IgG2b (filled square);
4G8 (open triangle); 1A9 (open square); and 2C3 (filled circle).
Fig. 3 presents photographs and a graph showing the size and morphological
30  characteristics of the toxic AP assemblies targeted by 1A9 and 2C3.  A: The 540,000 x g
supernatant of AP 1-42 (25 uM) was subjected to a continuous molecular sieving process using
ultrafiltration membranes having a molecular weight cutoff value of 3, 10, 30, and 100 kDa
(Microcon). The four types of filtrates thus fractioned were named as follows: fraction 1 (<3
kDa), fraction 2 (3 to 10 kDa), fraction 3 (10 to 30 kDa), fraction 4 (30 to 100 kDa); and fraction
35 5 (>100 kDa) which was finally retained. The presence of A 1-42 in each of the

above-mentioned fractions was detected by 4G8 immunoblotting. B: Representative images of



kDa), fraction 2 (3 to 10 kDa), fraction 3 (10 to 30 kDa), fraction 4 (30 to 100 kDa); and fraction 35 5
(>100 kDa) which was finally retained. The presence of A(3 1-42 in each of the above-mentioned
fractions was detected by 4G8 immunoblotting. B: Rgpresentative images of 10 NGF-treated PC12
(PC12N) cells treated with the five fractions at 37C for 48 hours. The toxicity of each fraction was
evaluated as described above for Fig. 2. C: The viability of cells treated with the 540,000 x g
supernatant of A(3 1-42 and the five fractions (fractions 1 to 5). Similar results were obtained from two

indepen experi es.are presented in rcenta f with respect to the
control. g%rﬁg%ﬁ%tte gfaﬁ%i?gﬂel t%%l}fjﬁ/%?rggﬁ%nswﬁ?% |§§ %%C%?. r%a%ﬁé We%g%gglgﬁe(?@vpﬁh All, 1A9,
2C3, andiaGetroinanh fingbes wastheafic dotisserihsdehaionior (Hg. 3) that hhel tHeisiongedizoxicity,
ring-shapechradyviead-shaped stiuciuaswerefobseed i addifinreamsalcaniecules) Fig. 4
presents photographs and %ﬁ&%h% %Q%theg%ct%gg oLIAZ.and #C3 {0 suppress. 10403 ayloid
fiboril formation. A* Almy oid-fibril formation OPA? PR5 5t GARGUS EoRcentrations &8% (gopen square),
25 M (filledrdimtaendneand:500VvBpeespade) thwasntohitoFadsy: et aegdsay af dediverdistions?2 hours.
E: (;%%Xi(%ﬁﬂgtmﬁtllO@I/S@'DS@M@%d&%iE’é’bi@dé@M@ﬁ @wlqidég@aﬁrcgﬂaamﬁ ?fEA(AgEM%ag% _(?psleg/ed
or ep circle). In contrast, the n re filled triangle),.and non-specific Ig
(et sa i) SrTRITEE it A 18 ML ALy O U NSRBI S (ThT-negate
540,000 »epdishappdtan)ues Sowxidting ehitbadyidusts gepuneenplatibiton of fibril-forming assembly
ThG, (open Sauar e S B B B e 2o e e A
open square : None o est odies adde r.a 24-hour pre-incubation for
1 ey AR oA A BBl Nl I BEC AR e KoL 12 A RN B BB E
images of IA[BNI-42im theabsEaeMRadel Ejzanthplezehte 0VROcfPerdt i vasdnddioedhgl 1B) Fig. 5
p][epse ntls i&@ A rﬁgﬁfﬁf@}ﬂt@ﬁﬁ‘%%ﬁﬁhoxﬁi%&ﬁéﬁﬁg%ﬁ;%&% QBQQHT_ L%Jd %&nﬂ?ﬂxﬁ%@é%ﬁﬁ%ﬁiﬁgfé half
of Panel A): -42 mopomers were jncubated for a’specifi ime ours) a :
and immcs”@mé%ﬂaﬁmqﬁﬁﬁliﬂﬁa@@ ﬁ%ﬁﬁ?é ar gﬁé &m&éﬂ% ze%n&&lbﬁ%?a&a@%%es Al,
1A9, 2C3quark(;3GRngi Beddrgents ciidnmuorspredotildy-ddsitve usta) canbsdios dathcamibbdy was
testedl IypneaRGIRisRelYBANEl Ao wanhaliphBanel Al Thereuiabdayblopassay were

analyzed semjquantitatively usm}ggthe Multi au&e % 3.1]% software (Fuji Fi ol%o). o correlate the

oligomer FORMETIR HHPAVISRE MSAF S SHUR AR SRS PEELRA 25 TRRI iGHEVaKis) was
overlaid obdstrecsbfneiiifdaqxis cBclal) TienaR]{-dRnpdsenubipdiftertas Bbsdryahd@4drdurdriopbation at

37C, anc e Ehangl AG. o 5ealy A HEDLAT DU AURRITHE A3l A7 fgcembly
was detected by 4G3 immunoblotting. C: The toxic activity of the above-mentioned various A(3 1-42
assemblidzt2 amyloid fibril formation could dissolve nor disassemble the Ap 1-42 amyloid fibrils.  E'to

20 G: EM images of AP 1-42 in the absence (Panel E) and presence of 2C3 (Panel F) and 1A9
(Panel G).

Fig. 5 presents photographs and graphs on toxicity-related AP 1-42 oligomers. A: Dot
blot assay (upper half of Panel A): A} 1-42 monomers (25 pM) were incubated for a specified
time (0 to 72 hours) at 37°C, and immobilized onto a nitrocellulose membrane, and subjected to

25  dot blot assay that uses Al1, 1A9, 2C3, or 4G8. The emergence of immunoreactivity-positive
structures for each antibody was tested. Immunoreactivity intensity analysis (lower half of
Panel A): The results of dot blot assay were analyzed semiquantitatively using the Multi Gauge v
3.0 software (Fuji Film, Tokyo). To correlate the oligomer formation and amyloid fibril
formation, the ThT fluorescence value (the right Y axis) was overlaid on the same time axis. B:

30 The AP 1-42 assembly after 0-, 2-, 4-, and 24-hour incubation at 37°C, and the change in AP
1-42 assembly after further 48-hour incubation. The AP 1-42 assembly was detected by 4G8
immunoblotting. C: The toxic activity of the above-mentioned various AP 1-42 assemblies.
The viability of nerve cells was determined by the LIVIE/DEAD assay as described for Fig. 2.
D: The anti-neurotoxic activity of 1A9 and 2C3 was evaluated using various A} assembilies (the

35 AP 1-42 assemblies formed at 37°C for 0 and 2 hours (“Oh” and “2h”); and the ThT-positive
supernatant collected after ultracentrifugation at 540,000 x g for two hours (*“2h sup™)).



The viability of nerve cells was determined by the LIVE/DEAD assay as described for Fig. 2. D: The
anti-neurotoxic activity of | A9 and 2C3 was evaluated using various A(3 assemblies (the 35 A(3 1-42
assemblies formed at 37C for 0 and 2 hours ("Oh" apg "2h"); and the ThT-positive supernatant
collected after ultracentrifugation at 540,000 x g for two hours ("2h sup")). 11 Representative images
of PC 12N 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: "2h sup” + |

A9; f: "2h Th Il t ' 3,1-42 bI the ab
presence RS HHIBG IS LcbAt) S PO SP A FBa R CORI O and

this is shwmqmcﬁefﬂ@mmﬁﬁwéwmlmwmrﬁm%h@ﬁh@m% Rpa1 ‘AP 3 dsepintyc:tiehoup” A48 1-42
assembly: qu\se Gty #hﬁ&lﬂ‘ *@E@ugveazee yneurpiaximtidodt denrea.sidilas to that of
the "Oh" A(3 é‘s{?i{g S'%; %onirg cifi 2b could notlﬂ ck tq%n UI’QtOXICI%g uction of the "2h
sup" A3 12 PR Ab A o e DAL A U DRCLE S S SR Burotoncity
whiledthe Habcgbilige ém&#@%mﬂmm%@ny@m@ghﬂydﬁmﬂm sm‘tﬁeleﬂp‘enehe hedfudiBgneld iwo
m?nOﬁlir@&gtyﬁ%qk_@r%@ﬂ&?S)&g?eﬁW A %ﬁ@tvozl%’fm mlét\/_i\aﬁs C%m?ai@ﬁ@dadﬁ%&énmole
ratio O < (0] IS S ests that structur mere €Co 0 eric
By g St b o e o S Y4 L Rt
that solubfet-AScandI2C3brenddmigeblots thlwgmmeﬁe}emm indiaibuofahdYamsubitdbdid2 against A(3
ollgomereﬁegggﬂecxﬁﬁm@oam@gc%a PIvRse %{@%kﬁ?% AP Q%ﬁge@%aﬁﬁ%%aﬁ@e@ﬁfni%wth
ase nin stainin stainin Immunonplo (0) or
AR s ST RiREe Th by B B PG htrol orain
(lanes 3 ammwlcﬁzebuesend&w@mebm]m}f@ma)mmsaﬁ SlowAlin ths téiteand! ightm20 Helf of the

panel, respactivaly oF 12k, Semiguant &s%ﬁé«!%%'&c(ﬂi‘éﬁﬁ&i@e@ﬁt[%Omb@ereco nized
1A9- munuporeactlve 12-n1§r (Panel E) %@lgﬁ?gléble 2C3-immunoreactive 12-mer (Panel F) in the

human eftFARSICEFERBEESIRES fbhd QY C3eeBRYRealthy elderly population (Brack NFT
Stage | or 11: n F'85;BreaknisFFh@tagehs and ¢raphs $8oaing BracdoNBIE SAdgend W ABwcasesdn = 2).
25 frig. 7&1@5%’?‘&5‘%9@99%%@9%% ghahsoluble, 1Afs 5’%%%\9?’ rSﬁ Q&é%%ﬁl'ﬁ@@%?@%ﬁi%?la‘%u

humanCSF. Pooled whole cerebros grnal fluid (CSF) 10 and NC =I 0) (Panels A an

pooled lifBrotaH apRIRIdE SR wa@nla(rﬂftﬁre if‘@}’(ﬁ%‘éﬂ‘éhé’%%aﬁ?) eré ddb]cABHN size
exclusiorRciChnathgraphyd SEE).1siRangls AahdBintheisolikdtag rAtthGrsrwere analyzed for the

distributiop-f;\5, 40 g?&ﬁ&éﬁ %9519%?%& AN KB%%Z@%@P %TZZd g&%’ﬁ&&%ﬁcﬁm@s =

and D show the presence of A(3 40 and A(3 42 oligomers captured b 3 mixed ahtibodies
brain (lanes 3 and 6). epresenta‘twe resultsTor 1A9 an 2C3 are shown in the left and right

20 half of the panel, respectively. E and I': Semiquantitative analysis (with actin control) of
soluble 1A9-immunoreactive 12-mer (Panel E) and soluble 2C3-immunoreactive 12-mer (Panel
F) in the human entorhinal cortex obtained from 50 autopsy cases of a healthy elderly population
{Braak NFT Stage ! or [I: n = 35; Braak NFT Stage Il or IV: n = 13; and Braak NFT Stage >V,
AD cases: n=2).

25 Fig. 7-1 present graphs showing that soluble 1A9- and 2C3-recognized oligomers exist
in human CSF, Pooled whole cerebrospinal fluid (CSF) (AD = 10 and NC = 10} (Panels A and
B) and pooled lipoprotein-depleted CSF (AD = 10, and NC = 10} (Panels C and D) were
subjected to size exclusion chromatography (SEC). In Panels A and B, the collected fractions
were analyzed for the distribution of AP 40 and AP 42 monomers by BNT77-BA27 and

30 BNT77-BCOS ELISAs. Panels C and D show the presence of AP 40 and AB 42 oligomers
captured by 1A9/2C3 mixed antibodies.

Fig. 7-2 is the continuation of Fig. 7-1.  The amount of 1A9-recognized oligomeric
assembly (1A9-BCO5 and 1A9-BA27 ELISAs) and the amount of 2C3-recognized assembly
(2C3-BCO05 and 2C3-BA27 ELISAs) were measured for 12 AD cases (open cirele) and 13 NC

35  cases (filled circle) (Panels E and 3).  'The oligomer/monomer ratio is shown in Panels F (1A9)
and H (2C3).



Fig. 7-2 is the continuation of Fig. 7-1. The amount of IA9-recognized oligomeric assembly (1A9-BC05
and IA9-BA27 ELISAs) and the amount of 2C3-recognized assembly (2C3-BCO05 and 2C3-BA27
ELISAs) were measured for 12 AD cases (open circlg) and 13 NC 35 cases (filled circle) (Panels E
and G). The oligomer/monomer ratio is shown in Panels F (IA9) and H (2C3). 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/pehgvior tests: P S dminis rou 10; 1A9- admlnl tered.gr
and 2C3-adminis e%e% r%sgn PP 3\%1 Ko mgglsu?%s(g va l%%d népalanéal%ed‘l 1 ‘?%gj%g??E (A)

Y-maze test, E&ﬂ@ﬁf&h@éd@ @ﬂé?a@dmﬁéﬁ!@ﬂbpwﬁgatméﬁﬁtoréﬂmﬁbﬁférﬁgﬁﬁa@ rmgeancaighivididute

session QEIBQh\éM@@@ﬂ%SKeré@rdSﬁﬁW@ﬁrf@ﬂﬁ%@iﬁxﬁ@l&ﬂﬁri@ﬂ@sﬁs ?@@ﬁtﬁnﬁﬂs@%ﬁg&ﬂ&% 0.05;
*p<0.0 omparison with PBS- mlrgszte

Z ice. 2? eI %Hle tBecognltlor& test.
The reten |dn |onr\1/\?§%r68§r%rﬁ1ed hours & er alllrlﬁner ﬁmu ora Ory preference iac
ten- rﬁinut@h@ssmﬂmdmaw ﬁ@@@@e&red@ﬁmmaﬁaemﬁﬁm@m §ebaploTMasesults
of two-way ANV InWELR g&nﬁglmgtéaal@;@ﬁ{rﬁiﬁﬂ%@&s%nwhe%ifé@z&a@ OrRnunataseup, F(2

64)-7.49, p< 0. eated tr ti an| roup, 64) = 10,12, p<0.01; **
001 i BEESREATN A (IR OAI Ul e A DS e e KRR it
PBS-adnfifiSteded Tsj26a6l glteo (@rahe(BWNavehghiethrtengtitidaries). a Bbsutonthsessiom ofads
water mazg igshavas measwied ffisach g1dkRx hﬁsﬁ% K-l iwas way ANAVAWRIRBA JPJH&WS trial,

F(9 20)— < 0.01; animal gro 259 01;re d trlal b nimal
orolp, Fie o)Lt ergep e ;?@Léo%%f& %E‘@& R N R S A
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group, n = 10; IA9-administered 25 group 6(]|j 2C3- admlnlstereh%?ro p, n=11) were extracted
51‘

in three c@mﬁﬁodéa&gb% 7 replr 6tH’e<erﬁér @Bﬂ} BPS Eolnte Wrinic 40H teIRjEdtractable
fractions. .t diy oficthefralctions \FabSs AB[Bcteld 18, A B bPEcic ELFSAS {WAKRDIkithBNT@BRAR7 for A(3
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found to be significantly suppressed only in the | A9-treated group. The 30 accumulation- suppressmg

effect for4he AF-PERANEBITGTHEE HHTRI WAETE GRIFINERFth thehe results of two-way ANOVA were
20 as follows: context-dependent test, F(2, 32) = 5.94, p < 0.01; clue-dependent test, F(2, 32) = 7.33,

p <0.01; * p <0.05 and ** p <0.01 in the comparison with PBS-administered Tg2576 mice.
Fig. 9 presents graphs and a photograph showing that the brain AP accumulation in
Tg2576 can be prevented by passive immunotherapy. The hippocampus and cerebral cortex of
three groups of 13-month-old Tg2576 mice (PBS-administered group, n = 10; 1 A9-administered
25  group, n = 13; and 2C3-administered group, n = 11) were extracted in three continuous steps to
prepare the buffer-soluble, SDS-soluble, and formic acid (FA)-extractable fractions. Each of
the fractions was subjected to AB-specific ELISAs (WAKO kit: BNT77-BA27 for AP x-40;
BNT77-BCOS5 for AP x-42). The accumulation of AP 40 (SDS and FA) and AP 42 (SDS) was
found to be significantly suppressed only in the 1AS-treated group. The
30 accumulation-suppressing effect for the All-positive oligomer (4-mer) was confirmed in the
SDS-soluble cerebral cortex fractions from the two antibody-treated groups.
Fig. 10 presents photographs and graphs on AP oligomers in the plasma and brain of
Tg2576. A and B: As a result of ELISA analysis, no significant difference in the amount of Af
x-40 and AP x-42 in the plasma was observed between the PBS-administered group and the
35  immunotherapy group. C: Similarly, no difference in the AP 40/Af 42 ratio was observed

among the three groups tested. D: As a result of dot blot analysis using pooled brain



SDS-soluble cerebral cortex fractions from the two antibody-treated groups. Fig. 10 presents
photographs and graphs on A(3 oligomers in the plasma and brain of Tg2576. A and B: Asa result of
ELISA analysis, no significant difference in the amount ofA(3 x-40 and A(3 x-42 in the plasma was
observed between the PBS-administered group and the 35 immunotherapy group. C: Similarly, no
difference in the A(3 40/A(3 42 ratio was observed among the three groups tested. D: As a result of
dot blot analysis using pooled brain 13 homogenates, no difference in the amount of physiological
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transfer Oérmﬁ@@vti%%iteﬁfg&ﬁﬁsﬁ € pizatiQn treatment. The distribution of administered
antibodies in the Tg2576 mouse brain iS shown. Staining with anti-A(3 antibodies fleft anels) and 1gG
(center panels). [FA® 11 presents photographs and graphs showing that senile plaque amyloid formation

20 (A: AB-specific antibody staining; and B: thioflavin-S-positive analysis) and swollen dystrophic
neurite formation (C: synaptophysin-positive analysis) were suppressed in the Tg2576 mouse
brain by passive immunization treatment.

Fig. 12 presents photographs showing the suppression of synaptic degeneration by
passive immunization treatment with 1A9 and 2C3. Immunostaining of synaptophysin (left

25  panels) and drebrin (right panels) in presynaptic and postsynaptic dot-like peripheral cells. Top:
PBS administration; middie: 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 antibodies (left panels) and 1gG (center panels). 1A9

30  administration (A), 2C3 administration (B), and PBS administration (C).

Fig. 14 presents photographs showing, by dot blot analysis, that the monoclonal
antibodies 5AS, 5A9, 4F7, 4H5, 6E4, and 614 are specific to AP oligomers (3 to 96 hours), but
do not recognize A} monomers (0 hour).

Fig. 15 presents graphs showing the A} oligomer-selective binding ability of the six

35  types of antibodies (4F7, 4HS, 5AS, 5A9, 6E4, and 6H4). The vertical axis indicates the

absorbance at a wavelength of 450 nm, and the horizontal axis indicates the concentration of AP



30 administration (A), 2C3 administration (B), and PBS administration (C). Fig. 14 presents
photographs showing, by dot blot analysis, that the monoclonal antibodies 5A5, 5A9, 4F7, 4H5, 6E4,
and 6H4 are specific to AG3 oligomers (3 to 96 hourgy, but do not recognize A(3 monomers (0 hour).
Fig. 15 presents graphs showing the A(3 oligomer-selective binding ability of the six 35 types of
antibodies (4F7, 4H5, 5A5, 5A9, 6E4, and 6H4). The vertical axis indicates the absorbance at a
wavelength of 450 mn, and the horizontal axis indicates the concentration of A(3 14 oligomer or A(3

monomer ysed as an inhibitor. In each graph, the dashed line indicates the . antibody-binding activity
o o S B Bri A eSS AR ORIkt S AR T S b S A0 Bonime
activity wingibtidy-hi@ingrotmetywdsu deu/ds dhgdmiibites. \Sigl 46 1predehinyraphdskoidigthe
neutraliZing RGN OL B iy MREs OhaniRediRs: T4 ndiiEnRA RS0 BE4natithBHg), against
A(3-induced neurqto |g|t . The honzgqn | axis indica eiithe amount oﬁ ntlbodg%}?ddgd, ﬁ}n%the
vertical axis shoﬁgrhﬁe é%}/ﬁ?fi&?&ﬂ?? fative 1B e st tidé {H?eggﬁﬁﬁgﬁ)?-? & YE RSN e Y Shdard
(seeihe éttigtidhoin this igkeES antdHYBBES)ARMhichidsdincantibrititthatldiedmnatisiditos A(3 42,
e e GO ianof r A sy Or e 'R i DRSSO AN i o o
antibodie . \ , , , an agai amyloid fibrijl formation. The
o SIS A bR T AP oA T R oA S SO C it LIShE oy !
incubatiolz@t (3710, fohizi tsaursptivedsvibhodokR ramytoid dibifl Adcmationed dsr menaparisdnby the ThT
fluorescence intefgty meihosts TRehoravial s aicaies thejemounhelandsadediespnd the

vertical axis showsthe level of amyloid fibri o_rma(l}zi%n by the antibody addition that is_15 relative to the

levélof atflioidthbrdcrmatoATWABH OEITBEAT sdttigR S thbsth R oMo de M of E ARSI the
Inventionadthe prebest diferstio nondt itextescribe d b spédifical K2 aldd). As\desanibdtatmmte, the
present iyeptpfs suReSded j0epFARGAVIReHES hakhind, 20 sealical QA aligomers but ot

to A(3 mgnomers. That is, the present invention provides, antibodies that bind to AP oligomers but not
to A(3 mENSHETESFHa ERtiboRiEs Ute plBRRABRY GBI UHIRIFTIE 2P R bR A deta asirified
used for gubstanedaaniibedidsedadbuthngfdhiel e Sent anvaritioténdichod thdtitherstibsiances do
not sbstantally,ngIuGs, &t 4pastane SPSIARGR:OR IRSIANRSSRAINAGHT LG Natkal pource.
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 sonfeéeffonCatnidhgtiia:t aintibodiesofproteins) are derived. When the antibodies are chemically
synthesized, the fgims. sferfo.antkadiesdhaldmaphaibsiantialiineligs, chemical precursor

substances or other ) ] ) o o )
As described above, the present inventors succeeded in obtaining antibodies that bind

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 not substantially include at least one substance

25  that 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
anfibodies (proteins) are derived. When the antibodies are chemically synthesized, the terms
refer to antibodies that do not substantially include chemical precursor substances or other

30 chemical substances. In a preferred embodiment, the antibodies of the present invention are
isolated or purified.

“Antibodies™ refers to glycoproteins that have the same structural characteristics.
Antibodies show binding specificity towards specific antigens. Herein, “antigens” refers to
proteins that have the ability to bind to the corresponding antibodies, and induce

35  antigen-antibody reactions in vivo.

AD proteins, which are the major constituents of amyloids, are peptides consisting of 40



30 chemical substances. In a preferred embodiment, the antibodies of the present invention are
isolated or purified. "Antibodies" refers to glycoproteins that have the same structural characteristics.
Antibodies show binding specificity towards specific aatigens. Herein, "antigens” refers to proteins that
have the ability to bind to the corresponding antibodies, and induce 35 antigen-antibody reactions in
vivo. A(3 proteins, which are the major constituents of amyloids, are peptides consisting of 40 15 to 42
amino acids, and are known to be produced from precursor proteins called amyloid precursor proteins

(APPs) b action oteases, Beside id fibrils collected in ultracentrifuged sediment
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bind to A(3 oligomers but not to A(3 mohomers. "Antibodies"” of the present invention include both

mondclord) a&ﬂﬁﬂ.ﬁé@}%ﬁ&?f&%ﬁ?&&af@% mmacamﬁéaréwffﬂérw@@mgmﬁ%%}% freieeBsty type of
antibodiesrsuchgashapodihuhearianiavat anfibqdies! hﬁr‘aaﬁutechanlﬂzotﬂlegpbﬁhtmrma]mhod;else human

anthodiesgiewfaisiAesarbesmiplbor s apimaard seauensesmiekanibedeomodlisd:

antibodies 20 cgnjugated to other molecules (for examp e, polymers such as po lene glycol); and

sugar ch&-MoEHRdribatiaplerain, vrietied b LR antibodies” refers to antibodies that
are obtained fronThcsuibsiahittalytioamo genadeia pog dhatont of cuntifiadies. uEbdiishtherdésehvidual

antlpgdleﬁl\%%%ﬂtgglp&%he% B%%g%&)pog{f bq%%nal antu'g t&etg ?e%éghfg&gossmle natural mutants that

may 25 be present in a e amount. Monoclo odies fzecmc and recognlze a single
antigenic site. Eachipishotfode REssRtBYaRE L rdBs gl beth @H@‘l’é gatbariRalveen’t antigen, in
contrast tendbodegtioMak(paliycidiaalk) htpochpreparationd thaidydically certaimmdifiedntsactibodies

against dHB%'E‘E%%ﬂ%?Mﬁ qgﬁ%%ﬁi@&%n@ﬁ&%@%ﬁ}ibodies, chimeric antibodies, human antibodies, the
later-described minibodies, amino acid sequence-modified antibodies, modified antibodies
20 conjugated to other molecules (for example, polymers such as polyethylene glycol), and sugar
chain-modified antibodies.

Herein, the term “monoclonal antibodies™ refers to antibodies that are obtained from a
substantially homogeneous population of antibodies.  That is, the individual antibodies
constituting the population are identical with the exception of possible natural mutants that may

25  bepresent in a trace amount. Monoclonal antibodies are highly specific and recognize a single
antigenic site. Each of the monoclonal antibodies recognizes a single determinant of the
antigen, in contrast to conventional (polyclonal) antibody preparations that typically contain
different antibodies against different antigenic determinants (epitopes).

In addition to the above-mentioned specificity, monoclonal antibodies have the

30 advantage that they can be synthesized {rom a hybridoma culture that is not contaminated with
other immunoglobulins.  Therefore, “monoclonal” indicates the charaéteri stics of antibodies
that can be obtained from a substantially homogeneous antibody population. This term does
not indicate the requirement for any specific method for antibody production.

Basically, monoclonal antibodies can be produced by using known techniques. For

35 example, they may be produced by the hybridoma method first described by Kohler and Milstein
(Nature 256: 495-7, 1975), or by the recombinant DNA method (Cabilly ef al., Proc. Natl. Acad.



In addition to the above-mentioned specificity, monoclonal antibodies have the 30 advantage that they
can be synthesized from a hybridoma culture that is not contaminated with other immunoglobulins.
Therefore, "monoclonal” indicates the characteristicg gf antibodies that can be obtained from a
substantially homogeneous antibody population. This term does not indicate the requirement for any
specific method for antibody production. Basically, monoclonal antibodies can be produced by using
known techniques. For 35 example, they may be produced by the hybridoma method first described by

Kohler an (Natur 6;.495-7, 1975) the recomhinant DNA method (Cabilly et al.,
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20 complete Freund’s adjuvant by injecting the antigen into their foot pad. Subsequently, booster
immunizations are carried out six times. Hybridomas are produced from the inguinal lymph
node by fusion with Sp2/0-Agl4 cells using Polyethylene Glycol 1500.

The animals immunized with sensitizing antigens are not particularly limited, but are
preferably selected considering the compatibility with parent cells used for cell fusion.

25 Generally, rodents, lagomorphs, or primates are used. Rodents include, for example, mice, rats,
and hamsters. Lagomorphs include, for example, rabbits. Primates include, for example,
Catarrhini (old-world) monkeys such as Macaca fascicularis, Macaca mulatta, hamadryas, and
chimpanzees.

Animals are immunized with sensitizing anfigens according to known methods. For

30 example, as a standard method, immunization is performed by intraperitoneal or subcutaneous
injection of a sensitizing antigen into mammals.

An example of the parent cells fused with the aforementioned immunocytes is the
Sp2/0-Agl4 cell, which will be described below in the Examples. However, various other
known cell lines can be used.

35 Cell fusion between the aforementioned immunocyte and a myeloma cell can be carried

out basically according to known methods including the method by Kohler and Milstein (Kohler



chimpanzees. Animals are immunized with sensitizing antigens according to known methods. For 30
example, as a standard method, immunization is performed by intraperitoneal or subcutaneous
injection of a sensitizing antigen into mammals. An gxample of the parent cells fused with the
aforementioned immunocytes is the Sp2/0-Agl14 cell, which will be described below in the Examples.
However, various other known cell lines can be used. 35 Cell fusion between the aforementioned
immunocyte and a myeloma cell can be carried out basically according to known methods including

the meth%d ar)%i\f?lter aem M”?nec{.é g(ohler 1 lﬁ(} %JI B/I ein C., Methods Enzymol. (1981) 73, 3-46).

Hybridomas o is fanner are St sel y culturihg them in a conventional selection culture

medium such as H¥anTosmgturbtamead iiihv g e s aeldaipd karriinaln afheto prérivnanetivyahidine.

CUW“”Qé&éH%ﬁQ@M@r&%@H%@Gu’EM @M’Edﬁl@ﬁ@ﬂﬂe&ﬁéﬂ%@l|&’oﬁ@diﬁ§'ﬁ?§o§@&xﬁﬁﬁ@ra| days to

several weeks f r an a ua tlme |Illng ce S0 her than the g?ﬂrled h%brldo as (non- -fused
a mo 1411 Pf{n Turin OVE- 6111:1(8‘1? culfure me
cells). Next, veritionar it |ng d ation S performed Tor screéning an smg y cloning of a

hybrﬁjom%ﬁmibr@du@eseﬁ@rj@@rﬁé@l éﬁYﬂJ@CﬁPVﬁﬂéPé@ﬁi@erheme@@ HytsridoidiretegHspi&ated into
the abdomginplieayity-&d ﬁﬁm&tﬁﬁaﬁﬂgxﬁﬁ@é@ Sluigh coriainingshecdaskert ma bantibediessis

extracted. ng H(%g ‘Ef e .10 antibodi es an be Urlflﬁ érom easc ic fluid vent{} | protein
separatiof’ IE ETHRE AR 6%%%5 IVEE R EﬁfﬂrS 6Ftolt eﬁl%r&ﬁ%\% raphy
including, but n&ﬂm@édﬂdhaﬁhiﬂyl@hmgmmvamﬂnm@ﬁ mtﬂdﬂnnr@hmnmﬂtmbrmfaﬁlmlﬁmlysis
SDS polyagryamide.gel slesHorhnicris-andielestiiafaeygirgifAntiaedies: fok grypnanual,

HarJow and.. D v|d Lane (ed old Sprin bo Laborator 5 Protein mns and
Proldn CHEA %gﬁé"ﬁféé%df PRI CHTINE B ARt Pl RUB AR e nclude
Hyper D m&c@@ramdtﬁabmmw R. Felmhémmbm)a.tlQim@mémmhmar(mmzmmdty& but

Chromat%@ﬂmt)el{'ﬁiu%l 2NN Hﬁoﬁl%(?ﬂiﬁ&hbfaﬁ}{ﬁ{&&'ﬂ%t?;ﬁ%&%ﬁ%@?ﬂsi@%ﬂﬁ"aﬂon
reverse-ph sec tog h a d adsor tion hrom ography r Protein Puri Zﬁfaatlon
and Cha "Agf fi_ BFVEo%f}%éSRﬁg % g\sﬁ? BB E By Hrarbor

Laboratof%ﬂwssn@@ﬁ)ﬂ Winen(ehitoniaiohSapimyg Hacbméddmu‘@thqulwﬁﬁhse chromatography methods
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manner can be subcultured in a conyventional culture medium, and they can be stored for a long time

in liquid rtrEemosEAh G RE B R Y BRT o (Eh Sy it H}Pﬁfﬁé‘?ﬁ 56 dheB0as Broduction.
However, when prépansnigarphedlorildngbdties binprodugiaghyybridodeasothe demgatibility
chromatography, hydrophobic chromatography, gel filtration, reverse-phase chromatography, and

adsorption chromatography (“Strategies for Protein Purification and Characterization: A

20 Laboratory Course Manual”, Daniel R Marshak et al., Cold Spring Harbor Laboratory Press,
1996). When chromatography is carried out, liquid-phase chromatography methods such as
HPLC and FPLC can be used.

Monoclonal antibody-producing hybridomas prepared in this manner can be subcultured
in a conventional culture medium, and they can be stored for a long time in liquid nitrogen.

25 Any mammal can be immunized using an immunogen for antibody production.
However, when preparing monoclonal antibodies by producing hybridomas, the compatibility
with parent cells used in cell fusion for hybridoma production is preferably considered.

Generally, rodents, lagomorphs, or primates are used for the immunization. Rodents
include, for example, mice, rats, and hamsters. Lagomorphs include, for example, rabbits.

30  Primates include, for example, Catarrhini (old-world) monkeys such as Macaca fascicularis,
Macaca mulatta, hamadryas, and chimpanzees.

The use of transgenic animals that have a human antibody gene repertoire is known in
the art (Ishida 1, ef al, Cloning and Stem Cells 4: 91-102, 2002).  As with other animals, to
obtain human monoclonal antibodies, the transgenic animals are immunized, then

35  antibody-producing cells are collected from the animals and fused with myeloma cells to

produce hybridomas, and anti-protein human antibodies can be prepared from these hybridomas



with parent cells used in cell fusion for hybridoma production is preferably considered. Generally,
rodents, lagomorphs, or primates are used for the immunization. Rodents include, for example, mice,
rats, and hamsters. Lagomorphs include, for examplgg rabbits. 30 Primates include, for example,
Catarrhini (old-world) monkeys such as Macacafascicularis, Macaca mulatta, hamadryas, and
chimpanzees. The use of transgenic animals that have a human antibody gene repertoire is known in
the art (Ishida 1 et at, Cloning and Stem Cells 4: 91-102, 2002). As with other animals, to obtain
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antibodies are zﬁlo mclu% LE 81 present mventlo xam es 0 n clonal antibodies, of the
present ifUERTOHfnstRdARIPRGS %‘6‘&8%?%&?{ % QY BRI clonal
antibody, lmshmmmtbﬁaircahmadbyﬁnﬁbomgmhmnabanngdbhy cmadrﬁﬁﬁeelmh@hammmdw 6E4
morzgc'oa@k%ybe%me%@n%wﬁemmeeml ibedy, &£ refrrablydhe-manasianahaniinedics include

the antiboglies o ﬂ) Q (vi) below: (i) an antibody that comprises an 11 chain (heavy chain) having the
amino acit*SeguBhe letgeER{)eSF[‘}tN’EYEPQ% an L chain (light chain) having the amino acid sequence of

SEQ ID NO: 3; (iilfeamgitiboiti¢matmarivpabestdodibelofihe pesentchatmyibavindutetizniing acid
Sequenc‘?n%fnncﬁ&a?én't%é\&? 25 apdaribnehanKight chain, havinig fRg iR Aot sEARERGe of SEQ

antibody, 4F7 monoclonal antibody, 4HS monoclonal antibody, 6E4 monoclonal antibody, and
20 6H4 monoclonal antibody. Preferably, the monoclonal antibodies include the antibodies of (i)
to (vi) below:
(1) an antibody that comprises an H chain (heavy chain) having the amino acid sequence of SEQ
ID NO: 1 and an L chain (light chain) having the amino acid sequence of SEQ ID NO: 3;
{ii) an antibody that comprises an H chain (heavy chain) having the amino acid sequence of SEQ
25 IDNO: 21 and an L chain (light chain) having the amino acid sequence of SEQ ID NO: 23;
(11i) an antibody that comprises an H chain (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 and an L chain (light chain) having the amino acid sequence of SEQ ID NO: 83;
(vi) an antibody that comprises an H chain (heavy chain) having the amino acid sequence of
SEQ ID NO: 101 and an L chain (light chain) having the amino acid sequence of SEQ ID NO:
103.
35 In an embodiment, the antibodies of the present invention include minibodies. A

minibody contains an antibody fragment lacking a portion of a whole antibody, and is not



(iif) an antibody that comprises an H chain (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) hgwing 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 and an L
chain (light chain) having the amino acid sequence of SEQ ID NO: 83; (vi) an antibody that comprises

an H chain (heavy chain) having the .aming acid sequence of SEQ ID NQ. 101 and an L.chain (light
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an antibodypliediinghchamt¢sioligotibethatrbiyidg 19, [RCBHASNES AT rdEl AldBPBEANES SHdmn.

Preferably, the apfiaadyis.anm anrigt e aRiBONaRTHAI% (R BEIAN:ImA) 87 amiRagy binding to
an A(3 oligomer that binds to an aptibody comprising an H_chain _having the amino acid sequence of
SEQ 1D NI P& A EHAD QUSFTREAIHE BHE SAth o Joi *2ouaenod BT S P 8P () dReAriiBby

binding ttharmi(Bedligearer shabbihd suo aniantih ¢4y wofipbigimg:an H chain having the amino acid

sequence of &%&i%ﬂ%iﬂr?{@ an Arcbrinnaying: s AMING asifh 2 SSAUEREE 9h PERLR NO: 23;
(C) an antibody binding to an A(3 oligomer that binds to an antibody comprising an H chain having the
amino ag?ﬂ"é@% EE PSP Y WO AE SR a‘tiﬁ‘lﬁg%‘ﬁn'g%’h}ﬁ%%ga%l “EUBRERCe of SEQ ID
NO: 43; [@yamentibbHBIDAKRY $o an A(3 oligomer that binds to an antibody comprising an H chain

(B) an antibody binding to an AP oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ ID NO: 21 and an L chain having the amino acid

20 sequence of SEQ ID NO: 23;
(C) an antibody binding to an AP oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ ID NO: 41 and an L chain having the amino acid
sequence of SEQ ID NO: 43;
(D) an antibody binding to an AP oligomer that binds to an antibody comprising an H chain

25 having the amino acid sequence of SEQ ID NO: 61 and an L chain having the amino acid
sequence of SEQ ID NO: 63;
(E) an antibody binding to an AP oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ ID NO: 81 and an L chain having the amino acid
sequence of SEQ ID NO: 83; and

30 (F) an antibody binding to an AP oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ ID NO: 101 and an L chain having the amino acid
sequence of SEQ ID NO: 103.

Furthermore, the present invention provides AP oligomers to which the antibodies of the

present invention bind.  Preferably, the antibodies include, for example, the 1A9 monoclonal

35  antibody, 2C3 monoclonal antibody, SAS monoclonal antibody, 5A9 monoclonal antibody, 457

monoclonal antibody, 4H5 monoclonal antibody, 6E4 monoclonal antibody, and 6H4 monoclonal



25 having the amino acid sequence of SEQ ID NO: 61 and an L chain having the amino acid
sequence of SEQ ID NO: 63; (E) an antibody binding to an A(3 oligomer that binds to an antibody
comprising an H chain having the amino acid sequegnige of SEQ ID NO: 81 and an L chain having the
amino acid sequence of SEQ ID NO: 83; and 30 (F) an antibody binding to an AG3 oligomer that
binds to an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 1.01 and
an L chain having the amino acid sequence of SEQ ID NO: 103. Furthermore, the present invention

provides AI?E. li om%rs ﬂOA hifh the antibodies af the presept invention bind. PfeferabI%, the
Sy P eiampiEIRe 1 AG moRse o%%aﬁ“é%"‘élﬁn OB PRI RN Ra AR B 88T 5AS

antibodies include,

monoclonal antibbug psaeredaobledialcantibodptbpdicroribelprraraintivonlyoad HS Intsn belenabaktibody,
6E4 monegdonalaniikedvyand 6H4 reopwlesrkZ0 antibody. Such A(3 oligomers can be used as

antigens fqQr preparting antibodies, or vaccines. In a.preferred.embodiment, the gntihadjes of the
oresont SR HOUAL S R ra The DOl B G St (o O et TS ariocy
that com$¢is8d .dha-mirtrabidviegyenecarh o bid SEY U éred - SISE@IDhK OnGragcll srmenctd amino
acid sequenggiREQIRNGREL as CDR2, and the amino acid sequence of SEQ ID NO: 13 as

as. CORIS AN T CERRHER 3 G bR S BB A ) SR PSR of

SEQ ID N(RD tx @DRG 240 @RarmantboHQ tHANO eI Huzhtin @h{d) asid theuerskaih of (2);
(4) an antipeslyshabcopyisesan. H chain having the amino acid sequence of SEQ ID NO: 5 as VH;

oy
(5) an antjbody that c rises an L chain_having amjno acid sequence of SEQ ID NO: 7 as VL; 15
(6) zﬁ ané@oﬁgaﬁﬂﬁf@%&’?@{gﬁ g}?a?hcgﬂﬂ)oﬂﬁﬁ{@ E%ﬁaﬁ?ad’rl ),a()?) an antibody that comprises
an H chaind yvavimg bhdyattmhcoaid sequdi cbaf BEQM DN @29 asidGBREnthe TRl B B épsence of

SEQ ID N@j.31 as CDR2, and the amino acid sequence of SEQ ID NO: 33 as CDR3; (8) an antibody

that comprises an.| chaijn having.the aming acid sequence of SEQ ID NO: 35 as CDR1, the amino
acid seqUehas %fffé?@éyu RIS ShRSTR %ﬁl@%}%ﬁﬁ&%ﬁfﬂ%&hﬁ?&#&@%@&%ﬁ NE: dgfhs
CDR3; (9Yan antibody that comprises the H chain of (7) and the L chain of (8); (10) an antibody that

comprisegsRi Faia AN M5 ARIAR ACHIARBIRERN BRERMRING 3R
(7) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 29 as
CDR1, the amino acid sequence of SEQ TD NO: 31 as CDR2, and the amino acid sequence of
SEQ ID NO: 33 as CDR3;
(8) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 35 as
20 CDRI, the amino acid sequence of SEQ ID NO: 37 as CDR2, and the amino acid sequence of
SEQ ID NO: 39 as CDR3;
(9) an antibody that comprises the H chain of (7) and the L chain of (8);
(10) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 25
as VH;
25  (11) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 27 as
VL;
(12) an antibody that comprises the H chain of (10) and the L chain of (11);
(13) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 49
as CDR1, the amino acid sequence of SEQ ID NO: 51 as CDR2, and the amino acid sequence of
30 SEQID NO: 53 as CDR3;
(14) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 55 as
CDR1, the amino acid sequence of SEQ ID NO: 57 as CDR2, and the amino acid sequence of
SEQ ID NO: 59 as CDR3;
(15) an antibody that comprises the H chain of (13) and the L chain of (14);
35 (16) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 45
as VH;



as VH; 25 (11) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO:
27 as VL,; (12) an antibody that comprises the H chain of (10) and the L chain of (11); (13) an antibody
that comprises an H chain having the amino acid segyuence of SEQ ID NO: 49 as CDR1, the amino
acid sequence of SEQ ID NO: 51 as CDR2, and the amino acid sequence of 30 SEQ ID NO: 53 as
CDR3; (14) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 55
as CDRI, the amino acid sequence of SEQ ID NO' 57 as CDR2, and the amino acid sequence of

SEQ ID 9 as. 5) an antibody th es the H ch inof (13 %%gu @ai of (14);
35(16) a %%%y %ﬁ%ér%] 3r%n SR H chcalnqwae\l/‘fh %‘e aminoacid s%qlg]eﬁ)gg E%_I %45 as
VH; 21 (¥#):an antibody that comprises an L chain havmg the amino acid sequence of SEQ ID NO: 47

as VL; (m%@aﬁ%@dym@tmﬁw@@@ﬁlm &E&h%ﬂ(@ﬁi%ﬁh@lﬁ@ﬂ@éﬂ%ﬁdﬂ?@f (17); (19) an antibody

that com es an cha aV| the amjno, aci ence of SEQ |ID NO: 69 mino
acid seq %noq;ng aE ng%(;hal Vl |neoaaclln sa(g c%J?—:-en 60 &% ?%%675 g
CDRS; (zu)%ﬁ&httbgdmhatac@iﬁpqmwﬂ_%&m h\gi)lr{’d meCaINﬁJAoaaéﬁlgéqu@@ué@@ﬁ@E@@qﬂo. 75
as CDRIgthe pming asidseppegnce of SEQ ID NO: 77 as CDR2, and the amino acid sequence of

SEQ ID 79 as CDR3: 10 an ant at co rlses the H,chain of ( in of
20} (22) 0 AABUEI AR SHBHEBE 2 b SR R e A6 s GBSl LR TN 65
as VH; (28P&d ahtibodythatdomprive BREQCHAN Galing P Rl detchsenuepicesof SED 9D NO: 67
as VL; 1§I§é4§[§gg@ntyb%g3ctgjﬁgcompnses the H chain of (22) and the L chain of (23); (25) an.

anti com n H chain ha ing the am cid g of ID NO: 89 as CDRI, the
am|E %%@&L@E‘é@% BRgEFSg1e a% @ﬁ'ﬁ %ng@ ’éfg%iroqé%fbo%g%nce of SEQ ID NO: 93
as CDRS(XZ)&)rmahu@bdyithanmmtseﬂ ahaif binding s amgiteercidhieg woick s QLR ER HHESES ID NO:
95 as 20,CDR1, the amino acid sequence of SEQ ID NO: 97 as CDR2, and the amino acid sequence

?2f6iEQ 'Ba’}'%)n By s e B A O R S0 S A SRS AR b P
15 (24) an antibody that comprises the H chain of (22) and the L chain of (23);
(25) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 89
as CDR1, the amino acid sequence of SEQ ID NO: 91 as CDR2, and the amino acid sequence of
SEQ ID NO: 93 as CDR3;
(26) an antibody that comprises an 1. chain having the amino acid sequence of SEQ IID NO: 95 as
20  CDRI, the amino acid sequence of SEQ ID NO: 97 as CDR2, and the amino acid sequence of
SEQ ID NO: 99 as CDR3;
(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 comprises an 1. chain 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: 111 as CDR2, and the amino acid sequence
30 of SEQID 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 SEQ ID NO: 117 as CDR2, and the amino acid sequence
of SEQ ID NO: 119 as CDR3;
(33) an antibody that comprises the H chain of (31) and the L chain of (32);
35 (34) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 105
as VH;



(28) an antibody that comprises an Il chain having the amino acid sequence of SEQ ID NO: 85 as VH;
25 (29) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 87 as
VL, (30) an antibody that comprises the Il chain of (28) and the I. chain of (29); (31) an antibody that
comprises an H chain having the amino acid sequence of SEQ ID NO: 109 as CDRI, the amino acid
sequence of SEQ ID NO: 111 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 amjno acid seguence of SEQ ID.NO; 117 as CDR2, and the.gmi id sequence
of SEQ IR A S E R CIE) 8 Aoy L BB LD B SHAIRTEE 0 3T it iain of
(32); 35 (8%tYan antibody that comprises an H chain having the amino acid sequence of SEQ ID NO:
105 as V524 L3RbaM antibedyhal:aramisamar B eaia faving.the aniRe acid sequence of SEQ

ID NO: 107_as VL. ??d}, n antibody that comprises the H chaip of (34) and.the L chain. of (35); (37) an
oty AL B ATIRRAY T SR 0 ALAER SO ST S RTCrTANS ST Moy rertion
in thé antioddy ofsarticonerché Bntd (86 o ivichtivas €huivdient abinithasguevadetizetyitf anthone of (1)

to (36); apg %@iggggiﬂ@@)ttgi@é)’l%@e epitope _bound_ by the anFibody_of any one of (1) to (36).
An example of the VH'In gl@e above-%ntloned "H chain havmfgﬂ{t}g]é,;%nno acid s%quen%% of SEQ ID

NO: 9 (st RbARATSHHY S By G0 CORRY EERD RL BT 18 050940 bioe of SEQ 1D

NO: 11 (sequencaAmnttiampla®aihiibodyiHiehdinve DR ) asC BR2handathegahrinomacicdsdquence of
SEQ ID NquJeﬁc(ﬂ?SﬂEE@Cﬁ)%tlz%%ég@éH&%qwé@Ré%@%}»kﬂ%b&%@i@f}@é soRYHhayinathe

amino acid sequence o SFE;Q? gequence of the 5A5™ antibaody VH). An example_of the VL in
the HboveSeitaBRRe U chib RaVtrg! thiesavine At eqreiridbady &tk [ e afsg@é%&méﬁ%e of
the 5A5 ghtihodyd achiaiagGiRd odS EQRD, Mz dhnjsajecide sdquendd afii8ia@y B-NOmMITZTIBSquence of

the SAS aafipady el GPRA) AP EDRAAI N AING pYfseaUSHcS ALSEQUDNG 385

(sequence of the 5A5 antibody L-chain CDR3) as CDR3"of (2) is a VL having the amino acid
sequencéBISEHNEINO: 7 (sequence of the 5A5 antibody VL). 20 An example of the VH in the
above-mentionedAitkeghaipihatihg Yeianhinabacitnsetioand & ot hHOINOhE Snthenaddceqitie SA9

antipody H-ehajn i RBM13T SRR kedie ATEIS antibody L-chain CDR1) as CDR1, the amino acid
sequence of SEQ ID NO: 17 (sequence of the 5AS antibody L-chain CDR2) as CDR2, and the
amino acid sequence of SEQ 1D NO: 19 (sequence of the SAS antibody 1.-chain CDR3) as
CDR3”0f (2) is a VL. having the amino acid sequence of SEQ ID NO: 7 (sequence of the SAS
antibody VL).

20 An example of the VH in the above-mentioned “H chain having the amino acid
sequence of SEQ ID NO: 29 (sequence of the SA9 antibody H-chain CDR1) as CDR1, the amino
acid sequence of SEQ 1D NO: 31 (sequence of the 5SA9 antibody H-chain CDR2) as CDR2, and
the amino acid sequence of SEQ ID NO: 33 (sequence of the 5A9 antibody H-chain CDR3) as
CDR3”0of (7) is a VH having the amino acid sequence of SEQ ID NO: 25 (sequence of the SA9

25 antibody VH).

An example of the VL in the above-mentioned “L chain having the amino acid sequence
of SEQ 1D NO: 35 (sequence of the SA9 antibody L-chain CDR1) as CDR1, the amino acid
sequence of SEQ 1D NO: 37 (sequence of the SA9 antibody L-chain CDR2) as CDR2, and the
amino acid sequence of SEQ ID NO: 39 (sequence of the SA9 antibody L-chain CDR3) as

30  CDR3”of (8) is a VL having the amino acid sequence of SEQ ID NO: 27 (sequence of the 5A9
antibody VL).

An example of the VH in the above-mentioned “H chain having the amino acid
sequence of SEQ ID NO: 49 (sequence of the 4F7 antibody H-chain CDR1) as CDR1, the amino
acid sequence of SEQ ID NO: 51 (sequence of the 4F7 antibody H-chain CDR2) as CDR2, and

35  the amino acid sequence of SEQ 1D NO: 53 (sequence of the 4F7 antibody H-chain CDR3) as
CDR3”0f (13) is a VH having the amino acid sequence of SEQ ID NO: 45 (sequence of the 4F7




acid sequence of SEQ ID NO: 31 (sequence of the 5A9 antibody H-chain CDR2) as CDR2, and the
amino acid sequence of SEQ ID NO: 33 (sequence of the 5A9 antibody H-chain CDR3) as CDR3"of
(7) is a VH having the amino acid sequence of SEQ{B NO: 25 (sequence of the 5A9 25 antibody VH).
An example of the VL in the above-mentioned "L chain having the amino acid sequence of SEQ ID
NO: 35 (sequence of the 5A9 antibody L-chain CDRI) as CDRI, the amino acid sequence of SEQ ID
NO: 37 (sequence of the 5A9 antibody L-chain CDR2) as CDR2, and the amino acid sequence of
SEQ ID NO., SQ?#ngﬁence of the 5A9 antibody L-chain CDR3) as 30 CDR3"of (8) is a VL having the
amino ac EQ enceof SEQ ID NO: 27 (sequence of the 5A9 antibody VL). An example of the VH in
the above-mentiofirdttngphand Hevifigiththanabioe acivitisegd&hothah SEQDINGMS (sedueqosof the
jE; an:!g d quh in CDR cAa D 2%?2?9 ﬁ : éﬂa&p@ﬁﬁﬁ%@ﬁ%ﬁ% ID NO%%%E‘ ((:e oen
antibody H-chajn as , an e amino acid sequence : sequence
of the AF FVEBRE AR AN SO GRS HRELd) 18 OPE R Tt 6 A IcRUmdERAES of SEQ
ID N®: 45r(srquenceqfdtne 4FFR3 ITBMNOLIP We ndwexathp HGf anebvdyih-tHeadobé&mentioned "L
chain havigsoe, AMNGAPASRANRRGR. Bhth QR NOyRB(5PqHeNAs QUihe 46 antlaodlghain

CDRI) as CDRI, the amino acid sequence of SEQ ID NO: 57 (sequence of the 4F7 antibody L-chain
CDR?2) a@%‘ﬁf—’é’,‘éﬁ& the 5 amino acid sequence of SEQ ID NO: 59 (sequence of the 4F7 antibody
L-chain CDR3) aguGRERBPGS ¢14)d /& b thaving the aminediti dequbacenfhSREiH0 M: 47

(Sequencg&&éﬂ@e%'%éwi@g%:\éie?g%@@ﬁ@éﬂf&%ﬁ?é{lﬁﬂad%m@fﬁdﬂmj%%ﬁ chaig.hayng

the amino acid sequence of SE O: 69 (sequence of the’4H5 antibody H-chain CDRg as CDRI,
the HiningcHosdigssqtiettd Bf S Tb(Reerereqoéififetide BrtbadHE ditip Sy PR BDIRDY as
CDR2, anit:theiaminal aciphceqgueiKRMIISEQ 13N sedubndel HhthbdyTackdiadi R-thain
CDR3) a 3 ). Vj I i X of the
3H5. anay o A S o B D D S oy T SeEe
sequencém‘i‘g(lﬁy ID NO: 75 (sequence of the 4H5 antibody L-chain CDRI) as CDRI, the amino
acid sequence oASEQADINEY (RZ Hehurced ofdheedtimadtibadyik-bhdin Gl RAjascldRayuanckthe

AR R R O
20 An ex&FABREGSTthS RALLIA te: afdvednsantiohdle HHicramibeavihgchmindniiRe bitid DR2, and the
amino acid sequence of SEQ ID NO: 79 (sequence of the 4HS5 antibody L-chain CDR3) as
CDR3”0f (20) is a VL having the amino acid sequence of SEQ 1D NO: 67 (sequence of the 4HS
antibody VL).

20 An example of the VH in the above-mentioned “H chain having 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 H-chain CDR2) as CDR2, and
the amino acid sequence of SEQ ID NO: 93 (sequence of the 6E4 antibody H-chain CDR3) as
CDR3”0f (25} is a VH having the amino acid sequence of SEQ ID NO: 85 (sequence of the 6F4

25  antibody VH).

An example of the VL in the above-mentioned “L chain having the amino acid sequence
of SEQ ID NO-: 95 (sequence of the 6E4 antibody L-chain CDR1) as CDR1, the amino acid
sequence of SEQ ID NO: 97 (sequence of the 6E4 antibody L-chain CDR2) as CDR2, and the
amino acid sequence of SEQ ID NO: 99 (sequence of the 6E4 antibody L-chain CDR3) as

30 CDR3”0f(26) is a VL having the amino acid sequence of SEQ ID NO: 87 (sequence of the 654
antibody VL).

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 CDR1) as CDR1, the
amino acid sequence of SEQ ID NO: 111 (sequence of the 6H4 antibody H-chain CDR2) as

35 CDR2, and the amino acid sequence of SEQ ID NO: 113 (sequence of the 6H4 antibody H-chain
CDR3) as CDR3”0f (31) 15 a VH having the amino acid sequence of SEQ ID NO: 105 (sequence



sequence of SEQ ID NO: 89 (sequence of the 6E4 antibody H-chain CDRI) as CDRI, the amino acid
sequence of SEQ ID NO: 91 (sequence of the 6E4 antibody H-chain CDR2) as CDR2, and the amino
acid sequence of SEQ ID NO: 93 (sequence of the 6g4 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:
95 (sequence of the 6E4 antibody L-chain CDRI) as CDRI, the amino acid sequence of SEQ ID NO:
97 (seque?%(le %fﬁ e 6":54(§E dy L-chain CDR2) as CDR2, and the amino acid sequence of SEQ ID
NO: 99 (soequ%nce P BES A itibody L-chain CDR3) as 30 CDR3"of (26) is a VL having the amino
acid sequence of SEQaDpNOT 8% (Yedudheetoitha@Ewnadiboehaiilbaviredkamplecaicidesameis the
ab?;e;jm %@@%@?@%‘NQPQH@ fﬂ?édéi&lﬂ%%ﬁfﬁ%ﬁﬂ_ﬁﬁﬁ%@ﬂ?@@ﬁ‘aﬁg gﬁﬁllﬂgai\@lipft}(@%ﬁﬁﬁ@ﬁ@i@; tt:]]e g;‘j
antibody H-chain R, amino acid sequence o : nce, of the
antibody HERATT DR 1R 35 CA S AP A 6 Lot RO ehee B SR N e fab o of
the 6H4 amipodyiH schaimcCOFRBASTBR3HE (Sx)uenac\oil the\oht trsibedind-sbidnseBlisrice of SEQ ID

NO: 105 _@EQQ%‘P@%s% Wﬁ%éﬂi&bﬁﬁ%é/ E&d%@?éﬁ&@@?ﬁ@ﬁ)\&d@ ibe @ &fé@%@ﬁ%‘@ﬁi_‘-
chain hawrrégggﬁr no acid sequence of SEQ ID NO: 115 (sequence of the 6H4 antibody L-chain
CDR1) aé , theé"amino acid sequence of SEQ ID NO: 117 (sequence of the 6H4 antibody
L-chain CDR2) a§€DiR2 Adnahtiedyarfitho prertwdguenice ot S EQifD M0 styBe(zequeribe of the 6H4

eribody SR CORe: PRERIGRIS AL NR e 1900 ot ena. s BEQUDIO 10
sequence o e antoay . FOr tne antiooay € prese Inv: on, INO acl

seq ncéea%cwﬁwé?e%ﬂaﬂé) a8 W%ﬁ%d&if%?ﬂyﬁ%ﬁ%ﬂea% g%ﬂ%ﬁﬁﬂ%é@% ?l%?ffﬁnd
SEQ ID N@ney in(FHe3pecely;ahbHiaind adit $equepmte dydteermicentid scspguenaelchthe

full-length | chaig.- 2t SHRWB It FRAR NI SEARING: 4 SGIPERMEYDIR&2RINA JEE
sequence and the nucleotlgg sequence of the H-chain va |ableﬁre ion (VH) are shown in SEQ ID NO:

5 and SEQ NP NOIEPFSESEEBRATHROAN SRS iRl BoHE AT S JetiRERf the
L-cha_in wariable n@mwn)amels_hmhm BERHQ M@arﬁm@ &@es&ﬁcﬁspbcmhemnthe amino
15 q6id SE&IH%@&&eﬁ@@a&?@tﬂé’ﬁﬁqygﬁdé%%&%}ﬁ% 8%%9@@%%%%@3%@%@8% dRSENDNO: 9 and

SEQ ID NO; 10, respectively; the amino acid sequence and the nucleotide setagence of the H-chain

ect mino quen |
CDR2 ar8%hdlia T S8 16 epeqtivahe B esniBoe d foayerreandahs BHEeqtits s uanSef Bfice and
the nucledtideiseQD@ca ofihe e 8&i( CDRG:ark shibHQIISEQ: IR NSpiSianh; Hic @ubN@idl 4,

respectivgly, e AMINA AL SEaHe0ss and e mHglealtessRYERCS 8RS SEQ ID NO: 13 and

SEQ ID NO: 14, respectively; the amino acid sequence and the nucleotide sequence of the

20 L~chain CDR1 are shown in SEQ ID NO: 15 and SEQ 1D NO: 16, respectively; the amino acid
sequence and the nucleotide sequence of the L-chain CDR2 are shown in SEQ ID NO: 17 and
SEQ ID NO: 18, respectively; and the amino acid sequence and the nucleotide sequence of the
L-chain CDR3 are shown in SEQ ID NO: 19 and SEQ ID NO: 20, respectively.

For the 5A9 antibody of the present invention, the amino acid sequence and the

25  nucleotide sequence of the full-length H chain are shown in SEQ ID NO: 21 and SEQ 1D NO: 22,
respectively; the amino acid sequence and the nucleotide sequence of the full-length L chain are
shown in SEQ ID NO: 23 and SEQ ID NO: 24, respectively; the amino acid sequence and the
nucleotide sequence of the H-chain variable region (VH) are shown in SEQ ID NO: 25 and SEQ
ID NO: 26, respectively; the amino acid sequence and the nucleotide sequence of the L-chain

30  variable region (VL) are shown in SEQ 1D NO: 27 and SEQ 1D NO: 28, respectively; the amino
acid sequence and the nucleotide sequence of the H-chain CDR1 are shown in SEQ ID NO: 29
and SEQ ID NO: 30, respectively; the amino acid sequence and the nucleotide sequence of the
H-chain CDR2 are shown in SEQ ID NO: 31 and SEQ ID 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 SEQ ID NO: 34, respectively; the amino acid sequence and the nucleotide sequence of the
L-chain CDRI1 are shown in SEQ ID NO: 35 and SEQ ID NO: 36, respectively; the amino acid



20 L-chain CDR1 are shown in SEQ ID NO: 15 and SEQ ID NO: 16, respectively; the amino acid
sequence and the nucleotide sequence of the L-chain CDR2 are shown in SEQ ID NO: 17 and SEQ
ID NO: 18, respectively; and the amino acid sequengg and the nucleotide sequence of the L-chain
CDR3 are shown in SEQ ID NO: 19 and SEQ ID NO: 20, respectively. For the 5A9 antibody of the
present invention, the amino acid sequence and the 25 nucleotide sequence of the full-length H chain
are shown in SEQ ID NO: 21 and SEQ ID NO: 22, respectively; the amino acid sequence and the

nucleotid scauenceof the lbienall | chalngle | shown .95, I NO. 2300 SFQ D . 24,
respectlvefll, € amino acid sequence and the nucleoti € sequence o e H-chain variable region

(VH) are SK&WPiINSELS I DWOtive wrigdthoanni ecig scqueprciné Nictheckeiids sajacsegaétive and
the nucleptideseapence Ofthe 4 165110 30 vanabieragion (Wi NayesshewpeniSER 1D NO: 27 and SEQ
ID NO: 28, respe UV%(%PZ ar 1'l)rgaod acid se u%rrlgen%ggﬁtohne Eltécleogg%csigggelpec%eog DFg(gghlg-chain CDR1
are shown in SEQID F28"4R §I‘:% b . 30, respec’tlvelﬁnthe SNG4 sequence and the
nucléotidausdepialecgiatee ¢fbedidlcoRt delshowe MSRONDNOI3NGnd IS IDWND: 189; 42,
_reSSpEegilVgéK%B%g%W!ﬁﬁ@sﬁ’iﬁﬁ%@éﬁé@iﬁaﬁi&@ ihe ﬂféﬁlﬁ?i@@ﬁc&eﬁéﬁgﬁ&%fftﬂﬁ fdm:h@i@tﬁ;dpr?%ﬁr%@hqgvn
in : : ectively; the amino acid. sequence and the nucleotide
equenc S T IR SR e T D B S o A PSR B SRS Ay - he
amino acii@§ogde sencacamf the Hidienticuisbiguesicn OY Hhare shaimmGDR2AIP SHowh andEEQD NO:
fh7 and hSI_BQI@. %f&ée&ﬁ@&%@%ﬁ%jﬁé&%ﬂ?ségqﬂagzaﬁé%?elﬁélHﬁ&%@tﬁi&dséﬂﬁe%ké&'l@iqg@iiﬁﬁﬁgce of
e .l.-Chain, qre nin . ; respectively. For ine 4k

ity SO EE S AR AN A L L HED S The b R s e B e
full-lengthdidciegiresee atibthe inGEQI>NGEME ofit SECHHNND RI2aresspeativel; Ghiddantindacid
Z?qu?Bc%zﬂ{‘ggbelﬁlﬁ@t@@:ﬁ%%‘a%?;Qﬁégﬁnfl‘ﬂﬂrL?Ji@gédﬂ&ﬁb%i&ﬁf%}éﬁ%’l’&’iﬂi@%@@%ﬁft‘?li_Jé ar?d_

. , I Clively,; the.al C eqguen en eotige sequence ofr.tne rj-cnain
variable ’i%féﬁ”(‘ FGRHSEGING: 25 sﬁ%@%ﬂ%&wgaggmé}ﬁ LA acid
sequenceandrttreanddleotiddstguengecof ¢hd thehbihd06 Caribbleerelyiom (W ISEQEI3RGWT ha8&EQ ID

NO; 47 agg SENB NQ: réé@perawg}%%wnﬁ) amINQqacil servancs.and e fuyelertidg srauence of
the H-chain CDR1 are shown in S eg%élgD NO: 49 and S%%é[% NO: 50, respeptl\%e_ly; the aming acid

sequence-ZhdthE RBdIatithe Badhericd B HO: PR B SRoRIPHTLEIE: iBenE 25Ky SEQ
ID NO: 52¢cqespmctive Nz thec otido sigjdersemqiahed. aditheDR2lectikde sequéiie B e :H-thain CDR3

are showgi $5QD AT SRATAS SEQUING adarespertively e AMER AL spaueneand the

nucleotide sequence of the L-chain CDR1 are shown in. SEQ ID NO: 55 and SEQ ID NO: 56,
respectiveiyhte GRibrEeRroREhiRetic® tHd e atdstidd YeQI8ned sispie'ivelain CDR2 are shown
in SEQ ID NO: 5Fanitic 8HQ 431 by 58 Ire ppeetivéhyeatchthbeamino acid segueacendnbethe nucleotide

sequence Qfilhg e 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 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 SEQ 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 SEQ 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
L-chain CDRT1 are shown in SEQ ID NO: 75 and SEQ ID NQO: 76, respectively; the amino acid
sequence and the nucleotide sequence of the L-chain CDR2 are shown in SEQ ID NO: 77 and
SEQ ID NO: 78, respectively; and the amino acid sequence and the nucleotide sequence of the

35  IT-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



L-chain CDR3 are shown in SEQ ID NO: 59 and SEQ ID NO: 60, respectively. 20 For 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 andhyg§EQ 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
variable region (VH) are shown in SEQ ID NO: 65 and SEQ 25 ID NO: 66, respectively; the amino acid

sequence and the nucleotide e of t -chain variable region (V.L). S [ NO:
o S R S R LBl 1 e, M N e e
H-chain CERecEyel shibwaiirs ECd Bepioneaahd SEQ4giNGerocnespbdtivan)-linathrhinbaicide
fgqﬁgn%@wntnesmilgprt{@@:m _E(ggmwm%%&&aﬁélﬁ%@f&%ﬁb_d iﬁoﬁfs@q@ﬂfxé)anak@d_SEQ

. respectively; the N 1Q. seqguence a e nucleotide e H- n
CORS oD e s B RS I e TR B A L Sk
the nticleBadE s dfuesrpsaiivtls; thehuinCBR wremsendihs B tie sqBieamms sEbe|D-tian76,
respectivelyidhe AFine @9id SeMRES:aIE(he nuslentide: saavenaed! dherksphaiRgPiRe amgnshown
in SEQ ID NO: 77 and SgE ID O:t.78, reg‘gectlv I ;?gd the%ggl% aci swgaﬁg&z r%%cleotlde
sequencé df tHE'45 12 &4i RS S %%%f " aé‘?‘E%OI >80, ctively. For
the 6E4 aamdbdich) IPtNE phésesspiraiivisticrihermrdansino deid swgaenddlaend:thenide meplentidel degjuence
of the fullplength %ﬁﬁ@i&@%é?gwgﬂém@f?féﬁ?ﬁ@ ﬁﬁﬁdh@b{%s%%m@pﬁ%@!ﬂh%&%mgg
acl equence an nucieotl seguence ull-len Chaln are .s ( .
o B O e g e TR drcHe e LIRE Ltk e Rtk SO b TH LN Bt
H-chain VEERRBIR NQiH-(xeshearogiothn imBEQID M@essand BEQuB!tDING:g6snespéttively; the
B 1o M e I [RURY b g s I

. an ). , respecti Y. amino_acid sequenc e nuclieotge

sequencéwmﬁf Bislertide W%Oé@@%ﬁ%&@%@ﬁﬁ%%@%?%g%eg&ﬁ;&fy; the
amino achkFE§eHuereeS8nd:thechvelgptitktbequencexd teguehahaid DR EntidhewmdncSEQED NO:

91 330 SEQURNGyOP.fesREciNRY D s irgasense A Mipauraglide sequence of the
H-chain CDR3 are shown in SE%ﬁI{yDg,Ee : 93 and SEQ ]D NQO: 94, respectively; the amino acid
n

sequence and thé HubrRoHde 1t st IR EBRIS A BT NCE BB HEd5 and SEQ ID
NO: 96, nesgectide kg anoifih @ bid- segtieHoshandiuth ehnucl en (tdesBy bEhcH b fakhbSECHANNCDR2 are

shown in QBN A/ AR mkfulY ’é'e@%@xﬁrer&ﬁcﬁ’%i}{&&é&% Q%E&i%%é‘%@tﬁ?fﬁﬂ%ﬁ & andithe

nucleotide sequence of the 15 L-chain CDR3 are shown in SEQ_ID NO: 99 and SEQ 1D NO: 100,
respectivaly SEVEHE 8HY HAdh0ay bt ahd PrE ARt eHtioretherirsiio bt rmiag deittes ardtnand
nucl@otidtsequientdeadethefod b€ gt -t ohiainar hegioir GEQuUEs NG ISEQHI BRI DIY@Gad

SEQ ID 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 1D
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 [D 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 NO: 113 and SEQ ID NO: 114, respectively; the amino acid sequence and the
nucleotide sequence of the L-chain CDR1 are shown in SEQ ID NO: 115 and SEQ ID 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 ID NO: 118, respectively; and the amino acid sequence and
the nucleotide 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 multivalent antibodies whose antigen binding sites are all the same and

multivalent antibodies whose antigen binding sites are partially or completely different.



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 (/H) are shown in SEQ ID NO: 105 and SEQ ID
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,amjno,.acid sequence and the nucleptide uence of the H-chain
CDR2 are showannaﬁ%efﬁwtf%in}ﬁ? g‘%@%fbfﬁ\f&e%’é‘eﬁré‘ggg‘é Mé)l%ﬁﬁ%% ﬁgtgjﬁglys‘g%gence
and the niesedificdddoBace Ioftmearindpadlie CRBodiethshsompnssEQ4DrNOra aBiapndBSEQ ID NO:
1r1]4, resp%ﬁém;héiﬁsg @é@ﬂ@nﬂ' %Cﬁiﬁﬁ@l%ﬁ@%ﬁ/?fi%ﬁ@ﬁidiml?ﬂﬂfﬁﬁaﬁsa%e@ﬁ@Qf%%h-M@éQxQBB‘ k ﬂlﬁ'z\re
shown in X a ), : , _respectiyely;.the aming.acid s nce and the
o ORI B RO oL CER AR S SRR S Koo D Bt b (o 116,
respéctivehfitmdy thet asinguacittseapiioticaaf athhedylebiitle aubuumpdses tne brohain WORS are
tsht()gv,g in é@%ﬂ%ﬁ@@%@%frﬁ%&%@% M@fwﬁmtlﬂgﬁn@e‘%@g?é@?mj%g%@@ﬂgﬁ%isﬁ of (1)
(0] Inciudge.nqQt on onovalent antinodies Iyale | 1eS.Wi O Or more
et LR R IART ABO AR BARCSS LT Gt B L R VRBRE. SHBEIEEluhose
antigen bfdihgPsiés diaalChie s ambtemammaltivisl eedwmib odies WH SEhrtigen(BiRkAhg sieglsme
partially orcompletehbiffesente 26o0-aaigieued.Rmhadiment the abovs<aeatianed-anibody of (37)

is an_antibody with no modified CDRs. For example, the "antibody that comprises one or more amino
acid "sub8titlitidns, deletions, additions, and/or insertions in the antibody of (1), which has equivalent
activity as the anﬁ%}ﬂgcﬁyl,dfe@giV@M@@b@ﬂé’-mmﬂﬁdﬂx@ﬁb@@@@@dmb@ﬁ)d@sﬁrkf_eria’bly_gﬁanl Srantibody that
has equivalRREAFIMINASIDSAREP VAT (EhnBDRi COMRIISES AREAI MAGBMING: AnidsuBpliutions,

deletions, additions, and/or insertions in the antibody of (1), and comprises an H chain having the
amino acid<Bdlertid S BRENDRIBIS IR INGREYMIG Bt Sttty & e e as
CDR2, amdithedininmacie s eqtieneecod:-SEQUDINM Qe Gt CCIDRBEsA P taay] préfdrrddaamtibody of the

aboye-meptianed aatiBody: of (ATX¢an Pe-AXRISSSEd N ASIRIAR A manner. Herein, "equivalent

activity" means that the antibody of interest has_biglogical or biochemical activity similar to that of an

antibody of the préSEHIGHIRIGRIEREM B TR HAB RLtR AT BN Prelet hia oA fEikibe the
activity topbingeppdeificalbydovAll X nligametisobetkiiddd dnAl3 anomoméssnethticsdurdtaridiadtiyity, activity
to suppregs a3 MO IRl dpHmAtioR,, 1o ANHSARRIA IR AGH ik ABLL ANTETMERY Impairment
activity. Methods for preparing a polypeptide having activity equivalent to that of a certain
having activity equivalent to that of an antibody of the present invention by introducing
20 appropriate mutations into the antibody using site-directed mutagenesis (Hashimoto-Gotoh, T. ef
al. (1995) Gene 152, 271-275; Zoller, MI, and Smith, M. (1983) Methods Enzymol. 100,
468-500; Kramer, W. et al. (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. 82,
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



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 invengjon by introducing 20 appropriate mutations into
the antibody using site-directed mutagenesis (Hashimoto-Gotoh, T. et al. (1995) Gene 152, 271-275;
Zoller, MJ, and Smith, M. (1983) Methods Enzymol. 100, 468-500; Kramer, W. et al. (1984) Nucleic
Acids Res. 12, 9441-9456; Kramer W, and Fritz HJ (1987) Methods. Enzymol. 154, 350-367; Kunkel,

TA (1985 oc Natl., Acad. Sci. USA. 8 2; Ku (1988) Methods Enzymal. 85, 2763-2766)
ot st B A T R85 A RS o L ), SO AR B SPGB fortion
also incluleand éﬁtlmﬁyrthm acids pridesramatininozacidtsagog ncke whtinefELdY, iMonedaWij fensoisl

mutatlonsagﬂgtg@ nggléh %gﬁ@@%@ﬁ@gk@ﬂ{l@%@%@% present invention, and which has activity
equivalent to that of the anggqg?ﬁ of the present. Eventlon he number of mutated aming acids in such

mutants may be eﬁ‘? Bfipt 118 ALATRIBP REE SHABRNCHHI SGUGHARS QLSS AL AR more
prefeYablysedus® aemimodatidd drlétst (folcdxamdple sfiveiarridovabidtardess). A dnacidmaesidues are

preferably,mutaterd nto.ether Rmipa.A%dethat coRsanse sl &@%&t&%ﬁ? {#heamio acid side chains.

For example, amino acids are cat gorized as foIIows epen on the S|de cham properties:
hydrophobic amin® ioplofhe agpve-meniipned mpdije fg‘ﬁl’l}r’c"fE 198 PEESBEN, C, E, Q, G,
H, K, S, andef)jcaniap latctdsamgttt@imhatmssdbsﬁaMamk)(@mtk{e hc;tlvﬁmdsl%)ammmedauds with

hydroxyl-goniainiag sige ﬁt@t&%@ ol @Y, m@'ﬂﬁwﬁgwtwyagﬁ%&&a&t‘y{g&ﬂ@ an@'ns (C

and_M), amino Iﬁf‘igjwnh carboxylic 28 acid- and amide-containing side chain
amih® aciS ¥t %Yé%éca%tﬁéetﬁe KD %ﬁ’?drtfijilgﬁ%flaﬁ%ﬁ@ééﬁge\ﬂfﬁﬁ%méﬁé‘f‘?ﬁ@%ﬁ’ﬁaﬂ%mg side
chains (Hubetigrand 1he) {ambinbiegcid o atehibpeakenteibdyiane-letter codes in parentheses). A

polypeptide having,am Aming, agig fRAUENCE R IEN.on & DA ARRAI HE dgt%%saaf& modified

(deleted, added, and/or substituted with other amino aci s in a certain amino acid sequence, is

known toSRIEFRSELOARIRRI BREToBICAF REERAR mﬁ%tt%}nﬁ%uéaéﬁwmarﬂﬁ@r&w@m@%ﬁ@aubodv
modificatiarke tfisiantibodias, dtettaetpr@s,emﬁmy@mtdnmyd@@e;ntdwgatﬁdtwnothMesmﬁtmces as long

as e a gya%a QRS dr EXAMRIES t%tttt% %HPBW%&%?&' %@&%&&g@ é}?&gam %%e I ugar

chains, a Otgl groups, and 10 natural and synthetic po se mo catlons ormed
to confer ¥k ﬁ.%?%ﬁ&ﬁ@tﬁ%wtﬁé%mmwwmf@%%}ﬁ&@%@%ﬁm@am@pwméh
several ammmﬁmﬁhgeﬁtﬁuﬂﬁ)hﬁ\tﬁ;@@@ﬁ(ﬁd@&%mdﬂi@mlﬁglﬁl@%ﬂmﬂm iantinagdy of the

present ‘ﬂ%@ﬁhﬁﬁéﬂtﬁg‘%&%t‘é%s@rﬁéﬁ 10 saptiRg e apRd I s lesomRIRIgRg,4e antibody

is fused with an eptide or proteln producmg Ion prote| i be carried out
by Ilgatlnﬁ olipeRfitlse ewA |g§d§,resent invention include, for example, known

peptides such as FLAG (Hopp, T.P. et al., BioTechnology (1988) 6, 1204-1210), 6x His
consisting of six histidine (His) residues, 10x His, Influenza hemagglutinin (HA), human c-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), etc. Commercially available polynucleotides encoding these
peptides or polypeptides can be fused with polynucleotides 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.

Antibodies 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 to 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



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 thisygurpose. The peptides or polypeptides fused with
an antibody of the present invention include, for example, known 20 peptides such as FLAG (Hopp,
T.P. et all, BioTechnology (1988) 6, 1204-1210), 6x His consisting of six histidine (His) residues, | Ox
His, Influenza hemagglutinin (HA), human c-myc fragments, VSV-GP fragments, p18HIV fragments,

T7-tag, HSV-tag, E-tag, SV40T antigen fragments, Ick tag, a-tubulin fragments, B-tag, and Protein C
agments) UL SRR (e A HLHEE LR ETaToR P AR sicase and
25 maltoseshinding proteindME® jeetenComrhesiallwveriiatte polypnuvieotiges;endodidgdneising

peptides %Qg‘&(&?@%ﬁﬁ&a% readiiyRARVGIGelide aneading BraniPadies Ll dresent
invention, and the fusion polyﬁé%%éges can_be produced py ();}Sressm the fusion polynucleotides thus
’a?fféf'r

prepared HHPSMBEREH SEREMRaRicH Ry {RdHHhino acid sequence, 30 molecular
weight, presenceldreaibsenaecniisngdrohbinss; stfl(diuxe(dd Hadschcliefrengingpen fhetdelticr huot

producing {he-antibodies rdiepuifigationmethed ARV BN %éim%@a@ggu&pa@ody has

an activity equivalent tg an antibody of the present invention, it is included in the present invention.
Antibodie¥4HaRE i‘&?ﬁ&ﬁifdﬁ&bﬁ%&&ﬁ%}?ﬁfﬁ&wm&ﬂm ERfRPEIS) HBEvE B8 HAES: can
be obtaineddifiedathitus ks @ igaticdse stiltechatetivbea(foF ex@rplapielinerantibadips]gath ene
obtained w@ﬂ%w&pg%%”%mﬁg@%ng@gghe antibody of any one of 29 (1) to (36) using a

conventional method, and producing the antibodies using a polypeptide comprising an amino acid

seqtfnce includdd FPREER SPP Al ms HnPR MRS i R Ry ctii 2 Bitopad fedntibodies
producet:hytadionyectionahimetivoshténd selactihgnantibatiiesiviise  dpitopglds tiesdmeds that of

the antibqgy;of any: oneaf. @i%elgg?ggm%%%fi@efed@gﬂﬁ?9&%%%4%)o | igﬁdééé%so include any

{ mgﬁ
type of antibodies such as élhe above es, antibodies with mo amino acid

sequenc@@?ﬁ‘ﬁ’a@ﬂGmgiﬂéédséét%&%@aﬁé%ﬁ%@@aﬁ%éﬂ?@dﬁoﬁﬂ%ﬁgfﬁ%ﬁi (Pl Satibedies,

human aptibbiiestivoddified whtibochastaanjgatad derdtbe finale tulear iatexasaieu o) wne(E)such as
vethvl . o A 0 g

e S s e

humanized &ib5a5Es *EX s fredofBreferibadu Mitouid s ofu a & 1if aihnderiendntibot firsse
variable régioad $derivadnomnhe:2630 Rl ey, B eaiiaesy, AbentikedydFAantibedy, 4F7

an“body_,iﬁ'aﬁm%@gg 1 OE AN hades Shtbanibes e ese S90NABL fepian g derved from a
human. immunoglobulin; and (ii) a
ince 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
animals. Examples of chimeric antibodies include antibodies comprising the heavy-chain and
light-chain variable regions of a 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 al., Nature 321:522-5, 1986; Riechmann et al.,
Nature 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,

30 Larrick ef al., “Methods: a Companion to Methods in Enzymology”, Vol. 2: 106, 1991;
Courtenay-Luck, “Genetic Manipulation of Monoclonal Antibodies” in Monoclonal Antibodies:
Production, Engineering and Clinical Application; Ritter et al. (eds.), page 166, Cambridge
University Press, 1995, and Ward er al., “Genetic Manipulation and Expression of Antibodies” in
Monoclonal Antibodies: Principles and Applications; and Birch ef o/ (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



15 humanized antibody whose CDR is derived from the 2C3 antibody, |IA9 antibody, 5A5 antibody,
5A9 antibody, 4F7 antibody, 4H5 antibody, 6E4 antibody, or 6H4 antibody, and whose FR is derived
from a human innnunoglobulin, and whose constant 4ggion 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 animals. Examples of chimeri¢ antibqdies include
atibocie S SRS G NN CR BT N AU BTl S BF Aot SHR0RH and the
heavy-chgimendigtrohiamlzoihstartberpgipnsdof asdimnahearsivouse Rferprtidactiomofchimeric
antibodieg,gan brcartisdaitusings Knayh a&hﬁ@k%c(dgﬁeéd% SHATOPIR- Janes plcathcNailye,321:522-5,
1986; Riechmann et al., Nattig,e 332:3 ?-7, 9881I'3 .an gresé%Cu%éSOpm Struct. Bjol. 2:593-6, 1992).
For examf}@%:r%fecg‘é%g g oﬂfﬁﬁ"‘?ﬁé VAHH e VEgIBIte B e Ry fﬁéeﬁl?ﬂf%% of Pt EF3LHRIFe
prepéred tromigreuRikBlo S rrttibodyigswithedihy beits byqlofiuerase thdmh TeERiom@BAR) or such

(see, for exampieq30 Farickchalln Matbeds s Sompanianiaddeiodsin FoswerQovaiyol. 2: 106,
1991; Courtepay-Luyck, "Genetlﬁ Manipulation of Mon%cl nal Antibodjes” in Monoclonal Antibodies:

ProductioffEHHEE M Sh P EiiRf A ADRIREO o Ritted SIS pUBN 1880 ElsniBrale University
Press, 1995xgedaediand letciin "\Geadicddmmipdtatiobed ity Krpresgiorof/Aibodiz33 9n 1 Mda@clonal
Antibodiego giincipiReand-ARRlcAtNS, ANt Birgh et %@Q‘geﬁcqlh?ﬁ?eg&é@forﬁo\ﬂ%ﬁ}{gﬁé vHGbIE995)-

The prepared'genes encoding the variable regions are linked fo genes encoding the constant regions
or frimewBHCRGBNE  Phd YenaB Bl Su My hes dBnSiaftnegRiHY 39 cBiminaRdRdsgions may be
determindthithermraang msirskartoctiatien cHd CDO&-gngedind ggendspidalteinatidel)Nthey can be
prepared I%gﬁﬁ t e nformati ihad C ncoding.¢chimeric
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synthesis‘@&%@dd@?%‘éﬁe%?ﬁb?é‘,dsw&g&@% otide synthesis described by Jones et al. (Nature
321:522-5, 1986)hHunyxhmpbe fidiReda fugherintyesdsasdmevaase hesite {direatetbgivtagiensesissand

polymaera IE fi [ " iatel egd. Jeshni f -
ong%?ucé?t%%%%%%% %%2‘8%5%252%02‘%%5?%3%%@%%%%elaﬁﬁ%(?%%ﬁv%ﬁgé%gﬁ )

(Science 254 -699108sY sing Riceshmgirethn (PRa Rt asortapantivabgyrasplpeedssdidie
modifyinglih8 yafialendOaregiodysequencgs sfoh explmplecto, enhbindmhebintting abilisyrefi-etimeric
antibodie if ne r i fijl-in Qf lj leot] ing.T4.DNA
molymera B B T e M S Rt s
86: 10029\_@13:’11@ 8@3 m{_&g are derived from a human antibody are called “humanized

20 antibodies (CDR-grafted antibodies)”. When using antibodies to treat humans, human

antibodies or humanized antibodies are preferably utilized.

Generally, chimeric antibodies comprise the variable regions of a 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 framework 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 antibody-derived C-regions are used for the C-regions of the chimeric
antibodies and humanized antibodies. For example, Cy1, Cy2, Cy3, Cy4, Cu, C8, Cal, Ca2,
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.



For example, CDR-grafting techniques are known in the art ("Immunoglobulin genes”, 15 Academic
Press (London), pp 260-74, 1989; and Michael A et all, 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 "humanized 20 antibodies (CDR-grafted antibodies)". When
using antibodies I]%tr%at umaps thu?]t%n a \%} dles human ed al‘t]IIbOdI S ar ng)ref? ly utilized.
Generally, chime g&é&s %:Volrﬁprlset e Sn%fﬁlg regl BHSGF AT SRURT AR FikHAR rived
antibody ekgpthertornsthnmresions demgethfromaranitirmapbantivody noasthemstherdteed dumanized

antibodiegcomauisRdh %ﬂ%ﬁi@ﬁﬁ&ﬁﬁéﬁé}d@m@)ﬂl RLARGORS é}f?rﬁé ReRdALRE Mammakidsaved
antibody and the frameworké%gA«i %ld co @tantﬁ %IOI’]S derive fro 2 human.antibody. After
|

producing fﬁdl%ﬁ%lgn 2%t 8%15‘% 4% &%@m&%ﬁg acl ?ﬁl theinvpctré é&r%gions (for

d%nt

example AR Or ithensardtiaet reyioplstm apbansutbisen fer thithrdithedyamaddedibidb e lakneherigin of the
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limited. Human antlb%d‘}édenve C-re jge used for e C- re}%%?sg%ﬁe chimeric .antibodies and

humaniz&d ArtiEbBTEL S GPERa R SEYA TR %'fyé‘gl " I EUZES B RTRE for the
H-chain @thg}dmgpénﬂt@gﬁwmoamamb@@se@fm aH@an@MWSEﬁ@Sﬁsglmdﬁhéheséqhﬁemés are

kn?wnd Fﬁ@%rf] a&%?um&ﬂf@%ﬁa@gy (%ﬁ ] f%%]?atgkqt%ﬁ'ﬁgﬁ%f 0 %I*ﬁ;ﬁt sdabilityof ttheth
ant 1es elr. pI’O uctio e nin actvi e antl 1es 0 ese Vi 0 the
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an enzymmeﬂlmmhosﬁubemamisay @Llsm)erﬁmhaﬁp&mgﬁmmd@mmwway (EIA) method, a

rad|0|mmunoass%1(tﬁéﬁgl&@t&g 8RGO g s’?ﬂﬁﬁk‘)&ﬂﬁ&@iﬁéﬁxeﬁn 5 antibody is
immobilized on a plate, n for the an |dey is d to the plate, then ample
contalnlnéﬁf’éz LT ?FH Ygﬁ%ﬁ"‘ﬁﬁf?@%{ﬂi’ﬁ?&%ﬁ% el ﬁ%?%?ﬁ ?ﬁfﬁﬁf?a)rs?gca(%ﬂg ora

purified antibody 4ss ddstatheN éetper, sbeprekant anvitbody siloickly soggeizebdhmprimlanal drtthady and is
tagged %%ﬁﬂé&%@%ﬁﬁﬁr@%@%%9%@%@%{?&&1@%@%&&@?&' @véﬁﬂgtﬁl%ﬁéiﬁf&mﬁéébated

After Washlng an enzag&e substrate such asp-nitrophenyl phosphate is 10 added tg the plate, and the

absorbarRE SRS sy wavgmfgrﬂ%@%ﬁasﬁeﬁ.ﬂmﬁa Ebhﬁﬁ%?tﬁﬁlems%’ﬂ?&@co‘?%?é%%?‘ﬁ%abe
evaluatiobycariubée pei foligretkeus{fdeBl Acbr e (P harraadidy e urorsthenddf elkthel DAt Buiemteon provides

compositians CORUSIAG M on and deposition of AP 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 tissues exhibiting symptoms of disorders or diseases, but
25  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, amelioration 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.



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 fpr preventing Alzheimer-like phenotypes.
Memory deterioration has been shown to be related to synaptic dysfunction caused by soluble A13
oligomers (Klein WL, 2001, Trends Neurosci; and Selkoe DJ, 2002, Science). Excessive accumulation
and deposition of AR oligomers may trigger the complicated downstream cascades that cause

Alzheimer's diseal%le[hlf this is, the case l;[tﬁ%rga}geutig 20 intervention u 'neq.a compo ition comprising an

. ¢ present mveniion dasc CompEISINg as d4n tye mgredn 5] .
antibody of the présentinvention ana d MmaceUticaly aeceptable carmer could be effective for

blocking #wpatsitiedersadasoanemntisitgiscouidehapéhthpreseatimonnopAiidemer's disease.

Tff]:e “treaipamiaQfifieieseBhIAMe %ﬁg‘kgoﬁt%ﬁﬁtdaﬁﬁﬁﬁgéi %gﬁy@vﬁqg@mﬁ&&f&ﬁﬂﬁ%ﬁﬂ@nor EreVentiVe
effects against organs or tissues ibiting symptoms of disorders or.diseases 5 may have
il oL AN BTk DA el S SRR B8 B R UT HEHELLs IRRBAOH of ot
leastonesgapivgicthentiay decsagsithbytakaméinents.disease, and examples include amelioration or

suppression of cqypitHRCMITANALAMEIMAND PIHRANLAHRRIGSIeAP MRS Rlakde égéﬁiﬁﬂgéﬂnst
amelioration or‘su%gressmn of %ng&mc d}gsfunctlon, and re?u tion or 30 suptgressmn of A(
t

accumulatsmin SR HERTaL DEEETSH I reTh S ASGRIRvE" YRR R RTOEESSIR &hample,

memory ifvghiimen's idiskidingdontg fermvishsssiegrsemiembigud fipaisentagbjsdorevpgrisongiémory
impairmegtcspatial dReMA PRI NN A ASRO HRNG AN MRk IBR M ORYHPRIFMEi e
preﬁnt inv§ntiorI:((’l[;)rOﬁ/idﬁir pharmaceutical. compaositions, or pharmaceutical agents 35 which comprise
as an active grEiREHPTHd IS AR AL KBRS LATOH Y GRS IRG S AR BT M e Hrakiin
inventiontangtiéypharmaceutically acceptable carrier. 32 In the present invention, the phrase

"comprising as anActyeJAGREHIRNEISHARAYNEHESEIBRE SAMPOSIIAR GRARFISINEABANIDRdY of the
present invention algd a phaimacgutlﬁ?ll %cceptable carrier’ means Qompggsél{}ﬁ Eﬁge aboye-described

compositBR B A% i AP0 B1A e B SUBPR R O F & AT ATEC i aeEEptabIe

carrier a$&§wﬁajbmﬁﬁg@igng zbsmhjc@s(imdtﬂidﬂﬂis}w&emfmriﬁxanmi@m’fiﬁns_:ainqxv’sir_xgemtioned
Pharmaceiisaleamaasiions neuAe,AuRNS pepiRsL.coanif e dmpalimeRdlzhgiggs disease

agents, agents for suppressing the progression of Alzheimér's disease, agents for suppressing senile
placiue forRBHBHT LAETBP SoTRASEITR RS  AOE SRBTBHORE SAEEHE GRAGRn ESCIgEH ETor
neutralizisgppessi@xlaity)o agesnts: foff Adhoiting *1 014da S: ammytiodd sfifori lsfgrmeatson;, smdapiticgyenaptic
toxicity a@&%ﬁtﬁéﬂ,‘%ﬂ@iﬁ&’&m&'E@ﬁ&?ﬁ@&iﬁ&”&ﬁ%a%@é@én, methods for neutralizing (suppressing)
neurotoxic activity, methods for inhibiting AB amyloid fibril formation, and methods for
20 neutralizing (suppressing) synaptic toxicity. In further embodiments, examples inclhude
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  pharmaceutically acceptable carrier for use in suppressing senile plaque formation.

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



The above-mentioned pharmaceutical composition of the present invention can be expressed, for
example, as "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 AE3

accumulatjon g\c%% %%fogcngt%t@gzigr?i %é)lp‘ggg%n r}g%ﬁ%toﬁi %%tivitxlawgthods for inhibiting AE3
amyloid fff:)r?lr%rma |on,}én Fhethiods for 20 neutranz g (ssu r ssmglglfnsynapl%l‘c toxicity. In further
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of a compasition %gmgrisin the above-des ibedgggtiggggfpfg?g%gresent invention and a
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above-degsihgedaad mﬂuﬂﬁbsﬂ@ﬁaﬁm@t&% %Mp@ed@ﬂ@ﬁﬁﬂ@ﬁﬁ?ﬂ%ﬂﬁ&%ﬁtﬁ%{ﬁa@@f@ef for use
in suppressing the progression zheimer's .disease. - A composition comprising the,
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accumulatjon. - A composition comprising the above-described antjbody of the present invention and a
pharmac& |§5¢8€‘é‘b‘?a5¥é‘%’é‘r‘ﬁ -¥5ré’r“ﬁ%811 )i g1 v f’&@h’&pﬁ&&iﬁ&“ﬁéﬂm Sivity. - A
composition comprisibegibecabtiecd esthibpthemtibodicdfahmmetens ifvbatioesenidrey&ition are
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comprising the above-described antibody. of th prese&{lilgnv ntlﬁolg d a, pharmaceutically acceptable
carrier foP USE T et ATz Sy Y%pﬁ%l? ity eSF egrrjjlwgy?nentioned pharmaceutical.
agents of the pre¥éminmsentide gaovbenadiministentidboditrinians pestitenegittalsotrphhepresdiotl
invention, ARsRHHAN ARIMALS 12 A%tichithe AbarmacsyticabagsisaRadminsieregpclude mice,

rats, guinea pigs, rabbits; . . . .
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 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 dose form required for

25  generally accepted pharmaceutical 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 chloride) 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 glycol, polyethylene glycol, and such),
and non-ionic surfactants (Polysorbate 80™. HCO-50, and such).

35 Sesame oil or soybean oil can be used as an oleaginous liguid, and benzy! benzoate or

benzyl alcohol can be used in combination as a solubilizer. Buffers (for example, phosphate



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
plaque formation, synaptic dysfunction, A(3 accumutggion in brain tissues or blood, etc. Antibodies
contained in the pharmaceutical compositions of the present invention are 15 not particularly limited
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
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such. The pharmaceutlcal C?,mDOSItIODS contajn a gharmaceutlcall%effectlve amount of the
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
protocol 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, symptoms, and such, one skilled in the art can appropriately select them, 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 oligomers
(examples 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 AB 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



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-mentiopxed antibodies of the present invention play an
important role. For example, "a pharmaceutically acceptable amount” maybe an amount required for
reducing AE3 accumulation, neutralizing A(3-induced toxicity, reducing AG3 fibril 15 formation, or
such, thereby treating or preventing conditions caused by Alzheimer's disease, when the compound is

administered tqQ individuals tients).. The reducti r neutralization. may be, for example, a reduction
o meutra AT B SCTASE Sp Y OURIRTS 05: Fors oA ema A B B0 SNSRI VGODE 0no6,
99%, or ldBsmcASeEbatientifordeintimggibuE v Epneirh acestivalirefietivendmount of the 20

above-mentionemaniinedirsiofdhepresent invention may be carried out using a standard clinical
protocol including histopathglogical dia(%gosis. A suitablieadrﬁinis% tion method [ggﬁ}be selected

depending on the h doﬁﬁﬁ A © fﬁ‘éi%ﬁlew?ﬁ? &8 3&8 QR &rit 6‘3(5'31} 3ining
pharfmacebtivedreontipositivranugibentseitods, ter wkirnpheanlithin thlelreinge o 13600 baento 1000 mg
per kilogrggp Ylé,ekgﬂéﬁ%@étﬁﬁﬁh SERPNIRLaLRR ﬁ'%ﬂﬁgl’@%ﬁé&&l‘ﬁ@ﬁ'ﬁs %%%B%&&?Ch
patient may be selected \é\gef inther of 0.001 to 100,0(1%1/(§ g{i%ody; however, the dosage is not
necessarﬂgth B3 thBSE PG !s‘."ai oﬁ&ﬁ‘ HREATLAGY & H;a PRLEFAED B REth LS S 8 ending
on the patient's thotyaltkightlisgeabyheptoest andestrohipehéodidliepbisitie Altleameappdisdstely select
jthem. In ﬁ%&%ﬁer'ﬁ@%@%ﬁ ﬁ@ﬂ@%ﬁé@ﬁ@@ﬁ@%ﬂﬁ'&%@ﬁﬁ%&%ﬂ%ﬁs@%@Hﬁﬁ‘%ﬁa%ﬂ&g@i lag{aygpse 30
intrayenous immunoglqbulin thera y,(40g} m%ﬁlﬁ(g,) covered by health insurance for humans.
FurtlbrmBrE RS CRE IHVBHAO B éma%%@aé‘?@&eiﬁbma&ﬁgﬁﬂ*&(ﬁe@%ﬁw& include
A(340 (AB3ta etDihamchai842f (Al 3lizd2koligomers}inchmiple Soixampliestahd samplds indittidyatesent

invention ipclyde samplea 69/IReted ammnRiactss Gresiicalviihe RErsaB) MEIeds iclude the step
of detecting A(3 oligo erg%contg;ned ina samg{qe1s Bgllected from 35 a subject using an antjbody of the

present iIRVEREGTSA (3 BRESHEr D MPECSSRhBIERART BE Haraems s e Breastap s wich
solid-phas# lecizygre ihpresaoassdytmetiodS thixgesis by ghemidiaminescence (chemiluminescence

ELIS), immU”0@ﬁé‘éﬁﬁ%ﬁi&?tﬂ%ﬁ}?&%%@Eﬁé&tﬁfo&&’éﬂ%ﬂl@&@ﬁﬂ@&%@%%‘8{9&"%‘3’ flow

cytometry, mass spectrometry, and immunohistochemical analysis. W oligomers are detected
a%d* bieet

in a sampRPESHétteRPATRe 5y diseaseadivalnihmsindd hreelads sRAPTE s tR& Bubject
may be arliprhaiersslissase hatiehfrdotiexarnpie, wingrathendbodynifohd\f S adigdmergitma sample

collected from a %‘é?dﬁ&ﬁﬁ%x%?'fﬂ@%‘i%%en‘%’iﬂbéﬁ%ﬁ B?&&d%@%@‘ﬁd@lgE%%S‘QQQ%H%&@BPH&OJ A3

oligomers is greater in the subject than in the healthy individual, the su ![ect Is determined to be a
possible bt BafBlesalzheimer’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 A 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, a sample collected 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

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 AP oligomer to AR monomer (herein, this is also referred to as “O/M



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 A(3 oligomers in samples collected from gsubject 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 collecting 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 disea atient, wherein the methods
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individua, the fHRIpGH &%@E’Eﬁh‘?ﬁt&%ﬁtﬁrﬁﬂg SRl 2 NEIREES: %é&%?gep%a%qgéical conditions
of a subject. The products may comprise any labeled container for a compound.  Suitable
20 containers include bottles, 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 composition is used to treat 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, inchuding 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



The methods of diagnosis of the present invention can be performed both in vitro and in vivo, 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 subjegt; Examples include the brain (brain parenchyma,
and such), organs, and body fluids (blood, cerebrospinal 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 15 above-mentioned
methods of measuring AG3.oligomers jn a sample, or methods of diagnosing whether or not a subject
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pharmaceutically acceptable carrier.

20 Preparation of antigens (4F7, 4HS, SAS. SA9. 6E4, and 6H4)
A fluorescent dye, 6-carboxytetramethylrhodamine (6-TAMRA) (SIGMA) was
chemically linked to the N terminus of a synthetic AP 1-40 peptide (Peptide Institute, Inc.) to

produce a modified AP. An oligomer-rich sample (AP 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 APp. More specifically,
it is preferred that 100 pM each of the modified AP and synthetic AR 1-40 peptide are mixed,

and polymerized for 20 hours.

30  Preparation of antibodv-producing hybridomas

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 lymph nodes by fusion with Sp2/0-Agl4 cells using
Polvethylene Glycol 1500.
35
Antibody isotyping




All prior art references cited herein are incorporated by reference into this description. [Examples] 10
Hereinbelow, the present invention is specifically described with reference to the Examples, but it is
not to be construed as being limited thereto. Methodg Preparation of antigens (I A9 and 2C3) 15
Synthetic A(3 1-42 (Peptide Institute, Inc., Osaka) was dissolved in distilled water or 10 mM
phosphate buffer, and incubated at 37C 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 A(3
1-42 tetramer was excised without contamination .of the AP 1-42 monomer. 20, Preparati antigens
(457, a5, S5, XS R e AT e S SR e sa R DR KR A
(SIGMA) Weisseanensielamallimken &y thetipirgiifus of a synthetic A13 1-40 peptide (Peptide Institute,
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culture 10 supernatant were detected by horseradish peroxidase-labeled goat anti-mouse F(ab')2
(1:3000; rmmunoprecipitation and immunoblot analysis (secondary screening)

Immunoprecipitation experiments (Ghiso I, ef al., Biochem J, 1993) were conducted
using an AP oligomer-rich amyloid fraction (Matsubara E, ef 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-cyclohexylamino-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 a 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, 1A9 and 2C3, were
selected from the 16 clones as candidates for therapeutic antibodies for Alzheimer’s disease.

30 Antibodies
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 A11 which specifically recognizes AP oligomers was purchased from
Biosource (Camarillo, CA). Alex Fluor(AF)488- or 594-conjugated goat anti-mouse IgG and
35  Alex Fluor(AF)488-conjugated goat anti-rat IgGG were purchased from Molecular Probes
(Eugene, OR). Anti-mouse IgG2b was purchased from Sigma (St. Louis, MO). An



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 1A9 and
2C3, were subjected to the secondary screening desgribed below. 15 Immunoprecipitation and
immunoblot analysisisecondary screening) Immunoprecipitation experiments (Ghiso J, et at., Biochem
J, 1993) were conducted using an A(3 oligomer-rich amyloid fraction (Matsubara E, et at., Neurobiol
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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 AP solution

Synthetic AP 1-42 was dissolved at 250 uM in 0.02% ammonia water. Then, in order
25 to prepare a seed-free AP 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 A stock solutions immediately before
use, and diluting them ten-fold with Tris-buffered saline (TBS; 150 mM NaCl and 10 mM
30 Tris-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 solution (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



immunoprecipitation using IA9 or 2C3. A(3 contained in the resulting immunoprecipitates was
detected by immunoblotting using 4G8. 15 Cerebrospinal fluid (CSF) pooled from ten cases of
Alzheimer's disease patients or age-matched healthyyindividuals, and lipoprotein-depleted CSF from
the pools were also fractionated. under the same conditions as described above. A(3 in the collected
fractions was detected by ELISA analysis. To detect the lipid, the total cholesterol was enzymatically
guantified using a standard kit (Wake, Osaka, Japan). Under the experimental conditions of the 20
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excitation and emission wavelengths of 446 and 490 rim, respectively, using 1.0 ml of a reaction
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determined immediately after preparation of the mixture. Furthérmore, the activity of the 4F7, 4H5,
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Containinq,i]dQO{Q)b%%P—rmqﬁiygtﬁg\p@lr%t%?rmf«; Alornone Labs, Jerusalem, Israel) (PCI2N). PCI12N
was exposed to 25 pM seed-free AP 1-42 or pre-incubated AP 1-42 in the presence or absence of
20 antibody at 4°C for 48 hours. 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, 4HS5, 5A5, 5A9, 6E4, and 6H4 antibodies to
neutralize AP-induced neurotoxicity was assessed by the method described below.  First, human
25 neuroblastoma cells (SH-SYSY) 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
AB 1-42, the level of dead cell-derived LDH released into the medium was measured by a
30 CytoTox96 kit (Promega).

Ultrafiliration 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 1M AP oligomer solution by sequential
ultrafiltration using Microcon 3 kDa, 10 kDa, 30 kDa, and 100 kDa cut-off membranes. FEach



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/em2 in culture dishes coated with
poly-L-lysine (10 mg/ml), and cultured for six days iyWpMEM supplemented with 100 ng/ml nerve
growth factor (NGF; Alornone Labs, Jerusalem, Israel) (PC12N). PC12N was exposed to 25 gM
seed-free AP 1-42 or pre-incubated A(3 1-42 in the presence or absence of 20 antibody at 4C for 48
hours. The neurotoxicity induced by A(3 1-42 was assessed by Live/Dead dual-color fluorescence
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freshly cleaved mica. The mica was allowed to stand for 30 minutes and then washed with water, and
the liquidsdueplesweseuahetyzedarsing Nanoscope llla (Digital Instruments, Santa Barbara, CA,

USA) set to the tapRing. (048, (8H0s Roflitked-BMHY #lofsy (24812350200 Naib NG Faptilever used

was OMCL-TR400PSA (Ol%m;%us, Japan). . i .
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 tissue 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 aliquots (0.5 ml) of the resulting supernatants were subjected to

immunoblot analysis.

Immunohistochemistry

The left brain hemispheres of Tg2576 mice were sliced into 30-um-thick sagittal
35  sections using a cryotome (RM 2145; Leica, Wetzlar, Germany), and stained with thioflavin S as
previously described (Wyss-Coray et al., 2001).  The formation of swollen dystrophic neurites



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, Takyo, 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
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immuno-pesitive éygmaimwemwtsslal@&tmsmglmdebehte Witn@/eetmet.aboratories). Images of the
cerebral cortex and hippocampus were recorded using a digital camera connected with a microscope,
and analyzed, uslng a S|mple PCI ftware ( omlx Imaging System, Lake Oswego, OR). The brain
translocatBisisE AREBEMELTRE teohfocal laser microscope 10 (Carl Zeiss LSM510).

The number of tthﬁamm&ﬂneslﬂ\ferm&qmmwnaanpm}g}nm|MT3\M)7&@mdapﬁﬁmmirgcaméurltes
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Three-month-old female non- transgenlc (non-Tg) mice, and Tg2576 mice having and

overexprééé?r}&}ﬁ@rgmcﬁieﬁl&a@ Eﬁh%mmﬁc,&w%%ﬂ@maﬁamﬁ&aﬁ%ww%%ﬁa M671L)
derived frhmstamidiakvAR waredperihd3 ecbinbmnoldnothie sx{iEeinfailiopw, the/pldsAl) inTheses mide were

reared unfll.d.3monihs Rl é}ﬁ‘etﬂ?zﬁ‘éﬂ%?lﬁﬁgiﬂﬁé%% %%?%@MW%E%S&Q immunotherapy, A9 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-maze 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 analysis was carried out using Fisher test.
30
Separation and removal 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 a/., Ann Neurol,
35 45:537-541, 1999). The density of CSF was adjusted to 1.25 g/ml with KBr. The CSF was

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



determine whether the Alzheimer-like phenotype is prevented by passive immunotherapy, | A9 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-maze 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 bIOC emi al I ass ssme | results were
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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 ASAREIScaEeR-L brmamdb Ap species were specifically quantified by sandwich ELISA as 15

previously descriliésh[Matsuteaadd, BDRIA Anrdiaurete 58FcBikE]111ApBn MBS yaranEyiehdl].IBeusobiol
Aging, 25, 8338411000k 1RaRANZS RrainAD\FReGIGR ISR ABssReRigR I A9Y: | pTpufier were

directly subjected to ELISA Whl|e insoluble A(%% samples éxtracted with 70%
Neurobiol Aging, 25: 833-841, 2004). To analyze brain AP species, soluble 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-HC1 (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.

AB oligomer-specific ELISA

Chemiluminescence-based sandwich solid-phase enzyme immunoassay

25  (chemiluminescent ELISA) was used to specifically detect oligomeric AR but not monomeric AP.
Microplates were coated with monoclonal 1A9 (IgG2b 1sotype) or 2C3 (1gG2b isotype), or a
mixture of 1A9 and 2C3. 100 pl 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 BCOS5 Fab’ fragment (anti-AP 35-43 specific to AP 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, 1L, 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 samples were collected from administered mice and analyzed for Ap
oligomers by ELISA using HRP-labeled 6E10 (Senetek PLC, Napa, CA, USA) specific to the



formic acid were neutralized with 1 M Tris-FICI (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 by4gcluding the three standard plasma samples in
all three plates. A(3 oli op mer-specific ELISA Chemiluminescence-based sandwich solid-phase
enzyme immunoassay 25 (chemiluminescent ELISA) was used to specifically detect oligomeric A(3
but not monomeric A. Microplates were coated with monoclonal 1A9 (IgG2b isotype) or 2C3 (IgG2b
isotype), or a mixture of | A9.and 2C3. 100.| of a sample (brain,qr cerebrospinal flyid) was added and
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20 {Example 1]
Preparation of AP oligomer-specific monoclonal antibodies (1A9 and 2C3)

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

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

25  contamination of AR 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 to 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 AD brain (Matsubara E ef 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, a smaller amount of the trimer, and a
high-molecular-weight smear characteristic to aggregated A molecular species were detected by
immunoblot analysis using anti-A monoclonal 4G8. A very small amount of A monomers

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

three-dimensional structures recognized by native 1A% and 2C3 (i.e., oligomers), the present



a TMB solution. 20 [Example 1] Preparation ofA6 oligomer-specific monoclonal antibodies (1A9 and
2C3) AP oligomers and monomers co-exist in a solution. Thus, it is essential to remove A(3
monomers for preparation of antigens to produce A(gsoligomer-specific antibodies. As shown in Fig.
IA, the present inventors succeeded in isolating SDS-stable A(3 tetramers without 25 contamination
ofA(3 monomers by SDS-PAGE. After in vivo immunization with the isolated A(3 tetramers, positive
hybridoma clones were selected by two-step screening using dot blot analysis followed by

innunoprecipitation. Amo %40 clones.subje Eedt dotdblotecgﬁl}/s' , 16 clon swerell(%etermined to
be positvE (UGG ST Do EPReT B E U Qs ey B i SO BB L SR O RS e
oligomersHERH @8phatl affelcstsbivishenaianolini cBRid 85 {kp Sowilsle. alabldhimctsh:derived from
AD brain (V@@H?@W,@_@é?}th, Nﬁlﬁﬁﬁ@%ﬁhﬁ&%t&%iﬁﬁé%ﬁﬁd%@@ﬁh_tmmégﬁg,Q}Eig_then ). The A3
immunoprecii on usin € cell culture supernata ositive rado -10. . e
o o A e THER S SRS T Oh e P A e ey S ATTARE fo L goregaiod
AE3 fnoldddididdpatids Wenemetedled b, infioliisior 282106162056, 29G7A(Sinorteterand G8. A very
Smalg!l ar?ﬁﬂ@étafteﬁ@égg@%ﬂﬁraé?g%ﬂ@%q@?éﬁt@ﬂ@tgh@ px?ﬁ%a@_%g%svtmﬁ%@sdaﬁ%@@a To further
confirm tne_existence o ree-dimensiona ructures recogni lative a l.e.,
ongomers‘}{ftﬁféim&@ﬁpﬁélaﬁemw@o@faa@aaﬁ&%§?§%§r§tﬁ$%of*nw%a %‘ﬁ%aﬁﬁgrﬁ‘tfé JbPfitinan
embryonigrkedipicateHIER) 2103 8ehs bkbiactEidSxithbieut8ntiPSri eRNA(Nakeya MetipitatddBiol Chem,

280: 1904Q-48077 (2905 k4 ThSapreseatiantars fantinnaied HEKRA3CMeprkls ANthieR 16
|denLtéfled the olléq)om rs..As reported prewqug%\z(%latsubara E et.at, Neurobiol Aging, 25:.5 82@-841,

ging
2004 Yafh&mbtd: N, REUE P BiHFOREH 0980 Sl mrAe o B L RUCHYER <eparate
the oligor(uars (frashions)8 td iS) flotm dameosteats (firdctions: iodatd 20)anWHeh dmmnacdpraeipitated with

monoclor]gg I mﬁ@%%%%@t[?bg&@]ﬁ% E%Cﬁ%ﬁg&{a@.CM were precipitated in fraction 8 (>680 kDa);

SDS-stable A[3 dimers and trimers 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
immunopiec#pitaiti] was carried out using 2C3 (data not shown). These data demonstrate that

moqgclo@é%i%%%ﬁrgcﬁmgtgfﬁgﬁﬁjgﬁﬁgl A3 Qligepers but do not recognize A[3 monomers.

[Example Z] 15 The anti-neurotoxic activity of monoclonal IA9 and 2C3 To assess whether monoclonal

IA9 and 2C3 can HrévEiiE AbShauERRARstoiA R INCEaarerridd - PErL e @eighy were
incubate (N@iEhd2GMisteet fred ALR1s 2C (TN wegdtivebadd, 060 2 § isMpesmbiant \ip th€2presence or

absence @H?%&Wéwwg?ﬂﬁémmm) 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 2G), 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 the same conditions.
The commercially available AB-specific monoclonal antibody 4G8 (1gG2b isotype; Figs. 2D and
2(G) had a tendency to enhance the toxicity. Monoclonal 2C3 (IgG2b isotype; Figs. 2F and 2G)

25  neutralized the neurotoxicity of A 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

1sotype; Figs. 2E and 2G) falls between the anti-neurotoxic activity of 2C3 and non-specific

1gG2b. This suggests that the three-dimensional structure recognized by 1A9 is structurally
30  different from the 2C3-recognized oligomers.

[Example 3]
Currently, the determination of the precise size and conformation of neurotoxic AP 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 neurotoxic AB 1-42 molecular species and

fractionating the species into the following five fractions by ultrafiltration and molecular sieving



(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 A[3 1-42 (Figs.
2B and 2G), as compared to the control assay (Fig. 28). Non-specific IgG2b (Figs. 2C and 2G) could
not inhibit the A[3 1-42-induced neurotoxicity under the same conditions. The commercially available
A(3-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 A[3
3i a concentration-dependent manner. Thus, the de novo-formed neurotoxic

1-42 alm%ea@ letely.
three-dim nsi%&r’sj@tll% s

. ctljr)e recognized by 2C3 was speculated to take an oligomer form. Meanwhile,
the anti-néefdeoxie Aty br1Adagemblisotype; Figs. 2E and 2G) falls between the anti-neurotoxic

activity ofidcidoarnd fMenatspedfis lE@3h ((khisxsuggests that the three-dimensional structure recognized
by IA9 is glryetur. ”ngfgtg% g0t tjr@ Qﬁlzg%{ecognized oligomers. [Example 3] Currently, the
determination of the precise size and Co ormgtion of neurotoxic A[3 1-42 oligomers is one of the
mosPurgéiactssusstanpatosicd te $08jsPetascifieAsé competition. The 35 present inventors

succeedgehiimiispfatingSRIHRIGRRMIGTONI0B L (hddnglecular species and fractionating the species
into the following five.fractio y ultrafiltration and molec ieving 46 (UCIMS) (Fig. 3A): fraction 1,
A B B T Sy A i

filtrate of <3 kDa Ian}‘emfﬁl;u Hac lon ed rate of 10 to 30 kDa
(lane 3); SdediotiohdacinearewrB0AB dawekda (lane 4); and fraction 5, retention solution of>100 kDa

(lane 5). fheaiimmuaahiptaaisisousingmeneslional 4G8 (Fig. 3A) revealed that: fraction 1 does not
con{gin .ESG%icne 12; frg tion 2 co?stain A?&%{Eonomer%(lagn%z , 10 lane 3 contains AR monomers
and'4 smAT A SIRBE A3 BIMEPST SRS O LGRS K3 fers to pentamers (lane 4); and
fraction SeetitaidscAiBinpAdmenscmgre maresiandantoteculds of 45 to 160 kDa (lane 5). These
data suggestithat ¥heSAPCRRNSRRHZ 65 fughiReeeHiBEELR(FIMYML AGS oliogmersinto AS
monomers and Iogé-meor%%cular-welggtw #é@g oligomers. To a_sse‘ljlss tpe_’lS%z_m %Fon of toxic
A(3 1-42, the pre S ATERIBRE T8 e/Ei 1916 |E’§f’§8§\l?i1[§ho?’é’ A il t&ahwith
PC12N atigginfos #8chdinsoasnstrewwndtoRigso BButard 8@hit (WasWderiar sgrates thalfo frsictipthd was
nonr§oxicy; 3nd; SERBHABAIrack R VI Weath LGty SHAgeSNd-ARat MR BUISHEIS2RG dIBIRIR Are
ey R e dasd O VTS MR RV A 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 AP monomers and dimers are unlikely to 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 A11 antibody demonstrated that the above-mentioned three
neurotoxic fractions (3 to 5) were positive for Al1, 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 AP 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 1s 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 subjected 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



(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 A 11 antibody demonstrated tha$ the above-mentioned three neurotoxic fractions
(3 to 5) were positive for A11, 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 AR oligomers 25 (>30 kDa). Furthermore, the majority
of the 2C3- recogniz d as detected in fraction 5 that was he most toxic, and
thus the 23" rgog{ogr]%zeg %n%? :fv f?é%mg)%ﬁ nt118 6}0 vyegr%“ﬂ 51?6%1?5 a(\)l\\g\?g}leecs:o?]% Iereic(}lto show
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the neutralléatlo of 30 neuro oxuilté/ by 1A9 was insufficient (Figs. 2E and 2G). By contrast,
monoclorfal 4%}? &V 5 S &t h&trotoxic activity detected the A(3 species distributed in all of the
fractidns (Fig. 3D). This suggests the possibility that non-toxic and toxic oligomers of the same size
co-exist. TJdurherassess the toxicity-structure correlation, each fraction was subjected to atomic
force micrQscopy (AFN .The presence of Iob ar pa tlc S rholo consistent with the 35 fraction
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inventors, aggessethibaiaslyY ey i?ﬁ%%&%@&ﬁﬂ?bﬂﬁ%ﬁ@ﬂ%%@[@d% ddpedarmation
of A(3 1-42 amyloid fibrils.(at 0, 10, 25, and O gﬁ%é@sgﬂ}iﬁg%by measurin theT
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Meanwhile, when A[3 was
completeiy 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
to have the activity to inhibit the polymerization nucleus formed de novoe or the seed function at
an early stage of AP 1-42 amyloid fibril formation. Similar results were obtained by
morphological observation. As shown in Fig. 4E (AP 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 A} 1-42 amyloid fibrils that were formed by incubation
for 24 hours (Fig. 4D).

30  [Example 5]
Toxicitv-related oligomers targeted 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, TA9, 2C3, and 4G8. As shown in Fig. SA, the majority of A11 antibody-reactive
35  oligomers was formed during the Iag time phase of polymerization (0 to § hours), and the ThT

fluorescence intensity was relatively weak. During the next fibril extension phase (8 to 24



polymerized by incubation for two hours, 1 A9, as well as 2C3, showed the activity to almost
completely suppress the fibril formation (Fig. 4C). Since the activity to suppress A(3 amyloid 20 fibril
formation was detected even when the molar ratio of2C3 to A(3 was low, 2C3 was inferred to have
the activity to inhibit the polymerization nucleus formed de novo or the seed function at an early stage
of A(3 1-42 amyloid fibril formation. Similar results were obtained by morphological observation. As
shown in Fig. 4E (A[3 42 alone) and Fig. 4F (A[3 42 + 2C3, 25:3), electron microscopy (EM)

demonstrated.t tt]he formation of A3 amyloid fibrils was 25 partially inhibited in the presence of
holuﬁﬁqu% ievel ¥, ﬂllol 51} %ﬁ%%)/fve ligomniers ré%%geaa p?ajt%]au pan(ief\gen W‘E}Sl%g% 4G).
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A9-recogmiverdast goggess theepshsiblyifo thae thevidd nnitile, indad fevealgd 2bdipilRe3-hevognized
oligpgergal& irafyietinaieae et AW ngrdRad agnima RGO RO uRIENLR SXiSt AL a very
low Ievel%ess than 50%1|n a ollgonﬁnzed state %gmﬁﬁ]t t%élhours.,ﬂ%e gbove-descrlbed data
obtained BiEREHBEL AR TS At Go PR EELLNINR FEReEATE= ABEORT2C 3 recognized
oligomers have 1k sthacteial ke sinddermun olegicallyrdéffertioncoatio M dhs ae steilitd @rid the
2C3-recogpized QlI0RMEIS AER FlafivelyHRRIADISG A% qomnater iadlied RR-FReoaized Sligpmsrs. To
characterize the de noyo toxic polymerization state, PC12N were expgsed at 37C )
(Fig. 5B), and the neurofoxic 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 0 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 kDa 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 to pentamer species, and the toxic polymers can be easily
depolymerized 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 AP 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 AB
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 Ievel of formed AP oligomers reduces over time.



for 48 hours to seed-free AP 1-42 (0 hour), or A(3 1-42 pre-incubated for two, four, or 24 hours (Fig.
5B), and the neurotoxic activity was assayed. As shown in Fig. 513, the immunoblotting 20 analysis
using 4G8 revealed that the monomers, dimers, andsgtimers exist even at the 0 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 coyld not enter the gel.and thus remaiped.in 25 the well, and a.small ount of the
onomers A A SR R B o RO S RS T A o i
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that msohg)le A[3 1-42 itself has the anti-toxic 10 activity. Url?e the conditions des rlaed above,
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(3 sheet stmicgutesgahdsthpe mepsiptizingatotiitpowss greater than that of 2C3. Meanwhile,
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 oligomers that have been slightly
stabilized P B! some structural change, while neurotoxic 2C3-recognized polymers are basically
shattlivesatigdonatit Atterm édiates dpaitzarefveligamstablaidue4m geastichsiriactural changes

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

Senriched in.

immunohistochemistry. The present inventors performed conventional immunohistochemistry
methods to enhance immune reaction by formaldehyde fixation, and formic acid, SDS, or

25 microwave freatment 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, ef al., Am
J Pathol, 141: 343-355, 1992).  As a result, many senile plaques were stained with 1A9 (Fig.
6A), 2C3 (Fig. 6B), and All (Fig. 6C). Together with the finding from the in vifro experiments

30 by the present inventors that AP 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 A} 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 plagues contain AP oligomers recognized by the two antibodies. Thus, the hypothesis

35  of'the present inventors was proven o be consistent with the in vive finding (see Fig. 1B).

To further assess the existence of “soluble” 1A9- and 2C3-recognized polymers in the



during the early stage of polymerization process. [Example 6] 20 Monoclonal 1A9 and 2C3 recognize
A(3 oligomers in the brain parench ma The present inventors demonstrated the specificity and
biological activity of 1A9 and 2C3. Furthermore, thesgventors detected 1A9 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 or!i{ Hl e enhancement method{soThus the nIIpresent lnventors re treateog] sections with
which
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of prewou 5 &orted 50 autopsy cases \f(vas determined by immunoblotting using monoclonal IA9 and
2C3. Th e immunological activity of 1A9- or 2C3-imminoreactive 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 Il to V). Interestingly, the 12mer
was accumulated in the entorhinal cortex of the healthy control group (Braak NFT stages I to IT)
and mild cognitive impairment group (Braak stages III to IV) at a level of about 40% and 60%
(the level of AD cases is 100%), respectively (Figs. 6E 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 AB oligomers in the cerebrospinal fluid

The AB polymers (soluble 1A9- and 2C3-imuunoreactive 12mer) responsible for the in
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 AP oligomer-specific sandwich ELISA using monoclonal BCO3 or
BA27 in the capturing and detection systems. The BC05/BCOS5 oligomer ELISA detected



cases include two AD cases, 35 cases at Braak NFT stages Ito Il, 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 IA9- 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 11) 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 1) and mild cognitive impairment

group (Braak, st IILto | a level pf ahout 409 %. (the leye] of cases js 100%),
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oligomers, can be detected when ELISA is (esjgned to use HRP-labeled BCO5 or 7 as a capture
antibodyi’ﬁﬂ@%’r‘gﬁfeﬁ% ‘éﬁﬁgdgfﬁw%ﬂ?:@ﬂ% BABPYH Yo e EBME: &l VasEREEem,
281: 42942091 200@)ninpithopeseiires assayhiethodseffiosaexs mplenoi] 016 er EdrkSaknl thad are
similar to&ﬁg’%ﬁ%@ﬁ%ﬁxﬂéﬁﬁﬁ&&@e@ﬁ@i%ﬁggﬁsthhe oligomers and lipoprotein-bound A(3 15 monomers

are eluted at a comparable retention time in SEC, it is impossible to distinguish them by oligomer
ELISA using the $3M& it W&Bﬁﬁ?ﬁgﬂiﬁﬁ BEREAOMEHS; IR RStV Rsgiors 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. AR
oligomer-specific 1A9 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 AP 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 AB 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 AP oligomers as therapeutic markers, the level of AP 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
Af 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 AP x-42 was higher in AD than in the



that CSF containing lipoproteins is unsuitable for a test sample when A13 oligomers are analyzed
using A(3 oligomer-nonselective antibodies. To overcome the weaknesses of the prior art methods,
the present inventors improved 20 the detection antippdies 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. A(3 oligomer-specific | A9 and 2C3 were used as detection antibodies for ELISA.
Furthermore, chemiluminescence ELISA was developed to enhance the sensitivity. Pooled LPD-CSF

(Figs. 716,408 s rAclienpielRkSECyand.aal iodlianasanalye ﬂé%@? PIOITIGE f2rs

dlstrlbutlon y umlnes ence ELISA using 1A9 or 2C3 tection antl Igs. 7-1C
to D, A48T et e dbretbese W?S‘E’G‘ﬁﬁéiﬁ%’é diffgeenes petswsalibriye &r@mﬂﬁ ig mékeular

weight ramgmgxwtlmh&i@gk%maﬁwmﬁ&ﬁ@ffeamsgadﬁﬂ@éb@rﬁa&ﬁa‘ 4mMRsIPerdineihd pedevel of
1A9- and%% re(ﬁ eggqlgéllgoqﬂgr%\{vg%glevgtgg?lnia %‘the AI}%{)l %he?z ?Mveg fra gogs in \ghlch
le Fhe oli

the ollgomer etecta 0 assess the use SS O omers as tﬁerapeut IC

markers, #hé fé%f@fmfé%ﬁ@ srAersng epathogisth wpdigansrisvihs doniparaviad iBat frohase
age- matCha@I{m@IthMQ{&r@s ab&hapgm andimpad aﬂém@@mﬁfcgﬁﬁgsmmlﬂmmﬁwdﬁpﬁg

1-2C~ 2G3 sessaniaod Alopers SoRoseR a8 545 Mere slonfieantly iefegsed i Mg A0 peten

group as comp | contr ndnparametrlc analysis; ontrast, for

2C3-recolitzeel dligohbid aaddomgisddfer afd%)- 42Thﬁé¢éu3\ta§1¢$@@gﬁmba‘m ﬂﬁ@rﬁﬁé@bétﬁ%en the

two groumﬁdM@awaﬂﬁss Eh&ée&ﬁhéiiéxd}@jrﬁﬁ%@éé@%@wﬁ@sm@gﬁﬁﬂe@i A(Bpd2yvagHaigher in
AD Iaan in Ctpe%S% ol althougp (%Lglg‘)fr?r %cr%svg ts%_ff %ﬁll SI n| |1%ant For 1A9- -recognized
ollgomers comp 056 &@x 40 fhere was no signifi can%lél1 ance be ween‘{%e({wo groups (Fig.
7-2E). Tﬁ@nsmﬁét@m &waﬁwfrmmﬁmémﬁmmnémlwmé%m|tbst0beﬂmdrm the
process %A&BM%&@H%C@FQ)@D ?ﬁiﬂﬁ@@ﬁd%@'iﬂ%ﬁfemw{méﬁ%ﬁaﬂﬁx) can be
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7-2H, the )l%ln iCes ers ’ﬂ%wé ? JNere significantly increased in the AD patient group as
compared to the healthy control group (1A9, P=0.0137 for A[342 and P=0.0429 for A(340; 2C3,

P= q9014ggguﬁ}5%§]and P=0.0051 for A(340). The results described above show that the 1A9- and
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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. 8B);
25 (3) spacial memory 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. 8Ato 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 A} oligomers before the onset.

Furthermore, the result described above presents the first in vivo evidence that directly indicates



disturbance in T2g 576 To assess the in vivo preventive/therapeutic effect of passive immunotherapy
based on the administration of 1A9 (n=13) or 2C3 (n=I 1), the present inventors administered 1A9 or
2C3 20 (0.4 mg/kg/week), or PBS to Tg2576 mice \4a 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. 8B); 25 (3) spacial memory in water maze test (Fig. 8C);
and (4) a tive emotional memory i C! extu ear conditioni est (Fig. 8D). As compared to
1A9- and%zgé %8?%@5%%&@%1%(% ﬁ%é) a&mlnlsfere fi fice showed significant
learning and behavioral impairments (Fig. 8A to 8D). Unlike the memory function of PBS-administered
Tg2576 misetiptd 9), the memory function of 1A9 and 30 2C3- admlnlstered T92576 mlce was
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specific faro&f340,tH8 NP LoREaspeacifithtor iy B4 XAk O kiphdrh¢ie mqsmmmkedﬂwm@ence
among t%ﬁhég&mulaﬁve physiological AP molecules (Figs. 9A and 9C, AP x-40; Figs. 9B and 9D,
AP x-42). Regarding soluble AP accumulated in the brain (SDS fraction), a significant

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

25  observed only in the 1A9 administration group (Fig. 91, AB x-40; Fig. 9], AP x-42). No
accumulation-suppressive effect was observed in the hippocampus (Fig. 9K, Af x-40; Fig. 9L,
AP x-42). The All immunoblot analysis of the SDS-soluble fractions showed a suppressive
effect on the accumulation of A11-positive oligomer (4mer) in the cerebral cortex in the two
antibody treatment groups (Fig. 9M).

30
[Example 10]

Plasma A oligomers are increased by passive immunotherapy 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 (1A9 administration group, n=13; 2C3
administration group, n=11) (Fig. 10A, AP x-40; Fig. 10B, AP x-42). There was also no



groups in the A[3 concentration in the Tris buffer fraction where the major components were
non-accumulative, physiological A[3 molecules (Figs. 9A and 9C, A(3 x-40; Figs. 9B and 9D, A(3
x-42). Regarding soluble A(3 accumulated in the bragg (SDS fraction), a significant 20 suppressive
effect on the accumulation of AP x-40 and AP x-42 in the cerebral cortex was observed only in the
1A9 administration group (Fig. 9E, A[3 x-40; Fig. 9F, A[3 x-42). No accumulation-suppressive effect
was observed in the hippocampus (Fig. 9G A[3 x-40; Fig. 9H, A[3 x-42). Meanwhile, regarding
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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

Immunohistochemical AP} 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 12}



plasma A[3 oligomers were detected by All 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 incrgase in plasma A[3 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 bIood in addltlon to braln and that oligomer-selective cerebral
clearancq : _ .| esent inventors showed
efu 25 1Example 11] Formation of
senile am |d plac R Md’l@ﬁ%ﬁ@dﬁﬁ@%@ﬁ%@ éad b@@é@ﬁ?@% Wf%%ivéhﬁﬁ?ﬁ?htﬁherapy
using 1 Aandt2CFImmemnohistochemical A[3 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 rédudioimmels diso clearly demonstrated by histochemistry (Fig. 11 B, lower part). The formation
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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-described method that uses the AP 1-40 oligomer as an
antigen were assessed by dot blot analysis. The result showed that the six types of monoclonal
antibodies specifically recognize A oligomers. As shown below, the isotype of the six types of
antibodies (4F7, 4HS, 5AS5, 5A9, 6E4, and 6H4) was determined:

25 4F7: x for the L chain, and IgG2a for the H chain;
4HS5: x for the L chain, and IgG2a for the H chain;
5A5: x for the L chain, and IgG2b for the H chain;
5A9: x for the L chain, and IgG2b for the H chain;
6E4: k 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, 5AS, 5A9, 6E4, and 6H4 antibodies specifically bind to Ap oligomers but do not recognize
AB monomers (see Fig. 14).

35  [Example 15]
Inhibition ELISA




Thus, the therapeutic effect was considered to be based on multiple action mechanisms. [Example
14] Preparation of A[3 oligomer-specific monoclonal antibodies (5A5, 5A9, 4F7, 4H5, 6E4, and 6H4)
20 and dot blot analysis 33 clones prepared by the afgpve-described 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
monoclonal antibodies specifically recognize AP oligomers. As shown below, the isotype of the six
types of antibodies (4F7, 4H5, 5A5, 5A9, 6E4, and 6H4) was determined: 25 4F7: K for the L chain,
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contrast, HErSHeFstrdR G YRERRLIBA SHBiRKRTG 994 RRIRGHEVRP 8?1‘8%’?2? R8T e Fig.

15). Meanittilescibts¢GBiankh b E Tdetnevbundentiaifomd épd Adintaetvotiotion Slipdhdeatmedintiohbound
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suggestt sgcte mg I§ typ%ﬁe%e?gstill t% sll?gsggst that the 315x types of anI’E:ibodies (4F7, 4115, 5AS5, 5A9, 614,

and 6H4) selectively bind to AP oligomers.

[Example 16]
20 The activity of the six types of antibodies (4F7, 4115, SAS, SA9. 6134, and 6H4) to neutralize
AB-induced neurotoxicity
To assess whether the six types of antibodies (4F7, 4HS, 5AS5, 5A9, 6E4, and 6H4) have

an activity of neutralizing AP-induced neurotoxicity, human neuroblastoma cells (SH-SY5Y)

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 control IgG (3F1).  Although the
cytotoxicity was also increased by addition of the 4F7 and 4H5 antibodies, the increase was
smaller than that observed for 3F1 (see Fig. 16). The remaining four types of antibodies (5AS,
5A9, 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 (5AS, SA9, 6E4, and 6H4) have a
strong activity of neutralizing AP-induced neurotoxicity. Since 4F7 and 4H5 lowered the
cytotoxicity as compared to control 1gG, these antibodies are also inferred to have an activity of

neutralizing AB-induced neurotoxicity.

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




and 6H4) selectively bind to AP oligomers. [Example 16] 20 The activity of the six types of antibodies
4F7, 4115. 5A5. 5A9. 6E4, and 6H4) to neutralize A3-induced neurotoxicity To assess whether the six
types of antibodies (4F7, 4H5, 5A5, 5A9, 6E4, and 6444) have an activity of neutralizing An-induced
neurotoxicity, human neuroblastoma cells (SH-SY5Y) were cultured in a medium containing AP 1-42
(12.5 M) in the presence or absence of the 25 antibodies for 24 hours, and the change in A(3
1-42-induced cytotoxicity was monitored. As a result, the cytotoxicity was enhanced by addition of

control IgG E%g&i)ﬁ’g‘gp%%hm%% cytotoxicity was also increased by addition of the 4F7 and 4115
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supﬁ)éess 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 formBiigsussierce the antibodies exhibited the tendency of suppressing the fibril formation as

compared to contrakIg, oh@iRIaHSHOPrebE dalanalianss B iheoRRRGE INYeniIS show that
monoclonal L% nd 2C3 specifically recognize the "n groioxm epitope"” and ','p?gymerlzan n epitope"
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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 1 A9-

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 Tg2576
mice can be prevented by passive immunotherapy using anti-A[} oligomer-specific antibodies
{(1A9 and 2C3). Herein, short-term memory disturbance assessed by the Y-maze test is similar
to the AB 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 1A9 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-A} oligomer antibodies.

A selective increase in Al1-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



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 heterogeneoys (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-A(3 oligomer passive immunotherapy targeting | A9- 25 and

2C3-recognized toxic polymers. For the first time, the present inventors presented evidence supporting
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is also the first evidence supporting the view that AR exhibits in vivg neurotoxicity in the human brain.
It is well RRESIHIRaka%E BLHERD the cormmonly 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
semi-quantitative analysis of 1A9- and 2C3-immunoreactive 12mer in the entorhinal cortex of

25 elderly individuals who were mostly at Braak NFT stages I to III.  The 1A9- and
2C3-immunoreactive 12mer were already present in the entorhinal cortex of healthy individuals
at Braak NFT stages I to II, 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 techniques, it
was demonstrated that senile plaques contain 1A9- and 2C3-immunoreactive AP oligomers. In
addition, insolubilized amyloid fibrils themselves were revealed to have an activity of
neutralizing the neurotoxicity. These findings suggest that, under conditions where AP
oligomers are present without senile plaque formation, AP 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



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 plaques. Thus, the entorhinal cortex is an exceptional area to
which the commonly accepted amyloid cascade hypeghesis 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 AG3 oligomers are
harmful for nerve cells in the entorhinal cortex and cause memory disturbance. To examine this
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demonstrated that the A ollgomer?pgé ostic markers_ for AD. Furthermore, the
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the20  first evidence that passive immunotherapy can suppress senile amyloid plaque formation, and

indirectly suppress nerve cell damage (swollen dystrophic neurite formation) through senile
amyloid plaque suppression. These results confirm that the AP 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 suppressing memory disturbance is
exerted by a combination of multiple actions such as direct neutralization of soluble AP
oligomers in the brain, transport of antibody-Ap oligomer immune complexes into blood by the
neonatal Fc receptor (Deane R, 2005, 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 Applicability

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



plasma of Tg2576 mice, and, in passive immunotherapy by which A(3 oligomers are specifically
captured and neutralized through intravenous injection, intracerebral antibody delivery is not required
and the clearance of AP oligomers from the brain todgjood 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 plaque formation, and indirectly suppress nerve
cell damage (swollen dystrophic neurite formation) through senile amyloid plaque suppression. These
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intraceremaidiagisRigiatel bermditiness eaantibed g dnwtsioity fekidswinny Peligsaseal 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. 61



CLAIMS 1. An antibody binding to an A(3 oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ ID NO: 1 and an L chain having the amino acid 5 sequence of
SEQ ID NO: 3. 2. An antibody binding to an A(3 oligemer that binds to an antibody comprising an H
chain having the amino acid sequence of SEQ ID NO: 21 and an L chain having the amino acid
sequence of SEQ ID NO: 23. 10 3. An antibody binding to anA(3 oligomer that binds to an antibody
comprising an H chain having the amino acid sequence of SEQ ID NO: 41 and. an L chain having the
amino acid sequence of SEQ ID NO: 43. 15 4. Arraptihgdy binding to an A[3 oligomer that binds to an
antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 61 and an I, chain
having the amino acid sequence of SEQ ID NO: 63. 5. An antibody binding to anA(3 oligomer that
binds to dn aptibadibeoninding @nidAdhalipc2@:havingitide @nainmeabudigequgnttnofa8 EQRABINO: 81

and an LJ%W%%VH}&&B%&H@@ A6 sRuSHEAAHSEQIRNCAER: RabanlRaX PIRINg to an AR

oligomer that binds to an antibo %/ comprising an H chain having the amino acid sequence of SEQ ID
NO: 201 e dhdiHR MG the amino acid 25 sequence of SEQ ID NO: 103. 7. An antibody of
any one of (1) to (38) below: (1) an antibody that comprises an H chain having the amino acid

f SE ; DR 1.4h i i) : R2, and th
e SRR R AR 0PI SRR BN M CRRZ. and e
having theaXiRg G asiisedeidics SneED BRI X3 a4 wor kifdamhasisgitheagienaeidf SEQ ID
NO: 17 aseGR2, affgbaaminoacid sequence of SEQ ID NO: 19 as CDR3; (3) an antibody that

co %rises the H chain of (1) and the L chain of (2); 35 (4) an antibody that comprises an H chain
having the amino acid sequence of SEQ ID NO: 5 as VH; 62 (5) an antibody that comprises an L
chain having Aeaaifindydeirsujivetice b spoepihabbindsdovn aEibad aeiBBEy s cHrik#iBes the H
chain of ((hvandteakniehaici @kqliché: an SIGUDHY that icandprisesham hheigithbawingthedamino acid
sequenceseofuglicgolpsﬁ :Iﬁgﬁ“ %CDRI, the amino acid sequence of SEQ ID NO: 31 as CDR2, and
the amino gmdlsequenc of " 7

15 4. Anantibody binding to an AP oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ 1D NO: 61 and an L chain having the amino acid
sequence of SEQ ID NO: 63.

5. An antibody binding to an AP oligomer that binds to an antibody comprising an H chain
20  having the amino acid sequence of SEQ ID NO: 81 and an L chain having the amino acid
sequence of SEQ ID NO: 83.

6. An antibody binding to an AP oligomer that binds to an antibody comprising an H chain
having the amino acid sequence of SEQ ID NO: 101 and an L chain having the amino acid
25  sequence of SEQ ID NO: 103.

7. An antibody of any one of (1) to (38) below:
(1) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 9 as
CDR1, the amino acid sequence of SEQ ID NO: 11 as CDR2, and the ammno acid sequence of
30 SEQIDNO: 13 as CDR3;
(2) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 15 as
CDR1, the amino acid sequence of SEQ 1D NO: 17 as CDR2, and the amino acid sequence of
SEQ ID NO: 19 as CDR3;
(3} an antibody that comprises the H chain of (1) and the L chain of (2);
35  (4) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: § as
VH;



SEQ ID NO: 33 as CDR3; (8) an antibody that comprises an L chain having the amino acid sequence
of SEQ ID NO: 35 as CDR1, the amino acid sequence of SEQ ID NO: 37 as CDR2, and the amino
acid sequence of SEQ ID NO: 39 as CDR3; 10 (9) a1 antibody that comprises the H chain of (7) and
the L chain of (8); (10) an antibody that comprises an H chain having the amino acid sequence of SEQ
ID NO: 25 as VH; (11) an antibody that comprises an L chain having the amino acid sequence of SEQ
ID NO: 27 as VL; 15 (12) an antibody that comprises the H chain of (10) and the L chain of (11); (13)

ey A AR R R S SER RN O

the amino seque ceo ID NO: 51 as CD D NO:
53 as CDRbB; (14) an antlbody that comprises an L chain having the amino acid sequence of SEQ ID
NO: 55 a%p&@@ﬂbdﬁ&mm&@&s@aﬂeﬂm&mﬂ&m Saiso€BR2, and the amino acid

sequenc N ompri the H ) the L
chaln of ?&%ﬂfﬁé@%ﬁ%rﬁg (éfy %g%%%%éﬁ@%ﬁglﬁ%*? ain avl}% o S%%r‘lﬁﬁ?gea% se Bge(r@:(g (?1 §dI§Q ID
NO: 45 ds ﬁ?@!@ﬁﬁ‘éﬁtﬁ&@lﬂwfﬁﬂﬂ%&%@L%@ﬁﬂ?&%tﬁeﬁﬁﬁﬁiﬁé%@ﬁ%%ﬁée of SEQ
ID NO: 48B9 WLN(8) s aiRady that comprises the H chain of (16) and the L chain of (17); (19) an

antibody gg%lgoml%nﬁe an H chaln h v[lg the E@%% §)C|d se u&q&geoﬁ (§nEcQoPS%I§ @?@E 8?DRI the

amino acid’sequence o 1485 C & AMIAG Aoy sequence
73 as CD@IQR@@}%I&H%@ ﬁ%@@%ﬁm A NQ@naTrah SV thedither o sidisarerce PSEQ ID
NO: 75 aSEQ[}BINﬂjemmmgj sequence of SEQ ID NO: 77 as CDR2, and the amino acid sequence

of %3% (@I\égagu ?ﬁ%? I(ﬂZ]ﬁSeS t%ntﬁ) m 0 F?zm%r{% SLﬂhe H cpfé dof (19) and the L chain of

(20); ) an an mprises an H chain having the“amind sequence of SEQ ID NO:
65 as vml%@qzay%@ﬂﬁﬁhﬁdwnme@cﬁmb}@@rahamaﬁm RENSG e satieir B eiSsEiete GISEQ ID
NO: 67 ags Vi4;(24) an antibody that comprises the H chain of (22) and the L chain of (23); (25) an
antibody PP té:r? TR Sy %ﬁtHcoth&l;nsehsaéﬁq? rham n&bqggatﬁgaslgﬁgea%% S%I}I?&II%C ”:% ggb ﬁg NO: 27 as
VL,
15 (12) an antibody that comprises the H chain of (10) and the L chain of (11);
(13) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 49
as CDRI1, the amino acid sequence of SEQ ID NO: 51 as CDR2, and the amino acid sequence of
SEQ ID NO: 53 as CDR3;
(14} an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 55 as
20 CDRI, the amino acid sequence of SEQ ID NO: 57 as CDR2, and the amino acid sequence of
SEQ ID NO: 59 as CDR3;
(15) an antibody that comprises the H chain of (13) and the L chain of (14);
(16) an antibody that comprises an H chain having the amino acid sequence of SEQ 1D NO: 45
as VH;
25  (17) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 47 as
VL;
(18) an antibody that comprises the H chain of (16) and the L chain of (17};
(19) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 69
as CDRI1, the amino acid sequence of SEQ ID NO: 71 as CDR2, and the amino acid sequence of
30 SEQIDNO: 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 CDR2, and the amino acid sequence of
SEQ ID NO: 79 as CDR3;
(21) an antibody that comprises the H chain of (19) and the L chain of (20);
35  (22) an antibody that comprises an H chain having the amino acid sequence of SEQ ID NO: 65
as VH;



5 as CDR1, the amino acid sequence of SEQ ID NO: 91 as CDR2, and the amino acid sequence of
SEQ ID NO: 93 as CDRS; (26) an antibody that comprises an L chain having the amino acid sequence
of SEQ ID NO: 95 as CDR1, the amino acid sequenge of SEQ ID NO: 97 as CDR2, and the amino
acid sequence of SEQ ID NO: 99 as CDR3; 10 (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; (29) an antibody that comprises an L chain having the amino acid sequence of

SEQ ID .87 as..VL. 30) an.antibody that.comprises the H chain of (28) ain of (29);
(317 an aiHo gy e e Y B PR B SR BN e

CDR1, th¥lamino acid sequence of SEQ ID NO: 111 as CDR2, and the amino acid sequence of SEQ
ID NO: 1i31as:GCRRHd3Ha8aneed b al aomsises panl ghainchaviag ¢im;amino acid sequence of

SEQ ID 1115 DR1, the amin id sequence of SEQ ID.NO: 117 a | the amino
2 sea AL SRR e S e A L R O TR .
the Schaif oPIRD) thi@amam aatibsrpehet edMpasENG: M chalaHaingde amine uitissauerscy of
SEQ ID NenL@bNas ¥H;261685), an antibody that comprises an L chain having the amino acid

sequenc SEQ ID NO: 107 as VL; (36) an antibody that comprises the H chain.af ngd the L
Chain of 8) TR s B o aTe BN hiEh A S e SBSREL S OIS o
additionsCIaRd/ dhérseinipacdretucandiod 8¥ Qf lahl On8 7oty OB 138)d Wisiemmszeiflsvalsntactivity to
the 30 agtdpdy Ricay @ee PRI to (36); and (38) an antibody that binds to the epitope bound by the

anibbcy G s RUHRTESd A BB S5 6 A SOtk BEr 8 P 4Pibody of any one of clims
1 to 8 antR8)pheamiihodptiballyodpracseptbbtbaiatrieg thevmuge atidgainsncoghitiz&ithbAitméht, which
comprisegthgrantibody of any one of claims 1 to 8 or the composition of claim 9 as an active
ingredien&éi) an antibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 87 as
VL;
15 (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: 111 as CDR2, 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
20 as CDRI, the amino acid sequence of SEQ ID NO: 117 as CDR2, and the amino acid sequence
of SEQ ID NO: 119 as CDR3;
(33) an antibody that comprises the H chain of (31) and the L chain of (32);
(34) an antibody that comprises an H chain having the amino acid sequence of SEQ 1D NOG: 105
as VH;
25 (35) an anfibody that comprises an L chain having the amino acid sequence of SEQ ID NO: 107
as VI;
(36) an antibody that comprises the H chain of (34) and the L chain of (35);
(37) an antibody that comprises one or more amino acid substitutions, deletions, additions,
and/or insertions in the antibody of any one of (1) to (36), which has equivalent activity to the
30  antibody of any one of (1) to (36); and
(38) an antibody that binds to the epitope bound by the antibody of any one of (1) to (36).

8. The antibody of claim 7, wherein the antibody is a chimeric antibody or a humanized
antibody.
35

9. A composition comprising the antibody of any one of claims 1 to 8 and a pharmaceutically



11. A therapeutic agent for Alzheimer's disease, which comprises the antibody of any one of claims 1
to 8 or the composition of claim 9 as an active ingredient. 12. An agent for suppressing the
progression of Alzheimer's disease, which comprisegsthe 10 antibody of any one of claims 1 to 8 or
the composition of claim 9 as an active ingredient. 13. An agent for suppressing senile plaque
formation, which comprises the antibody of any one of claims 1 to 8 or the composition of claim 9 as
an active ingredient. 15 1.4. An. agent for suppressing A(3 accumulation, which comprises the
antibody gfc%n%%?eecof i(E::Iaims 1 to 8 or the composition of claim 9 as an active ingredient. 15. An
anti-neurotoxic agenatl,rwﬁich comprises the antibody of any one of claims 1 to 8 or the composition of
claim 9 as an active ingredient. 20 16. An agent for inhibiting AR amyloid fibril formation, which

comp Orliseﬁot.h e antibady ofiafcpneiot capRsrct, &vﬁrd[?@&@m@@sstﬂﬁ @@f@%&ﬁ @Eb@@’fb\lﬁ}mls
ingredien}. 17, An,agent against tic, toxicity, which cagmprises the antibody of any one of claims |
1025 6 of T EbHIe LB BT Bk ai S SPa 6. A method for detecting an A(3
oligomer, which comprises the step of detecting an A(3 oligomer contained in a sample collected from

a subjectjysing, tineransitRce ey ARaGhealdschie SRR A QoM ristbact ehdiramasiagyveiether or not

a subject is.a pgossihle Alzheimer's dise atient, which comprises using the antibody of any one of
s | TS oA AP BGHHER 1 & AEh e HECted HOR! & Cubject. 38 20. A method of
diagnosing whether or not a subject is a possible Alzheimer's disease patient, which comprises the

steps of: 65 (A CAMACHIG B sRIRIE aRllsRIpfiam o aubirshwith dRe.sntibedy efapyeaesef claims 1
to 8'0and é%)%%ngeas ring the %rgaunt f)tc A§3 ojrjgeﬁmer in the saénple, herein the subJe t iSt determined
to ba pd YL ABEF S tfedise patieht e S Ot e A3 drst h 4 t8p fﬁ?ﬁ% higher than
that of a healthy individual. 21. A method of diagnosing whether or not a subject is a possible
Alzheimer’s diggage-Ratieabphich compeseathersteRa G (icralacingdarampiseg!igciad fHam a
subject Witih r,ﬁ%e aqtibodgscﬁ)%an%gneaf cl%imf t§ 8 10 and an an'ar{:)ody that binds to an A(
monomef*'& rf’S) rﬁ%g i %Qt REHE B AP 8}@ rﬁétafbaﬁ}(é‘WB Btin the sample, wherein the
subject is determined to be a possible Alzheimer's disease patient, when the ratio

15 14, Anagent for suppressing AP accumulation, which comprises the antibody of any one of

claims 1 to 8 or the composition of claim 9 as an active ingredient.

15.  An anti-neurotoxic agent, which comprises the antibody of any one of claims 1 to 8 or the
composition of claim 9 as an active ingredient.

20
16.  An agent for inhibiting AP amyloid fibril formation, which comprises the antibody of any

one of claims 1 to 8§ or the composition of claim 9 as an active ingredient.

17.  An agent against synaptic toxicity, which comprises the antibody of any one of claims 1 to

25 8 or the composition of claim 9 as an active ingredient,

18. 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 any one of claims
Ito8.

30
19. A method of diagnosing whether or not a subject is a possible Alzheimer’s disease patient,
which comprises using the antibody of any one of claims 1 to 8 to detect an AP oligomer in a

sampie collected from a subject.

35 20. Amethod of diagnosing whether or not a subject is a possible Alzheimer’s disease patient,

which comprises the steps of:



measured in step (b) is higher than that of a healthy individual. 15 22. The method of any one of claims
18 to 21, wherein the sample is blood or cerebrospinal fluid. 23. A pharmaceutical agent for use in the
method of any one of claims 18 to 21 20 24. A kit fogyise in the method of anyone of claims 18 to 21.

10

15

20

(a) contacting a sample collected from a subject with the antibody of any one of claims 1 to §;
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 the amount

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

21. A method of 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 any one of claims 1 to 8
and an antibody that binds to an AP monomer; and

(b) measuring the ratio of AP oligomer to A 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.

22, The method of any one of claims 18 to 21, wherein the sample is blood or cerebrospinal
fluid.

23. A rpharmaceutical agent for use in the method of any one of claims 18 to 21.

24. AKkit for use in the method of any one of claims 18 to 21.



