WD 03/ 089460 PCT/ CA03/00502 | MMUNOLOG CAL METHODS AND COVPGOSI TI ONS FOR THE
TREATMENT OF ALZHEI MER S DI SEASE 5 BACKGROUND COF THE | NVENTI ON FI ELD OF
THE | NVENVDOBI0§H656 | nvention rel ates to inmunol ogi cal net RCASCANBMH0502
conpositions for treating Al zheiner's disease. This 10 invention further
relates to methods for identifying conpounds that inhibit anyloid plaque
formation and/or elimnate the existing anyloid plagues associated with

Al zhei ner' s di sease and ot her neuro-degenerative di seases. 15 DESCRI PTI ON
OF THE RELATED ART Al zheinmer's Disease ("AD') is a neurodegenerative

brain disease that is a major cause of denentia anong the 20 el derly.

Synmpt ons of AD can |mmmqﬂm1emmu50mmmm1rgﬁwsand menory

functions, personalit gﬁﬂg | ﬂﬂ} 2261 zures, and
. {ﬁ%ﬁMﬂ%QE Az hsan $isE .
occaS|onaIIy psyc Q/ Eé . ki 2 EIHEP¢S I sease I's characterized

by two distinct neuropathol ogies: the deposition of anyloid plaques in

areas of the brain that are critical for Tennrﬁgﬁ 8 other cognitive
functins; and the devel oBAERERGIND n@F SRELHY 3 Nangl es wi thi n nerve

cells. It is 30 believed that the deposition of anyloid plaques, in these
critical areas of the brain, interferes wwth brain functions. Simlarly,
it has been proposed that tHEEHR@HTHET iINENTE®hgl es, which accunul ate

Wi thin nerve 1 M0 03/ 0594 @QOECJéff@é% 005021m&8d1 Sgi PaPnP@hd et Sndi nterfere

wth neuron to neuron conmmuni
compositions for treatlng Alzhelmer s disease. This

10 invention further relates to methods for identifying
compounds that inhibit amyloid plaque formation and/or
eliminate the existing amyloid plaques associated with
Alzheimer's disease and other neuro-degenerative
diseases.

15

DESCRIPTION OF THE RELATED ART

Alzheimer’s Disease ("AD") is a neurodegenerative
brain disease that is a major cause of dementia among the
A20 elderly. Symptoms of AD can include progressive loss of
learning and memory functions, personality changes,
neuromuscular changes, seizures and occasionally

psychotic behavior.

25 Alzheimer's disease is characterized by two distinct
neuropathologies: the deposition of amyloid plaques in
areas of the brain that are critical for memory and other
cognitive functions; and the development of
neurofibrillary tangles within nerve cells. It is

30 Dbelieved that the deposition of amyloid plaques, in these
critical areas of the brain, interferes with brain
functions. Similarly, it has been proposed that the

neurofibrillary tangles, which accumulate within nerve



A further characteristic of Alzheiner's disease is 5 the presence of the
hydr ophobi ¢ anyl oi d beta peptide (Abetad42) as a major constituent of
anyl oi d pwegaesaciihe anyl oid beta peptide (Abetad2) is aPCragwanesotor med
from proteolytic processing of a normal integral nenbrane protein known
as anyloid protein precursor (APP) or 10 alternatively known as Al zheiner's
di sease anyloid A4 protein. Anyloid beta peptides (Abeta) conprise a group
of peptides of 39-43 anmino acids |long that are processed 15 from APP. See
Pal litto eterls,iBi AOheat sénys 381 36&0F 864 8wi i 998) rodheo Abetropept i des
generally include from11l to 15 residues of the APP transmenbrane region
and t her ef 8PEMWRBAREF A a hydr ophobi c region, although the entire Abeta
pepti de may have an anphiphillic character. See Kang et 20 al., Nature

325: 733-736 (1987%. |t has. been shomn,tha% eta eptiges are toxic to
cell's in cul turd, T'egkherykghagpchprisgyy o A %?ht&%&s 07°%%7-3%8 (1991);

lversen etinal preBbAEBERE Qhe3ﬁ§dio%ﬁobiag5mylaﬂ@ b@%ngéytDaeAbeta
peptides in Al zheiner's disease is helieved to be related 25 to %he process
of aggr egatPeatasz)sGSull &2AEE £PEHLTYEET Oft FWriedLuB L@ iEsri | $7%8nd,

subsequent Ly, 65 Brpbe 5l ggg{a@aéat(hgetamoi@ml Fird gleaqu s rmsee fiiike et al .,
Eur. J. Pharmacol. 207:367-368 (1991); Pike_et al., Brain Research,
563: 311- 31RrP1e01ytignArPrRESERIAPE, 2 Jno8BaNeiRbseF 2L 1351889687 (1993) .

Simlarly, .Abet anpeRbiHess Wit ofiar prbtBihl reBuvkbio (Apd)tBiks process can
be exploited to neasure_ inhibition of Abeta aggregation ang fibri
f or mati®n. akteoneBlugdysnPER eA03ipbsbRer bEedi§asFS, 28¥YREal A4roups have

used transgggkgiﬂpuse nodel s for Al zheinmer's di sease wherein transgenic

Amyloid beta peptides (Abeta) comprise a group of

peptides of 39-43 amino acids long that are processed

15 from APP. See Pallitto et al., Biochemistry 38:3570-3578
(1999). The Abeta peptides generally include from 11 to
15 residues of the APP transmembrane region and therefore
contain a hydrophobic region, although the entire Abeta
peptide may have an amphiphillic character. See Kang et

20 al., Nature 325:733-736 (1987). It has been shown that
Abeta peptides are toxic to cells in culture. See Pike
et al., Eur. J. Pharmacol. 207:367-368 (1991); Iversen et
al., Biochem. J. 311:1-16 (1995). The toxicity of Abeta
peptides in Alzheimer's disease is believed to be related

25 to the process of aggregation of soluble Abeta peptides
into insoluble fibrils and, subsequently, fibril
incorporation into amyloid plagues. See Pike et al.,
Eur. J. Pharmacol. 207:367-368 (1991); Pike et al., Brain
Research, 563:311-314 (1991); and Pike et al., J.

30 Neurosci. 13:1676-1687 (1993). Similarly, Abeta peptides
will form fibrils in vitro and this process can be
exploited to measure inhibition of Abeta aggregation and

fibril formation.



m ce, which display both anyloid deposition in the brain and cognitive
defects, were immuni zed with Abetad42 5 antigen preparations. The results
from t heswogBmshi4es denonstrated that inmmunization wth APeTraddsoaobld
produce reductions in both Al zheiner's disease-like neuropathol ogy and

the spatial nmenory inpairnments of the mce. See Schenk et al., Nature
400: 173-177 (1999); Bard 10 et al., Nature Medicine 6:916-919 (2000); Janus
et al., Nature 408:979-982 (2000) and Morgan et al., Nature 408:982-982

(2000). Bard etpﬁévp©ﬁéuyatedvéhal groupai zate onsadlt hréheged2cvacci ne

probably | eads to ti i mcroglia and subsegquent e | nt of 15
Abet a42” ag§regat B %1; n¥ o%f?lael‘ﬁﬁhs et apase fffe‘f%lnl\/gﬁi’"%?%é éggla 919
(2000) . Unﬁ@&épnah@éu dakpley bbeh amplaoiogeépakitmbohahhsnhs)buater | ying

the reduction I n I0| | aque deposits and inproved cognitive function
have not b&BA %P%EFHEY%d ESCF?eVWSEE é?ﬂﬂ?%§28$pBéE§ 65 gaﬁﬁnistration of

anti bogy eSaﬁE)ﬁgéﬁdpﬁQ%D&ramgﬁg epmh@pgésawsAbebm thesedeesdies and 3-6
respectlvely, were effe

ctive, at decrea5|n g ébeta @g né 0|d pl aque
| oad in 259ePaRSEEAFeINTRRE S@@uﬁéFatéPnaW NaPGFB«avEgHeFnBTBYHEE- 919
(2000) . Thecplicei¥REC LI BASHERNL EhEQmed” HuB@Btaceisease- | i nked form of human
anyl oi d precursor protein APP) that was under the ¢ontrol of Ege
g over 30

pl at el et - dBEPYEHALLPEPIYr 8REhThECEBRAtHRONBERPTY THERE L FBRREPR) Of

express thg;humansagykahdnRr 8¢ULION RE@Lekn4add1TBNLIesY 1088y ehrihe
pathologlcaﬁ ynpt ons of Al zheiner's di sease. See Bard et al., Nature

Medi cilfe 669161919N€296@)MéngQWQSﬁeggﬂﬁélﬂcT?@ﬁ@éf0§502S Bk Aot her st udy,
perlpheraIN%ngglngggbgnggE QE@@O) and Morgan et al., Nature

408:982-982 (2000). Bard et al postulated that
immunization with Abetas, vaccine probably leads to
activation of microglia and subsequent engulfment of

15 Abetas, aggregates by microglia. Bard et al., Nature
Medicine 6:916-919 (2000). Unfortunately, all of the
immunological mechanism(s) underlying the reduction in
amyloid plague deposits and improved cognitive function
have not been elucidated.

20

Previous studies of passive administration of

antibodies 3D6 and 10D5, whose epitopes are Abeta
residues 1-5 and 3-6 respectively, were effective at
decreasing both Abeta and amyloid plaque load in

25 transgenic mice. See Bard et al., Nature Medicine 6:916-
919 (2000). The mice were transgenic for a mutant
diseage-linked form of human amyloid precursor protein
(APP) that was under the control of the platelet-derived
(PD) growth factor promoter. These (PDAPP) mice over-

30 express the human amyloid precursor protein and manifest
many of the pathological symptoms of Alzheimer's disease.

See Bard et al., Nature Medicine 6:916-919 (2000).



an antibody to residues 13-28 of Abeta, was shown to decrease brain Abeta
burden via plasma clearance in PDAPP mce. See Demattos et al., Proc.
Nat|. Acaw0 03089460JSA 5 98: 8850- 8855 (2001). The nR66 anti poayCAos/oeoz ect ed
towards a secondary i nmunogenic site of Abeta, which may exhibit different
bi ndi ng specificity towards Abeta oligoners, protofibrils and plaques or
differential access to the CNS. 10 Both Abeta42 antigen and APP are self
proteins and therefore are not normally inmunogenic in an individual
expressi ng thesenpinbehes. sCadgeqpentpyeratt edpisisorapioducé magei nes

based on these antigens necessarily_15_requjre, inducing, autopnmunity.

Mbr eover , %ﬂyan?ﬂhﬂ YzEPiBﬁsbéﬂ?ﬁc%?_g§t8ﬁp%%ﬁ6atowﬁﬁd ggwéuk8innunity
must car ef gbtyeg¥anbhgihhabkfaUBArdeaponseslandacetiebyansachnaBDaRAt i gens.
In this case, it is inportant that _ any autoantige i ch, i.ncarporates
Abet a4?2 orméF%nen§§eoPe@6tEB§tﬁEZa&oes¥58F°iﬁﬁ%ée gﬁ%@rn%ﬁﬁrtysgo t he

nor mal APPogpg et el §s88d (dbsiypt The nossabneebbulalsf dhekicaad For

devel opi ng effective i mMmunot her apeuti c net hods fOéﬁ%%eatﬁgg Dit would be
desi rabl e FRHETERea25CFRAREABY 0y NERNOFBRASNFLRE BF e Fat B@Yr educt i on

of anyl oi dypkpguesk eadrEat! BWhAEnETBYBEZ AL EOBYWeblvaflet a%2tat ype anti gens
be determned. It would be advantagequs_to use know_edge of, &he 30
mechani sm el igepesrd Bragaéibedust PBA POREESEgRT gﬁﬁ%ﬁ%&@ﬁ?é conposi tions
and antigeps.that.iLnggepefate only those epitopes having beneficial

bi ol ogical activity. A further advantage is that such i mmnogenic
conposli@i ons can be designed to exclude those epitopes 4 WO 03/ 089460

PCT/ CA03/ 00502 Both Abetas, antigen and APP are self proteins and
therefore are not normally immunogenic in an individual
expressing these proteins. Consequently, attempts to
produce vaccines based on these antigens necessarily

15 require inducing autoimmunity. Moreover, any
immunization protocol attempting to induce autoimmunity
must carefully examine the immune responses induced by
such autoantigens. 1In this case, it is important that
any autoantigen which incorporates Abetay; or elements of

20 Abeta,, does not induce autqimmunity to the normal APP

protein and disrupt its normal cellular function.

For developing effective immunotherapeutic methods
for treating AD it would be desirable that the
25 immunological mechanisms of immune mediated reduction of
amyloid plaque load following immunization with Abetass

type antigens be determined.

It would be advantageous to use knowledge of the
30 mechanism of amyloid plaque reduction to design
immunogenic compositions and antigens that incorporate
only those epitopes having beneficial biological
activity. A further advantage is that such immunogenic

compositions can be designed to exclude those epitopes



i nducing harnful immunity. Therefore, a need exists for defined antigens
that induce very specific and limted imune responses to only aberrant
fornms of wbasmkms@ antigen. 5 A need al so exists for i mMMPCEENB/00502
conpositions conprising defined antigens that can be used in

i mmunot herapy to induce very specific and imted i nmune responses to only
pat hogenic fornms of the Abeta antigen. 10 In addition, it would be

advant ageous to isolate antibodies to defined Abeta epitopes having
benefi ci al i ndi®l 0gi K&FmPprOpemiast{or Tseréfopassaveeeédnurosherbpy. |t
woul d be further _advantageous to,devel op di agnostic assays f

det er ni ni e ERed ML PBsEPBF et g?%? %%r¥rg%?ﬁ%%%cb%ﬁ?n%}m%ﬁé%her an

Al zhei ner' spehseasespahtest towbhlybgpetiant r bormseaf nehe mbébai nmunogeni ¢
conpositions ~of Abeta antigens. A further need exists for identifying

i nhi bit or s2B¥13®H1t oi d deposition and fibril formation. 20 SUMMARY OF THE

| NVENTION The present invention fulfills the foregoing needs by providing
i mrunogeni ¢ cogkositions conp(isiR%presidues 25 4-10 (SEQ.ID NO 1) of the
anyl oi d pepti de® Apee@d42l EQERKE B SNEPY) 1EHIRRAGRACaSORB Fé?ﬁi%). The

anti gens ae%ﬁmyﬂﬁgeagﬁiﬁemaﬁt&?eﬂg ehatheapr psenkeiinyantion are usef ul
in treating zheiner's disease, for designing s IH_nDIe ulLe inhibitors
of anyl oi digepect Re6APENECasNIDCE| XERESEPECH EaGeAPs. LFHECPAVERTIOR furt her
provides aptibodiescthahibhi pdrhegthecAbstab4otorhanhbeeni antdgear ni nant .
The i mmunogent ¢ conpositions” and anti bodies of the present invention can
al so e uséd aadikinbdsiforoglipbe3p089REHIPRTFCAD3AE0565S

antibodies to defined Abeta epitopes having beneficial

biological properties for use in passive immunotherapy.
It would be further advantageous to develop diagnostic
assays for determining, as soon as possible after
15 treatment begins, whether an Alzheimer's disease patient
| will benefit from treatment with immunogenic compositions
of Abeta antigens. A further need exists for identifying

inhibitors of amyloid deposition and fibril formation.

20
SUMMARY OF THE INVENTION

The present invention fulfills the foregoing needs

by providing immunogenic compositions comprising residues

25 4-10 (SEQ ID NO:1) of the amyloid peptide Abetay, (SEQ ID

' NO:2) and known as Abeta.10). The antigens and
immunogenic compositions of the present invention are
useful in treating Alzheimer's disease, for designing
amall molecule inhibitors of amyloid deposition and as

30 diagnostic reagents. The invention further provides
antibodies that bind to the Abeta(s-i0) antigenic
determinant. The immunogenic compositions and antibodies

of the present invention can also be used in methods for



aneliorating the synptons of Al zheiner's disease by reducing the anyloid
|l oad in Al zheiners patients. In one enbodi nent, the present 'invention
provi des wb opegtdbdes represented by the formula (A n -- (PRYaA03/0¢8Bro - -
Abeta(4-10) -- (Cp wherein each of A, B and C are an am no acid residue

or a sequence of am no acid residues; wherein n, o, and p are independently
integers 10 ranging fromO to about 20; Th is independently a sequence of
am no acid residues that conprises a helper T cell epitope or an immune
enhanci ng anal ogretisgyarat sthpeens; odhrbzheiseeguatliteabetbegn Th is

directly connected 5 to the B.cell epitope,through a tide bond w thout
any space?eﬁﬁgiﬂﬁegﬁemﬁ@y PﬁdnﬁPédaﬁni%iég@?m?FﬁnETt%SgggOUt 5; and
Abeta(4-10) is (SEQID NGO 1) , or an analog thereof containing a
conservative amino acid substitution. 20 In gngrefeﬁned enbodi.nent, the

present inventi &R OBPoFrBESiBRNF mERGgRAFESEENPBYPEFORTF BFOYhAGEI ng

ant i bodj espubi ehespeeplbeahktrdbbpdthe apratyhoi d-beta peptide (SEQ ID

NO 2) conprisiggé an antigen, co rising 25 a T-cell epitope that provides
an effective anbfht of {TRbel1- n&lp and®ieBaeety épif%g@ consi sting of the

peptide Abeta {(#10)n(SESH! BsN\®W,: ling e@ndranaadptivadt ackl sesgdtiai n
enbodi nent, the present invention 3Q provides an inmunogeni c conposition
for induci B BhESIPEBEGCPLOATBOaAELH0dPELCTREY specifically bind to an

anyl oi d-bet a pephige:GORRr bSi RYd BNa2Bt E88ApeGABAELY Ratagéreel | epitope
that provides an effective anmount of T- ceIP hel p and a B-cell epitope
consi st@ ngrangpept fgeme0 to about 20;

Th is independently a sequence of amino acid
regidues that comprises a helper T cell epitope or an
immune enhancing analog or segment thereof;

when o is equal to 0 then Th is directly connected

15 to the B cell epitope through a peptide bond without any
spacer residues;

wherein m is an integer from 1 to about 5; and

Abeta(4.10) is (SEQ ID NO:1), or an analog thereof
containing a conservative amino acid substitution.

20

In a preferred embodiment, the present invention
provides an immunogenic composition for inducing
antibodies which specifically bind to an amyloid-beta
peptide (SEQ ID NO:2) comprising: an antigen, comprising

25 a T-cell epitope that provides an effective amount of T-
cell help and a B-cell epitope consisting of the peptide
Abeta(s-10) (SEQ ID NO:1); and an adjuvant.

In a certain embodiment, the present invention
30 provides an immunogenic composition for inducing the
production of antibodies that specifically bind to an
amyloid-beta peptide comprising: an antigen, comprising a
T-cell epitope that provideé an effective amount of T-

cell help and a B-cell epitope consisting of peptide



WO 03/ 089460 PCT/ CA03/00502 Abeta(4_10) ; and an adjuvant; wherein the
T-cell epitope is selected fromthe group consisting of: (a) one or nore
T-cell epwDopmsvsbocated N-terminal to the B-cell epitopePar/cAve/ocmee
protei n backbone, 5 (b) one or nore T-cell epitopes located Ctermnal to
the B-cell epitope on the sane protein backbone, and (c) one or nore
T-cell epitopes |located on a different protein backbone that is attached
through a covalent linkage to the protein backbone containing the 10
B-cel | epidepes i) A adtaaubdivenbod wisatein heh@risealli epeneponisprovi des
an i mmnogenj c coO sition having a B-cell ope and a T-cell epitope
e o

I epit
wher ei n t iEehe PR obRe 18TH %ﬁn%h?E%n%d$%:sequence sel ected fromthe
group consisti g) obnSEE | oNO 1 cSED ¢bi INd@s BECAt EIND-BermBREL | D NO 4,
SEQ ID NO'5; SEQ ID NO 6: SEQ ID NO.7; SEQ ID NO 8;, SEQ ID NO 9: SEQ I D
NO 10; SEG? O-r® B1cel spepibP .‘i%;t%%é?‘EFmEf‘i%?l%E]ba‘FE‘%)‘Rﬁfi4; SEQ I D 20
NO. 15; 5SEQ | D N@{L6onSEQ | oM #7ce BEQH D b6 481 0&EE:d | O- N dnaBEQ | D
NG 20; and SEQ ID NG 21. In another particul ar enbodj ne %b t he Bresent
i nvention BP0 %e%‘%ﬁlinﬁBhB@Eﬁi%nc5£%o§?T?dﬂr%5ﬁb?ié?ﬁg B8 af"dnt i gen and

an adj uvant, whegpi Bpsabd AdiEVaNEeTONPHiE65eONBoOALEAN EnSabSt ances
sel ected fromthe group consisting of aluninun1%ég% xi de, um num

phosphat e, A1 Ebp6aih, PraEeinAPaebPRe AFRZEOME, 24F | CBFgeeRdRey!

anmom um bggpi fehar vidikage P8l yasi gpsceFhepadrpe88PbeheadNing] tuant ,
N-acetyl muranyl -L-al anyl =D-i sogl utam ne, N

acet yl%fur aRytellt @PebAPE- D-i sogl utami ne, Freund's inconplete adjuvant, and
| i posonmes. 7 WD 03/089460 PCT/ CA03/ 00502

In a particular embodiment, the present invention
provides an immunogenic composition having a B-cell
epitope and a T-cell epitope wherein the T-cell epitope

15 has an amino acid sequence selected from the group
consisting of SEQ ID NO:1; SEQ ID NO:2; SEQ ID NO:3;
SEQ IDANO:4; SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7;
SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11;
SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID

20 NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ
ID NO:19; SEQ ID NO:20; and SEQ ID NO:21.

In another particular embodiment, the present
invention provides an immunogenic composition comprising
25 an antigen and an adjuvant, wherein said adjuvant
comprises one or more substances selected from the group
consisting of aluminum hydroxide, aluminum phosphate,
saponin, Quill A, Quill A/ISCOMs, dimethyl dioctadecyl
ammomium bromide/arvidine, polyanions, Freunds complete
30 adjuvant, N-acetylmuramyl-L-alanyl-D-isoglutamine, N-
acetylmuramyl-L-threonyl-D-isoglutamine, Freund's

incomplete adjuvant, and liposomes.



In anot her preferred enbodi nent, the present invention provides a nethod
for treating an individual afflicted with Al zheiner's di sease conpri si ng
adm ni st ewprg/os8aet he i ndi vi dual an effective anount of anPETIGNwBMNEE2NI C
conposition for inducing the production of antibodies that specifically
bind to an anyl oid-beta peptide (SEQ ID NO 2) conprising: (a) an antigen,
conprising a T-cell epitope that provides an effective anount of T-cel
hel p and a B-cell epitope consisting of 10 peptide Abeta(4_10) (SEQ I D NO
1) ; and (b) anradiu¥enbtr prafaerfuedt Bebopiréat;edhenpodiarmnt, the present

invention also provides a nmethod for .reducin he anmount ..of .anyl oid
deposits ihnvﬁ%ngaiﬁrBVléﬁsiﬁdW@FBa§|g?% thﬁﬁéPgdaﬂﬁ%ﬂdﬁY}ﬂgﬁ r's

di sease cogpristpdd adRhnNh3beeingrt 8 BheechBdi ¥ofipal sangef fective anount of
an i nmmunogeni c conposition for,inducing t he gr%duction of gntibodies t hat
speci fi cal RYMbRABEEE1RA &Ry FBRAIBELYIPEbt PReSEERECBENIST EoRpr P8I ng: (a)

an antigen; ndQn69BRL EStRApasIteshl repi tapact Agt tpeopirdascatoal becti ve
anount of T-cell  hel i i

. el p and a B-cell egltope consistlng of, Eegtide
Abet a( 4_103nf Speriesnehat) speghdics) L¥nPagfulbant? PRYAR*Ea8RtPonal
preferred gopedhEenteol i Roesentongbibauenti(an Anovkdegea, method for -
di saggregating the anyloid fibrils in the brain of an individual afflicted
with Al zhefaBPrisdngeasd -€6/pr EBLRGPEIRIALs PEPVAGSE0 2PhELLPREFVPdUal an

effective agpupt g ancbTIuRRIENLAG 60BRASHUI epikepel pdugiagihgeoproduction
of antibodies 30 that speC|f|caII¥ bind to an_anyl| oi d-beta peptide (SEQ ID.
NO 2) ldonppesthde ARptans-ant (TR, ITRNPrisi @ TOLeRP 2€pHTepe- t hat

provi des an effective amount of T-cell help and a B-cell epitope

consi sting of peptide Abeta(4_10) (SEQ ID NO 1) ; and (b) an adjuvant. 8
In a further preferred embodiment, the present

invention also provides a method for reducing the amount
6f émyloid deposits in the brain of an individual

15 afflicted with Alzheimer’s disease comprising
administering to the individual an effective amount of an
immunogenic composition for ihducing the production of
antibodies that specifically bind to an amyloid-beta
peptide (SEQ ID NO:2) comprising: (a) an antigen,

20 comprising a T-cell epitope that provides an effective
amount of T-cell help and a B-cell epitope consisting of

peptide Abeta(y.19) (SEQ ID NO:1); and (b) an adjuvant.

In an additional preferred embodiment, the present

25 invention provides a method for disaggregating the
amyloid fibrils in the brain of an individual afflicted
with Alzheimer’s disease comprising administering to the
individual an effective amount of an immunogenic
composition for inducing the production of antibodies

30 that specifically bind to an amyloid-beta peptide (SEQ ID.
NO:2) comprising: (a) an antigen, comprising a T-cell
epitope that provides an effective amount of T-cell help
and a B-cell epitope consisting of peptide Abeta(s-10) (SEQ
ID NO:1); and (b) an adjuvant.



WO 03/ 089460 PCT/ CA03/00502 In a further preferred enbodi nent, the present

i nvention

t her eof capablogg4ed bi nding to peptide

a certain

Abet a(4_10) (SEQ ID 10 NO 1),

f ragnent
i nvention

provi des an isolated anti body or antigen binding fragnent

5 Abeta (4_10) (SE®CIEANG0050b)

In

enbodi ment, the present invention provides an isolated antibody
or antigen binding fragnent thereof capable of binding to peptide

wherein said anti body or antigen binding

i nhibits anyloid deposition. In another enbodi ment, the present

provi des an isol ated anti body or antigen binding fragnent

15

t her eof capabl e_of b|nd|n ti de Abet . wherein
sai d antibody ofRaft f§ERD nHFESQFF§§n§W§°33W§QggréﬁaE%Eeﬁ 0|d fibrils.
| n anot her ; prehet badpeBhedereat, ibBeapeasant iBBdiynventhengpnovi des a net hod
for treating an individual afflicted w Pﬁh AIZE&B r's dlseaﬁ conpri sing

admi ni st er PREAEBIt RE2PRGIYI BigFeah EPPE
COﬁpOS@iIQﬂb@Qh& 1Or)eq@,g;@l;gsN@nmblnds to

Pvert ngt E9nPeRAt Hody

pepti de Abeta(4_10) (SEQ ID

NO 1) 25 In a certain enbodi nent, the present i-nvention provides a nethod

for treating an individual

adm ni stering t@ntgecek@ghﬁ'@Hﬁbdiﬁeﬁtfeﬁhbvﬁrégﬁﬂﬁt1ﬁﬁeﬁﬂlaﬁtlbOdy

conposi tion 30 which recognlzes and binds to peptide Aheta(4 10) (SEQ ID

NO 1), whePePHifRE aht il5eodyteenpBEitrel eBnpRLigst poRyeranaFadRefbodi es.

WO 03/0894@Hegg§écégﬁégﬁéogf bRAnaipar tbCykak igebadieran] .t NeEpr epent

i nvention
10

15

20

25

30

provides a nethod for treating an individual afflicted
NO:1), wherein said antibody oOr antigen binding fragment

inhibits amyloid depositiomn.

In another embodiment, the present invention
provides an isolated antibody or antigen binding fragment
thereof capable of binding to peptide Abeta(s-10) (SEQ ID
NO:1), wherein said antibody or antigen binding fragment

disaggregates amyloid fibrils.

In another preferred embodiment, the present
invention provides a method for treating an individual
afflicted with Alzheimer’s disease comprising
administering to the individual an effective amount of an
antibody composition which recognizes and binds to

peptide Abeta(s-10) (SEQ ID NO:1).

In a certain embodiment, the present invention
provides a method for treating an individual afflicted
with Alzheimer’s disease comprising administering to the
individual an effective amount of an antibody composition
which recognizes and binds to peptide Abeta(s.i10) (SEQ ID
NO:1), wherein the antibody composition comprises

polyclonal antibodies.

afflicted with Al zheimer's disease conpri sing

9



with Al zheiner's di sease conprising admnistering to the individual an
ef fective anount of an anti body conposition 5 which recogni zes and binds to
pepti de Avetoafg94a®) (SEQ ID NO 1), wherein the anti body eorpzeBHION

conprises a nonoclonal antibody. In still another preferred enbodi nent,
the present 10 invention provides a nmethod for determning if a conpound
is an inhibitor of anyloid deposition and fibril formation conprising:

contacting the conpound with the peptide Abeta(4_10) (SEQ ID NG 1); and
detecting the bhndipgrefcthercempodndent hthbeppeptnteint-ananonher 15

enbodi nent, the nmethod further conprises evaluatin e  fhe conpound
inhibits aﬁfPEFéeFiBrWthBéngPFoﬁggﬁ£199t?B.lF 13ﬁ§?ﬁ£¢a%?§%S%F§d
enmbodi nent witheaprasertr28 HN¥eALEOBoRpOYEIAS adfliagsosiiagnebhodef or

predicting the efficacy of an, active ipmu izatiog.ghgra for. Al zheimer's
di sease coiBfi¥iAyalndhi E6EFRELVRe2™AEYEI BpnEht 2BF 18R Vnﬁ%ﬁ@ofé§b8ﬂse to

the pepfidgnAbat abdogh@reESERY! PiN@s1}o phpeeta abpesiliye (BBUUDR response
to 25 peptide Abeta(4_10) (SEQ ID NO 1) indicates that therapy should
continue alN@:a)l avReEEINTRIRe2PELRBHY eCBFPRSYEAPT GRERTLAFENE response

i ndi cates tBabchbBerapyunshedly.be discontinued. 30 In a further preferred
enbodi nent, the present invention provides an i mrunogeni c conposition
conprising: an antigen, and an adjuvant; wherein the antigen conprises a

T-cell epitope ghaktRnavihdesnar %EE%%&E&@ cAbBURkeat  Tteel briekptand a
B-cell epitope consisting of . 10 WO 03/089460 PCT/ CA03/ 00502 the peptide
Abet a(19 10)nYSEDiPD KOoYideghar BEkheHe Lokt PEERTIBRGPEIEE &nCEMPRER e

protein structurahpg@Rtext oFobmyloid deposition and fibril
formation comprising: contacting the compound with the
peptide Abeta(s-10) (SEQ ID NO:1); and detecting the
binding of the compound with the peptide. In another
15 embodiment, the method further comprises evaluating
whether the compound inhibits amyloid fibril formation in

vitro.

In another preferred embodiment, the present

20 invention provides a diagnostic method for predicting the
efficacy of an active immunization therapy for
Alzheimer's disease comprising: monitoring the
development of an immune response to the peptide Abetas-
100 (SEQ ID NO:1); wherein a positive immune response to

25 peptide Abeta(s1o) (SEQ ID NO:1) indicates that therapy -
should continue and a lack of immune response Or a very
weak immune response indicates that therapy should be

discontinued.

30 In a further preferred embodiment, the present
invention provides an immunogenic composition comprising:
an antigen, and an adjuvant; wherein the antigen
comprises a T-cell epitope that provides an effective

amount of T-cell help and a B-cell epitope consisting of

.10



i nduci ng anti bodi es which bind to an i mMmune target |ocated in an
anyl oi d-beta peptide (SEQID NGO 2). 5 1In a certain enbodi nent, the present

i nvent i orwOpBo%d4des an anti gen, conprising a B-cell epitopel/csoeneion the
protein structural context of the B-cell epitope, which provides secondary
structural mmcry of the inmmune 10 target as it is found the anyl oi d-beta
peptide (SEQID NO 2), is selected fromthe group consisting of beta-
sheet, reverse turn, helix, randomcoil or a combination thereof. In
certain futhbepeptbadi nests ,-idhe (anQi gpnNOkL L} udksraiB- thkl apigepe

conprising a mmc of t 15, pepti de Abet 4 10).(SEQ I D 1) .
DETAI LED DEB@QF@?FQ%P@E%E’C% @ﬁ?wnzﬁgﬁéﬁW%‘%cﬁ@%ﬁétyg?Fom ng terms,
unl ess ot hepuiisenbndheabediesshnkbthbeinadesstnodminonbavergbe fol | ow ng

meani ngs: _Adjuvant -- refers, to substances, which be, m xtures 25 of
sdbstanceslPﬁaFeﬁréncéﬁbﬁﬁﬁaoﬁéfﬁeﬁﬁ BﬁPFbéﬁ 48E8eﬁﬁgﬁ8é8?he i munogenicity

of thegantigen in an inmmunogenic conposition. Adjuvants function to

increase the imune response against the antigen usuallé bg acting
directly on thelPnAuRErE§aieRMBREIBF pr ob8i R§TESEBF oW 36 FéPBase of the

anti gen. A?¥E@Egegebﬁ papt5de, (ABRb2)ising 8f 8reel v apytrepe,ovhareghoup of
peptides of 39-43 am no acid residues that are rocessed fromanyloid
precurser phet BrAtEAPPFLrAStUEad CORterr03f085266- PEFLCABIFOB502 herein,

Abet a42 re%ﬁHEPt?rbggdég @gbeﬁdégydsE%ﬁE@H?aﬁbﬁﬁﬁic@?prd@he|ﬂm@dﬁbtion,
Abeta(4_10) refers to the 7 am no’ acid_residue peptide of Abeta42from
resi dud 4 threeghasr asi dgefoondashgi amydsdd-PRtADPEPEAESI I(SBRI W, the APP

NO:2), is selected from the group consisting of beta-
sheet, reverse turn, helix, random coil or a combination
thereof. 1In certain further embodiments, the antigen
includes a B-cell epitope comprising a mimic of the

15 peptide Abeta(si0) (SEQ ID NO:1).

DETAILED DESCRIPTION OF THE INVENTION

20 DEFINITIONS
The following terms, unless otherwise indicated,

shall be understood to have the following meanings:

Adjuvant -- refers to substances, which can be mixtures
25 of substances that are combined with an antigen to
enhance the immunogenicity of the antigen in an
immunogenic composition. Adjuvants function to increase
the immune response against the antigen usually by acting
directly on the immune system and by providing a slow

30 release of the antigen.

Amyloid beta peptide (Abeta) -- refers to any one of a

group of peptides of 39-43 amino acid residues that are

processed from amyloid precurser protein (APP) . As used

11



5 gene undergoes alternative splicing to generate three comon i sof orns,
containing 770 am no acids (APP770), 751 am no acids (APP751), and 695

am no aciwe i3APR6®5) . By convention, the codon nunberi ngCaofCABeoI0DNgESt
isoform APP770, is used even when referring to codon positions of 10 the
shorter isoforns. Antigen -- the antigens of the present invention are
conbi nati ons of helper T-cell epitopes and B-cell epitopes. The hel per
T-cell epitope may be located N 15 terminal or Ctermnal to the B-cel

epi t ope omdheisanEbepo),yperetde backbene2 Thend- eelid epistidpe Akgtal so be

| ocated on a different epti de backbone t hat coval ent | ttached to
the pol ypepeRikd %ont%?dgﬁéxghgnB cRPet %ﬁr%bpﬁegggsmﬁgnth?o %Qéﬁgle a
smal | pepté@ﬁd'§es2@u§0y@¢@ﬂ§éYOflHB@ﬂaLpfﬁoﬁafésfduGDhethkeughch as

keyhole |inpet henpcyanin_to provide imunogenic¢ t er hat ly, the T
cel | ep|tdﬁ%shﬁyebéononA%o@hF%H?F?d é@s@%?%tgﬁtﬁ}i %?%8W %g? A%gltope by

combi nisng é@ﬁeTﬁﬁagrg§%§eéitéﬁhé@96el§p§1@@ﬁ@05btg@ﬁeﬁhté theeadj uvant. 25
Antigen processing -- refers to the process where xtracellﬁla 5 nti gens
from bact ePEIOR| + HSESTHF - Fﬁﬂﬁﬁb@éﬂ9c738nﬁ6§F?|6ﬁ% Sr éAFEKe B y antigen

present'ngaﬁfﬁésa&£6£3(ﬁwp%%ﬂocahessgsoam@hag@@yagsuﬁpp§g>Subsgquent|y, t he
antigen is fragnmented é osones or Iysosones and pepti de fragnents are

| oaded |nt©0@ﬁ@ntbpﬁd| ecrefes BEMRREIEPASE FhandoRERSEl 48STPF Ml ecul es.

12 WO 03/ 089460 PCL/ &é@é/ 00aA2,nént kQEQrPEﬁéeBba&bQBn oketepsast eft he
process where’ 'MHC “class | and MHC class || nol ecul es glnd short processed

pepti d®s andepeboshert hegEopwpti des on the cell surface for screening by T
cells through an interaction nedi ated

Antigen -- the antigens of the present invention are
combinations of helper T-cell epitopes and B-cell
epitopes. The helper T-cell epitope may be located N-
15 terminal or C-terminal to the B-cell epitope on the same
polypetide backbone. The T-cell epitope may also be
located on a different polypeptide backbone that is
| covalently attached to the polypeptide containing the B-
cell epitope, as when, for example, a small peptide is
20 covalently linked to a carrier molecule such as keyhole
limpet hemocyanin to provide immunogenicity.
Alternatively, the T cell epitope may be non-covalently
associated with the B-cell epitope by combining the T and
B cell epitope in a composition with the adjuvant.
25

Antigen processing -- refers to the process where

extracellular antigens from bacteria, viruses or
immunogenic compositions are taken up by antigen
presenting cells (APC) by endocytosis or phagocytosis.
30 Subsequently, the antigen is fragmented by endosomes or
lysosomes and peptide fragments are loaded into the

binding clefts of MHC class I and MHC class II molecules.

12



5 by a Tcell receptor. B-cell epitope -- refers to the part of the antigen
that is the target of antibody binding and is also known as the antigenic
det er m nawD.03®B8r46(pr ot ei n antigenic 10 determ nants, the BPceldaogpiioope
refers to amno acid residues in a particular 3-di nensional arrangenent
usual ly corresponding to the native structure. Unlike T- cell epitopes,
B-cell epitopes can be exquisitely sensitive to protein conformation. 15
Ef fective anount -- refers to an anount of the i mrunogenic conpositions,
anti bodi espptigshi geasbhbdt hgn fragetatrs vd the pnveassowhehatMACconpl i shes
any of the _defined treatnent goals. Effective.anount |s_al i nt ended
to incl udeShdtR Er%ﬁ%yM%Et?@aﬁgd #h@?gégﬂiFﬁ bﬁgggsg?rkhgrgéﬁ%%gﬁtions,

ant i bodi espept aptkogndbbnesegr thageepeptitieseoh. thiel pet1Tsuefbcepi t ope --
hel per T-cell epitopes (Th 25 epito ar eptides that bind.t C cl ass
Il nol ecul 83T &r¥CEREHE PY ECF?ggFeEg%ﬁ¥gg EEIth?BaBF69Pd@eﬂéﬁgegE t he
form ofs cytpkhnesctp1Bregkbsotor generating an antibody response to an

antigen. The MHC class Il nolecules are |oaded with processed peptide
fragments of fromabout 7 30 to about 30 residues in length, in cellular

conpart mengscet hakpepppUni cat-erw-khrbhenexpraeebbutae gavigeamentt
Therefore,fhefgér_%—tggg epi topes generally represenﬁ f%rei%n grotein
fragnents. 133t barogb4ed pretibads/ boBe213) AitnéSt ar§et “OWHef8rs to the

actual 3-digenshedghniepktereminahtve) ok bHheramil ahdigepesit or _
C|rculat|ng Abet a”peptides that the B-cell epitope within the antigen is
at t enptd ngdebeniinant ant Fhpr BrepAlafpPibeRregefers to amino acid

residues in a particular 3-dimensional arrangement

usually corresponding to the native structure. Unlike T-
cell epitopes, B-cell epitopes can be exquisitely
sensitive to protein conformation.

15

Effective amount -- refers to an amount of the

immunogenic compositions, antibodies or antigen binding
fragments of the invention that accomplishes any of the
defined treatment goals. Effective amount is also

20 intended to include both prophylactic ana therapeutic
uses of the compositions, antibodies or antigen binding

fragments thereof.

Helper T-cell epitope -- helper T-cell epitopes (Th

25 epitope) are peptides that bind to MHC class II molecules
and serve to activate CD4+ T cells to provide help in the
form of cytokines to B-cells for generating an antibody
response to an antigen. The MHC class II molecules are
loaded with processed peptide fragments of from about 7

30 to about 30 residues in length, in cellular compartments
that communicate with the extracellular environment.
Therefore, helper T cell epitopes generally represent

foreign protein fragments.

13



5 generally are specific for particular sequences of amno acids in a
particul ar secondary structure. ldeally, inducing antibodies to the

ant i gen mvoios/ogff46d he epitope results in the production ofPCartAoboeiozs t hat
recognize and bind to the native epitope as it appears in the 10

pat hol ogi cal anyl oid deposits or circulating Abeta peptides. |Immnogen --
refers to an antigen that proves to be immunogenic. 15 |Immunogenicity --
refers to the ability of an antigen to provoke an i mune response.

Anti gens, imm@eset@tgetust rbeenssosi ahedasitdl ahidieenpiesehting cells in
order to e 1nmmunggenic. Many factors influence inmunogenicit

i ncl udi ng RtFERA gg@%}v§}rﬁ%tﬁ?%,a@%gﬂ%ﬂcé?p%%bFe%ro?l ?%#%#b% ess,
presence ofpadhuyaptidésntngr condi Bi6810fepibteppaiieninashaebht agent her
genetic factors. Peptide -- refers to_a small, nunber sually 2 or nore,
25 of ani nbSadFESPFHREJEP ofRTher . POFypRpeTa n-gnF%?aaée?o | onger chai ns

of am o agifsralipkadet ggetheic but phibiseysencequentesgbh geneocal |y
undefined. The terns protein, peptide_and go#zgeﬁtide go ¥&II occasional ly
be used i ne@t8RahBeAbPFLLPFBHRECEBES AR her tTUCE F epi T8FR 1Y refers to
hel per T ¢ghli-eRgt QRESHEERABI o0tnkndHEi§en TmeRLE 8€t tHat epptopesponses (T
cell help) in large nunbers of individuals, 14 W 03/ 089460 PCT/ CA03/ 00502
expressing?@ﬁVéF%e1N+EﬁﬁaEF6@95Eé?ni?E.?néleﬁﬂé?ﬁcﬁ py TBFOER$E®popul ati on.
Such Th epihLgpgsnhupst iR hAtMBBYepdibper got it ndppidual snotha het er ogeneous
popul ation and are considered to e_Eroniscuous Th epitopes. 5

10 pathological amyloid deposits or circulating Abeta

peptides.
Immunogen -- refers to an antigen that proves to be
immunogenic.
15
Immunogenicity -- refers to the ability of an antigen to

provoke an immune response. Antigens, in general, must
be associated with antigen presenting cells in order to
be immunogenic. Many factors influence immunogenicity,
20 including antigen size, structure, sequence, degree of
foreignness, presence of adjuvant, immune condition of

the patient as well as other genetic factors.

Peptide -- refers to a small number, usually 2 or more,

25 of amino acids linked together.

Polypeptide -- refers' to longer chains of amino acids

linked together, but with sequence or length generally
undefined. The terms protein, peptide and polypeptide

30 will occasgionally be used interchangeably.

Promiscuous helper T cell epitope -- refers to helper T

cell epitopes capable of inducing T cell activation

responses (T cell help) in large numbers of individuals

14



Protein or pol ypeptide backbone -- refers to the repeated unit
representing an amno acid as part of a protein sequence. The pol ypeptide
backbone worgiosuso of t he sequence of three atonms: the amPde/aNoBoOE®2N
(N-H); the 10 al pha-carbon (C); and the carbonyl carbon (C=0: which can
be generally represented as follows -NNCC Protein -- generally refers to
specific chains of amno acids having a defined sequence, |ength and

fol ded 15. confornmation, but protein, polypetide, and peptide may

occasi onal éyphessiseg dnvershamgebhypldtesdaent . or, taegénagicallncl ude the
follow ng goals: (1 reventin ndesirabl e s tons. or pathol ogi ca
states 2 ?Y%ﬁ?%d%%??fﬂbl?%'a gﬁ%?ef@ ﬁﬂﬁt%%iggg?nggfo egﬁ %%gnosed as
havi ng t hegi rf2Yyehthi Bit{Dguandest r abhetesygphesss opopal Aokogi gadl st at es,
i.e., arresting their develognent;.or %3% ageliogating or relieving
undesi r abl 8¢ syt bAere? pat Rol BEPRAPFCYEt et FPRYOPEHusi ng regressi on 25
of thesgundesirable synptons or pathol ogi cal states. The conpositions and
nmet hods of the present _invention stemfromthe_discovery by these

i nvent or s PraEeinngfineok¥aeRt2der BAGKPPRRs T ntGRFFBi Bopﬁéauﬁeagﬁggﬁts and
30 the corypgspopdhne=EAPIAYCARNLGI O §008i hkVEaltneti anpeateihe medi ated by
specific antibody responses to a  particular 1 mune target or B-cel
epi t ope i NSAGEERID: h?sp@}YP?EEFdPnﬁﬁﬁ%b?ﬁ?g%?nﬁAEt?dgﬁtFgFed by the
present ipuentors 88 [BsbAUSSoAs 10t hERMRSE) nt SEQLR NQ-f) ;0tnd5 WO

03/ 089460 PCT/ CA03/ 00502 Abetad2 which corresponds to residues 675 through
681 ofL0 t halahyterubpredt) sornpr bREI RATRAPPYL GREBPRI N§=Pé *t HB1Bodon
nunberi ng ghatBe LOROESL1|SOLALALCARRETDs A818ousongequence, the present

i nventors have el tci dated” an i mportant i nmmunol ogi cal mechani sm of i nmune
medi at ed

Protein -- generally refers to specific chains of amino
acids having a defined sequence, length and folded
15. conformation, but protein, polypetide, and peptide may

occasionally be used interchangebly.

Treatment or treating -- include the following goals: (1)

preventing undesirable symptoms or pathological states

20 from occurring in a subject who has not yet been
diagnosed as having them; (2) inhibiting undesirable
symptoms or pathological states, i.e., arresting their
development; or (3) ameliorating or relieving undesirable
symptoms or pathological states, i.e., causing regression

25 of the undesirable symptoms or pathological states.

The compositions and methods of the present
invention stem from the discovery by these inventors that
immune mediated reductions in amyloid plaque deposits and

30 the corresponding improvements in cognitive function can
be mediated by specific antibody responses to a
particular immune target or B-cell epitope in Abetay:.
Thig critical immune target was identified by the present

'inventors as residues 4-10 (FRHDSGY) (SEQ ID NO:1) of

15



reduction of anyloid plaque load follow ng i muni zation wth Abetad42 type
antigens. The present inventors have discovered that 10 anti bodi es

recogni ziwg oatgb4b6 ndi ng to resi dues 4-10 (FRHDSGY) (SEQ IPDTNRA03)N00L

Abet a42, inhibit Abeta-fibril formation and Abeta neurotoxicity. In
addition, the present inventors have discovered that antibodies
recogni zi ng and binding to residues 4-10 (FRHDSGY) of 15 Abeta42,

di saggregate preforned fibrils of Abetad42. Further, the present invention
di scl oses pBataantwihhedti esrgeperated dudsigiuammseis attirerugii t68 1Akt a42

abrogate in_ vitro cell death elicited by ta. 20 _The present invention

was carrieHhﬁu?mﬁgPﬁg ?ﬁéﬁﬂﬁgorn958%§éna(ﬁ§§gv FSFOﬁéﬁﬁﬁ RB.%$8CRND8 m ce

are usef ul cagonantiBdekihgr oADchecavagekbeysedory, arresrn dasbhe nut ant

APP695 transgene under the control of the ?rign %rohein noter, and show
pEEdE*nd

r
progr essi vECREBAHEN SR oA 16f PAGEERA2 18Pk BﬁFﬁﬁggaaﬁﬁloid pl aques
in the 5:er@ﬁg@ktaﬁer&ﬁﬁhuhalagﬁaeamame@hagﬁ@mhakl Aafmkinef mAB) atkdt s
acconpani ed by progressive coggitive i@EgirEegg. See .Chishti et al., J.

Bi ol . Chented2epionsgs- 57y P200P) 2I¥6 8368920 FCHIEREIFG5562 The
present inwgehiggegggymw§%aaﬁﬂﬂggﬂgﬁ specifically directed to the
N-term nal peptide of Abéeta that were generated during inmunization of

C57BL6 x C3H nice with protofibrillar forms of Abeta42. The present 5

invention furthepeppovides thecAbeha saddeasebRdREEY thaSEQ | D NO: 1)
corresponding to Abeta(4_10), which _represents a critical epitope for

pr ot ectq veankibAPigsf sRCOARARANFePNs Bieddsd. trn T&EdIUESN 2 the present
| nvention (b4aRLEL) esEbhepARel.a( 4ck0hoaRbL oPeL ARSI IHBRNE- fangat for 10
generating beneficial protective imunity in patients |

formation and Abeta neurotoxicity. In addition, the

present inventors have discovered that antibodies

recognizing and binding to residues 4-10 (FRHDSGY) of

15 Abetay,, disaggregate preformed fibrils of Abetays.
Further, the present invention discloses that antibodies
generated during immunization with Abetas, abrogate in

vitro cell death elicited by Abeta.

20 The present invention was carried out using TgCRND8
mice as a model for human AD. TgCRND8 mice are useful as
a model for AD because they carry a human double mutant
APPsos transgene under the control of the prion protein
promoter, and show progressive accumulation of Abetay

25 peptide and neuritic amyloid plagues in the cerebral
cortex (a neuropathologic hallmark of AD) that is

\

accompanied by progressive cognitive impairment. See

Chishti et al., J. Biol. Chem., 276:21562-570 (2001).
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afflicted with Al zheimer's di sease. ANTI GEN PRESENTATI ON Anti gen
presentation refers to the nolecular and 15 cellular events where protein
ant i gens wpa3psden up and processed by antigen presenti n@Ceratdos/o¢dPC). The
processed antigen fragnments are then presented to effector cells, which
subsequent|ly becone activated and initiate an i mune response. The nost
active antigen 20 presenting cells have been characterized as the

macr ophages (which are direct devel opnental products from nonocytes),
dendritic cell sThangreeehai AnBetelibsa. pkeyidekeanktabophiagers in the antigen

e a pol y RBEphAUC dbHe CLARFT S0 AP0 thBONGE Ey e 683d DR T4, 861 BHRRown as
the naj or Eh&tocéeﬁaatgehemudcam&h@g MheuniZhe iMbHCogl asyrl.cardceHass | |

nol ecul es in humans are ted_as HLA ( n leu te antigen)
nol ecul es. mBGeCﬁFFélﬁrﬁﬁéfﬁB g& Pé&s PEW@tPSnAEg%E#%pIg@“%ﬁﬂﬁﬁﬁa | ecul ar

fragnenis gnvtheisur fagenel gebhsderdihe abeehl skaentleimrupgeggnition by T
cells and other immune systemeffector cells. See D.H, Margulies, The

Maj or  Hi st{(&EGnPBRt NRi: L) tV°€6ﬁ§P€% lnﬁptOZé@e§§5*ﬂﬁ Fid&Rental 17 WO

03/089460 Bgﬁkgégﬁkgoéo%rlkq@%ﬂ0|%ﬂ%o Bowbt-h pEdickicenveEdinee iy WOk Pau
Li ppencott - Raven, Phil adel phia, P 8 Further MHC «class I and class

|1 ol ecul &4 zZhagABEIdR @ésﬁﬁﬁ@ pe§P|é@éltﬂﬁnaanﬁe@r§ﬁ§§§nﬂpﬁ6n5épps and

then to 'n%ﬁ'éﬁﬁﬁf‘ﬁ‘etsh t@i@BA@e-anz?l% Ié%ﬁ%%?p@r 2.s0Rt Renswl aceqet Fogel | s.
More specifically, MC cl ass ecul es " bind and present sanples of the

cel | s b pepeirasdng henediled aleFofessive dyrwddtve 1pr HB&18EESde novo
transl at ed \ichUs 10 316 1 Wik ARid0ensgs sMdGCl ass | nol ecul es general |y

ANTIGEN PRESENTATION
Antigen presentation refers to the molecular and
15 cellular events where protein antigens afe taken up and
processed by antigen presenting cells (APC). The
processed antigen fragments are then presented to
effector cells, which subsequently become activated and
initiate an immune response. The most active antigen
20 presenting cells have been characterized as the
macrophages (which are direct developmental products from

monocytes), dendritic cells, and certain B cells.

Key molecular players in the antigen presentation

25 and immune response process are the MHC molecules, which
are a polymorphous gene family chromosomally coded in a
region known as the major histocompatibility complex Mhc.
The MHC class I and class II molecules in humans are
designated as HLA (human leucocyte antigen) molecules.

30 Certain MHC molecules function to display unique
molecular fragments on the surface of cells and to
facilitate their recognition by T cells and other immune
system effector cells. See D.H. Margulies, "The Major

Histocompatibility Complex", pp. 263-285 in Fundamental
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present peptides of fromabout 7 to about 16 residues in |ength which are
recogni zed by CD8+ Cytotoxic T cells. WMHC class | nol ecul es are invol ved
in ef fectwog3wgmeo cytotoxic T cell response wherein cell sPChatAcanesoz nf ect ed
15 with a virus are killed. The present invention is concerned primarily
with T cell epitopes which serve to activate CD4+ T cells that can
provide help to B-cells in generating an anti body 20 response to an
antigen. Helper T-cell epitopes (Th epitope) bind to MHC cl ass |

mol ecul es, Twhi.eb1a6e, | cadednh wdihiphoceaseddpept ide.f pagients of from about

7 to about 30 residues in length, in cellular artoen th
connunicatélRPFHCPHE‘8???&eePpghégegﬁbFﬁonﬁén#18%52'D.ﬁﬁrgggrwg&gﬁlies,
" The Nhj0rcﬁb§§°§°€ﬂﬁtEQEEEtchﬁ6mb@ﬁ1espﬁunc2@3n285 bmnaupdpﬂeaéa
| mmunol ogy, Fourth Edition, Edited _by WF. Paul penc veB,

[

Phi | adel phig, apAl@@@gQ@f@@ﬁF@@S.é@}lSwﬁpé 5&@?.58|&P|$ra cW&

nol ecules bi pd1and-pegsent sanphessai-rpept bees, cuhieh are 30 ingested by
the antigen presenting cell fromthe inmediate extracellular environment,

to CD4+ T cells. The CD4+ T cells then becone activated and then provide

hel p in the formeL %bge&fa%%lu?-Bmgélbiaggrzph@q@@hnas anhibediges. In
humans, the IMHC cl ass nol ecules 18 WO 03/ 089460 PCT/ CA03/ 00502 conprise

t he HLA-DRPrﬂEAnDQﬁQW@lﬁﬁAD@Ptﬁ@l€@&ﬂésowﬂhP@ﬁt1§@€urlpﬁ 1ydirgus

geneti cal | gnagg,@ﬂoa' | el gfcosl;fi%c' BRURRGERI C eOMRRS tirans 18k cbheipuasent 5
i nvention conprise antigens having a B-cell epitope and a T-cell epitope

that at@ peodesvmdramtitpoesent edlHis clpest &i ACECHAFE gENEraghEnt s by MHC
”m%W%ga%&ig%%yd%% i Ledutant kaeplesart iag:eekksinand are

recogni zed nphocytes as effector ce
length which are recognized by CD8+ Cytotoxic T cells.

MHC class I molecules are involved in effecting the
cytotoxic T cell response wherein cells that are infected

15 with a virus are killed.

The present invention is concerned primarily with T
cell epitopes which serve to activate -CD4+ T cells that
can provide help to B-cells in generating an antibody

20 response to an antigen. Helper T-cell epitopes (Th
epitope) bind to MHC class II molecules, which are loaded
with processed peptide fragments of from about 7 to about
30 residues in length, in cellular compartments that
‘communicate with the extracellular environment. See D.H.

25 Margulies, "The Major Histocompatibility Complex", pp.
263-285 in Fundamental Immunology, Fourth Edition, Edited
by W.F. Paul, Lippencott-Raven, Philadelphia, PA
(1999) (Margulies). More particularly, MHC class II
molecules bind and present samples of peptides, which are

30 ingested by the antigen presenting cell from the
immediate extracellular environment, to CD4+ T cells.

The CD4+ T cells then become activated and then provide
help in the form of cytokines to B cells for producing

antibodies. In humans, the MHC class II molecules

18



10 In order to assure an effective i munosurveillance, the physiol ogy of
IMHC nol ecul es is designed so that they can present as broad a spectrum of
ant i geni cwpepisdes as possi ble. Consequently, the copy necivaracehosazdefi ned
15 antigenic peptide on the cell surface of antigen- presenting cells is
very |l ow (magnitude 102 of a defined antigenic peptide given a total
popul ati on of approximately 105 peptide receptors). This neans that a

very het erogeneous m xture of antigenic peptides bound to 20 WHC nol ecul es
("peptide tbgentdse)the BKposrR( BDAtbE &rtll HLAUDPameletulhe, which

antigen-presenting cells. The term!”T-cell epi " refers to a sequence of
a proteinoﬂﬁ?ﬁhl%rVﬁﬁéoﬁﬁo@?nﬁﬁlﬁﬁ%%¥a??3ﬁgo?£g§§$ST hel per 25 (gh)

| ynphocytes after antigen processing and presentation of the peptide in the
bi ndi ng pocket of an MHC class Il nolecule. The al pha/beta T cel
receptors on thBSsHIFHERIGPLF ceMPesihigPdcPtwFPh ﬁ@sﬁﬁbtide MHC cl ass

|| conpy exjnwbheNoseryRpraset BALSEEAY| Heviag 30BaetiltakpoBopdsandrasul t,
the native conformation of the T cell epitoge i S not % ortant, but only
the primar§-cebyueREECRAICPRE abFI PEYCEESBANEREoPECFSPEFEUREr MHC

mol ecul e. 49-V0; 9350884601 BETFCAGREADS0By e pbesenlleknyanthen relates to
pepti des, preferabI% synthetic peptides, whi ch are capabl e of inducing

ant i bodi esSHEERASt OpafRoFa4iLEdl "PBEHFCBI PABEERT 18FcRe4<SI h8RE #BGNnd in

anyl oi d pl aguegnandal Byf bbull §-1yRohBBYREgeRsCEEY¥eotod pEptide refers to
the ability of” the peptide to i nduce an anti body response conpri sing
anti bodl es that specifically recognize and bind to a "B-

In order to assure an effective immunosurveillance,
the physiology of MHC molecules is designed so that they ‘
can present as broad a spectrum of antigenic peptides as
possible. Consequently, the copy number of a defined

15 antigenic peptide on the cell surface of antigen-
presenting cells is very low (magnitude 10? of a defined
antigenic peptide given a total population of
approximately 10° peptide receptors). This means that a
very heterogeneous mixture of antigenic peptides bound to

20 MHC molecules ("peptide ligands") is exposed on the cell

surface of the antigen-presenting cells.

The term "T-cell epitope" refers to a sequence of a

protein which brings about an activation of CD4+ T helper

25 (Th) lymphocytes after antigen processing and
presentation of the peptide in the binding pocket of an
MHC class II molecule. The alpha/beta T cell receptors
on the surface of T cells interact with the peptide MHC
class II complex, which serves as the stimulus for

30 activation. As a result, the native conformation of the
T cell epitope is not important, but only the primary
sequence and the ability to bind to a particular MHC

molecule.
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cell epitope"” or "antigenic determnant” within the 10 peptide. See R N
Germain, "Antigen Processing and Presentation", pp. 287-340 in Fundanental
| mmunol ogyp 03Mgad4sd h Edition, Edited by WF. Paul, LippenceCTARagses2

Phi | adel phia, PA (1999) (CGermain). In order to be immunogenic, a peptide
containing a B-cell epitope nust 15 be presented in conjunction with an MHC
class Il antigen or a class Il T cell epitope. The T-cell epitope is

usual |y processed fromthe i mmunogen during antigen processing by

ant i gen- pr esent Thg pebbénandnbbﬁn1bhndslhoebheowbépcﬁdss Il nmolecule in a
sequence s ecific nne Ger.mai n cla T cell epitope
conplex is ?EEB@HE?e&YB§h€B&$ ?ep§ﬁ8ﬁ8¢yWQ§CbTﬁr€eFF??Ei?th cells haee

t he abiIitynagc@agsantﬂboaﬁ@blBgaaheenpathospgabbucfBrmelbg pbedacing

ant i body nol ecul es that abl e_of ni zi ng .the associated B cel
epi t ope’ fr BHFB52EhE BF@S% Enﬁﬁ8é8ﬁd Phi uth3%8r6Hu%ﬁ% ﬁhgf an
anti body, which is specific for a particular B cell epitope, is linked to

the presence of a T cell.epitope wthin or sociated with . the i nogen.
30 Anot her coonW@&FPSﬁnéFﬂ§¥sOﬁhénpﬁﬁélgﬁtFG% s tRothes agéﬁé% rrEuotein

Si nce Abetgpikspapsekk Rel agdliee bh afiReBbdynetspomisl @oa@hzhngpl t opes that
i nduce Iynphoc te activation and, thus, an anti body response agalnst

itsel f. Theret PéleﬁoﬁéﬁgnSPe€é¢PCéB#ﬁo5€§Oﬁa&éet&nﬁebéédmépoéf 89460

PCT/ CA03/ 00392 prewbded By rianehudinie seeehiisaseauanees ndenieved from
potent foreign imunogens including tetanus toxin, pertussis toxin, the

meas| €0 vi peBtEdprot EER ﬁn@'tﬁ@rmﬁéﬁatfﬁﬂ§lgeﬂIBEQ%ﬁﬁﬁéEbﬁﬁﬁlgen (HBsAg)

and ot hers el | e guen JBE I NGLkeed t he sane
protein bacf%ggg%gng e B—?p %%gpﬁﬁgpg%'%ﬁékh |§H%ﬁé Y.

Fourth Edition, Edited by W.F. Paul, Lippencott-Raven,
Philadelphia, PA (1999) (Germain). In order to be
immunogenic, a peptide containing a B-cell epitope must
15 be presented in conjunction with an MHC class II antigen
or a class II T cell epitope. The T-cell epitope is
usually processed from the immunogen during antigen
processing by antigen-presenting cells and then binds to
the MHC class II molecule in a sequence specific manner.
20 See Germain. This MHC class II T cell epitope complex is
recognized by CD4+ T-lymphocytes (Th cells). The Th
cells have the ability to cause the proliferation of
specific B cells producing antibody molecules that are
capable of recognizing the associated B cell epitope from
25 the presented immunogen. Thus, the production of an
antibody, which is specific for a particular B cell
epitope, is linked to the presence of a T cell epitope

within or associated with the immunogen.

30 Another complication arises when the antigen is not
a foreign protein. Since Abeta is a self molecule, it
should not contain any Th epitopes that induce lymphocyte
activation and, thus, an antibody response against

itself. Therefore, foreign T cell epitopes have to be
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Abet a(4_10) peptide. The location of the T cell eiptope my be either
N-termnal to the B-cell epitope or CG termnal to the B-cell epitope.

Al ternatiwelog/osube T 10 cell epitope may be provided on aPSEEa0avV&SOpr ot ei n
backbone, known as a carrier nolecule, which may or may not be covalently
| inked to the peptide containing the B- cell epitope. 15 Additional T cel
epi topes can be selected by follow ng procedures well known in the art,
such as by acid elution and nmass spectroscopy sequencing of MHC C ass |
bound pept pdegifeancymusoatiihgi bpepticiti edquehass Beriokdcikes as

di scl osed 1 n Rudensky et al., 20 Nature 333:62%-227 glgglg' Chicz et al.,
Nat ure 358P9B8DC768TF1§92 ) MILRAIRNRL 18 1EAINISERLAPES258%1B17- 1820 (1992),
t he di scl opuressef swhbghnar enbemebyleBCoipasaregrobyinebatenne in their
entirety. 25 ldeally, the Th epitopes sel ected_are gr ferﬁblg, capabl e of
eliciting FepaFLtast PuXirys FESHBASeENFTIER! IIHBRERD) *PY PEFGESnunbers of

i ndi vi dpal guexpressing @i vepee seMienbapl pbypes. ifbisdegass that shhese
epi topes function _in many different individuals of_ a hetero%eneous 30
popul at i onPERBCARePasKSCEEr 88 tBEDB-FFEoM §REEGRSThWREFt dFeSMPr oni scuous

Th epi t opegpREQy] g6 doprdvant agee 9bcakieht bEJtRet enteant kipbepa _
anti body' responseS in nost nenbers of a genetically diverse population. 21
WO 03/ 0894B86YPEF €AGBLO0NoZerThaat kel f&Ff BpiredpeSPafoPRi §Ti hvention are

sel ected not AALY1f @G 21EARACEEY ERicRPEE | ATHBENLEIRANGESthe FOSt  menbers
of a given population, but also for a Capacity to cause nenory/recal

responses. CEhé eR$topE TEivt PeoProVAdREN Opati ERPSTRECePYPREG 1 Rbet a

im[”mnot her apyiWohk , akhRAdY ashaveahese d mpHRiaed Wbl chhRapediakii,c vacci nes

not be covalently linked to the peptide containing the B-
cell epitope.

15 Additional T cell epitopes can be selected by
following procedures well known in the art, such as by
acid elution and mass spectroscopy sequencing of MHC
Class II bound peptides from immunocaffinity-purified
clase II molecules as disclosed in Rudensky et al.,

20 Nature 353:622-627 (1991); Chicz et al., Nature 358:764-
768 (1992); and Hunt et al., Science 256:1817-1820 ‘
(1992), the disclosures of which are hereby incorporated

by reference in their entirety.

25 Ideally, the Th epitopes selected are, preferably,
capable of eliciting T cell activation responses (T cell
help) in large numbers of individuals expressing diverse
MHC haplotypes. This means that these epitopes function
in many different individuals of a heterogeneous

30 population and are considered to be promiscuous Th
epitopes. Promiscuous Th epitopes provide an advantage
of eliciting potent anti-Abeta antibody responses in most

members of a genetically diverse population.
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nmeasl es, nunps, rubella, diphtheria, pertussis and tetanus. These patients
have therefore been previously exposed to nore than one of the Th epitopes
present iwWODG/084360 i mrunogen mi xture. Such prior exposure mray/d®3ne®tul
because prior exposure to a Th epitope through inmunization with the
standard vacci nes should establish Th cell clones, which can i medi ately
respond and provide help for an anti body response. 15 The hel per T-cel
epitope is a sequence of amno acids (natural or non-natural am no acids)
t hat conprises TheTh nenp@peepﬂtbpépebfTEhEbl1npembpencanecaakeste@f a
conti nuous or dlfgogtlnuous gg t ope. Hence not ev am no aC|d resi due

of a hel pefoF-cR BFt BpEAPECHEY r EGuFFeEe paF U Bf Y%%p%ﬁf?%p%n "R2E5r di ngl y,

Th epi t opesembéns! gdi Agganehogspandt segeEpLs aisahfepléopaﬁacatg toapabl e
of enhanci ng or sti nul tlng f i nmune respogse tot nodom nant
Hel per T-c%@PS%pWFEBE¥ LPESht 058FYCB8SF eact eV aﬂ?%ﬁflgﬁd uman

popul aty ongumkh hput dlehys Qé&@iﬁ@ﬁ Ab@%&ypﬁﬁunSEBeEEbYSwe11ahlréadynnunol
140: 1808- 1815 (1988): Denptz et . 142:394- 402 (1989): Chong
et al. |nfB&ve PRATINIMEENABEE- ﬂﬁﬁﬁ tbﬁQEggya?ﬁéchg?ﬁﬁ?n?sc8 | epitope of

the subJeCheéeleggtmdﬁ§sha§ubé9maab@uph&ﬂeteaabpgttﬁgsag1aﬁdacuds
preferably fromabout 10 to about 40 am no aci d resi dues nDre}greferably

f r om about t2baEBSabolifeS6 BATHBREEI B2VEeENAGEEOT 8y RBRCHOPESBLBFELEbI y from

about 10 tgy g@gga 20 mBrknenaai dnkeskdyns, Tﬁre§ﬁ€B§é§bbYeééﬁﬂ1@hOUt 10 to
about 22 WD 03/089460 PCT/ CA03/00502 15 am no acid residues. %n mul tip

hel perlOT- cBhe iwpinepes BistBFesenfufh. BriAS PXPPREBRCRRN Rel PEFTHicel
epi t ope 'Sbé@QﬁB@”g@QBEYekﬁgsﬁﬁgeter dTﬁfgﬁﬁﬂbpe through

immunization with the standard vaccines should establish
Th cell clones, which can immediately respond and provide
help for an antibody response.

15

The helper T-cell epitope is a sequence of amino

acide (natural or non-natural amino acids) that comprises
a Th epitope. A helper T-cell epitope can consist of a
continuous or discontinuous epitope. Hence not every

20 amino acid residue of a helper T-cell epitope is a
required part of the epitope. Accordingly, Th epitopes,
including analogs and segments of Th epitopes, are
capable of enhancing or stimulating an immune response to
Abeta. Immunodominant Helper T-cell epitopes are broadly

25 reactive in animal and human populations with widely
divergent MHC types. See Celis et al. J. Immunol.
140:1808-1815 (1988); Demotz et al. J. Immunol. 142:394-
402 (1989); Chong et al. Infect. Immun. 60:4640-4647
(1992) . The helper T-cell epitope of the subject

30 peptides has from about 10 to about 50 amino acids,
preferably from about 10 to about 40 amino acid residues,
more preferably from about 10 to about 30 amino acid
residues, even more preferably from about 10 to about 20

amino acid residues, or preferably from about 10 to about
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5 Hel per T-cell epitope may include anal ogs, substitutions,, deletions and
insertions of fromone to about 10 amino acid residues in the hel per
T-cell ewDtoopsr46The hel per T-cell epitope segnents are @ECWIGAYPBOL®2
portions of a helper T-cell epitope that are 10 sufficient to enhance or
stimulate an i nmune response to Abeta. The hel per T-cell epitope may be
separated from the B-cell epitope by one or nore spacer am no acid
residues. 15 Th epitopes of the present invention include hepatitis B
surface ani$9£ﬂ1ﬁ@|@@ide§§i£u@@itowﬁén(mﬁﬁtib)e pel pesSTscedXi n hel per T

cell epitopes (PT-Th), tetanus,toxin h cel | o es TT Th)
neasl es v?P%%O?e%r%¥%lﬂr%%?%Er(# %el?>§L 5%%% ?%®h$ﬁ? Grh 20
trachanat espeb 9L 04t €hd @ﬂ@lpr@hél@aﬁ@lﬁerdifﬁéféntepltopes (CT-Th),

di pht heri a toxi-n hel per cell epitopes (DT-Th), Plasnodium falciparum
ci rcunsporozoite helper T cell epitopes (PF-Th), Schistosoma nmanson

tr'OseSphOSphatﬁelé@ﬂﬁfaéélheéﬁﬁfo% eChl eptlopesah®MIh), 25 Escherichia
coli Tra T hel per epi topes (TraT-Th) and |nEU£e enhancj ng anal ogs
and segnen%@b%¥lﬁﬂyl@ﬂsth@%%et#ﬂn%pﬁﬁépégseﬁFégP%c? o BPBadPy reactive

Th epi t opegyols ﬁ@sa&hﬁsdabﬂdUk§s1Eaé§n£nh@he5h55§e55i teitadd et al., the
di scl osure of which her eby incorporated by 30 reference inits entlrety

Exanpl es o¢Phé®B@r TTb@IhelﬁﬁrtEpée eqBRRERBSaPBIPFBYFdBESbel oW 23 WO
09/ 009450 FCTL£403(90502. 1185 ¢ 1o Helpst -6l BgitopeschBe Thve
eu--teu-- - -

Phe- - Phe- - r--Arg--lle--Leu--thr--11 ro--adn--
Ser--uéu--$@§f1§£€ptDtQKp3hamc¢hor stimulate an immune response to

Abeta. The helper T-cell epitope may be separated from
the B-cell epitope by one or more spacer amino acid

residues.

15 Th epitopes of the present invention include
hepatitis B surface antigen helper T cell epitopes (HB-
Th), pertussis toxin helper T cell epitopes (PT-Th),
tetanus toxin helper T cell epitopes (TT-Th), measles
virus F protein helper T cell epitopes (MV-Th), Chlamydia

20 trachamates major outer membrane protein helper T cell
epitopes (CT-Th), diphtheria toxin helper T cell epitopes
(DT-Th), Plasmodium falciparum circumsporozoite helper T
cell epitopes (PF-Th), Schistosoma mansoni triose
phosphate isomerase helper T cell epitopes (SM-Th),

25 Escherichia coli Tra T helper T cell epitopes (TraT-Th)
and immune-enhancing analogs and segments of any of these
Th epitopes. A selection of broadly reactive Th epitopes
is described in U.S8. Patent No. 5,759,551 to Ladd et al.,
the digclosure of which is hereby incorporated by

30 reference in its entirety. Examples of helper T cell

epitope sequences are provided below:
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Lys--Lys--Leu--Arg--Arg--Leu--Leu--Tyr--Met--1le--Tyr--Mt--
Ser--dy--Leu--Ala--Val--Arg--Val--His--Val --Ser--Lys--@u-- 10

G u- - A n-wWOyBH89lYe - - Asp--Tyr, SEQ ID NO 4 TT-Th: PCT/CA03/00502
Lys--Lys--@n--Tyr--1le--Lys--Al a--Asn--Ser--Lys--Phe--11]e--
Ady--lle--Thr--du--Leu, SEQ ID NO 5 15 TT2- Th:

Lys--Lys- - Phe--Asn--Asn--Phe--Thr--Val --Ser--Phe--Trp--Leu--
Arg--Val --Pro--Lys--Val --Ser--Ala--Ser--His--Leu SEQ ID NO 6 20 PT-Th:
Tyr - - Met --@%IeQV--i;@ypeﬁl B=cd8l -EpL Gop¥8l --Hi s--Val --Ser-- Lys--Gu--Gu,
SEQ ID NO 7 25 TT3-Th

Tyr--Asp--Pro--Asn--Tyr--I eu--Arg--Thr--Asp--Ser--Asp--1ysg
Asp--Arg--PheHBLﬁu--G n--Thr--Met--Val --Lys--Leu--Phe--Asn-- Arg--Ile--Lys,
SEQ I D NO 8 30 PT-hh:-pPhe--Leu--Leu--Thr--Arg--Ile--Leu--thr--Ile--Pro--Gln--
dy--ARa- - Tyr - - Al 8erArigu- Q- - FHQIDAAR3-J y--Thr--Arg--Al a- -
'I;/;\a/l;-l-mr--l\_/ala&-@éa--csl u--Lﬂeu--Arg--GI y--Asn--Ala--Gu--Leu SEQ ID NO 9 35.

eu-- 72 Qs & - bys- 2@ VreVYalieon! 1€ M- Hisr MekEU- -

G u--dy--Val SEQS[};D— 1 0nMVER A hVé%AQArg——Val——Es-—Val——Ser——Lﬁ_—g—-Glu——
dy--lloe--Leu--d (e1u Sevla- A -Gy —2AbpeTyky SEQAIMNOA g- - | | e- -
Thr--Hi s--Val --Asp--Thr--GI u--Ser--Tyr SEQ ID NGO 11 TT4-Th

Trp-- val - - Ar gI-T vul! Eéi iﬂﬁ ig‘s-flj_tgp— —eAla kh[sn—'—aéé]:-—%é"-—Phe—— le--

Ser--Ser--d n-- Ly%-ly__

NO:5
15
TT2-Th:
Lys--Lys--Phe--Asn--Asn--Phe--Thr--Val--Ser--Phe--Trp--Leu--
Arg--Val--Pro--Lys--Val--Ser--Ala--Ser--His--Leu
SEQ ID NO:6
20
PT-Th:
Tyr--Met--Ser--Gly--Leu--Ala--Val--Arg--Val--His--Val--Ser--
Lys--Glu--Glu, SEQ ID NO:7
25 TT3-Th:
Tyr——Asp——Pro——Asn——Tyr——Leu——Arg——Thr——Asp——Ser-—Asp-—Lys——
Asp——Arg——Phe——Leu——Gln—~Thr—~Met——Val——Lys——Leu——Phe——Asn-—
Arg--Ile--Lys, SEQ ID NO:8
30 PT-Th:
Gly--Ala--Tyr--Ala--Arg--Cys--Pro--Asn--Gly--Thr--Arg--Ala--
Leu--Thr--vVal--Ala--Glu--Leu--Arg--Gly--Asn--Ala--Glu--Leu
SEQ ID NO:9
35 MVF1-Th:
Leu--Ser--Glu--Ile--Lys--Gly--Val--Ile--Val--His--Arg--Leu--
Glu--Gly--Val SEQ ID NO:10
MVF2-Th :
40 Gly--Ile--Leu--Glu--Ser--Arg--Gly--Ile--Lys--Ala--Arg--Ile--
Thr--His--Val--Asp--Thr--Glu--Ser--Tyr SEQ ID NO:11
TT4-Th :
Trp--Val--Arg--Asp--Ile--Ile--Asp--Asp--Phe--Thr--Asn--Glu--
45 Ser--Ser--Gln--Lys--Thr SEQ ID NO:12
TT5-Th
Asp--Val--Ser--Thr--Ile--Val--Pro--Tyr--Ile--Gly--Pro--Ala--
Leu--Asn--His--Val SEQ ID NO:13
50
CT-Th : ‘
Ala--lLeu--Asn--Ile--Trp--Asp--Arg--Phe--Asp--Val--Phe--Cys--
Thr--Leu--Gly--Ala--Thr--Thr--Gly-~Tyr--Leu--Lys--Gly--Asn--
Ser SEQ ID NO:14
55
DT-Th :
Asp--Ser--Glu--Thr--Ala--Asp--Asn--Leu--Glu--Lys--Thr--val--
Ala--Ala--Leu--Ser--Ile--Leu--Pro--Gly--His--Gly--Cys
SEQ ID NO:15
60
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Asp--Val --Ser--Thr--1le--Val--Pro--Tyr--lle--Ay--Pro--Al a--

Leu--Asn--Hi s--Val SEQ ID NO 13 50 CT-Th

Al a- - Leu-wPA3n/0844b@- - Tr p- - Asp- - Ar g- - Phe- - Asp- - Val - - Phe- - Cy $CT/CA03/00502
Thr--Leu--dy--Ala--Thr--Thr--d y--Tyr--Leu--Lys--Ay--Asn-- Ser SEQ ID
NG 14 55 DT-Th Asp--Ser--d u--Thr--Al a--Asp--Asn--Leu--Q3 u--Lys--Thr--Val --
Al a--Ala--Leu--Ser--lle--Leu--Pro--@y--Hs--Ay--Cys SEQ ID NG 15 60 24
WO 03/ 089460 PCT/ CA03/ 00502 DT-Th

Qu--Gu--1leprvel - Al a--d n--Ser--IIe--AIa--Leu--Ser--Ser--

Leu--Met--Val --A aﬂuGCﬁ-u Alle--Vile- Ahvﬁlﬁeﬁﬁr\/aﬂl-e- —-Ser"Ser"
Leu- - Val - - Asp- - | | g g?el ﬁﬁqg AR TR S AT th Ve shy -otu-
G u-- Sey -- Oys SEQQli;) 1 ‘C§ G ol I --Phe--val-
Asp--Hi's--G u--LysgplyswoHs-- Al a--Lys--Met--d u--Lys--Ala-- 10

Ser--Ser--VaI--Phe--Asn--VaI--VaI--Asn--Ser SEQIDNO 17 SM Th : Lys-

-Trp--Phe- - Ly&=Th Fhr--Asn-_ -Al a--Pro--Asn--Qy--

d u-- S--|ﬂ s--Ar sPngfsS Y- EP¥®J LX%r—EF 11A1 h—Lys——Met~~G£L——Lys—-Ala——
Ijeou--GIn %

Qy-- Iy 15 PH Al S A --'A'lve"i‘-- VA IiSs--Ala- 2 0 Lys--d
SEQ I D NO 19 TraTZ'? 1730t y y

A y--Leu--A a-SMAcbla--Gy--Leu--VaI--GIy--IVbt--AI a-- Al a--Asp- -
Lys——Trp——Phe——Lys——Thr——Asn——Ala——Pro——Asn-—Gly——Val——Asp——

15 @Glu--Lys--His--Arg--His SEQ ID NO:18
TraTl-Th :
Gly--Leu--Gln--Gly--Lys--Hfis--Ala--Asp--Ala--Val--Lys--Ala-
20 Lys--Gly SEQ ID NO:19
TraT2-Th :

Gly——Leu——Ala——Ala——Gly—~Leu——Val——G1y——Met—~Ala——A1a—-Asp—-
Ala--Met-~-Val--Glu--Asp--Val--Asn SEQ ID NO:20

25 .

TraT-Th :
Ser--Thr--Glu--Thr--Gly--Asn--Gln--His--His--Tyr--Gln-~-Thr--
Arg--Val--Val--Ser--Asn--Ala--Asn--Lys SEQ ID NO:21

30

In certain embodiments, the present invention has a
T-cell epitope having an amino acid sequence selected
from the group consisting of SEQ ID NO:3; SEQ ID NO:4;
SEQ ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8;

35 SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12;
SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID
NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; and SEQ ID NO:21.

40 . ANTIGEN DESIGN
The immunogenic compositions of the present
invention include an antigen, comprising a T-cell epitope
that provides an effective amount of T-cell help and a B-
cell epitope consisting of the peptide Abeta(s-10)
45
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Al a--Met--Val --d u--Asp--Val --Asn SEQ I D NGO 20 25 TraT-Th
Ser--Thr--Qu--Thr--dy--Asn--@n--Hi s--H s--Tyr--d n--Thr - -

Ar g- - Val -wUaBAas®Ber - - Asn- - Al a- - Asn--Lys SEQ I D NO 21 30 | nPCa&rdAas/a0502

enbodi nents, the present invention has a T-cell epitope having an am no
aci d sequence selected fromthe group consisting of SEQ 1D NO 3; SEQ ID
NO 4; SEQID NO5; SEQID NO6; SEQID NO 7; SEQ ID NG 8; 35 SEQ ID NG 9;
SEQ ID NO 10; SEQ ID NGO 11; SEQ ID NO 12; SEQ ID NO 13; SEQ I D NO 14; SEQ
I D NO 15; SEQ | Phe Nehd65eSERpDI 818 SEQs | DhlehdBonSEQI D NO 19; SEQ ID
NO 20; and SEQ I D NO_21. 40 ANT] GEN, DES| G\ Tge i munogeni ¢ conposi tions of
the presenFEPYRTEREEDNCY nERGdECAHCYARPgERT™dORPF i sing a T-cel | epit ope
that provides an effective anount of T-cell help and a 3- cell epitope
consisting of the peptide Abeta(4-10) 45 25 WO 03/089460 PCT/ CA03/ 00502
The anti geh- peptfies of (This i nvéiri on APESFepresent &y the fol | owi ng

formulas: I. (An -- (Thm-- (B)o -- Abeta(4-10) -- (Op 5 1I. (An --
Abeta(4-10) -- (B)o -- (‘Thym-- (C 1. (D -- eta(4-10) -- (E
10 wh(er ei n%ﬁ\- C(<A%),1 andé@%%e-liond(e‘p)e enfl’y(‘ga"ﬁzm(rqﬁ"no(%baci g(resi élue oE 231 r

sequence of am no acid residues; wherein B, a spacer, is an amno acid
resi due or a sequence of amno acid residues; when o is equal to O then
the Th i s @ffectPysconreeiut ttre Bleel | epitope

10 wherein A, C, D, and E are independently an amino
acid residue or a sequence of amino acid residues;
wherein B, a spacer, is an amino acid residue or a
sequence of amino acid residues; when o is equal to 0
then the Th is directly connected to the B cell epitope

15 through a peptide bond without any spacer residues;

wherein n, o, and p are independently integers
ranging from 0 to about 20; when o is equal to 0 then the
Th is directly connected to the B cell epitope without

20 any spacer residues;
wherein m is an integer from 1 to about 5;

wherein g and r are independently integers ranging
25 from 0 to about 100;

Th is independently a sequence of amino acid
residues that comprises a helper T cell epitope or an
immune enhancing analog or segment thereof; or an analog
thereof containing a conservative amino acid

30 substitution; Th may be tandomly repeated;
Abeta(s-10) 18 residues 4-10 (FRHDSGY) of Abeta,, SEQ

ID NO:1, or an analog thereof containing a conservative

amino acid substitution; Abeta(s-i10y SEQ ID NO:1 may be
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15 through a peptide bond w thout any spacer residues; wherein n, o, and p
are independently integers ranging fromO to about 20; when o is equal to
0 then t hwO 0¥l8d94s80 di rectly connected to the B cell epitop®CRiGA16005020 any
spacer residues; wherein mis an integer from1l to about 5; wherein g and r
are independently integers ranging 25 fromO to about 100; Th is

i ndependently a sequence of amno acid residues that conprises a helper T
cell epitope or an inmune enhanci ng anal og or segnent thereof; or an
anal og thesgebmtontapahigdaogonskeyat suepagsantacndmdtdphstitution; Th
may be tandomy repeated; Abeta(4_10) is residues 4-10 (FRHDSGY) of Abeta42
SEQ | D NOF?PIBF:an anal og thereof containing a conservative amno acid .
substitution; Abeta(4-10) SEQ ID NGO 1 nay be 26 WO 03/089460 PCT/ CA03/ 00502

tandom y repeated or otherw se_present in nulti Ie (of0) The invention
al so i ncl udes cgﬁﬁoépVFBE§°8fa9ﬁ8 &PCEEdﬁﬁrEOHP ?ﬁelﬁgﬁtfﬁeg YPepFesent ed by

formul as | pokk a8Rdchkl pePRedeE &@F@e@%ﬁtédeEYOEoEﬁhﬁubaI| Qanahd conbi ned
to form conpositions. thernatlve

one_or pe es fornulas I,
11, and || Elkay BBScOEDIMRES P@PtﬂéﬁﬁlﬁFxFGF@gRGr CSﬁ%oéet fé The .

antlgen peEb'@@§m0thB%sEE§%%@t i pYeRthenikave, bheMoabautre20 to about 100
am no acid residues, alternatively fromabout 20 to_about 80 am no acid

resi dues. PﬁpﬁlééﬁtéFﬁmeﬁﬁeﬂp%éﬁtIrtﬁéraﬁ@ﬁgéﬁlpgﬁﬂiHﬁécfgb&P &%r esent
i nvention kayg Rageueeeuer2@ohgoeaeqbnéo anmino acid residues, preferably

from about 20 to about
10
The antigen peptides of the present invention have

from about 20 to about 100 amino acid residues,
alternatively from about 20 to about 80 amino acid
regidues. In a certain embodiment, the antigen peptides

15 of the present invention have from about 20 to about 60
amino acid residues, preferably from about 20 to about 50
amino acid residues, and more preferably has from about
25 to about 40 amino acid residues. In another preferred

embodiment, the antigen peptide has from about 20 to

20 about 35 amino acid residues.

When A, B, C, D and E are amino acid residues, then
they can be any non-naturally occurring amino acid or any
naturally occurring amino acid. Non-naturally occurring

25 amino acids include, but are not limited to, beta-
alanine, ornithine, norleucine, norvaline,
hydroxyproline, thyroxine, gamma-amino butyric acid,
homoserine, citrulline and the like. Naturally-occurring
amino acids include alanine, arginine, asparagine,

30 aspartic acid, cysteine, glutamic acid, glutamine,
glycine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine and valine. Moreover, when m is at

least one, and two or more of the A, B, C, D or E groups
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am no acid residues, and nore preferably has from about 25 to about 40

am no acid residues. In another preferred enbodinent, the antigen peptide
has fromwbeansfdeo t o 20 about 35 amino acid residues. WheRCA/CAB3/0602D and E
are amno acid residues, then they can be any non-naturally occurring

am no acid or any naturally occurring amno acid. Non-naturally occurring
25 am no acids include, but are not limted to, beta al anine, ornithine,
norl euci ne, norvaline, hydroxyproline, thyroxine, gamrma-am no butyric

aci d, hOﬂQ§QF£M@nOChb&ubliBﬁeﬁnéabheahhhe aNatutal iydependenngy am no
CIdS i ncl ude al ani ne, i ni ne, asparagi ne, 30 aspartic acid, cysteine,

gl utani c atPs, S@Wﬁtaﬁlﬂé eﬁ??&lne hi stidine, isoleucine, |eucine, |ysine,
nmet hi oni ne, phenylalanlne proline, serine, threonine, tryptophan,

tyrosi ne and val ine. Moreover, when mis at_ |east one, and or nore of

the A, B, C, D GReERHiBApac2#swotods 089460 BC?FCEO@F@H?@ZmaXr €ani no aci ds,

then eeph ARhNeiaai giks Ea@epea@@ably beeegamgler dlb&eme&e The ani no
acids of A, B, C, Dor E groups nay be 5 nodified with f aci ds. For

exanpl e, 1€BFlhBRePadpitryRlysiReEoyRYy rnaddrty NokexHdad N— & final and C

termnal to.thenAbeta epit aperandptRepenbhhe thepkinde reapeghe danelar ed onto
the surface of vesicles. The vesicles my contain the_ I nmungsti nul ator

lipid A Ske Rrebpagdepnt9 &he spréecengf] Vegdgdessci TheSKe§9<2882- 2337

(2002), the,, dbéﬁk@%ﬂr%h%f1Wﬁh%%s%%mﬂ@é%@¥ nRgeupar.at edebyikefianeaee in
its entlretg The Abeta(4_10) epitope nax be i1 ncoporat ed |nt§ 15 proteln
17 a y

dendr i ¥er sathy oBghct h¥latde 6ﬁa§n §ﬂﬂho§§ po: 8§§6I3§é7sﬂ@§@é
constructi gn ah BOLeLE FRLIBENS hereby incorporated by reference

in its entirety.

The Abeta(s.10) epitope may be incoporated into
15 protein dendrimers through the use of an orthogonal
coupling strategy for construction of protein antigens.
Specially constructed dendrimers may form the basis for
the assembly of effective vaccine antigens, including,
for example, a multiple antigen peptide construction as
20 described in US Patent No.6,310,810 to Tam, the
disclosure of which is hereby incorporated by reference

in its entirety.

SYNTHETIC PEPTIDES AS ANTIGENS AND VACCINES

25 In many cases, fhe use of an entire protein or
glycoprotein as an immunogen for the development of
effective vaccines and immunotherapies for human diseases
and infectious agents has proven either ineffective due
to a lack of immunogenicity, or results in the

30 enhancement of infection and disease due to the inclusion
of nonprotective epitopes. See Osterhaus et al. Vaccine,
7:137-141 (1989); Gilbert et al. Virus Research, 7:49-67
(1987); Burke, D. Perspect. Biol. Med., 35:511-530
(1992) .

28



Specially constructed dendrinmers may formthe basis for the assenbly of
effective vaccine antigens, including, for exanple, a multiple antigen
pepti de cwoIBH08MLl on as 20 described in US Patent No. 6, 31®@C3AM08/00502am t he
di scl osure of which is hereby incorporated by reference inits entirety. .
SYNTHETI C PEPTI DES AS ANTI GENS AND VACCI NES 25 In many cases, the use of an
entire protein or glycoprotein as an i mmunogen for the devel opnent of

ef fective vaccines and i munot herapi es for human di seases and infectious
agents has proveReeukbebri gghtdetiivepdpgeideoaatigeksofini marndgeni okty, or
results in the 30 enhancenent of infection and di sease _due %o he incl usion

of nonpr ot &Bt I FEUBRPERHES COBRRSEELePRal8 e FTAFYWEEE RE™Y 25159141 (1989)

G | bert etpabpl¥MnsussBeseated wit49r8éombla8n)k; vBatkaesD. Peespect. Biol .
Med., 35:511-530 (1992). 28 WD 03/089460 PCTLS§O3/%Q 02 The Usg gf
synt heti c pepEPHEISHt PdeNs NG FAOENRES CoP P SPAMINGge ¢ TEGRBBST tPons can

ci rcunvent cpRRY Fot Lhetkiabliems iags9eatiad . Wskh eegofbiand@ntincacsibeas. The
advant ages of using synthetic peptides that cqrrespogg to 5 specific
protein doR&i ABLYNErEdEctidce EPIGRPENd PRELUSIOR 6F O3S ot ecti ve

epi topes; exebyshion ehidioprase exenhanehnerephi-ages; sexelinsiuae of harnful
autoi mmune epitopés; exclusion of infectious material; and, synthetic
pepti des aRPL§eRSSdr €XCHEFLOR IOf WBLECEdPVRedtGTdAd icq&h%be produced at a

reasonabl e ;608he 966 AIRANARNG N tHfeWs! ZreCdhemiGRINy kETUNGl£indgd49- 453,
(1992). The“di sadvantages are that small synthetic peptides nmay not

cont ai h0 t hangr eains eamrieslugsidd ade quERCES™ lgcco8dar y SE6r ASP6Re88Png and
binding toy®i 9%, curr. Opin. Immunol., 4:449-453, (1992).

The disadvantages are that small synthetic peptides

may not contain the precise amino acid sequences

15 necessary for processing and binding to major
histocompatibility complex (MHC) class I and class II
proteins, for presentation to the immune system. See
Rothbard, Biotechnology, 20:451-465, (1992). Another
disadvantage is that the 3-dimensional solution structure

20 of small peptides may be different than that found in the
native protein and, therefore, the peptide may not induce
humoral immunity of the proper specificity and affinity
to provide protective immunity. See Bernard et al. Aids
Res. and Hum. Retroviruses, 6:243-249, (1990).

25

The peptide antigens of the present invention can be

prepared in a wide variety of ways. The peptide, because
of its relatively small size, can be synthesized in
solution or on a solid support in accordance with

30 conventional techniques. Various automatic and manual
synthesizers are commercially available today and can be
used in accordance with known protocols. See, for
example, US Patent No.5,827,666 to Finn et al.; Stewart
and Young, Solid Phase Peptide Synthesis, 2nd ed., Pierce
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hi stoconpatibility conplex (MHC) class | and class Il proteins, for
presentation to the i mMmune system See Rothbard, Bi otechnol ogy,

20: 451- 4680 03093RA) . Anot her di sadvantage is that the 3-diPEERSN06NEH02
solution structure 20 of small peptides may be different than that found in
the native protein and, therefore, the peptide may not induce hunoral
immunity of the proper specificity and affinity to provide protective
immunity. See Bernard et al. Aids Res. and Hum Retroviruses, 6:243-249,
(1990) 25 @Hémﬂ@@lidé annbg@n5aaa the peesgnt Unvemt caemcagobe prepared in
a wde varietg ways. The pept f becausg gt [ts rehatlvely smal | si ze,
can be synth883yedOPnb443| Ghro lﬁF BRAYESS oPFdY ﬁﬁbo??e' S5&8%r dance with 30
convent i onahcbe68PEEHES by VaEIFWEnadt oABEheigndnaRRual . synthesizers are
comercially avail abl e today and can be wused in accordance with knomn
protocols See, for exanmple, US Patent No.5, 827,666 to Finn et al.

St evar ts - and YQngerﬁgtheggasﬁyBEQH|ﬂﬁAsiabHﬁ§&§gyzﬁdnede,eﬂp2698d29 VO
03/089460 PCT/ CA03/ 00502 em cal Co 1984; and T t i Am Chem
Soc. (1988?6195a6§12tbﬁ§16|§@P§s&FegréPaﬁﬁﬁcHYaF@PﬁQVéﬁﬁ sihg Fporat ed by
reference Lp, LhgLr wﬁ'ibhr eb¥e oA £BENBLIYBLYL 1A¥DbBEd sONAthaehadlogy can be
enpl oyed where a synthetic gene is prepared by enpl Qying singl strands
whi ch codecﬂmpl@ﬁénﬁéﬁypéﬁﬁﬁ@ésoFh§ﬁﬁ§ﬁanWPSFPyth@oﬁﬁP@%@nFEF?“éFrands

t her eof n r % d;igapnbenbeaught; together in
an annealrﬁggﬁsgﬁegﬁgngég %% ?%g§§%?|§?§29h$%e hybri di zed st?ands then can
be i ge? edmedifior sot ke tonplbrddgene, Ahe, hppréndred S&raapfr 5pFfat e

termni, t@sngseelggat%a RS ead that QoAR1cBXPHESE!, ORNECHYr chBlBY Of which
are readlly avarl |

of appropriate termini, the gene can be inserted into an
expression vector, many of which are readily available
today. See, for example, e.g., Sambrook, Fritsch &

15 Maniatis, Molecular Cloning: A Laboratory Manual, Second
Edition (1989) Cold Spring Harbor Labofatory Pregs, Cold
Spring Harbor, N.Y. (herein "Sambrook et al., 1989"); and
expressed in procaryotic or eukaryotic expression systems

to produce the desired peptides.

20
CARRIERS
The Abeta(4.10) epitope antigens of the invention,
such as described within this application may be
conjugated to a carrier molecule to provide T cell help.
25

Carrier molecules to which antigens of the invention
are covalently linked (conjugated) are advantageously,
non-toxic, pharmaceutically acceptable and of a size
sufficient to produce an immune response in mammals.

30 Examples of suitable carrier molecules include tetanus
toxoid, kevhole limpet hemocyanin (KLH), and peptides
corresponding to T cell epitopes (that is, Tl and T2) of
the gpl20 envelope glycoprotein that can substitute for

non-AIDS virus-derived carrier molecules (Cease, Proc.
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today. See, for exanple, e.g., Sanbrook, Fritsch & 15 Mani atis, Mol ecul ar
Cl oning: A Laboratory Manual, Second Edition (1989) Cold Spring Harbor
Labor at oryoRs®s8®s0 Col d Spring Harbor, N.Y. (herein "SanbPe@lCA®s/0ed02,
1989"); and expressed in procaryotic or eukaryotic expression systens to
produce the desired peptides. 20 CARRIERS The Abeta(4_10) epitope antigens
of the invention, such as described within this application nay be
conjugated to a carrier nolecule to provide T cell help. 25 Carrier

ol ecul es f@twhi chcaat i gepns ¢UsAhe84nwzm9ion98afeKennaagnetyauinkéd
(conjugated) are advantageous Y, non t oxi c harnaceui Iy accept abl e

and of a sPrel-sGhemci A :PEoPr oltRe an Pﬁﬂ%h ePeSPBn&e P n franmal s. 30

Exanpl es of gsihi abbecgakt LB a"PhesHhESut DELUTE é@bépﬂabléoa@yﬂvakeyh0|e
| i npet 'henpcyanin (KLH), and peptides corresponding to T cell epitopes

(that is, ﬁ@raﬁﬁamﬂé?roﬁlumhe°§p§9@3%ﬂ@E?QpEOQP§E85rS?E?ﬁefhat can

subst i taut €695, 108~ ALPS Yinhisio shiyegnsar tbeantpl eeubea. (Cease, Proc. 30
WD 03/ 089460 PCT/ CA03/ 00502 Nat'|. Acad. Sci. (USA) 84:4249, 1987: Kennedy

et al., J. Biol. Chem 262:5769, 1987). Peptides can al so be adm.nistered

Wi th a phar"aceﬂihﬁébéyoﬁcﬁegéﬁghgraﬂbyééﬂle tbob B¥aERLE, aAt ugenor
Con] Ugat ed to other Carrier 5 nol ecul es nore |mTUnOgen| c than tetanus

t oxoi d. LiakageeoinyensipneFranobecdieced arpeprrughant FHERSTof t he

i nventi on ﬁ@fe@ﬁlg'reg%agértHE@HSQl@ssgﬁéeradVQh@SQE%us§QaCﬁanD|eCU|eS
are, advantageous toxic and reactive. Two egC|ne resi dues added

to thdi)antﬂnlceanﬁnaﬁaéhévﬁf t Reopapyrdeecanspiverdadgdedutpable
amino terminal end of the peptide can provide a suitable

spacer molecule for linking Abeta(s-10) Sequences, or
portions thereof, to a carrier molecule; alternatively,
Abeta(4.10) Sequences, or portions thereof, can for example

15 be synthesized directly adjacent to, for example, another
immunogenic amyloid sequence. Cysteines can be added
either at the N or C terminus of the Abeta(s-10) peptide
for conjugation to the carrier molecule or to both ends
to facilitate interchain polymerization via di-sulfide

20 bond formation to form larger molecular aggregates.
Conjugation of the carrier molecule to the peptide is
accomplished using a coupling agent. Advantageously, the
heterofunctional coupling agent M-maleimidobenzoyl-N-
hydroxysuccinimide ester (MBS) or the water soluble

25 compound m-maleimidobenzoylsulfosuccinimide ester (sulfo-
MBS) is used, as described by Green et al., Cell, 28:477
(1982) ; and by Palker et al., Proc. Nat'l Acad. Sci.
U.S.A. 84:2479 (1987). Many other coupling agents, such
as glutaraldehyde, are available for coupling peptides to

30 other molecules. Conjugation methods are well known in
the art. See for example chapter 9 (pages 419-455) and
chapter 11 (pages 494-527) of Bioconjugate Techniques by

G.T. Hermanson, Academic Press, San Diego 1996), the
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spacer nol ecule for |inking Abeta(4_10) sequences, or portions thereof, to
a carrier nolecule; alternatively, Abeta(4_10) sequences, or portions

t her eof , wan3bsmeexanpl e 15 be synt hesi zed directly adj acect/caw3/oéor
exanpl e, anot her i mrunogenic amyl oi d sequence. Cysteines can be added
either at the Nor Ctermnus of the Abeta(4_10) peptide for conjugation
to the carrier nolecule or to both ends to facilitate interchain

pol ymeri zation via di-sulfide 20 bond formation to formlarger nol ecul ar
aggr egat esgi s&o8pugat benwafichheschereby hnbeepbeatedt bg peperdsces
acconpl i shed using a,coupling agent. Advantageously, the heterofunctional
coupl i ng a$Bntt ﬁAﬁﬁFéFﬁFgobenzoyl-N- hydr oxysucci ni mi de ester (MBS) or the
wat er sol ubl e 25 conpound m nal ei m dobenzoyl sul f osucci ni m de ester (sulfo-
MBS) is used, as described by Geen et al., Cell, 28:477 (1982); and by
Pal ker et al., PPEEVANEF' | Acad. Sci. U . S. A 84:2479 (1987). Many ot her

coupling agent Sq, UBE tAS 9&&&3&%&9@@%@% fabeua¥ai babkatfigengoupki ng
peptides to 30 ot nol ecul es. ggu gation nethods are well known in the

art. See fbheexawmm@n@ﬁ§pﬂ@ﬂt9 PBag8siz192855)txndo dRAFESr 2R1 (pages
494- 527) O§m§Pﬁ80%%g%%b%§Ig§9%%gg ZT?Xlugi Heemepsan: iAgadem ¢ Press, San

Di ego 1996 CAO3/0 502 disclosure of which is
her eby |ncspponauedaby1b@ﬁe6§mceandnthﬁsreﬁﬂkﬂéﬁplCADYUVAN¥S is:Two of the

charact erl shi§ .l €8HULeR, 0% AL gsﬂac@&%eﬁ,h?eeo%@agw ghby or their

capacity to |n5u response in-vivo luding the formation of
speci fi aantbbddesp tand Eh6|spanuﬁgeni@rtyhaﬁh§EQW§ncetﬁ@ﬁr capacity to
be selectiv I& Eecognlzed by the 10 anti bodies that are specific for that
sequence a

Some antigens are only weakly immunogenic when
administered by itself. Consequently, a weakly
15 immunogenic antigen may fail to induce the immune
response necessary for providing effective immunotherapy

or protection for the organism.

The immunogenicity of an antigen can be increased by

20 administering it as a mixture with additional substances,
called adjuvants. Adjuvants function to increase the
immune response against the antigen either by acting
directly on the immune system and by providing a slow
release of the antigen. Thus, the adjuvant modifies the

25 pharmacokinetic characteristics of the antigen and
increaseg the interaction time between the antigen with
the immune system. The use of adjuvants is well known in
the art and many suitable adjuvants can be used. The
preparation of immunogenic compositions and the use of

30 adjuvants is generally described in Vaccine Design--The
subunit and adjuvant approach (Ed. Powell and Newman)
Pharmaceutical Biotechnology Vol. 6 Plenum Press 1995,
the disclosure of which is hereby incorporated by

reference in its entirety.
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structure. Sone antigens are only weakly imunogenic when adm nistered by
itself. Consequently, a weakly 15 i mmunogenic antigen may fail to induce
t he i mMmurwo oBespense necessary for providing effective i mPORatAIe0Ey oOr
protection for the organism The i munogenicity of an antigen can be
increased by 20 admnistering it as a mxture with additional substances,
cal l ed adjuvants. Adjuvants function to increase the inmune response
agai nst the antigen either by acting directly on the i Mmmune system and by
providing a slow release of the antigen. Thus, the adjuvant nodifies the
25 pharmacoki netjc charac of .t he ntigen and tncrﬁfses Lhe

%u 9}

teristic
i nteraction tin@hﬁeWRéEnw?ﬁ@gBﬁ%? eﬁdﬁPYﬁng?hg Frimfe gy gt 6 tse of

adj uvants ks wehlsksawaohprithegastaandyaepycsairiabie adgavanes can be
used. The preparation_of inpmuno enL% co ositigqs and thg gse of 30
adj uvants £elgeheRaltyRdBsBrIPEEAL| R VadBrnErBEERgH- +#H8™PsEbtini t and

adj uvart apgyeashc(EgniRawabksandcNewreain Rpabpaeewtisal Bi ot echnol ogy
Vol . 6 Pl enum Press 1995, the disclosure of which is hereby incorporated

by reference inits entirety. 32 WD 03/089460 PCT/ CA0O3/ 00502 The nopst

wi despread adj uxaht$aate ELeuRdpsbadj d¥ast theraAnerubsifg epaprising dead
mycobacteria in a saline solution within mneral oil and Freun

'S
i nconpl et einteadjtvart, thRi AMTHBESTREPOBSAt APnthfcBBRETER 8T Ogdjuvants are

capabl e of pf'?a{]e&n' ngreaelbAgithgck ALERSbLY o@f thie imfBesyaspanse to the
antigen or o producing a specific activation of the imune system 10
Ther e 14r e Thesegamner 4l veagegsrréscaredaraeaneti AALUIRARG ERFL4FGRTNnUm sal ts,

such as al ym nUm, BY¥AFRO%EE€ 0" such as aluminum hydroxide or

aluminum phosphate (2) surface active agents, such as
saponin and Quill A, Quill A/ISCOMs, dimethyl dioctadecyl
ammomium bromide/arvidine (3) polyanions, (4) bacterial

15 derivatives, such as Freunds complete, N-acetylmuramyl-L-
alanyl-D-igsoglutamine (muramyl dipeptides), N-
acetylmuramyl-L-threonyl-D-isoglutamine (threonyl MDP)
(5) vehicles and slow release materials, such as Freund's
incomplete (oil emulsion), liposomes. See New Generation

20 Vaccines, Chapter 11, pages 129-140, Adjuvants for a New
Generation of Vaccines by A.C. Allison and N.E. Byars,

Marcel Dekker, New York, 1990).

The immunogenic compositions of the present
25 invention comprise an antigen and an adjuvant. Suitable
adjuvants include alum, which i1s an aluminum salt such as
aluminum hydroxide gel or aluminum phosphate, but may
also be a salt of calcium, iron or zinc. Other suitable
adjuvants include insoluble suspensions of acylated
30 tyrosine, or acylated sugars, cationically or anionically

derivatised polysaccharides, or polyphosphazenes.

Combinations of adjuvants may be used to create an

adjuvant system. Suitable adjuvant systems include, for
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al um num phosphate (2) surface active agents, such as saponin and Quill A,
Qill A/1SCOMs, dinethyl dioctadecyl ammom um brom de/arvidine (3)

pol yani orsQ o34394b@mct eri al 15 derivatives, such as FreundsPCOrqAIeNEs02
N-acetyl muranyl -L- al anyl - D-i sogl ut am ne (nuranyl dipeptides), N

acetyl muranyl - L-t hr eonyl - D-i sogl ut am ne (threonyl NMDP) (5) vehicles and
slow rel ease materials, such as Freund's inconplete (oil enulsion),

| i posonmes. See New Generation 20 Vaccines, Chapter 11, pages 129-140,

Adj uvant s &psmpl dews Gepab aha Olonf oVaeehapsobyhérEl Mpidoh, and N E. Byars,
Mar cel - Dekker, New York, 1990 The i muno enlﬁ?rng$SItIO t he present

25 i nvent | BReE8RpPL¥e3afcaRt AGRhAERT BRNARIOFR tRbie fuvant s

i ncl ude alwuny,) V\tlbgéthéramaﬂzuamnammahﬁmsgaht aSAnaialJmaﬁﬂathyeerXI de gel or
alunlnun1phosphate but may so be salt of ciu Q her
sui tabl e %ﬁ?HV%HFSSYHEFﬂd%OWHEbFﬁ%Ieggﬁsﬁﬁﬁ?PBﬁs Be gt?#a§§ﬂ8g%§#yr05|ne
or acylsat egdysHg@rs, wﬁ§5h0ﬂ50§|b&mﬁin§6h@ﬂl§ﬂ|thoﬂﬂbsprr§Bdllpld

pol ysacchari des,

ol yphosphazenes Conmbi nati o ant y be
used to cr%atErﬁﬁeﬁaﬁ&Va fd§y9f%ﬁYléﬁﬁgaﬁPﬁoﬁgFﬁggﬂFY yi?éﬁé g z?ﬁg f or
33 WO 03/ Oﬁﬁﬂf gﬁé%@@é0@§Qﬁa1§éém£@or§n@@y‘@bmateoan@f capnophusphor yl
lipid A era acyl at ed. nonophosphoryl id A §3D- MPL)

t oget her mﬁkﬁlahoalmﬁﬁﬁﬁhﬁéﬁrt AﬂneéhﬁﬁFﬁQt?VEteQd}ﬂva YeEyE €m conpri ses,

for exanpl Eowﬁngk@bnAQ%UX%népﬁé{%ﬁw whbeh hSafAdcqmBhpshian of
monophosphoryl lipid A, referablghS de C>ac¥lated nmonophosphoryl lipid A

(3D NPL), deyhvhbive ppehareserdycbheneppbsratécrnaicefpiwanrt 38kel et on
material s. sehaeg%%gxat em Bvekyesithe eenhi natkopreattagarnephosphoryl
lipid A an% a saponin O derivative partlcularly t he conbi nati on of QS21
and 3D composgition where the Q821 is quenched with cholesterol

as disclosed in WO 96/33739. A particularly potent |

adjuvant formulation involving QS21, 3D-MPL & tbcopherol

15 in an oil in water emulsion is described in WO 95/17210
and is a preferred formulation. The disclosures of WO
94/00153, WO 96/33739 and WO 95/17210 are hereby

incorpérated by reference in their entirety.

20 Alternatively, the immunogenic compositions of the
present invention may be encapsulated within liposomes or
vesicles as described by Fullerton, U.S. Pat. No.
4,235,877, the disclosure of which is hereby incorporated
by reference in its entirety.

25

ANTIBODY STRUCTURE

The present invention contemplates antibodies or
antigen binding fragments thereof, which bind to the
Bbeta 4.10) epitope and inhibit amyloid deposition and

30 fibril formation. In general, the basic‘antibody
structural unit is known to comprise a tetramer. Each
tetramer includes two identical pairs of polypeptide
chains, each pair having one "light" (about 25 kDa) and

one "heavy" chain (about 50-70 kDa). The amino-terminal
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MPL as disclosed in WD 94/00153, or a |less reactogenic conposition where
the @521 is quenched with chol esterol as disclosed in WO 96/33739. A
particul awby3sfpgmtsent adj uvant formul ation involving QS21, PBDHIABB/0E02

t ocopherol 15 in an oil in water enmulsion is described in WD 95/17210 and
is a preferred fornulation. The disclosures of WO 94/00153, WO 96/ 33739
and WD 95/ 17210 are hereby incorporated by reference in their entirety. 20
Al ternatively, the i munogenic conpositions of the present invention nay
be encapsubéfedomﬁbhieabhp@ﬁ@ﬂﬁ5may ixesudkes aarﬂebmeibegiby &6l | ert on,

U S. Pat. 4,235,877, the disclosure of ch,is _hereby incorporated

by referen%%oFE 100 ERt 4Bt 9T @@rﬁN¥W%EENa§*g%C§BﬁEa?H Ypresent invention

cont enpl at ggg ﬁbbgﬂéeﬁo@ran@ﬂ@éﬂeﬂebbgdnﬂgoﬁragmﬁeteatbekyef whi ch bi nd
to the Abeta(4_10) epitope and iphibit ang oi.d _deposition _and 30 fibri
for mati on. t?ﬁmgﬁﬁérBPrt%ﬂ% BhstecaAntPBoby™e¥t AGELUraf GRIEEPE known to

conpri se artgibANBLimEagNy kébﬁ@ﬁﬁ&b&@cE@Qeéfté@tbdeﬂhh@ahoﬁalrs of
pol ypepti de “chains, each pair_having one "light" % gut 2% kDa) a one
"heavy" ch&VRifabéit BONZD kEﬁ?t Fhelafi AbSt ELATRAFLS %Paggié

PCT/ CA03/ 0903fR4a Pk bhencrEigach ehatRepR¥rinchugignan¥akiabhainegbes of
about 100 to 110 or "nore amino acids prinmarily responsible for antigen

recogni ti ohyPTRaléxdr 6édr§S1EerHi Al "Bor ERSR20f IBHERA cRAPAZmE§Tdef i ne a

constant S.pegigh, pahaaabkynéeéaenéhéh%oa9ﬁseﬁggﬁygé Banq@MQnIﬁDTyplcally,
human |ight chains are classified as g pa and | anbda_light chains

Fur t hérGror €9Ghukah héadylgﬁalﬁ§8§?§tlﬁ? VcaIW}t€F§s§FBPEda&§ hGaVdel t a,
gamma, alpgﬁalﬂé, the variable and constant regions are joined by a

"J" region of about 12 or more amino acids, with the
heavy chain also including a "D" region of about 10 more
amino acids. See J.K. Frazer and J.D. Capra,

15 " Tmmunoglobulins: Structure and Function", pp. 37-75 in
Fundamental Immunology, Fourth Edition, Edited by W.F.
Paul, Lippencott-Raven, Philadelphia, PA (1999) (Frazer)
which is hereby incorporated by reference in its entirety
for all purposes.

20

The variable regions of each light/heavy chain pair
may form the antibody binding site. Thus, in general, an
intact IgG antibody has two binding sites. Except in
bifunctional or bispecific antibodies, the two binding

25 sites are, in general, the same.

Normally, the chains all exhibit the same general
structure of relatively conserved framework regions (FR)
joined by three hypervariable regions, also called

30 complementarity determining regions or CDRs. The CDRs
from the two chains of each pair are usually aligned by
the framework regions, enabling binding to a specific
epitope. In general, from N-terminal to C-terminal, both

light and heavy chains comprise the domains FR1l, CDR1,
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epsilon, and define the antibody's isotype as IgM 1gD, 10 1gG 1gA and

| gE, respectively. Wthin Iight and heavy chains, the variable and

const ant wegBosse@mre joi ned by a "J" region of about 12 @CTre/0e302no
acids, with the heavy chain also including a "D' region of about 10 nore
am no acids. See J.K Frazer and J.D. Capra, 15 "Immunogl obulins: Structure
and Function", pp. 37-75 in Fundanental | mrunol ogy, Fourth Edition, Edited
by WF. Paul, Lippencott-Raven, Phil adel phia, PA (1999) (Frazer) which is
hereby i ncerporabed, byrsef epepcantdnrFras emher akyighoenal bfpampases. 20 The
vari abl e regigns of each Iight/heavg chai Eain naé f rn1the&gg;ibody

bi ndi ng si fE19%hES, SRRNGERBAAR, 18n IPREEEL oG EnfF 865‘%&? PG bi ndi ng
sites. 'Except hBribhituneti erakaphtbisepeeinies aft iPhodiedsns ife two binding 25
sites are, in general, the sanme. Normally, the chains all exhibit the sane
general sEmmengledsradellatevery (Dasérped fREkeRbrRsSr 84 BR81EER) | oi ned

by thrae hﬁ%gh&%&b‘%bl\qﬁ.r%b@ﬁsan@ §8943h,ed3eneerRke MRt ani ty gdet er mi ni ng
regi ons or . The CDRs fromthe two chains of each pair are usually

al i gned byMollheBficdrewdfk 9Pdgivdfs,(1888bIii kGobhaai ngtt ¢1la s pPesirec

epi t ope. . ggzggggggg Q&ggbw-terninal to Ctermnal, both |[|ight and heavy
chai ns conprise the gonalns FR1, CDR1, 35 WD 03/089460 PCT/ CA03/00502 FR2,
CDR2, FR3, CDR3 and FR4. The assignnment of am no acids to each donain is,

Broteins of || miGABRo0 o ANTEAPB et (Nati onal I nsti futes of real th 5

Bet hesda, M. (1987 tame 199t)iboder moheichila" éhcalides] bMel isBnoit.

196:901_91%i&%%%7 Eo?hgggg%bdﬁ%saghﬁ @%%%%%nts thereof. The term
includes monoclonal antibodies, polyclonal antibodies,
bispecific antibodies, Fab antibody fragments, F(ab):
antibody fragments, Fv antibody fragments (e.g., Vi or

15 Vi), single chain Fv antibody fragments and dsFv antibody

fragments. Furthermore, the antibody molecules of the
invention may be fully human antibodies, humanized
antibodies or chimeric antibodies. Preferably, the

antibody molecules are monoclonal, fully human

20 antibodies.

The anti-Abeta(4-10) antibody molecules of the
invention preferably recognize human amyloid Abeta
proteins and peptides; however, the present invention

25 includes antibody molecules which recognize amyloid Abeta
proteins and peptides from different gspecies, preferably

mammals (e.g., mouse, rat, rabbit, sheep or dog).

In addition, anti-Abetas-10y antibody of the present
30 invention may be derived from a human monoclonal
antibody. Such antibodies are obtained from transgenic
mice that have been "engineered" to produce specific
human antibodies in response to antigenic challenge. 1In

this technique, elements of the human heavy and light
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342: 878-883 (1989). TYPES OF ANTIBODY 10 The term "anti body nol ecul e"
includes, but is not |imted to, antibodies and fragnments thereof. The
term i ncwodessmonocl onal anti bodi es, polyclonal antibodi @€T/CAvegoei fic
anti bodi es, Fab antibody fragnments, F(ab)2 antibody fragnments, Fv anti body
fragnents (e.g., VHor 15 VL), single chain Fv antibody fragments and dsFv
anti body fragnents. Furthernore, the anti body nol ecul es of the invention
may be fully human anti bodi es, hunmanized antibodies or chineric

ant i bodi eschPigf BbabsYars héent astiinbedyinobestrasnar ef mhoel daalyefiul |y human

20 anti bodies. The anti -Abeta(4.10) . antipody nolecules of th i nvention

preferablyfF@@o@ﬁ?f@oﬂhﬁaﬁtﬁﬂyéﬁié %b@?ﬁ Eg?%tg?ﬂgaéﬂdéﬁgg?%ﬁgs; however ,

the presenyikbpugoiobns 35 tRel udesganblibodyatpl endlirsantii thghecobaize

anyl oi d Abeta, proteins and peptides fron1dif%erent ﬁgecies, preferably

manmal s (el§Ci-notee, EFaRsIpabhi PLCEnEBR BYRHOGT I 2Fn"HYUE i on,

anti'A@?taéﬂtigﬁdﬁgéiQ?Q%igﬁctB@rphaﬁéﬁtan@@géﬂMQnéhdntﬁaymbeedeahved from
i bo

a human nonocl onal an y.. Such antibodi es are obtahn d.fromtransgenic
mice that RAvESBEeho"BAGAHERr BHMAR02BF480EE - SREEFFIBY Mﬁﬁﬁdaﬂﬁﬁbodies in

response tQ-gRbhgerhe Sﬂabhﬁmgg-hhmantahﬁib@@h@bqgepmet@aﬁagénea_the human
heavy and |ight 36 WD 03/089460 PCT/ CA03/ 00502 chain | ocus are_introduced

into strai B&Cef appcaegeribed byvr GkEeRbEYoAL e sNBRIEEI PePPRes/fhdt contain

targeted disbupti egspebqt Be g1dogrReuschgayyssbainosng, | haht rehabe | oci.
The transgenic m ce can Synthesize human 5 anti bodi es specific for human
anti gdrfs, ahdalhe Ahte Emmunpebuddd té98fdduce human anti body-secreting
hybri donas.

In a preferred embodiment, fully-human monoclonal
antibodies directed against Abeta(-10) are generated using
transgenic mice carrying parts of the human immune system

15 rather than the mouse system. These transgenic mice,
which may be referred to, herein, as "HuMAb" mice,
contain a human immunoglobulin gene miniloci that encodes
unrearranged human heavy (mu and gamma) and kappa light
chain immunoglobulin sequences, together with targeted

20 mutations that inactivate the endogenous mu and kappa
chain loci (Lonberg, N., et al., (1994) Nature 368 (6474):
856-859). Accordingly, the mice exhibit reduced
expression of mouse IgM or kappa, and in response to
immunization, the introduced human heavy and light chain

25 transgenes undergo class switching and somatic mutation
to generate high affinity human IgG'monoclonal antibodies
(Lonberg, N., et al., (1994), supra; reviewed in Lonberg,
N. (1994) Handbook of Experimental Pharmacology 113:49-
101; and Lonberg, N., et al., (1995) Intern. Rev.

30 Immunol. 13:65-93. The preparation of HuMab mice is
commonly known in the art and is described, for example,
in Lonberg, et al., (1994) Nature 368(6474): 856-859;
Lonberg, N. (1994) Handbook of Experimental Pharmacology
113:49-101; Lonberg, N., et al., (1995) Intern. Rev.

37



Met hods for obtaining human anti bodies fromtransgenic mce are described
by Geen et al., Nature Genet. 7:13 (1994), Lonberg et al., Nature 368: 856
(1994), awoo0¥agd4e0 10 et al., Int. Inmun. 6:579 (1994). | mcCa/quoehesoe ed
enbodi nent, fully-human nonocl onal antibodi es directed agai nst Abeta(4_10)
are generated using transgenic mce carrying parts of the human i mune
system 15 rather than the nouse system These transgenic mce, which may
be referred to, herein, as "HuMAb" mce, contain a human i mmunogl obul in
gene mnil eginuhbat estodes: gprearr angadibapen. heatyaﬂnu andoganma) and

kappa |ight chain, imunoglobulin sequenc 0 wi th_t rgeted 20
mut at i ons NﬁEPr?n%é?F@ﬁPBg%ﬁgyeﬁﬁogéﬁéuésﬁn %ﬁg Bﬁéheghap Foci (Lonberg,

N, et al. Paééﬁ%ﬁqoélatyr@136§¢§474),874856985891@1 Bcuondingl; yaltLheOm' ce
exhi bit reduced expression of nouse |gM or g Ed i.n reggg

i muni zat i BANPEKES ﬁﬂ@rKﬂﬁceﬁnﬁuﬁﬁHPH§£WyIﬁﬁﬁrF gthe ai H-25 1) enes
under gg; cl ggs swsLehkpg %Bds§QHEE'Ce%“batlOnthéodggagbéheeblgﬁ afifiinity
human 1'gG nonocl onal ant i bodi es Lonberg, N., et al. 994%ﬁésupra

revi ened |ﬁfLwhbéhgareNheF$994}nH8ﬁ8866Ee@fbExﬁ@??ﬁ@ﬂFﬁl1Ph5 €ol ogy
113: 49- 10% Lonberg, N., et al., (1995) Intern. Rev. 30 Imunol.

13: 65-93. ﬁe pf eparation of HuMab mice is commonly known in the art and
is described, for exanple, in Lonberg, et al., (1994) Nature 368(6474):

856- 859; Lonbegg Qnegé%g4kuwﬁ9d99%5n0%0§59§5h5§nhﬁleB@&@BCQBOQY
113:49-101; Lon Intern. Rev. 37 WO 03/089460

PCT/ CAQB/ 085822 (4- mmnHllMabornlC%CGLBSb%1mrnll§hﬁFFidWth agt al., (1996)

gbggze2gb°E% Qﬂggggé 4§8mgé%ﬁ§§%n §% %g%&ggrthgyﬁbetg?%gﬂtagfﬁgeé 814, 318;

| nt er nat i opdl the. Sre?angnunventlon Preferably, the mice will be

6-16 weeks of age upon the first immunization. For
example, an immunogenic composition comprising the

15 Abeta(s.10) antigen of the present invention can be used to
immunize the HuMab mice intraperitoneally. The mice can
also be immunized with whole HEK293 cells that are stably
transformed or transfected with an Abeta(s-10) containing
gene. An "antigenic Abeta-i10) polypeptide" may refer to

20 an Abetas.10) polypeptide of any fragment thereof which

elicits an anti-Abeta(s.10) immune response in HuMab mice.

In general, HuMAb transgenic mice respond best when
initially immunized intraperitoneally (IP) with antigen
25 in complete Freund's adjuvant, followed by every other
week IP immunizations (usually, up to a total of 6) with
antigen in incomplete Freund's adjuvant. Mice can be
immunized, first, with cells expressing Abeta(s-10) (e.9.,
stably transformed HEK293 cells), then with a soluble
30 fragment of an antigen containing Abeta(s-10) such as the
immunogenic compositions of the present invention, and
continually receive alternating immunizations with the
two antigens. The immune response can be monitored over

the course of the immunization protocol with plasma
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5 No. 5,545,807 to Surani, et al.,; the disclosures of all of which are
hereby incorporated by reference in their entity. To generate fully human
nonocl onavoannsdaedi es to 10 Abeta(4_10), HuMab nice can Ip€TiawoBao02d W t h
an i nmunogeni ¢ conposition conprising the Abeta(4_10) antigen of the
present invention. Preferably, the mce will be 6-16 weeks of age upon the
first immuni zation. For exanple, an inmunogeni c conposition conprising the
15 Abeta(4_10) antigen of the present invention can be used to imunize
the HuMab ghggléatbapesi bobeahéy. b¥heetirceochntadl so beilnbleeded with
whol e HEK293 cel| | s t hat e stablx t%ansﬁﬁrned or tran§fgﬁ£§g with an

Abet a( 4_10¥ 8 ont &FRF ng3lg fieSCARSRGRt FgBnt RS ABEEATRCT0Y T psypept i de” may
refer to 2fnapa fbgt abAriBdapekypepti drapplanyyf Eagarnt ahtemeéot whibh
elicits an anti-Abeta(4 10) ignune resgogsi.in HuN%b nic;. I n general,
HUMAD tr anSBEAT €18t et +ESHBNAL baBFURRERCPHT tPaf Py PRmiiRFZedOr
intrapeyitepngabhy. (1 M)lcwi thnapki peBst28 iAteewphetellr eund’ anadpauant ,

f ol | owed bg every other week |P i ni zati ons %ugﬁgllg up toIg total of

6) with ahtPgER PRIPABORPFELEIEFeARE SCHAYBVARE. TNECEPLER e Tinmiini zed,

first, wthypebtsaexnRhessLngrAbebagd @) ebehgant igbabyyt harsl eoned HEK293
cells), thenwith a soluble 30 fragnent_ of an antigfgpconta'ning

Abet a( 4_10pestermad - t hEEVERAUNBEER €2BoRBosMIHPBASE fleSffdsent invention,
and contigyak bynl ecpbyecabiplipat bngokaMuBEZali0ne Wubhot kecet wd anti gens.
The i mmune response can be nonitored over_ the course of the inmunization
prot odd! wihe BFaZnandsHAPLE3EL89486 PRl PROAIDUE6ZS%sanpl es bei ng obt ai ned
by retro-orbital or tail bleeds. The plasna can be screened for the

presence of anti- Abeta(4_10) antibodies, for_exanple_by ELISA, _and mce
with Hybridoma cells that produce the monoclonal, fully

human anti-Abeta(s.10) antibodies may then be produced by
methods that are commonly known in the art. These

15 methods‘include, but are not limited to, the hybridoma
technique originally developed by Kohler, et al., Nature
256:495-497 (1975); as well as the trioma technique
Hering, et al., Biomed. Biochim. Acta. 47:211-216 (1988)
and Hagiwara, et al., Hum. Antibod. Hybridomas 4:15

20 (1993) ; the human B-cell hybridoma technique (Kozbor, et
al., Immunology Today 4:72 (1983); and Cote, et al.,
Proc. Natl. Acad. Sci. U.S.A 80:2026-2030 (1983); and the

EBV-hybridoma technique (Cole, et al., in Monoclonal

Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp.

25 77-96, 1985). Preferably, mouse splenocytes are isolated
and fused with PEG to a mouse myeloma cell line based
upon standard protocols. The resulting hybridomas are
then screened for the production of antigen-specific
antibodies. For example, single cell suspensions of

30 splenic lymphocytes from immunized mice are fused to one-
sixth the number of P3X63-Ag8.653 nonsecreting mouse
myeloma cells (ATCC, CRL 1580) with 50% PEG. Cells are
plated at approximately 2 x 10° cells in flat bottom

microtiter plate, followed by a two week incubation in
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sufficient titers of imunoglobulin can be used for 5 fusions. Mce can be
boosted intravenously with antigen 3 days before sacrifice and renoval of
t he spl eewo 0B#084460 expected that 2-3 fusions for each antipgercAavagodozed to
be' perforned. Several mce can be i munized for each antigen. For
exanple, a total of twelve HuMAb mce of 10 the HCO7 and HCOL2 strains can
be i nmuni zed. Hybridoma cells that produce the nonoclonal, fully human
anti -Abeta(4_10) antibodies may then be produced by nethods that are
comonl y kgewsct ivéh@edtftm dbasaihdngebbedsetat! adef Eatu&nela%t limted

to, the hybridom chnl e originally devel et al., Nature
256 495- 49?6%157%?n glaggﬁ ped %%e FFI ﬁﬁg?acﬁﬁﬁgﬂgy T et al.,

Bi omed. BigthigmiAetal v 21413E6m2888) mMndoBﬁgmM@yauvatealSmMHunl
Ant i bod. ngridonas 4:15 20 1993%% t he hu n B—cel%ég%grldona t echni que
(Kozbor, eHEPEP: Ot frantMogytd4a @e§§a?? 83" Hid et al., Proc.

Nat | . @ﬁad%e§Eb11L&§ A580m§9&@ a@%@pEéa§ain and m§¢m1E§¥nh¢hybdnna

techni que (Cole, et al., Monocl onal,  Anti hodi e ncer  Therapy, Al an

R Liss, |@gd, 1§pHA¥5($?9@6r t9855AT pRepefighl v ﬁ88§§ 8plFERoEYFes are

i sol at ed gﬁgléHfEd Wt B-PEGOt QedkBOUse1 MEeheraceeklirkdne nbasadumupon
st andard protoco The resulting hybrldonas are _then sc ene for t he

productlonlbfwbhﬂhgéhesH€€|ﬂﬁcre§ﬁ?F§§dWé§ Hor eXaAplrédveinyfelsel

SUSpens'OnargftﬁQnSBE§@bﬁeBYE9h@ﬁM%§$fBEOHhhgﬁuah%QdAﬁb%%4@E£ fused to one-
si xth the nunber of P3X63-Ag8. 653 nonsecreting nouse nyeloma cells (ATCC,

CRL 158D) wonhchosgPEGOMCands I8Fe ansiRrddest aPpréx FrkESS)Ve x 105 cells in
flat bOttogEF?%ﬁsg% g%%WEEQE%CUE%llgﬁgquY1@ bracwerl urebatl afitier 39 WO
03/ 089460 0 sel ective medi um contai ning 20% fefal Calf Serum
18% 10-14 days. The antibody secreting hybridomas are '

replated, screened again, and if still positive for human

IgG, anti-Abeta(s-i0) monoclonal antibodies, can be

15 subcloned at least twice by limiting dilution. The
stable subclones are then cultured in vitro to generate
small amounts-of antibody in tissue culture medium for

characterization.

20 The anti-Abeta antibody molecules of the present
invention may also be produced recombinantly (e.g., in an
E.coli/T7 expression system as discussed above). In this
embodiment, nucleic acids encoding the antibody molecules
of the invention (e.g., Vg or Vi) may be inserted into a

25 pet-based plasmid and expressed in the E.coli/T7 system.
There are several methods to produce recombinant
antibodies that are well known in the art. One example
of a method for recombinant production of antibodies is
disclosed in U.S. Patent No. 4,816,567, which is herein

30 incorporated by reference in its entirety. The antibody
molecules may also be produced recombinantly in CHO or

NSO cells.
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11653" conditioned nmedia, 5%origen (IGEN), 4 nML- glutamne, 1 nM
L-glutam ne, 1 nM sodi um pyruvate, 5nM HEPES, 0.055 nmM 2-ner capt oet hanol
50 units/wbosogamicillin, 50 ng/m streptomycin, 50 ng/m Pgertaaspeion and
1X HAT (Sigma; the HAT is added 24 hours after the fusion). After two
weeks, cells are cultured in medium in which the HAT is replaced with HT
I ndi vidual wells are then screened by ELI SA for human anti -Abeta (4-10)
10 nonocl onal IgMand I gG anti bodi es. Once extensive hybridoma growh
occurs, nedi umTBeobsefvetiousuabhyladhetibodd; 14adaysedTheranhj body

secreting hybridoms are Iate screeped again if still positive
for human r?5%¥saﬁ?|anABBFé%§d¥o? ﬁBEg Eﬁ?m %tpﬁgﬁigglogaﬁ%be 15
subcl oned agtpkeast i kM genbiobkRibbubgadt ivbiioss, Thee. st ahke subcl ones are

then cultured in vitro to generate snall anpunts- ﬁ@ gntlbod in tissue
cul ture nedngivienalcRREABPEAESALPBRY18ONThERGNPPPRNE éOEn?F ody ol ecul es

of the éDre§8@htwayeekb@PtW&}brab%@s@gleraaug@alwca&aumnhby (e.g., .in an
E.coli/T7 expression systemas di scussed above). In thi enbodlnent

nucl ei ¢ aciu§abheBai BjathBaynbELBEGSRBF edll BANOFF 2PREN Rvention (e.g., VH

or VL) ”ayMgﬁobTéﬁé&egnk@bgdﬁe%5aQ%th@@ﬁ@? Bhashidangdeexpr assedtied t he
E.coli/T7 system There are several nethods_to produce reconbinant

antlbodlesaghaﬂséré wenolen o loRniReSaFe. Ofenesarpre 28F1ROAEERod for

reconbi nang, ﬁvshta e%fusa%' hedi-egnks melysglaog thesWz84 Bgtant No.
4,816, 567, reln i ncor por at ed” by erence in |ts entirety.

The art0 bodybrmdb@éupelé‘ftm:a%@emlaﬂéﬁuééﬁoﬁéé@ﬁﬁiaﬁﬁﬁt By PRREHO or NSO
cells. 40 Yﬁhﬁﬁ 8%8%@91 GT/ CARR/ QRR0% i eThebabem ohmneclkopraladatki bady, " as

used herei
character of the antibody as being obtained from a

substantially homogeneous population of antibodies, and
is not to be construed as requiring production of the

15 antibody by any particular method. As mentioned above,
the monoclonal antibodies to be used in accordance with
the present invention may be made by the hybridoma method

first described by Kohler, et al., Nature 256:495 (1975) .

20 A polyclonal antibody is. an antibody, which was
produced among or in the presence of one or more other,
non-identical antibodies. 1In general, polyclonal
antibodies are produced from a B-lymphocyte in the
presence of several other B-lymphocytes, which produced

25 non-identical antibodies. Usually, polyclonal antibodies

are obtained directly from an immunized animal.

The term "fully human antibody" refers to an
antibody, which comprises human immunoglobulin sequences
30 only. Similarly, "mouse antibody refers to an antibody

which comprises mouse immunoglobulin sequences only.

The present invention includes "chimeric

antibodies"- an antibody which comprises variable region

41



refers to an anti body obtained froma popul ation of substantially
honogeneous anti bodies, i.e., the individual antibodies conprising the
popul at i owoasesEet denti cal except for possible naturally ®CTUAIBMAE2

mut ati ons that nmay be present in mnor anounts. Monoclonal antibodies are
hi ghly specific, being directed against a single antigenic site.

Monocl onal anti bodi es are advantageous in that they may be synthesi zed by
a 10 hybridoma culture, essentially uncontam nated by ot her

i mmunogl obgf i fise ghesendi fheent ionothesdl Sri odivatesetiheitkbhanact er of the

anti body as being obtained froma supstantially, honbgeneo opul ati on of
antibodies?n%hgogYsrﬁSFoFo(SegconE?PﬁEﬁnﬁsr?%hﬁ¥}iﬁﬁoﬁrgﬁagﬁ?gh of the 15

anti body by-.amy.Rant kpeEaesREhgd, Asusentheped, abawsit , t Begpoaos| onal
antibodies to be used in accordance with the present iaantion may be nmade
by the hybehéekaniet hdhesei paEiRedersbRaY bySKBffer toelogtlatRatife” 256: 495

(1975) .5 20.4A,pokyebanal aptihedy bs- ABe8ALJ hodyn wAEChowaBumphoduced anmong
or in the presence of one or nore other, non-identical antibodies. In

general , p8bPgeiefal antibodies are produced froma B-1ynphocyte in the
presence of several other B-1ynphocytes, which produced 25 non-identi cal
anti bodi es. Usually, polyclonal antibodies are obtained directly froman
i muni zed ani mal'BupeigefnantabrgyAukBhReEAt FBoAY" 2RELBPEYt BRARM ant i body,

whi ch CO”PE#Léfang”annbmu%%oeﬂk! Ri8R9HERRES Frafe@Bl ) o8l Bhl arly, "mouse
antibody refers to an antibody which conprises nouse inmunogl obulin
sequericks ohhgrwihe prmeanentabedyi 68 PnBPBdBYMEBhVASEPELCahEPBBR es"- an

anti body Whi €0 GRRPELSEReY ALEARLALI 20598n 61 YD 0BHUGI4GQ RGHaA03/ 00502

of the present 1 nvention fused or ¢ rized w _
antibody. The present invention contemplates humanized

antibodies, which include a CDR or variable region from a
non-human species, which comprises the amino acid
15 sequence of a variable region or CDR of the present

invention.

Depending on the amino acid sequences of the
constant domain of their heavy chains, immunoglobulins
20 can be assigned to different classes. There are at least
five major classes of immunoglobulins: IgA, IgD, IgE, IgG
and IgM, and several of these may be further divided into
subclasses (isotypes), e.g. IgG-1, IgG-2, IgG-3 and IgG-
4; IgA-1 and IgA-2. Preferably, the antibody molecules
25 of the invention are IgG-1 or IgG-4.

The antibodies of the invention may also be
conjugated with radioisotopic labels such as *°Tc,”’v,
lllIn 32P 14C 125:[ 3H 1311 llc 150 13N lBF 35S 51Cr

7 1 I I I r 7 7 1 I I 4

30 57TO, 226Ra, GOCO, 59Fe' 57Se, 152Eu, 67CU, 217Ci, leAt, 212Pb,
47gc, °°pd, 2**Th, and *°K, and non-radioisotopic labels

6
such as *®’ad, 5°Mn, °?Tr, °°Fe.
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anti body region (e.g., constant region) from another, non-human species
(e.g., nouse, horse, rabbit, dog, cow, chicken). These antibodi es nay be
used to mMyowB@swEet he 5 expression or activity of Abeta(4_POX/GAv3N0M02

non- human species. "Humani zed anti body” refers to an anti body which

i ncludes a non-human CDOR within the framework of an 10 ot herw se human

anti body or a non-human variable region attached to the constant regi on of
an ot herwi se human antibody.. The present invention contenpl ates humani zed
anti bodi es, whithei 88t UB8dacEDRF Oth¥aihabheioggnan &leo he non- human

speci es, which conprises the amno acid 15 sequence of a variable region or
CDR of thec%¥é%%ﬂFediW%EHt?iH?rEﬁS%ﬂHiﬂﬁ SHeWﬁgEHW?HSSSEF% iggﬁ%ﬁCes of the

constant dopaiAdohgt helbrbBpavYeshai8E, akmrHpegkabuhi Bae28tean be assigned
to different' classes. There are at | east f'vg na%or clasges of
i mrunogl obfil FAESSFHAR P@@,lFﬁEﬁerﬁﬁtéﬁﬂsrgﬁko AE86vERdl 156F these may be

furthers di yhdedatntes, subekassesahhsel YpR§roey8hrigE bhybeEydnihgG 3 and
1gG 4; 1gA-1 and 1 gA-2, Preferabli, t he anti body nol ecul es, 25 of the
i nvention at&oPREreCErnige 2-PirhBaanteBydres ToPOrRECAAVERt i on®Hay al so be

conj ugat edgyi kb1 ' adi8k$9k eRi-Enbabels ; suehnas198T6a90Yabel]ll n 320 14C 1251
3H 1311 11C 150 13N 18F 35S 51,-, 30 57 To, 226Ra, 60Co, 59Fe, 57Se, 152Eu,

67CU, 217Cisodumanalpiabgl, amsarompypg 29ZAFRNiNAGeEGRT dAREL, an

non-radi oi $ R?BEgl abgls1 sugh,asid94Edm <a3M1abeTl, anS6ka1at42 WO
03/ 089460 PCT/ CA03/ 00502 "The anti bodies of the invention may al so be

conj ugdt edeateh LebeteseantearoshemlbPehinéséent |abels, including
fluorOphor8§h§aggpﬂ§h5§5%i%%ﬁ&gn%Q?lEESEin/avidin, gpin labels and

stable free radicals.

Any method known in the art for conjugating the

15 antibody molecules of the invention to the various
moieties may be employed, including those methods
described by Hunter, et al., Nature 144:945 (1962);
David, et al., Biochemistry 13:1014 (1974); Pain, et al.,
J. Immunol. Meth. 40:219 (1981); and Nygren, J.,

20 Histochem. and Cytochem. 30:407 (1982), the disclosures
of which are hereby incorporated by reference in their
entirety. Methods for conjugating antibodies are

conventional and very well known in the art.

25 The present invention also relates to certain
therapeutic methods based upon administration of
immunogenic compositions comprising Abeta(s-10) OT
molecules that bind to Abeta peptides. Thus, antigens
comprising Abeta (4.1 may be administered to inhibit or

30 potentiate plaque deposition in aging, or human diseases

such as Alzheimer's disease.

The present invention also includes methods of

making, identifying, purifying, characterizing Abeta (s-10)
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fluorescein and its derivatives, rhodamne and its 5 derivatives,

i sot hi ocyanate, phycoerythrin, phycocyanin, allophycocyanin,

0- pht hal amelgded4ed | uor escam ne, 152Eu, dansyl, unbellifePcmacAoBuesoteri n,
|l um nal | abel, isolumnal |abel, an aromatic acridiniumester |abel, an

i mdazole label, an acridimumsalt |abel, an oxalate 10 ester |abel, an

aequorin | abel, 2,3- dihydrophthal azi nedi ones, biotin/avidin, spin | abels

and stable free radicals. Any nmethod known in the art for conjugating the
15 antlbOdanﬂD§§ﬁ§|Qﬁdoénhm@gbnvﬁéteeﬁ tanﬂhﬁevhbdeusf opiiagi es may be
enpl oyed, including those nethods scrlgﬁ Hun%g et al., Nature

144: 945 ( 198B2%2 4-payPBEIgENS| 2NARPBRARATS ?rT £1012°818743% Pain, et al.,

J. I'mmunol M Qns4@aﬁlge( 98&ﬁceanEyNM§dQﬂlcétloﬁa thetochem and
Cytochem 30:4 (1982) e dlsclosures of _whi.ch a%e hereb¥ igg r por at ed
by referen@éOFﬁO%HEFP Cgﬁﬁvﬁgﬁy ENVERREEE PBYLCHH] BGRFEAGSantPhoarss are

Convenki0nﬁkoﬁ”ﬂaﬁﬁ&&l“%bhr&@@““thﬂohgﬂ géhet25 Theipeesent; i nvention al so
relates to certain therapeutic netho ased upon %dnln stration of

i munogeni EEEBRBEYREI 0RY EBAPLFEIN§YREBESLS 16y Jor PHoFLIFeBRRGt bind to

Abet a peptbQ§E1d£h%?ntﬁ%%hgen%rcﬁﬁBau%bagdébﬁb@64b%0§eﬁ@ilbe admi ni st er ed
to inhibit Otentiate gla ue deposition in agin man di seases

such as Alzh@iﬁéﬁrén6|§@§§@do ﬁ@YpPéséﬁ@lﬁnpéﬁﬁﬁoﬁegFég |ﬁ¥PG &§1ffet hods of
maki ng, identifying, purifying, characterizing Abeta(4.10) 43 W 03/089460
PCT/ CA03/ 00502 antigens and anal ogs thereof; and nethods of using
Abet a(i 10) ant MG&BYLARA BIRROGYs t her eof . Abeta(4-10) antigens can be

produced by nDd&%i%%%%%%%nkgchgghnghe present invention there may

be employed conventional molecular biology, microbiology,
and recombinant DNA technigques within the skill of the
art. Such techniques are explained fully in the

15 literature. See, e.g., Sambrook, Fritsch & Maniatis,
Molecular Cloning: A Laboratory Manual, Second Edition
(1989) Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y. (herein "Sambrook et al., 1989"); DNA
Cloning: A Practical Approach, Volumes I and II (D. N.

20 Glover ed. 1985); Oligonucleotide Synthesis (M. J. Gait
ed. 1984); Nucleic Acid Hybridization [B. D. Hames & S.
J. Higgins eds. (1985)]; Transcription And Translation
[B. D. Hames & S. J. Higgins, eds. (1984)]; Animal Cell
Culture [R. I. Freshney, ed. (1986)]; Immobilized Cells

25 And Enzymes [IRL Press, (1986)]; B. Perbal, A Practical
Guide To Molecular Cloning (1984); F. M. Ausubel et al.
(eds.), Current Protocols in Molecular Biology, John

Wiley & Sons, Inc. (1994).

30 CRND8 Mice
TgCRND8 Mice are an animal model of AD that exhibit
high levels of Abeta synthesis and amyloid deposition in
the CNS by 3 months of age. See International
Publication No. W001/97607 published 12/27/01, the
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proteol ytic cleavage of |l arger anyloid peptides isolated 5 from natural
sources, through genetic engineering techniques, or chem cal synthesis,
e.g., by wolmBdsybase peptide synthesis; or produced de n@cw/dap3gesoetic
engi neering net hodol ogy or solid phase peptide synthesis. 10 MOLEULAR
Bl OLOGY I n accordance with the present invention there may be enployed
conventional nol ecul ar biol ogy, m crobiology, and reconbi nant DNA
techniques within the skill of the art. Such techniques are expl ai ned

fully in thesddokiiker afuBichees BegebysaﬂbbﬁpbraEéﬂtByhr&f@hehaéis
Mol ecul ar Cloning: A Laboratoré Manual , Second Edition ﬁ 9) Col d Spring
Har bor LabdPatbfyePFégetycol fu Ep?ﬁﬁorﬁbrEEFRNRBYm1€ﬁe?§ L8anbr ook et

al ., 19891dpgnPhivEl eRbRgesAwPEREA! €BE Bﬂﬂéo?éblo&bhﬂﬁﬁﬁlbhaadylblﬁD N.
20 d over ed 1985); digonucl eoti de Synthesis

Nucl ei ¢ AcPEPPEBELANZ SPMBRNERS - D, TP@nE§aasgenl§ TEFBﬂPﬁsmeaée W?égg)]

Transcrg pth@”cﬁﬁ?a@E@Q&%@H'Bg a[ﬁre@t HapRe$a&idy do HheghBASurelsy (1984)]
Animal Cell Culture res ed. (1986)]; Innoblllzed Cell's 25 And

Enzynes [|RECPFE3EI & 9@6}Wer88 Béﬁsaﬁe RhPPQEvPEalbaéﬁﬂdenTB ®bl ecul ar

d oni ng (1g§§%esgloyloéuﬁﬁggh ghy@bid ﬁ%@%eﬁn Gur rgat cREot ggolye1in
Mol ecul ar John Wley & Sons, Inc. (1994). 30 CRNDS M ce TgCRND8

Mce are aﬂsaﬁn i skedenienl ABNERRE 16X hPBHECLRPYh 2Py BFEaEEOBBRLa synt hesi s
and anyI0|geg§99V%t|on in the CNS by 3 nonths of age. See Internationa
Publ i cati on 01/ 97607 published 12/27/01, the 44 WD 03/ 089460

PCT/ CA0B/ 00502 di sclosure of which is hereby incorporated by reference in

its entirety. F%Egh%@&pb%neTQQBQ9§o€ECél%éQhQEHve splicing to
generate three common isoforms. The longest isoform,
containing 770 amino acids (APPy4), and the second
longest isoform containing 751 amino acids (APPss1), are

15 expressed in most tissues. The third transcript, which

contains 695 amino acids (APPgss), is predominantly
expressed in the brain. By convention, the codon
numbering of the longest isoform, APP;;, 1s used even
when referring to codon positions of the shorter

20 iscforms.

The TgCRND8 transgenic mouse contains a transgene
expressing a mutant form of the brain-specific APPgos
isoform; this transgene carries both the "Swedish" and

25 "Tndiana" APP mutations.

An APPgss cDNA was generated containing (using the
codon numbering of APPgos) the mutations K595N/M596L (the
Swedish mutation) and V642F (the Indiana mutation) .

30 These and other APP mutations will generally be referred
to herein, by the more common APP,;9 codon numbering system
i.e. for these two mutations, K670N/M&671L (the Swedish

mutation) and V717F (the Indiana mutation).
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cognitive changes within the time period in which anmyloid deposition
commences. The transgenic TgCRND8 nouse nodel 5 is characterized by a great
sim | aritwotos/osdaeo natural ly occurring Al zhei ner's D seas@Cplevoongjoz, based
on the expression of Abeta anyloid protein in the CNS, as well as on

hi st ol ogi cal anal ysis, neurol ogy and behavioural deficits. 10 The APP gene
undergoes alternative splicing to generate three conmmon isoforns. The

| ongest isoform containing 770 am no acids (APP770), and the second

| ongest i sof or nreENE81LPL BOMUBdnBNMAPD3CEUSA (ARPZEd) e ane 1bsexpedssed in
nost tissues. The third transcri

, gt, whi ch conta%ns 69g.aﬁino aci ds
(APP695), IBLPrEBBnFREMLEyCXRXPFESSRIVERTPhe BPAFRC: By EOHVERET WSt he
codon nunpgei 8¢rEnt Rembosgestiba0hoEHe 1 APEZRE, promused. eveRewhen
referring to codon posjtions of  the shgrter 20 1 sof orns. The TgCRND8
transgeni cVRBLQE VBRt AlAR BIEFahegerkedekPFesei RgUaSnBPaREST bPm of the

brai n- speciibgr APR695ank§ohoe M 1 hBi 8cbignsgeneTgeRNDES bOhBsthaicdwedi sh”
and 25 "Indjiana" APP nutations. An APP695 cDNA was genegated cont ai ni ng
(usi ng t heexBblbh WukbePIAglof TAPPEIBY IPhE HAEPAE!bASPKEEBKFREEBL T Ehe

Swedi sh nutatbga) apdyNedRF{hbeatrdibang nHt abhendl BBaThesg apd ot her APP
mutations wll generally be referred to herein, by the nore conmon APP770

codon nunbaPPageBystem i.e. for these two nutations, K670N Ms71L (the
Swedi sh nutation) and V717F (the Indiana nutation). 45 WO 03/089460
PCT/ CA03/ 00502 The doubl e nutant APP695 cDNA cassette was inserted into
the cd$ni d exprEsSRYR8vaEEer haveseen ghrPeRedonihiin¥arious other

transgenic mice bearing an AD-related mutation to produce
bi-transgenic mice, which show further, enhanced AD-

related neuropathology.

15 ADMINISTRATION AND METHODS OF TREATMENT
The present invention also includes methods of using
Abeta4.10) antigens to identify drugs that interfere with
the binding of Abetay; to plagques. One such aspect
includes drug-screening assays to identify drugs that
20 mimic and/or complement the effect of Abeta,;. In one
such embodiment, a drug library is screened by assaying
the binding activityiof a peptide comprising Abeta(s.10) to
a specific small molecule. The effect of a prospective
drug on the affinity of Abeta,, to plaques is monitored.
25 If the drug decreases the binding affinity of Abeta,; to
plaques, it becomes a candidate drug. Drugs can be
screened for their ability to disrupt the plaque
formation, hinder the fibrillogenesis process, or
disaggregate preformed fibrils.“
30
The antigens, antibodies or other compounds useful
in the present invention can be incorporated as
components of pharmaceutical compositions. The

pharmaceutical compositions preferably contain a
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the Syrian hanster prion protein gene pronotor. The vector was then

m croinjected into a nouse oocyte to 5 create a transgenic |ine designated
TgCRND8. Wwbagessasce exhibit multiple diffuse anyl oi d depesirtcaobyoiohr ee
nonths of age, at which tinme deficits in spatial |learning are apparent.
10 TgCRND8 mi ce have been crossed wth various other transgenic mce
bearing an AD-rel ated nutation to produce bi-transgenic mce, which show
further, enhanced AD- rel ated neuropat hol ogy. 15 ADM NI STRATI ON AND METHODS
OF TREATVEMefhpefit €8e8t pRYERYILaBtatsambuatudésatelbads oheustnghe

Abet a(4_10) antigens to. jdentify d that interf i th . bi ndi f
Abetagz_to%BFéﬁ%g§! EﬂElgﬁgﬁe%s Ec%gﬁgﬁcFaﬁgéﬂaaéggégFgéﬁiWé£§§§a;2 igg °

identify dpHgsmhbatit28am {1 efasdtoecespkeaent the effect of Abetad2. In
one such enbodiment, a drug library is screened by assaying the binding
activity of a peptide conprising Abeta(4_10) to a specific small nolecule.

The effect of az@g%@gﬁﬂﬁ tHeughapmbheudfibhni tympbsAbebas2utespllaques is
monitored. 25 |f the drug decreases the binding affinity of ﬁ%eﬁ 42 to
pl aques, iinbeBenbsegeBANNEEEPESdr BgPRRFTIGSCHEACRE CEEFEEReGPBr %t hei r

ability topdi spHRbykRewREaAUES BﬁynﬁbhgatiBﬂ@qehohhéxﬁbb%hbb@QQQQSiS
process, or disaggregate preforned fibrils. 30 The antigens, antibodies or
ot her conpsuhfabdsetal delaveketBreseRE1PRRENt PBR1SALEE PhcOrLpErEPed as

ConponentSfQE%B@ﬁEgaEEHE$%?BOQOHH@§5§E9E§C EB%BOQHQEWEEQ%EE@QEdCQﬁpositiOns

preferably contain a 46 3/ 089460 PCT/ CA0O3/ 00502 therapeutic or

prophyllGact Becandanceotith thgsmeghedsf digelosed herein to the
patient. Sterile water, alcohol, fats, waxes, inert

solids and even liposomes may be used as the carrier.
Pharmaceutically acceptable adjuvants (buffering agents,
dispersing agents) may also be incorporated into the
15 pharmaceutical composition. The antibodies and
pharmaceutical compositions thereof are particularly
useful for parenteral administration, i.e.,
intravenously, intraarterially, intramuscularly, or
subcutaneously. However, intranasal or other aerosol
20 formulations are also useful. The concentration of
compound such as an antibody in a formulation for
administration can vary widely, i.e., from less than
about 0.5%, usually at least 1% to as much as 15 or 20%
or more by weight, and will be selected primarily based
25 on fluid volumes, viscosities, etc., preferred for the
particular mode of administration selected. Actual
methods for preparing administrable compositions will be
known or apparent to those skilled in the art and are
degcribed in more detail in, for example, Remington's
30 Pharmaceutical Science, 18th Ed., Mack Publishing Co.,
Easton, Pa. (1990), which is incorporated herein by

reference.
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antigens, antibodies or other conpounds thereof with a pharmaceutically
effective carrier. 5 In preparing the pharmaceutical conpositions usefu

in the preeenwsysst hods, a pharmaceutical carrier should [peTamBoy®2l Whi ch
is any conpati bl e, nontoxic substance suitable to deliver the, antigens,
anti bodies or binding fragnments thereof or therapeutic conpounds
identified in 10 accordance with the nethods disclosed herein to the
patient. Sterile water, alcohol, fats, waxes, inert solids and even

| i posomes may bemmsgégesitheosposietonsPhantbbedt écabkyanttgphabl e

adjuvants (buffering agents, dispersing agents al so be incorporated
into the R5"PhBPnRERITFREF egnﬁggiPFS ?nghénX%PFE§8i§§eand phar maceut i cal

conposi ti oggmi heseefear grpar thevhpeliyicusef,ubrfeetpaeedbengk
adm nistration, i.e. intravenousl¥6P&gtraartertalIy, intr ngécularly, or

subcut aneo8SE§iciBREVER, "PHtH &hEsEM t AEPCSEFHSBI 198 PBY tions are
al so usef ul oadheigoncepbyatton af "therppendisHthyasfaacantvebadyabe a
formulation for admnistration can vary widely, i,e., f on1kgs t han :
about o.5@pra§aaﬁPQYamoﬁéé§Feﬁw@malagdné€ﬁ°§§t¥8noPY26&) §FS PéOHg wei ght ,
and wi || b§o%?'ﬁ§&€dFﬁéE€§ébhy basgd 25a08 bbbl wokynesenvineeesiti es,

or e

etc., preferred articular node of administration selected. Actua
met hods f oPTpEepabligPadAFni-SEFRLRECEENEOSH t PBASSHLLEL BETSknown or appar ent

to those ;é%gk@gab@ytgg art 1andrargoudesesi bedaihvBore detakhtien, for
exanpl e, m ngton' S 30 Pharmaceutical Science, 18th_Ed., Mck Publishing

Co., IEastenbiPacs(19Tby, ahhiléhvi T AcBRSHPE: €8 REFEILATEy 2WeéPdFence. 47 WO
03/089460 RCTLCAQ3,,00302 pLNMayaQgeRie GoMResLi a9scealt ibadi gayobeant i gen

predictive of efficacy in modulating amyloid deposition
in human diseases, such as animal model systems known in
the art (including, e.g., the method described in PCT

15 Publication WO 96/28187) or by in vitro methods, e.g.,
the method of Chakrabartty, described in PCT Publication
WO 97/07402, or the TgCRND8 model system described
herein. Furthermore, the amount or distribution of
amyloid deposits in a subject can be non-invasively

20 monitored in vivo, for example, by use of radiolabelled
tracers which can associate with amyloid deposits,
followed by scintigraphy to image the amyloid deposits
(see, e.g., Bprile, C. et al., Eur. J. Nuc. Med. 22:1393
(1995) ; Hawkins, P. N., Baillieres Clin. Rheumatol. 8:635

25 (1994) and references cited therein). Thus, for example,
the amyloid load of a subject can be evaluated after a
period of treatment according to the methods of the
invention and compared to the amyloid load of the subject
prior to beginning therapy with a therapeutic compound of

30 the invention, to determine the effect of the therapeutic

compound on amyloid deposition in the subject.

it will be appreciated that the ability of a method

of the invention to modulate amyloid deposition or
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bi nding fragments of the present invention are admnistered at a
therapeutically effective dosage sufficient to nodul ate anyl oid deposition
(or anyl owo 03/08ew) in a subject. A "therapeutically effeeCinaodosaye”
preferably nodul ates anyl oi d deposition by at | east about 20% nore
preferably by at |east about 40% even nore preferably by at |east about
60% and still nore preferably by at |east about 80% relative to untreated
10 subjects. The ability of a method to nodul ate amyloid deposition can be
eval uat ed aMyn@ﬂ@I1éaateaﬁ,tbatcaayabn embedlmemwe, beeévate@yednby

nodul ating anyl oid depositio in_hunman_di seases n gode
syst ens kn69%¥¥ﬁln?h%ﬁ%r§YT?ﬂ8Wﬁd?ﬁgSl%na as?%%l%%? oﬁl %s%r*gg% in PCT 15
Publ i cat i 0ge¥6: 961 8818%) a@y1bydi Dosdt tn MevbodsThesg. fort aramplépd of

Chakrabartty, described_in PCT. Public on WO 97/0740 the TgCRND8
nodel systE%?d%EE}FBEdOfh%r@?ﬁhoéuPFhEﬁﬁnpﬁeS?ﬂE éﬂ%ﬁﬂgi8 BPstribution of

anyl oi & de&@étééséna §@bﬂe@ép6§mtb©nn©ﬂ bRyasidel yadOmapnbeored in vivo,
for exanpl e, use o¥ ra |oIabeIIed tracers which can_as OCIatE W th

anyl oi d deﬁ%%PFéate@oWFBﬂeﬁnb9 SETrNEPYPapiyT OB THE l?h@ Sryl'oFd-deposi ts

(see, e.0.maAREELEat fonebrathe Eﬂﬂeriylhgcamyﬁéldzie1393d 419853& Hawki ns,
P. N, Baillieres din. Rheunsatol 635 25 18 égand references cited

therein). Thase PérceRdhpien: 9Heaaﬁ}PUFag|85d $BoPECPTESH BB

eval uated gkt gl mgroRgr bedcat thaat eeah. aCQﬁﬁglnﬂthtbengEbBOds of the
i nvention and conpared to the anyloid_|oad of the subj e ﬁ grlor to
v

begi ndithg chérappluwneRiscEharapeit PE E4fB8ERACET 86 Fﬁ@ fiti on,

determ ne EQQlEBE@ﬁ? ohet B yﬁB@Haﬁ%Hhﬂﬁtlﬁﬁ”E@Eﬂéa@? aﬁyhomdtdeaoaftlon in
the subject. It wll be appreciated that the ability of a method of the

i nventi on tbempauratéosnyl oi d deposition or 48

The methods of the present invention may be useful
15 for treating amyloidosis associated with other diseases
in which amyloid deposition occurs. Clinically,
amyloidosis can be primary, secondary, familial or
isolated. Amyloids have been categorized by the type of
amyloidogenic protein contained within the amyloid. Non-
20 limiting examples of amyloids which can be modulated, as
identified by their amyloidogenic protein, are as follows
(with the associated disease in parentheses after the
amyloidogenic protein): beta-amyloid (Alzheimer's
disease, Down's syndrome, hereditary cerebral hemorrhage
25 amyloidosis [Dutchl, cerebral angiopathy); amyloid A
(reactive [secondary] amyloidosis, familial Mediterranean
Fever, familial amyloid nephropathy with urticaria and
deafness [Muckle-Wells syndrome]); amyloid kappa L-chain
or amyloid lambda L-chain (idiopathic [primary], myeloma
30 or macroglobulinemia-associated); Abeta2M (chronic
hemodialysis); ATTR (familial amyloid polyneuropathy
[Portuguese, Japanese, Swedish], familial amyloid
cardiomyopathy [Danish], isolated cardiac amyloid,

systemic senile amyloidosis); AIAPP or amylin (adult
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WO 03/ 089460 PCT/ CA03/00502 anyloid load can, in certain enbodi nents, be
eval uated by observing the synptons or signs associated with anyloid
deposi ti owoms/osasyl oid | oad in vivo. Thus, for exanple, tReTaiNBOOI20f a
met hod of the present invention to 5 decrease anyloid deposition or anyloid
| oad may be associated with an observable i nprovenent in a clinical

mani festation of the underlying anyloid-rel ated di sease state or

condition, or a slowing or delay in progression of synptons of the

condi ti on. ohBYs, dﬂ@Bét@éingnQﬁliﬁomhbnieakiahnh&Earatﬁonﬁaotodisease can be
useful in evaluatln t he ané dulatlﬂg.gfflca?% 8f Z met hod of the

i nventi on. (FA® ﬁﬁ?ﬂo Erdplefr Yg?éé At PFRGBAET 6RM Ry (BEHEEPOY 15 for
treating apykeideshsSoassnei ahgdoni)h geheoldhs¢aanslian whitbidopkei d
deposition occurs,_ Cinicall i

any| oi dqQsi s can be, pr ry, condary,
famlial ofFipBHFRI L. CXﬁ?PBﬁHschébgrﬁ éHaEXtEﬁﬁﬁpgéhnﬁﬁ%Pﬁﬁg?gﬁe of
a”V'0'ngeWhEhpéﬁyﬁbmdégmbawm661AhHmbm)LthpaanldfaNleam limting
exanpl es of anyl ords which can ate

dent.i
anyl oi dogeAM¥1piGPELR, Pﬁﬂ¥n§§rPBPFBﬁB ?h tﬁépééggélé?8863%§@g§g in

parenthese%eﬁ&%@énﬁgelnaﬁlbgbdOgQBkﬁnBQQhekaocQatédaﬁm&dedCAlZhEInEr S
di sease, Down's syndrone, hereditary cerebral henorrhage 25 ag%lo|d05|s

[ Dut ch], céYEBFEICangreparheY: a&‘b(}Péfid And( pESEL PyePFEe?:ian&F pie,

anyl oi dosi sweliagickh ak -Madbbennangar, Gevetmaharkkir-alisamgk-oisénaepheepat hy
with urticaria and deafness [ Mickl e-Weils syndronE]); anyl oi d kappa
L-chai¥? oeyadyroed bawbas BPORGihOLTIEBEsPRAC LRS! mary], myel oma 30 or
macr ogl obul i nem a- associ ated); Abeta2M (chronic henodlalysis) ATTR
(famlial amyloid polﬁneuropathy HPortuguese Japanese, Smedlsh] fam i al
amyl oi d car di oFpepAphyopbasi SKRMDILSS arédoédearsc PanyPyi @f

illustration, not by way of limitation.

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Example 1
Antigen Synthesis and Structural Characterization
20 In this example, the inventors describe how to

synthesize, purify and characterize synthetic Abeta

peptide immunogens.

Syntheses of the following Abeta peptides: Abetass,
25 Abetas,, Abetas,, and N-terminal epitope peptides were
performed with an ABIMED EPS-221 semi-automated peptide
synthesizer, using NovaSyn (Novabiochem)PEG graft polymer
resin and Fmoc N-terminal protection methodology as
described. See Mayer-Fligge et al., J. Pept. Sci. 4:355-
30 363 (1998). Fmoc-deprotection steps and final
deprotection cycles were monitored spectro-
photometrically. The synthetic peptides were purified
using a semi-preparative, reverse phase, Cl8 pubondapak,

HPLC column.
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system c senile anyloidosis); ATAPP or anylin (adult 49 WO 03/ 089460
PCT/ CA03/ 00502 onset diabetes, insulinoma); atrial naturetic factor

(1 sol at edwatosiosd4s@nyl oi d); procalcitonin (nmedull ary car ciPocoroshodohe
thyroid); gelsolin (fanilial anyloidosis [Finnish]); cystatin C
(hereditary cerebral henorrhage 5 with anyloidosis [Icelandic]); AApoA-I
(fam lial anyloidotic polyneuropathy [lowa]); AApoA-Il (accel erated
senescence in mce); fibrinogen-associated amyloid; |ysozynme-associated
anyl oid; and AScr or PrP-27 (Scrapie, Creutzfeldt-Jacob disease,

Ger st mann- St raussl er - Schej nker 10 syndro bovi, pan m
encephal itis). The FolFOWAY @?éﬁBFés grgﬁﬁf?ﬁré 189 ﬁ¥a£%? *Fllustration,
not by “ﬁ%@?ﬁtl&@ét@ét@nthéﬁ EEJﬁbbE@kDE&@Rb?TbihbﬁE JEECoPREEGRRED

EVMBCDI ME le 1 Antigen nthe5|? and Structural Charagt rization
20 In this M&éﬂ%)ean@hﬁl?ﬁPEHFEFéydégéF bB2RBWSPECLEPRERBY | ze' gﬁrlfy and

characteri %b gpeyak h?%bét f@ﬁé ahaPeRYl fe1EAUAe0RABsSY abheégponﬁlhge
fol |l ow ng eta peptid Abet a42, 25 Abet a40, et a30, and t erm nal

epi t ope pep®i Hes Ré?@lCE@@f@ﬁﬁﬁ@SmW?ﬁeaHsﬂﬁlﬁEB 8 59P58aHFIut omat ed
peptide syptpesLZefondSi Ng NovaSyn (Novabi ochem) PEG graft polynmer - resin
and Fnoc N-term nal protection nethodol ogy as described. See Myer-Fligge
et al., J. Pept. Sci. 4:355 30 363 (1998). Fnoc-deprotection steps and

final deprotec hensgxsheéryeggrqeeu&@re@ SREChHEPt ipbat gRekbilGaliby. The
synthetic peptides were purified using a senl-preparatl%% E%verse phase,

Cl18 bdrdapuks evﬁlqaégduﬁﬁlng circular dichroism (CD)
spectra were recorded using a JASCO J-500

spectropolarimeter. See Mayer-Fligge et al., J. Pept.
Gci. 4:355-363 (1998). 1In addition, NMR studies were
performed using 2D-NMR-NOESY analysis with a Bruker-AMX-
15 600 instrument as previously described. Michels et al.,
"Structure and Functional Characterization of the
periplasmis N-terminal polypeptide domain of the sugar
specific ion channel protein (scry-porin)," Protein
Science (in Press 2002).
20
Example 2
Immunization of CRND8 Mice with Abetay;
In this example, the inventors show that the Abetas:
peptide is immunogenic in mice expressing the APP

25 transgene and in non-transgenic mice.

Mice
The TgCRND8 mice have been described elsewhere by
Chishti et al, J. Biol. Chem. 276:21562-21570 (2001), the’
30 disclosure of which is herein incorporated by reference
in its entirety. The mice were maintained in an outbred
é3H/C57BL/6J background which overexpresses the Beta-
APPguedaish and Beta-APPy;17r mutations in cis on the beta-

APPgos transcript. The Beta-APPgyeaisn and Beta-APPyyiqp
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50 WD 03/089460 PCT/ CA03/00502 The nol ecul ar weights of the purified
synthetic peptides were then characterized by plasm desorbtion (MALDI)
and el ectwopsyteq ESI ) nass spectroscopy. Only 5 pepti dePCractos/oem2 havi ng
nol ecul ar masses corresponding to the predicted nmasses were used for the
subsequent imuni zations. The secondary structure of the peptides in
solution 10 was evaluated using circular dichroism(CD). The CD spectra
were recorded using a JASCO J-500 spectropolarineter. See Mayer-Fligge et

al ., J. Pegknes SpereduBd8br368e(d808)oll ofattet spniahiVRasktbdirepriene
performed using 2D NMR- NCESY anal ysi,s wi.th,a E gker-AIVD( 15 600 instrunent
as previ ouSEye dREeTPheH: MEREND8eRige. derived, LFGPeCARGSEENnCFi onal

Char act eri gty eg70f.6t |'('32/peﬂ.BB')aﬁﬁhﬁsﬁbhér—ﬂbgatl’f)@ ypeptideudomica of the
sugar speci f| c ion chznnel protein scr¥ pori n dw%el n,. Science (in
Press 2002§nd26t ExafBléesd MhrEni'e4ei BR2BFD Ph RBSta-42 In this

exanpl & tﬁ?eb@ﬂ@@tQEStﬁEOB@EBathheréﬁggéﬂa aﬁaphbd@edslnnﬁumegeaxc in
m ce expressing the APP 25 transgene .and in non-transgenic m,ce. Mce The

TgCRNDS ni 88CHBSeChedn4dB4ER] BBJ SERBERKEr BOBFS EAPSAti &alMicS. Biol .
Chem 276: 1562 %é@ZQeGZQQ%h £bhe pé@l€t§0|$§w6éréﬁ whbeh badhebeen

i ncor por at ed by reference in its entiret he mce were maintained in an
outbred C3H &B7BL/8I1lbadékgr vEHE Wﬁpéﬁie@vépéxﬁpés§’§§kt kefsetatAPPswedi sh

and Bet a- AEE %7 hﬁ%b@ggn'na UStB@lEh@eQEEES HBRE9S cbasar kpk. The
Bet a- APPswedil sh an Bet a- APPV7
10 day before and two days after every immunization. All of

the experimental groups were sex and weight matched.

Immunization Protocol and Sera Isolation
The synthetic Abeta,, and a control peptide
15 consisting of residues 8-37 (ATQRLANFLVHSSNNFGAIL-
SSTNVGESNTY) (SEQ ID NO:52) of the islet amyloid
polypeptide (IAPP) peptides were isolated by reverse
phase HPLC on a C18 ubondapak column and purity of the
peptides was determined by mass spectrometry and amino

20 acid analyses.

The immunization protocol and schedule were as
previously described in Schenk et al. Nature 400:173-177
(1999), the disclosure of which is hereby incorporated by

25 reference in its entirety. ©Next, antibody titers were
determined in serum samples (200xl of blood) collected
via the hind leg vein puncture at age 13 weeks, and by
cardiac puncture at the cessation of the procedure, at 25
weeks of age. Prior to use in these studies, complement

30 was deactivated by incubation at 56°C for 30 minutes. Ig
fractions were isolated over a 5-ml protein G column.
Samples were loaded, wéshed with PBS, eluted with 0.1 M
NaCitrate and buffered with 1 M Tris. All Ig fractions

were filter sterilized before use.
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51 WD 03/089460 PCT/ CA03/ 00502 genes were under the control of the Syrian
hanster prion gene pronoter. TgCRND8 m ce derived from crosses of

C3H C57BLWO(08284460.8%) transgene-positive hem zygous m ce PamaCAM/0GH7BL/ 6J
m ce were weaned, genotyped for the 5 presence of the beta- APP transgene
and housed in sane-sex groups of 2-4 mce in standard nouse cages. The
mce were provided wth food pellets, powdered food, and water ad |ib.
All mce were handled for one week before the first imunization, and
their weights mere recorded the 10 day before and two days after every

i mruni zati on. E erl ntal groups were sex and wei ght matched.
| mruni zati on PfBFB%%?Z% ﬁa%e %Y ?atlon The synthetic Abetad42 and a

control peptidesedd wORSI Bsbhgred fosh duss- ﬁﬁr&?niﬁdg?hMLWm\}NFGAl L-

SSTNVGSNT SEQ ID NGQ 52) of th | et d d | APP
pepti des é%%é 2 S R b ?%@%?sﬁlé%H§§%a€%TO| zgo%g%n%%ddgpgk co?unn and

purity sof 1heefeptdseshiashaet Besh nesbdyt aabs ﬂm&@xﬁiz@@@tdsvezarm B no 20
aci d anal yses. The i muni zati on prot.ocol d schegé %§ﬁ§8 EEVIOUS|y
descri bed TPREe: HeAR1RE %}thhﬁ%E?%r4%%?E?% ?734(1 9?9 dPBEI 68ure of

whi ch is hesebyyj ncorppiahed Pyr25heLiBrengeoid péstedki (Byet Next,

antibody titers were deterni ned |n serum sanpl es (200] of bl opd col | ect ed

via the hi#deoetpvedeplveenréedat (28P13 Week t%%dn%WbeEa? i Bt“puncture at

the cessat{gn,0f zdheyRE0eeduy@chaio 215e1fo1\§e'k§cmﬁD@g@ndeﬂ@nto use in these
studi es, conplenment 30 was deactivated by _incubation, at §6C for 30 m nutes.

| g fﬂébt|%h%nmﬁ$@l¢séﬂgﬂeﬁgbverT%?Smh?ep@%Y%}ﬂP%QC%¥%ﬂﬁ 1CGhpl es were

#Oaded “ﬂéb€§r¥‘%§a5§§% ghutgd wiit.B 0801 1MsoNaGioh r alne apcibetf ened with 1 M
r's racti on
(1 5000 Lo i 30,000). Interestingly, no significant

differences were detected in the anti-Abetay, titers of
TgCRND8 transgenic mice and their non-transgenic

15 littermates. Every sample of sera from Abetas;-immunized
mice could positively stain mature Abeta plaques in
histological sections of brain from 20-week-0ld non-
immunized TgCRND8 mice. In contrast, the sera from the
control peptide IAPP-immunized and non-immunized mice

20 could not stain mature Abeta plagques in histological
sections of brain from 20-week-old non-immunized TgCRNDS8
mice. Therefore, the results show that antibody
autoimmunity can be induced which can recognize and bind
to neuropathological plagues containing Abeta.

25

EXAMPLE 3

Inhibition of Fibril Formation by Mouse Immune Serum

In this example, as shown in Table 2, the inventors
30 sghow that sera from most Abeta,; immunized mice inhibited

fibril formation.

At low concentrations solutions of Abeta peptides

will spontaneously assemble into fibrils over a l4-day
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were filter sterilized before use. 52 WO 03/089460 PCT/ CA03/ 00502

| mruni zation Results Sera were isolated from non-i muni zed m ce (N=18),
and fromwotoh/oFg@RND8 mi ce and their non-transgenic 5 |itPermsoesohat had
been repeatedly i mmuni zed over a 5- nonth period with either Abeta42 (n=34;
18 TgCRND8 and 16 non-Tg), or with a peripheral anyloid peptide (islet
associ at ed pol ypeptide (1 APP), where the nunber of mce imunized was 17,
with 10 being TgCRND8 and 7 non 10 transgenic (non-tg). The m ce devel oped
si gni fi cantncubdteien agarned . AbBted? § iS00 -Ha b9, D 0 aemek ewfes st | APP
(1-5000 to 1:30,000). Interestingly, no significan ' nces were
detected i t1H: & i@ et h4 ??t'%?% Rt mﬁ%%ﬁﬁéﬁ?%n%g%%’%&% ce and their
non-t r ansgeidoddopy tderdasesibdy eyl sanpl e of sera from Abet a42-i muni zed
m ce could positively stain mature Abeta plaques in histological sections
of brain from 20-week-ol d non- i mmuni zed TQCRND8 mice. In contrast, the

sera fromthe control peptide | APP-imuni zed and non-imuni zed mce 20
coul d got stai neraturenAzetaoptegyies in histol ogi cal sections of brain

from 20- week-ol d non-innunizeg ggCRNEE ni%%. Therefore %Q%Hr§%ults show
that antibody 2RfoRmiARt FS5€8n BESFRIYCBETRAI ER1ERA1FE8EGRF28™and bind to
neur opat hal gl £akt ph aguesk Cophabft hgr Abrtaf 26 EXAMPLEr 3afodrbi tion of

Fibril Formation by Mouse | mrune Seru In this ggg | e, _as shown in Table
2, the i nRFRYRRLY 30NERHREHEE LBY 5C+7 oft HbLtS Abet 8227 42mifidfi zed i ce

i nhibited ;fibpited Ol ABEHENEroichW SAACEPEEALEONS Sekut abns Dindbeta
pepthﬁf peptide concentration of 100 pg/ml. Serial dilutions of
various sera were added to Abetas, and incubated at Room
Temperature (RT) for up to 2 wk. For negative stain
electron microscopy, carbon-coated pioloform grids were
floated on aqueous solutions of peptides. After the
15 grids were blotted and air-dried, the samples were
stained with 1% (w/v) phosphotungstic acid. The peptide
assemblies were observed in a Hitachi 7000 electron
microscope that was operated at 75V at a Magnification
60,000 X.
20
Electron Microscopy Results
To agssgsess the effect of Abeta immunized mouse sera
on the assembly of Abeta into fibrils, sera were
incubated as described above in the presence or absence
25 of Abeta,, at 37°C for up to 14 days. Aliquots from each
reaction mixture were examined at days 1, 3, 7, 10 and 14
for the presence of Abetas, fibrils by negative stain

electron microscopy.

30 In the absence of sera, or in the presence of non-
immunized sera, Abetay; formed long fibrils (~7500A) with
a characteristic 50-70 A diameter. The long fibrils thus

indicated that normal serum components did not inhibit
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w || spontaneously assenble into fibrils over a 14-day 53 WO 03/089460
PCT/ CA03/ 00502 incubation period. These fibrils have a characteristic
50-70 A dwermsiexect hat can be nonitored by el ectron m cro®copaoasodescri bed
below. 5 Electron M croscopy Abetad42 was used directly after solubilization
in water at a stock concentration of 10 ng/m or after assenbly into
mature anyloid fibrils. Abeta42 was incubated in the presence and absence
of sera at a final 10 peptide concentration of 100 g/m . Serial dilutions

of vari oushs©s ar Wer £1 agdedat toRbenad? eind presbat edsasyRoom Tenperature

(RT) for up to, 2 wk. For negative stain electr L car hon- coat ed
plolofornqﬁﬁW@EF%ﬁﬁ% f{BatBe Bresgiedust sBFTE| ﬁgmof %E @%&% After the

15 grids V@rﬁﬁn@i@“?@wéﬁdléh@ ﬁbé@&hz Eh@r&&@pbv%&:ew@ﬁ:@du&bah nedtwictle 1%
(w'v) phos 8 otungstlc acid. The peptide assenblies mergg gegved in a

Hi t achi betERAt Aidr S%rap}éaffl hfe wakabpel aF Lt it

Nhgnlfﬁcatafgme@groooz% 8- ELset ron MhewAscapyaResubt stie ma§esstyhe
ef fect of Abeta immuni zed nouse sera on the assenbly nt.o

fibrils, sef ke ilARupdzes @@UéésﬁﬁFﬁednaﬁgJé4ﬂnl@ﬁ@e&ﬁégéﬁg €6t absence

25 of Abet a2, ai §3£ﬁ£QEoHD BQtﬂéuQHY§ fé%'Qé@és(ﬁEOWB@ﬁCHadrﬁaﬁtl@n
m xture were exam ned ays 1, 3, 7, 10 and for the presence of

Abet a42 fi®¥ihs %?fﬂééatlEér§ba¥%0réieébﬁéﬂ HW@PB%E@ﬁyse§B fROPhe absence

of sera, 0% %%N§QemEESSSEC§rQ& RBA- tkgﬂggéﬁ§g setferdbetad2nhopieddl ong

fibrils ( g characteristic 70 A dianmeter. The Iong fibrils

thus 10 Abeta-fibril formation equivalently, indicating that thé
antibody repertoire is dependent only on the immunogen

and not the load of endogenous Abetas;.

As summarized in Table 2, no difference in the
15 structure of the fibrils was detectable when incubated in
the presence of non-immunized mouse sera. Sera from mice
immunized with IAPP decreased the extent of fibril
formation but fibrils that did form were similar to
fibrils formed by Abeta,, alone. Finally, sera from mice
20 immunized with Abetas, inhibited fibrillogenesis to
varying extents from complete inhibition to only slight

decreases in fibril density. See Table 2.
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i ndi cated that normal serum conponents did not inhibit 54 WD 03/089460
PCT/ CA03/ 00502 Abeta fibril formation under the present assay conditions.
In the prwoaaogd4ed sera from | APP-inmuni zed aninals, fewPCTI@ngoddoet a42
fibrils were produced, but the fibrils that did formhad the
characteristic 50-70 A 5 diameter. In contrast, as shown in Table 2,
majority of Abetad42-immunized nouse sera (n=27/34) |largely bl ocked
formation, although a few sera (n=7/34) had little or no effect.

Furtherrmre Abet a- i muni zed ra fromT N mce or_fr n-transgenic
i ttermt 652 HRi Hi teﬁumTB%%% EEF‘B?F? ‘Fgﬁﬁﬁ?l OHRB G v%li’%ﬁ?l Jiy@ i ndi C:.tgl nlg

that the aphiRodyarsaer mppemﬁuﬂ%@ad%faoahyF@BrMJermﬂogﬂn and not
the | oad of endogenous Abetad?2. summari zed in Table 2, no difference in
the 15 striEbute BispRecrpPhY| P%dmﬁgtﬂE?ééFéEYe when incubated in the

presence of non-imuni zed nouse sera. Sera frommce inmunized with | APP

t he
fibril

decreasedrthe extent of tibril __formation but firbrils that did formypwere
simlar to fibrils forned by INEIBHPIQNSILDMSal |y, sera from micel20
i mruni zed| with Abeta42 inhibited fibrillogenesis to varying extents|from
conpl ete fnhibirttontp onty stight— decreaseg T fibrit density. See|Table
2. 55 WO Bm@e@460 PCTTCAGBNMI0502 Acegiiten 2 Sy rRiwesfeesforEf f| SeHEYof
Non- | mmunie,__Abeta 42-1i mmuni zed and | APP | mmini zed -Seraonh—Fibri
For mat i on} nodnklide! D $@assenbly andy@yt ot oxi ciftoyisl NHI Bl TI Q/1STUDI ES
| mmunogen| Tot al Sanpl es Aggregatijon D saggredati on Toxicifty Nonl mune 18
0/ 18 0/ 18-0/18 —Abetad2 34 2734126/34—22/36

Abetad2 34 27/34 26/34 22/30

IAPP 17 4/17 1/17 2/11

5 Example 4

Disruption of Existing Fibrils by‘immune Serum

In this example, the inventors show that sera from
Abetay,-immunized mice disaggregated preformed Abetay;
fibrils, but that preformed Abeta,, fibrils are not

10 affected by incubation with unimmunized control mouse

sera or by sera from IAPP immunized mice.

In order to determine whether sera from Abetay:
immunized mice can disrubt preformed Abeta fibrils, sera
15 from Abeta,, immunized mice were incubated with preformed
Abetay, fibrils for up to 30 days. Abetas, fibrils, with
evidence of aggregation, were generated by incubating

Abeta aliquots at high concentrations with constant

20

agitation.

(Abeta alone),

Incubation of preformed fibrils with no serum

with IAPP-immunized sera,

immunized sera (data not shown) had no effect,

30 days of

immunized mice (n=26/34)

incubation.

In contrast,
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| APP 17 4/17 1/17 2/11 5 Exanple 4 Disruption of Existing Fibrils by

| mmune Serum In this exanple, the inventors show that sera from

Abet a42- iwowniog®e m ce di saggregated preforned Abeta42 fiPomida3/o@oe t hat
preformed Abeta42 fibrils are not 10 affected by incubation with

uni mmuni zed control nobuse sera or by sera from I APP i muni zed mce. In
order to determ ne whether sera from Abeta42 i mmunized m ce can disrupt
preformed Abeta fibrils, sera 15 from Abeta42 i muni zed mce were

i ncubat ed o tithePried osmeTL Altes e 2f fhbi1d sof a3 0AipdiamSedaysth Aoet a42

fibrils, with id f ti ted by, i ' Abet
Al L quot s SR CHREEHR 1t | BRCh of Th CorRTaHR o aG) TaT S REUbat on of

1 on of

preformed diiddsSedht DoROwser & 2Ont AbBt &r abhg) thikd hddAPRf nruni zed ser a,
or with non- imunized sera (data%not shown) . had noIeL%(E%t .even after 30
days of i nEMBER? RO | AN OFRS aSPTP LR BY oht ABRYRA2-TF Fobe i ce

(n=26/34) 4is 89at 86n Apet addnté Rt 1451 66- NEHOIAEBIA601 BT/ CA03/ 00502
either to smalT short fibrils of 30A diameter _with th of

|
100A, or tH @R pheEsCaBErREEtREONTHPE 2T SRQEY e %?ggﬁsgéggﬁ?ed%ﬁ%}gafter

only three days 8§ £bPcebBEi PNGABEGYRSgE0IPhEt eF a1y fayscahseaddi tion, 5
di saggregati on was concentration-dependent, with increasing_concentrations

of antibody: Hetrbhei Af eREiPPdE CPcbbebRe &S FObr RECEPSAGYr &Q4ti on.

Final |y, bgeausgragalidnlatio;9f1aptiPoeyatorhbesad2-xosraot necessary for
di saggregation;"it7is |i kel y that the anti-Abeta 10 antjbodies were binding
only tl® a subteedbesAnera BpeeéiBg OBL¥htasapPBPEErbPf | APebRi §BRE+ES0r ot her

precursor sy, e, or g5l L1 WeT Badeb el ghneds UsENgL BEECHEOBUPEEEESCOPNeas

results were determined using electron microscopy as

described in Example 4, at a magnification of 60,000X.

15
EXAMPLE 5
Mass Spectrometric Determination of the Immune
Target Epitépe of Abetay, Recognized by Mouse Antisera
In this example, the inventors show how to precisely
20 identify an epitope having critical biological
significance for use in therapy of amyloid deposit

diseases.

General Scheme

25 To elucidate the epitope recognized by the anti-
Abetay,-sera, high resolution Fourier-transform ion
cyclotron resonance mass spectrometry (FT-ICR-MS;
Marshall et al., Mass Spectrom. Rev. 17:1-35 (1998))
using both nano-electrospray (nESI) and MALDI-ionization

30 was applied in combination with epitope excision and
epitope extraction procedures discussed below. See Macht
et al., Biochemistry 35: 15,633-15,639 (1996); Suckau et
al., Proc. Natl Acad. Sci. USA 87:9848-9852 (1990) ;

Przybylski et al., "Approaches to the characterization of
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described in Exanple 4, at a magnification of 60,000X. 15 EXAMPLE 5 Mass
Spectronetric Determ nation of the Imune Target Epitope of Abeta42
Recogni zewOlwg/o8aese Antisera In this exanple, the inventoPSTAOWOITOW t O
precisely 20 identify an epitope having critical biological significance
for use in therapy of anyloid deposit diseases. General Schene 25 To

el uci date the epitope recognized by the anti- Abetad2-sera, high resolution
Fourier-transformion cyclotron resonance mass spectronetry (FT-1CR- M5;
Mar sha: | aterd iarMessd SpestdmieRdar e deS (di998)Yuraesilng bot h

nano-el ectrospray (nESlI) and MALDI.-ionization,30 was applied in_cpnbination
with epit dpEVeked St om cPr%‘b?Jtlbp%heé&ﬁ%Xi%‘hd&%%%ﬁﬁ%‘gtﬂ?%%%r ed bel ow.
See Macht 1@tyal) . veBhOgherdbst £Ne 35tudp, $83B1omEBEC 1906 omSlekas, et al .,
Proc. Natl Acad. Sci. USA 87:9848-9852 (1993&§ Przyb %%ki et al.,

" Appr oacheSlwees Cathar Adler i ZRF LR &N 592 W 057 0 ) PCT/ CA03/ 00502
tertiagy and supranol ecul ar protein structures by conbination of protein
chem stry and nass spectronetry.” | n New Methods for, the study of

Bi onol ecul ar Cohpl @R@sProfEEHHES AR Pib| SP L e eFHahT 1P 1743 (1998). 5

In one proceAll SekBOVEC-ESvEPbEOPEBYEL 81 Gleatige COMDENEDiSEACE] | Ve
proteol ytic cleavage of the intact, " impbilized i nmmune conmplex with nass
spect r onet ¥fob bbhEed el WaERE neCBRL ¢ R eWbolinBe pe ptPeet BPPer it was 10

rel eased. SBgCl 4L Calbyin@nbh seha boom Abebadde | aTLOE26d wIGCRNDS M ce,
control antisera from | APP-1 mmuni zed m ce, X i

10 released. Specifically, antisera from Abetag;-immunized
TgCRND8 mice, control antisera from IAPP-immunized mice,
mouse (monoclonal) and rabbit (polyclonal) Abetags-
antibodies were immobilized in sepharose-
microcapillaries. Next, the immobilized antibodies were

15 exposed to Abetas, aggregates and allowed to bind the
Abeta,, epitope. The Epitope excision procedure of the
immune complex was performed using a variety of proteases
and exopeptidases, or with combinations of enzymes. See
Table 2)

20

Alternatively, the epitope extraction procedure was
used. For epitope extraction, Abeta,, was predigested
with the various proteases and, subsequently, the
corresponding mixture of protease processed Abetas:

25 peptides was applied to the antibody columns and the
antibody was allowed to bind the epitope. The epitope
was identified using mass spectroscopy upon elution of
the bound peptide. This procedure was known as epitope
extraction.

30

The individual procedures are described in detail

below:
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nouse (nonoclonal) and rabbit (polyclonal) Abeta42- antibodies were

i mobilized in sepharose- mcrocapillaries. Next, the imobilized

ant i bodi ewOwa8948®> exposed to Abetad42 aggregates and al | owed/ca®3boson t he
Abet a42 epitope. The Epitope excision procedure of the imrune conplex was
performed using a variety of proteases and exopeptidases, or with

conbi nati ons of enzynes. See Table 2) 20 Alternatively, the epitope
extraction procedure was used. For epitope extraction, Abetad42 was

predi gested W ARtibedyariedsipioheasas and, subsequently, t he
correspondi ng m xture of tease processed. Abet a4 ggp% es was applied
n

pr ot o6 s g -
to the antibody®cePiinhsCanatt h@0 4@t Phodg Ras al P ﬁ t t he epitope.

The epitopgay ident fiied USIENG MRS Sysd ecddas aap i mp QIHS} adtd Dratodd t he
bound peptide. This procedure_was knomn as_epitop ? extracti 30 The
I

|nd|V|duaI6p¢@%@ﬁh?§§n%%% ABLErFREBLER 8EPRRFOSBelBhITBS: 83?6@9460

PCT/ CAQ3/ 09 tk@&évlémgslc?éafbﬁﬁe& selkugponiaf at08opg. of Theupl i ng
buffer (0.2 hb CO3 H 8.3) was added to dry NHS-activated
108u8

6- anlnohex%ﬁ@h@rﬁéﬁdmééﬁbiéﬁ §@§hEh%%etfépﬁﬁﬁyregnﬂnFﬂeaS upi ng reaction

Was perforﬁ?@ré@ép@@lﬁkﬁ é&lggncihghepe§ﬁ95§rQﬁ@eﬂgieélﬁbsﬂ@ﬁgthen
transferr onto a 100 m mcrocapillary colum that permts extensive

washi ng uwmbuutm@gswfm@‘éeraa SesewaMﬁf:hEt ekl al . i 8&95#?%‘?5?1’3'5
15, 633- 15, §%98§% 1§c§ 50l uBBsYas washed: Analker pakhuel y using bl ocki ng
buffer (et ano am ne/

alternatively u81ng blocking buffer (ethanolamine/NaCl)

and washing buffer (NaAc/NaCl) as described, and the

column finally stored in PBS at pH 7.5, 4°C. See Macht

et al., Biochemistry 35: 15,633-15,639 (1996).

15 Epitope Excision
Epitope excision procedures were performed by first
applying of 2-5 ug Abetas, or other Abeta-antigens to the

antibody microcolumn and incubating for 60 min at 20°C

with gentle shaking. After successive washes with 5 x 4

20 ml PBS, protease digestion was performed on the column
for 2 h at 37°C by incubating 0.2 pg of ‘protease in 200
pl PBS. The proteases included trypsin; Lys-C protease;
Asp-N-protease; o-chymotrypsin; and Glu-C protease. The
unbound and digested peptides or supernatant were removed

25 by washing with 5 x 4 ml PBS. Next, the antibody bound
epitope peptide was disassociated and eluted by the
addition of 500 pl 0.1% (v/v) TFA (epitope elution).
After incubation for 15 min at 20°C the epitope elution
fraction was lyophilized and reconstituted in 10 pl 0.1%

30 TFA for mass spectrometric analysis. Procedures with
additional exopeptidase digestion were performed by
incubation with 0.1 pg aminopeptidase M or

carboxypeptidase ¥ for 30 min, followed by washing with 5

X 4 ml PBS.
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and washi ng buffer (NaAc/NaCl) as described, and the colum finally stored
in PBS at pH 7.5, 4C. See Macht et al., Biochemstry 35: 15,633-15, 639
(1996). NMsOHpirswpe Exci si on Epitope excision procedures wecg/qshaozed by.
first applying of 2-5 g Abeta42 or other Abeta-antigens to the antibody
m crocol um and incubating for 60 mn at 20C wth gentle shaking. After
successive washes with 5 x 4 20 mMl PBS, protease digestion was perfornmed on
the colum for 2 h at 37C by incubating 0.2 g of protease in 200 Al PBS.
The proteases included trypsin; Lys-C protease; Asp-N protease;
a-chynotrypsin; _and G u-C protease. The unbound and di gested peptides or
super nat ant wer®} EPRS B 552 0y Rashing with 5 x 4 m PBS. Next, the

anti body bound Tiepi éePEcREPEkEEadBSOHI SASSOGIBE ewlaande ef otead bimt he

addi tion of 500 Al 0.1% (v/v) TFA é'epiioge el ution). ﬁftet[‘ i ncubati on for
15 min at DT $HES PRILPe 2F LEPDROPF att ForChasS¥Sophi FrakdAnd

reconsti t Ub£deddOi AN afgdde BOxTlAefwas NBSSL S@@ct s onRe r ant Bbadysi s.

Procedures with ‘additional exopeptidase digestiqgn re perfo d by
i ncubat i orco ¥R 0314 gl RE PR pRP E‘dﬁs@o MHR aga?%ogyp\g%‘tﬂ?ﬁgglée‘?{f%r 30 mn,

fol | oned by,yashhogniM $8o0id&s 4 (ShpEBSat &8t W84 088460 Y, CA03/ 00502
Epi tope Extraction The epitope extraction procedure was perfornmed in the

sane mannevaskiepi vbple Blwt4on]l BREeptNehat tihe anpibedv| Yeweddi gest
m xture was_applied to.the antibod cql in a : 6Q-m n at
20C. 5ubsea%ﬁ$ﬁ°§,wa? h‘élﬁ%%ﬁﬁhag%%t il %E%@??\gt & )‘E‘ﬁg%‘té%%rrgged by
washing wisho5ux &.1% PBSv) NeRR, (ehetapei bbdyibound Agpetrope was
dlsaSSOCIagggugggigkukgg Eg %Qg ggdbbk8ntgg epitope elution

fraction was lyophilized and reconstituted in 10 ul 0.1%

TFA for mass spectrometric analysis.

15 Proteolytic Digestioﬁ
Proteolytic digestions of free antigens were carried
out with 5-50 ug peptide dissolved in 50 mM NHHCO; for 2
h at 37°C at a substrate-to-protease ratio of 50:1. The
reaction mixtures were lyophilized for mass spectrometric
20 analysis or prepared for epitope extraction. The
proteases used were trypsin (Promega, Madison); Lys-C,
Asp-N, Glu-C (Roche-Boehringer Mannheim) ; o-chymotrypsin,

aminopeptidase M, carboxypeptidase Y (Sigma).

25 Mass Spectrometry
FTICR-MS was performed with a Bruker (Bruker

’Daltonik, Bremen, FRG) Apex II FTICR spectrometer
equipped with a 7T superconducting magnet and ICR
analyzer cell. See Bauer et al., Anal. Biochem. 298:25-

30 31 (2001). The MALDI-FTICR source with pulsed collision
Apollo-nano-ESI-source, and instrumental conditions and
mass calibration were described previously. See Fligge
et al., Biochemistry 39: 8491-8496 (2000). Mass

determination accuracies were ~1 ppm (MALDI) and
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10 500 | 0.1% (v/v) TFA (epitope elution). After incubation for 15 mn at
20C the epitope elution fraction was |yophilized and reconstituted in 10
Al 0.1% wWBA3psmemass spectronetric analysis. 15 Proteol yPCe/dAogesio2 on
Proteol ytic digestions of free antigens were carried out with 5-50 g
pepti de dissolved in 50 MM NHFUHCO3 for 2 h at 37C at a
substrate-to-protease ratio of 50:1. The reaction m xtures were

| yophilized for mass spectronetric 20 analysis or prepared for epitope
EXtraCtiOntyﬂb@aplp1663551U§pﬁ %ESB)taypsima$§rnaagbutkbﬂieﬁn) Lys-C,
Asp-N, Qu Roche- Boehr | sin ar, no epti dase
M carboxyb%%%r%%ge Ya(%fa ?YdE%X %@g%$%c??%%g?¢é%ETW%ﬁ'ﬁﬁ masgperforned
with a BrUM@ErLBrﬂ5§rMAEBtLMBIgamﬁﬂénpﬂep£¥§3léﬂex tke FELGR-spect r onet er
equi pped with a 7T sngerconductlng na analyzer cell. See Bauer

et al., Anaf..BRBehenfiogBems 398335 éoi?oo#he NEEEWM%TW@ﬁ source with

pul sed col LLaLog 1HPREL-PoPRES- ﬁ§th89qaé§usa@dOLQSTFAnBBLatlsﬁgdltlons and
mass cal i bration were described previously. See

Bi ocheni st fge381igae1e8486 . (2599FheWﬁ§§rHe§%rn?ﬁ%@rgg9§céapﬁe?es were -1
ppm (MALDI) and 60 WO 03/089460 PCT/ CA03/00502 typically, 0.5-1 ppm (ESI)
at a mass resolution of 200, 000. 2,5-D -hydroxybenzoic acid (DHB) was used
as matrix for MAEBI SNBcsappbeprpr BpaHatFon. See Bauer et al., Anal.

Bi ochem 298: 25; 0 I e r aqueous
0.01% TFA solut|%itgggsé%c#F§EHN§n&aéférg%?§§ eﬁ?%ﬁrgﬁgggﬁgig%a 496 (2000).

Mass SﬂéctnmmobpylﬁedutosaEngbp@Oe%chndmtaﬂﬂedxmiéﬁppéﬁlﬁﬁﬂﬁYtHésant|body
used, with analyses by ESI- and MALDI-FTICR-mass

spectrometry. See Macht et al. Biochemistry 35:15633-39
(1996) ; Fligge et al., Biochemistry 39: 8491-8496 (2000);
See Bauer et al., Anal. Biochem. 298:25-31 (2001);

15 Przybylski et al., "Approaches to the characterization of
tertiary and supramolecular protein structures by
combination of protein chemistry and mass spectrometry."
In New Methods for the study of Biomolecular Complexes,
Kluwer Acad. Publ., Amsterdam, pp.l17-43 (1998). First,

20 MALDI-MS of tryptic peptide mixture of free Abetas:
antigen shows all of the expected Abeta proteolytic
peptides including the following:

Peptide Mass (Da)

1. Abeta(i-16) 1954.8892
25 2.  Abeta(s.16) 1336.6030
3. Abeta(i7-2¢) 1325.6735
3. Abeta(zs.sz) 1268.7804
5. Abeta(i7-sz) 2575.4164
30 Epitope excision, using Lys-C and trypsin

digestions, eluted a single peptide fragment which
produced a single ion species Abeta(i-is) 1954.8806 using

MALDI -FTICR detection. In this case, the R5 residue of
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10 inmmobilized to a sepharose-conditioned mcrocapillary was used, with
anal yses by ESI- and MALDI - FTI CR-mass spectronetry. See Macht et al.

Bi ochem swoyw388486633-39 (1996); Fligge et al., Bi ochenm $CTYCADIN0B2491- 8496
(2000); See Bauer et al., Anal. Biochem 298:25-31 (2001); 15 Przybyl ski

et al., "Approaches to the characterization of tertiary and supranol ecul ar
protein structures by conbination of protein chem stry and nass
spectronetry.” In New Methods for the study of Bionol ecul ar Conpl exes,

Kl uner AcagbePublas Besher daiel@edlirdd (1988} ioFi bgt Ly20CMALDI - MS of
tryptic peptide m xture of free Abetad42 antigen shows all of the expected
Abet a prot BBYR$1R- peptides including the fol | owing: Peptide Mass (Da) 1.
Abeta(l _16) 1954.8892 25 2. Abeta(6_16) 1336.6030 3. Abeta( 17 28)
1325. 6735 3. Abeta(29 42) 1268.7804_. 5. Abet a( 7 Epi t ope
exci si on, usi nglB§sPePRAGSt FHRETAnT (RhBRER 110Hs ! iga é3 3 gﬁ B%gtlde

fragmeny \&gbeﬁ epiedyeedxaisipgl fitANsspAGHeEsAbRLAC! pirﬁ):ei954 8806 usi ng
MALDI - FTI detection. In this case, the R5 residue of 61 WO 03/089460

PCT/ CA0O3/ 00502 Abeta was being shielded fromdigestion by Lys-C and

trypsin. The Deﬂétdeaﬁaaﬂﬂﬁﬂt Abetatd_d#) cnd384u5885rbamekyl edpeS upon
epi tope excision with S. Aureus  d u-C protease. ESI- and MALDI spectra of

the el uat eekEGAFERPROPELEXL MaChYBAtAVPELID a2BAy ABLPYBSPRI8AGaNi nopept i dase

g%ocggg¥agglQEQQQ&egrgaaggﬁnk§aéggh€§1@9%t&%gﬁ)49@§5D@9@@dDa19nabeta(4 10)
10 Abetau 10y 880.3827 Da.

The core epitope was determined by using
aminopeptidase M-digestion of the antibody bound
chymotryptic fragment and Abeta( io) immune complex. This

15 double digestion identified Abeta(s-i0), FRHDSGY as the
minimal epitope with comparable affinity to that of
Abeta,,. The C-terminal amino acid is Y10 because further
C-terminal digestion from Y10 using carboxypeptidase A
yvielded peptides having drastically diminished affinity

20 as compared to Abetay;.

Table 3 shows the peptide fragments that were
obtained by mass spectroscopy of the epitope excision and
extraction procedures using the anti-Abeta antibodies and

25 Abeta peptides. When the Abetas, peptide (Table 3, row 1)
was predigested with trypsin, the peptide obtained from
the antibody binding site corresponded to the sequence
shown in Table 3, row 1. The combination of trypsin and
Lys-C proteases identified the same 16 residue peptide

30 (Table 3, row 2). When the protease was S. Aureus Glu-C
protease and it was used in epitope excision, an 11
regidue peptide was eluted from the antibody binding
gite, as shown in row 3. A ten residue peptide was

observed with a-chymotrypsin alone digestion (Table 3,
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The core epitope was determ ned by using am nopeptidase Mdigestion of the
anti body bound chynotryptic fragnent and Abeta(110) imune conplex. This
15 doubl ewoOiogest4son i dentified Abeta(4.10), FRHDSGY as t he@CTraAmB/edo2epi t ope
Wi th conparable affinity to that of Abeta42. The Cterminal amno acid is
Y10 because further C-termnal digestion from Y10 using carboxypepti dase A
yi el ded peptides having drastically dimnished affinity 20 as conpared to
Abet a42. Table 3 shows the peptide fragnents that were obtained by nmass
spectroscopywof) t heanepshope €XCTabba androexs| atheonepencedimesaasdng the
anti-Abeta antibodi es and 25 Abeta_peptides. V%eE t he Abeta€2 geptide
(Tabl e 3, FOWF 15P1 @R pFadi gREELUSHi YReEr ¥B&i RECtidSGePtPaEt 0Bt Ri ned from

t he antiboﬁ&r@i@Qiﬂ@rﬁé&ewﬂﬁhreﬁ@oﬁﬁ@deh@ymég geguemecerypbomwnand Tabl e 3,
row 1. The conmbination of trypsin and Lys-C proteases identified the sane
16 resi duecPEptPeRt3028Fallt e 3, row 2). Wien the protease was S. Aureus

A u-C protease and it was used in epitope excision, an 11 residue peptide
was eluted fromthe antibody binding, site, as shown in row 3. A ten

resi due pepable $ns PaptddeadTdpphifiedyh S| APS 224PPEst i on (Table 3,

62 WO 03/ PRA60 e RS BRR0EJow 4) - As shown [IpL- el S 3.0V 5, | he
seven am no ac g core eplitope was observed when [t he protease digestions
were perfpNoed| dith the5two enzyd@s a-chymdbrypsijn and amni nopeptidase M 5
Tabl e 3 Peptidps—tdentitired=byih Spect CRPY R Ngmber —of —ResTtues
Pr ot eases| Used| DNB. £1 75716 D551 “DIARE EIRIHED'S & X H H Q K trypsin

SEQ ID NO: 22

mint=Atuind

2 DAEFRHDSGYEVHEHOQK trypsin and lys-C-
SEQ ID NO: 22 protease

3 DAEFRHDSGYE 5. Aureus Glu-C
SEQ ID NO: 23 protease

4 DAEFRHDSGY o—chymotrypsin
SEQ ID NO: 24

5 FREDSGY o-chymotrypsin and
SEQ ID NO: 1 aminopeptidase M
Summary

MALDI- and ESI-MS analysis identified a linear

10 epitope comprising the N-terminal sequence, Abeta(i-i0) as
the only, specific product upon epitope excision. See
Tables 3 and 4. Mass spectroscopy of a typsin digestion
of the free Abeta,, antigen yielded all expected peptides,
(1-16), (6-16), (17-28), 29-42). See Tables 3 and 4.

15 Epitope excision with trypsin and Lys-C-protease provided
a single peptide (1-16). Glu-C-protease and o-
chymotrypsin generated only the fragments (1-11) and (1-
10), respectively. See Tables 3 and 4. In contrast,
regidues R5, E3, F4 were shielded from digestion with

20 these proteases, respectively. Further digestion of
antibody-bound endoprotease fragments were performed with

exopeptidases to define the core epitope. Aminopeptidase

63



SEQIDNO 22 2 DAEFRHDSGYEVHHQKTUtrypsin and |lys-C SEQ ID
NO 22 protease 3IDAEFRHDSGYES Aureus Qu-C SEQID NO 23
prot ease WOD3M8HEH6- R H D S G Y a-chynotrypsin SEQ | D NO PRA/CA0B/08%0 D S G

Y a-chymotrypsin and SEQ ID NO 1 am nopeptidase M Sunmmary MALDI - and
ESI-MS analysis identified a |linear 10 epitope conprising the N-term nal
sequence, Abeta(l _10) as the only, specific product upon epitope excision.
See Tables 3 and 4. Mass spectroscopy of a typsin digestion of the free
Abet a42 aniji-gegey¥tebdedrakheexpoabedypepti desgmept- i6ent(iGidd), (17-28),
29-42). See Tables 3 and 4. 15 Epitope excision with trypsin and
Lys-C—prot@5§5abk@VFd58HD§G§iﬁ&lghﬁe Raal SPayOPg W}E¥pF898§§8b$ﬁd a-
chynot rypsiarganerated tasky offhavkragenits el -t tand d-lertinalr espectivel y.
See Tables 3 and 4. |In contrast, _residues R5, E?, F4 re shi el ded from
di gesti on ABRSBAEOPhELETELedSaLPORYBERELAFERY &) FYrENEF M gest i on of

ant i body- bguadepdoproteaseilhagmemrs nwere parffoniey Wittlerexopepti dases to
define the core epitope. Am nopeptidase 63 WO Q3/ 089460 PCT/ CA0O3/ 00502
M di gest i oRPERIPRE Ry FOEr YIFSSc SPESGHEREFdenEPATERS AFELSE8™10); FRHDSGY

as the mnipakreRiheRe wiideh c@RaNgbbensaklicnict wite bFFHingkilget ad2, while
further CGtermnal digestion from Y10 (carboxypepti dase A) ,yielded 5

drasti cal | jelpHmineRe®YaFLilet L AR Sy hEticre FRREEPS BFPSIRES in the nass
spect romet gj; 6 ¢Rkt QRE %G RN N-SXR|IHIRNLS ABEE 8 RE 1Rl McCapsicatent wi th
afflnliéesgroup. See @Gitlin et al., Biochem. J. 242:923-926
(1987); Craig et al., Anal. Chem. 68:697—701‘(1996). The
epitope was identified unequivocally by the high mass
determination accuracy (0.5 — 2 ppm) of the monoisotopic
molecular ions. In addition, these results were
15 confirmed by sequence-specific fragmentation of selected
molecular ions in FTiCR—spectra by IR-multiphoton laser
dissociation, and by control experiments with sequence
mutants and homologous Abeta,, peptides (data mnot shown).
See Fligge et al., Biochemistry 39: 8491-8496 (2000).
20 Thus, rat Abetas,, which contains an R5G and Y10F double
mutation yielded no elution product upon epitope
excision. In contrast, human Abeta(i.40) and Abeta(i-zo
provided the same epitope (4-10) as Abetas:. The control

antibody from IAPP-immunized mice yielded no detectable

25 epitope peptide. See Tables 3 and 4.
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determ ned by ELI SA of the synthetic epitope peptides biotinylated at the
N-term nus via an al kyl am do-spacer 10 group. See Gtlin et al., Biochem
J. 242: 928092089460 987); Craig et al., Anal. Chem 68:697- POI/(ADSA®N2 The
epitope was identified unequivocally by the high nmass determ nation
accuracy (0.5 - 2 ppm of the nonoisotopic nolecular ions. In addition,
these results were 15 confirmed by sequence-specific fragnmentation of

sel ected nolecular ions in FTICR spectra by |R-mul te photon | aser

di ssoci ation, and by control experiments with sequer¢e nutants and

honol ogous Abet a42 peptides (data not shown) See FI§ e et al.,

Bi ochem sty 39: 8491-8496 (2000). 20 Thus, rat Abet , Which contains an
R5G and Y1QF double nmutation yielded no elution pragduct upon epitope

exci si on. contrast, human Abeta(1l_40) and Abet a( Q*@) provi ded t he sane
epitope (4-10) as Abetad42. The control antibody frd]%ﬂ APP-i mmuni zed m ce

yi el ded no Het ect abl e 25 epi tope peptide. See Tabl es‘Ei}é and 4. 64 WO
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Example 6

Structural Characterization of Abeta Peptides
In this example, the inventors compared the affinity
of the identified synthetic epitope peptides with that of
5 Abetas, for the immobilized antibodies and characterized
the secondary structure of the synthetic epitope peptides

in solution.

The epitope identified by mass spectrometry was

10 further characterized using synthetic peptides, secondary
structural analysis and immuno-analytical
characterization of the corresponding authentic peptides,
biotin-Gly-Gly-Abeta .10y and biotin-Abeta(4.10). First,
the affinity of the various peptides for anti-Abeta

15 antibody was estimated using ELISA and dot-blot analysis
of the epitope peptides (data not shown). The results
showed that all of the peptides shown in Table 3
displayed comparable affinity to Abetay:.

20 To evaluate a possible conformational effect of the
active epitope, a secondary structural comparison of the
N-terminal peptides with the previously reported
structures of Abeta,, and Abeta,, was performed. The CD
spectra and 2D NMR-NOESY spectra (data not shown) of the

25 N-terminal, polar peptides Abeta(i-i10) and Abeta(i.is) do not
show any evidence of a definite solution structure for
the Abeta fragments. Such data suggests, however, a
certain flexibility of the epitope for antibody
recognition. This is consistent with the secondary

30 structure prediction for the Abeta,, sequence showing a
break in the propensity for a-helix formation around the
Abeta(4-10) epitope region. In contrast, a-helix
propensity and helix-coil/p-sheet conformational

transition were observed for sequences comprising the

66
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Exanple 6 Structural Characterization of Abeta Peptides In this exanple,
the inventors conpared the affinity of the identified synthetic epitope
peptides with that of 5 Abetad42 for the imobilized anti bodi.es and

charact eri gegnthembesandaeyishr usbuee Qf,.fhe syss hesies epttape, peptides in
solution. The epitope identified bi mass sgeﬁtronetry was (10 furt her
char act er i Béachsmag t&yndHat Lé0papliidd, (4888hdafphnst Phctdral anal ysis and

| muno- anabyblbGahistry 35: 16094-16104 (1996) .

5 Example 7
Effect of Sera on Abeta-induced Toxicity

In this example, the inventors evaluated the ability
of Abeta-immunized sera to inhibit Abeta 42-induced
cytotoxicity.

10

General Scheme

To explore whether the prevention of memory deficits
in TgCRND8 mice after Abeta-immunization might reflect a
gimilar effect on the cytoxicity of Abeta, we performed

15 standard Abeta,, toxicity assays using PC-12 cells. See
McLaurin et al., J. Biol. Chem. 275:18495-502 (2000);
Pallitto et al., Biochemistry 38:3570-78 (1999). First,
PC12 cells were incubated with Abeta,,, in the presence or
absence of sera for 24 hours. Next, cellular toxicity

20 was measured using both the Alamar blue assay (Ahmed et
al., J. Immunol. Methods 170:211-24 (1994)), which is
indicative of metabolic activity, and the Live/Dead assay
(Pike et al., J. Biol. Chem. 270:23895-98 (1995)), which
indicates both intracellular esterase activity and plasma

25 membrane integrity.

Abeta Toxlicity Assay
PC-12 cells were plated at 500 cells per well in a
96 well plate and.suspended in 30 ng/ml NGF (Alamone
30 Labs, Israel) diluted in N2/DMEM (Gibco/BRL, Rockville,
MD). Cells were allowed to differentiate for 5-7 days to
a final cell number of 10,000-15,000 per well. Abeta was

maintained in solution (25 micromolar) for 3 days at RT
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characterization of the correspondi ng authentic peptides,
biotin-Ay-Ady-Abeta(l _|o) and biotin-Abeta(4 |lo). First, the affinity of
t he vari owe opegtss@es for anti-Abeta 15 anti body was esti neCe&CA0300892 ELI SA
and dot-bl ot analysis of the epitope peptides (data not shown). The
results showed that all of the peptides shown in Table 3 displayed
conparable affinity to Abeta42. 20 To eval uate a possible confornational
effect of the active epitope, a secondary structural conparison of the

N-ternmi nal cgephizdes Wibhkithegehextieusky¥oi-epartediont kuctulesrel.Abet a40 and
Abet a42 was_ perfornmed. The CD, spectra,and 2D NVR- SY S ec%ﬂg data not
shown) of FhéS2BPREPePHERAIatABNaFOPERtPded RyFaLEd fo?fa §SRBBLE(1_16) do

not show ghygewkedansecatidangef anbte a@aubwﬂostlwcﬂ@r enbera-t he Abeta
fragments. Such data suggests, however, certaln flexibilit

epi t ope f oFP&REEBOEP fﬁébééﬁPFﬂéﬁedTﬁﬁsn?§r@69§ﬂ§teﬁ? @FFﬁrpﬁé ge?@hdary 30

structure egéét%wﬂufc%sh% eh242 nSequsese ) showagrampbiealed n the
propensity hel1x formation around the Abeta(4 _10) epitope region. In

contrast, alhel Vx Neugpshism:y 78nd SRelbi0OR- déﬁpﬁ@ﬂsw £he §if érlmat Honal

t iti 66 ;WO 03/ 089460
PCT] A3/ OBSRD CE B toRar SnG g on \(Asel A( 1B 495)  oea Cof'ds ot al.

BiOCheniStWﬁu&%scﬂh@b@-190%3761998ﬂ (K61990 et Tal addiBiiechemiesteyn3s:
R LA AL it AR gy 1
to i nibit rAkeyai42s ndheted, moyboieas, citlegrat@rs, hexamers and large

oligomers of greater than 98 kDa (data not shown). After

the 3 day pre-incubation, Abeta was added to cell

cultures at a final concentration of 0.1 ug/pl and

incubated for 24 hrs at 37°C. Next, toxicity was assayed

15 using the Live/Dead fluorescent assay (Molecular Probes,
Eugene, OR) and Alamar Blue Assay (Biosource Inc,

Camarillo, CA).

Results

20 The Sera from non-immunized or IAPP-immunized mice
had no effect on Abeta-toxicity. In contrast, sera
isolated from Abeta,;-immunized mice prevented Abetays-
cytotoxicity in a conéentration—dependent manner, but
displayed a marked variability in the extent of this

25 effect. In this assay n=18/22, p<0.01 and n=4/22,
pP<0.001 in comparison to Abeta42-induced toxicity. The
correlation between cell survival and the extent of
fibril disaggregation was plotted for individual sera and
revealed a direct correlation between the effectiveness

30 of sera to inhibit toxicity and disaggregate fibrils.
Moreover, antibodies that were the most effective at
inhibiting fibril formation/disaggregation were also the
most effective in reducing toxicity (Day 3 p<0.001 and

Day 7 p<0.0001 in comparison to inactive sera).
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General Schenme To explore whether the prevention of nenory deficits in
TgCRND8 mice after Abeta-inmunization mght reflect a simlar effect on

t he cyt oxwoiospsuabo Abet a, we perforned 15 standard Abet a42PCoxiAvBo§s0assays
using PC-12 cells. See MlLaurin et al., J. Biol. Chem 275:18495-502
(2000); Pallitto et al., Biochemstry 38:3570-78 (1999). First, PCl2
cells were incubated with Abeta42, in the presence or absence of sera for
24 hours. Next, cellular toxicity 20 was neasured using both the Al amar

bl ue assay (Ahnmed et al., J. Imunol. Methods 170:211-24 (1994)), which is
indicative of netabglic, activity,-a i vel P keocet al., J:
Biol. Chem 27@?3%5%}‘5%1?%35%3{)?fmgﬁq%%ﬂgﬁi%d?gaﬁgg%gﬁﬁé?ﬁ?r ai(/:el | ul ar

esterase llgﬁéi'r&ht:YC?ﬁdtpkﬁeﬂﬁy gsuhdnpremédeniegtohy. imbet BhFoxi city Assay
PC-12 cel

s were plated at 500 cell s per j 96,uel | plate and
suspended™PRR3B1A /f# PR angﬁe%ﬁgfa’%??h%%?g%‘ edlél uted in N2/ DVEM
(G bcaf BRyroRegk¥inktey ofDintCebliy wer 2bathowedessadvf ter ehifake for 5-7
days to a final ¢ f 10,00 15,009

.cell numper _ eta, Was,
mai nt ai neHh?nlE‘BPthFéﬁn(gg WEPB%FS% Yror'~3 82%‘“2&%%%% %%5‘)03/ 089460
PCT/ CA03/ 995024 cteviendeea .f i ihil Eagenesivehefeorgedaddian drr 4109 XA es.
This Abeta preparation contains a_nultitude,of _ass I Q| d rs
i ncl udi ngWiAbBDBs M&RE Br §P0P%br2§|4§3?uAb&’%’§P g%&;?g? gz)gjféallerflﬁl(fggﬁgfi ed as
neur ot oxi ¢heagndeler Birnedrhy thael eekcardrisorostophe( dheiandndsern) . See
Lanbert et al., J. Neurochem 79:595-60 2001) ; h lri~d  BioOl.
Chem 10 274v25085i53 ty1996¥F: angelswag'eeﬂea%P,(m%. Jﬁ)“ﬁ%ﬁ%%c' %tr%%cﬂ:vél‘sm- 8884
(1999). | praddict LRR Jeeslerd okl Qovanakysesiydespabetat ed tiiost,

Abeta42-lgggan%%éggg%ing that the antibodies were binding to a
low abundance species of Abeta such as Abeta-oligomers,
protofibrils, or precursor protein fragments, rather than

15 monomeric Abeta or Abeta aggregates. Furthermore, active
sera caused a significant decrease in Abeta-cytotoxicity
at all doses tested; suggesting that cell death was
induced by the processes specifically blocked by the
sera. Statistical analyses was accomplished using one way

20 ANOVA with Fischer’s PLSD * p<0.01 and 1 p<0.00L.

Example 8 ‘
Serum Components Mediating Protective Effect

In this example the inventors show how to determine
25 which serum components were responsible for the reduced
cytotoxicity of Abeta. The inventors found that the
active component was in the purified IgG fraction from
sera and no other serum component could inhibit of Abeta
mediated cell death.
30
In order to verify that the effects of Abeta-
immunization were due to Abeta-induced antibodies, rather
than due to some other effect, e.g. secondary changes in

the expression of other serum proteins. Therefore, to
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10 recogni zes Abeta42 nononers, tetramers, hexaners and |large oligoners of
greater than 98 kDa (data not shown). After the 3 day pre-incubation,
Abet a waswaddesb4b@® cell cultures at a final concentrati omCofCAD3/0092] and

i ncubated for 24 hrs at 37C. Next, toxicity was assayed 15 using the

Li ve/ Dead fl uorescent assay (Ml ecul ar Probes, Eugene, OR) and Al amar Bl ue
Assay (Biosource Inc, Camarillo, CA). Results 20 The Sera from

non-i muni zed or | APP-immunized mce had no effect on Abeta-toxicity. In

contrast, eehdirhsSehatedniyophibBbad4dsi BRUBLEEUII, CeapERYEAGEhAbEt a42-
cyt ot oxi Clt in a concentration-dependent manner, but gl spl ayed a mar ked

vari abi | i t §PPhathe) eRPERPPET W?HPseﬁe@FFEEt' WENPERESTHE ay n= 18/22 p<0. 01

and n=4/ 22qy+ BEBx901tiNe&pEPNEREB hglﬁﬁebaﬂtheauggd Foxkeibiis The
correlation between cell survival and the extent of fibril disaggregation

was pl ot t e8TPBr APRERvdIEINIEEes £7F2 r evidIFEd i igiedte darF AR difDet ween

the efﬁﬁctb&ﬁa@§§c391?fa§85§a59elmehabnohgmlshEYb@BQeglsa@greggh@ fibrils.
Mor eover, antibodies that were the nost effective at i nhi bltlng fibril

fornatlon/anéaéamé@ahﬁﬁhnﬂe§§e§P§éCﬂh§ ErsspastiebtpveePAtPBAECPAY toxicity
(Day 3 p<Opfi@i,and Day 7 p<0.0001 in conparison to inactive sera). 68 WO

03/ 089460 PCT. CA03/ 00502 The stoichionmetry of antibody to Abeta necessary
to prevent cytotoxicity could provide insight into the nechanism of

action. In Ofdefrhteorgsgﬁw ﬁegtehéoﬁciglgwe' Orr%éylmnuaebu%%h%/%beta

necessary to elicit iItion of cytotoxicity, we determ ned the EC50
for IO repori¢éedefaonThARCESR) rafwes achrigat fdemmrEtior-ed 306 S4%h a nmean

SD of 2343?nh%@§@1gﬁeo%c§8xﬁglg§f QGGrﬁae sera, suggesting that

other serum components did not contribute to the
protective response. Furthermore, these IgG fractions
inhibited Abeta-fibrillogenesis and induced Abeta fibril

15 disaggregation to the same extent as whole sera. The
antibodies 4G8 and 6E10, which recognize Abeta sequences
17-24 and 11-17 respectively, do not inhibit
fibrillogenesis but do decrease the amount of total
fibril. "The latter effect may arise because these

20 antibodies will bind to a small portion of the free Abeta
peptide in solution, thereby sequestering it from fibril
formation. In contrast, BamlO, which recognizes a
sequence within Abetai.io, inhibits fibril formation
gsimilar fo that shown with the Abetas;-immunized sera.

25 These resultg further demonstrate both that only
antibodies that recognize the N-terminal of Abeta
sequence are effective inhibitors of fibrillogenesis, and
that the active component within the Abetas;-immunized
sera is a gpecific IgG.

30
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t he ambunt of sera that rescued 50% of the Abeta-induced 10 cytotoxicity.
As a result, we found that the protective effect was detected at | ow

anti body wo odbogte0 rati os, 50:1, suggesting that the anti peWiGe3mne02
binding to a | ow abundance species of Abeta such as Abeta-oligoners,
protofibrils, or precursor protein fragnents, rather than 15 nononeric
Abeta or Abeta aggregates. Furthernore, active sera caused a significant
decrease in Abeta-cytotoxicity at all doses tested; suggesting that cell
death was induggdmpyekhe preogesses specifically blocked by the sera.
Statistical anal'ySes was acconpl i shed using one way 20 ANOVA with Fischer's
PLSD * p<0.01 aAdTEGENODBEIGN Exanpl e 8 Serum Conponents Medi ating
Protective Effeghel Bobbligcgxagpls LhebRyentonasshaudiawd @ ot g ne 25
whi ch serum conponentS were responsible for the reduced cytotoxicity of
Abet a. Thedemsuenedr ectouddnohap the fasmunle ebopon®stlowas in the purified
lgG fraction frem s and n t her rum.c eaent coul doi nhi bit of Abeta
medi atgsg cel | dgéth.qégnl n or(rg%fmto vgér-:)i"fy t hat tﬁ‘ﬁl‘gffec?s’%f Abet a-

i mruni zat i on welbedeeat e iAgéracopyucdd Aetibodies s pacisent epdnrndde to sone
ot her effect, e.q. .secondary c¢hang j th pr I 0 her serum

pr ot eins. hanef’L%ré,’ tgolg9QV\DgoggogéxggrﬁCT?&éﬁ%%?&%%’c%mggsr%'t hat only
ant i bodi esagdl etei Tekylilahgépieny ephie toflsetia( 4ny0pLePEQ IS Wer:e 3ef floct i ve,
we perfornmed _cytotgxicgity.experinmgnts.using rified.lgG.fractjons from
Aoet aa2oi meanfrad oo ao 1 KoGamy d5 G gt 27 o A y

avai | ad e gonocironal. amhiebedicesbi4Es, B6EING Tane 1Bamtd tlogpe ng specificity
for particular epltopes, oL o correspond to SEQ ID NO: 25, 26, 27,

28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,

42 and 43.
15 TABLE 5 Abeta Peptide Antigens
Example SEQ ID NO: | ANTIGEN PEPTIDE SEQUENCE
9 25 FFLLTRILTIPQSLD~GGFRHDSGYG
10 26 KKLRRLLYMIYMSGLAVRVHVSKEEQYYDY -GGFRHDSGYG
11 27 KKQYTKANSKFIGITE-GGFRHDSGYG
12 28 KKFNNFTVSFWLRVPKVSASHL - GGFREDSGYG
13 29 YMSGLAVRVHVSKEE - GGFRHDSGYG
14 30 YDPNYLRTDSDKDRFLQTMVKLFNRIK-GGFRHDSGYG
15 31 GAYARCPNGTRALTVAELRGNAEL - GGFRHDSGYG
16 32 LSEIKGVIVHRLEGV-GGFRHDSGYG
17 33 GILESRGIKARITHVDTESY-GGFRHDSGYG
18 34 WVRDIIDDFTNESSQKT-GGFRHDSGYG
19 35 DVSTIVPYIGPALNHV-GGFRHDSGYG
20 36 ALNIWDRFDVFCTLGATTGGYLKGNS -GGFRHDSGYC
21 37 DSETADNLEKTVAALSILPGHGC - GGFRHDSGYG
29 38 EEIVAQSIALSSLMVAQAIPLVGELVDIGFAATNFVESC-
GGFRHDSGYG
23 39 DHEKKHAKMEKASSVFNVVNS -GGFRHDSGYG
24 40 KWFKTNAPNGVDEKHRH - GGFREDSGYG
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Abeta. The results were conclusive. The inmunoglobulin G 10 purified from
Abet a42-i mmuni zed sera denonstrated the same inhibition of toxicity as
crude serwp 03t8gesti ng that other serum conponents di d neCTaNBOIUt e t O
the protective response. Furthernore, these 1gG fractions inhibited
Abeta-fibrillogenesis and i nduced Abeta fibril 15 disaggregation to the
sane extent as whole sera. The antibodies 4G and 6E10, which recognize
Abet a sequences 17-24 and 11-17 respectively, do not inhibit

fibrill ogepesis bui]l £l0 decreasq dLbemamauKHKGe@GI{Mbad;YG fibril. The latter
ef fect mallarise hdcause. these 20 antibodi tion

of the freé6Abeta |feptide in S&W?%VEMWV%%‘Q“ g’%ﬁ‘ﬂ{@g? ing it from|fibril

formati onZhmTontTag], Bamio, CENJHECOON ZRSKACCIRanBerT e W t Ni N
Abetal -iol_inhibitg fibril formation simlar to that shown with the

Abet a42-i M@8ni zed se¥h. 25 ThedSTFESIATHETRYYEIRK -GEHPTEYT ate both that only
ant i bodi enz‘ghat. regopgnt ze—the Nderaidimy o v ARidrrREDEGUEICE are erfegtive
inhibitorg of fibrilllTogenesis, land that the active conponent within|the
Abet a42-i mBuni zed |s&Fa is a spe&:IIEﬂ"G]%QHII{éQERVS@NW V@WF089460
PCT/ CA03/ pQ502—Exanrples—9 27 S Th

5 and Exawg‘rtes 9- 27 e desi gnedé’uﬂgié%g(ﬁg I ngEtT%N%Hﬁe formula shown below 5
1. (A). -13kTh) m-[-4413)0 -- AbetG&(‘ﬂiDBG?G#TE’(@)QHﬁYleW%NPQJKS| ngl e copy of

Abeta(4-1“ s present—and-n—is =gHyeine—EHs
: T ¥ ;
glycine, p h3Ps 1, antPthe T-celll G%Fkr%ségry %TEFGF% QI S any of SEQ I D NO| 3, 4,
34 50 FRHDSGYGG-STETGNQHHYQTRVVSNANK
35 51 FRHDSGYG-STETGNQHHYQTRVVSNANK
Example 28

ANTIGEN DESIGN
5 The peptide shown in Example 28 (Table 5),
corresponding to SEQ ID NO: 44 is an example where n is
0, mis 1, o is 1, B is glycine, C is glycine, p is 1,
and the T-cell helper eptitope is SEQ ID NO: 21. The
combined B and T cell epitopé containing antigen

10 corresponds to the peptide shown in SEQ ID NO: 44.

Example 29

ANTIGEN DESIGN
The peptide shown in Example 29, (Table 5),

15 corresponding to SEQ ID NO: 45 is an example where n is
0, mis 1, o is 0 and the T cell epitope is connected to
the B cell epitope directly through a peptide bond, C is
glycine, p is 1, and the T-cell helper eptitope is SEQ ID
NO: 21. The combined B and T cell epitope containing

20 antigen corresponds to the peptide shown in SEQ ID NO:
45.

72



5 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 10 20, or 21. These
conbined B and T cell epitope containing antigens correspond to SEQ | D NO
25, 26, 2¥p03@A®46®9, 30, 31, 32, 33, 34, 35, 36, 37, 38, QI/CH30KL2 42
and 43. 15 TABLE 5 Abeta Peptide Antigens Exanple SEQ I D NO ANTI GEN
PEPTI DE SEQUENCE 9 25 FFLLTRI LTI PQSLD- GGFRHDSGYG 10 26

KKLRRLLYM YMSGALAVRVHVSKEEQYYDY- GGFRHDSGYG 11 27

KKQYI KANSKFI 3 TE- GGFRHDSGYG 12 28 KKFNNFTVSFW.RVPKVSASHL- GGFRHDSGYG 13 29
YMSGLAVRVHVSKEE- GGFRHDSGYG 14 30 YDPNYLRTDSDKDRFLOTMVKLFNRI K- GGFRHDSGYG 15
31 GAYARCPNGTRALTVAELRGNAEL- GGFRHDSGYG 16 32 LSEI KGVI VHRLEGV- GGFRHDSGYG 17
33 G LESRG KAR BX@RRESY3BGFRHDSGYG 18 34 WRDI | DDFTNESSQKT- GGFRHDSGYG 19
35 DVSTI VPYI GPALNRY-EFBERSGYG 20 36 ALNI WDRFDVFCTLGATTGGYLKGNS- GGFRHDSGYG
21 37 DSETADNLEKTVAALSI LPGHGC- GGFRHDSGYG 22 38

EEl VAQS! ALSSLMWAGAI PEVCESYDEBFEATNRVESEND SeFRPDSEYEr2s 59

DHEKKHAKME S- Y .4 K GYG 71 WO
03/ 089460 PCTT CADS) 00802 25 41" BL Lk ABAVKAKLS CUFREBSGI 36 A2~
GLAAGLVGVAADAMVEBVN, GGFREDSGYE 21e43 STEFGRIODHEYOFRVYSRARKECEERHDSGYG 28

46 STETGAGHNOTRVWANANK. FREESCY 5T 47 CEPRPBSOYER, STETCROHEVOTRUVSNANK

glycine, p is 1, and the T-cell helper eptitope is SEQ ID

NO: 21. The combined B and T cell epitope containing
10 antigen corresponds to the peptide shown in SEQ ID NO:
46.

Examples 31-33

ANTIGEN DESIGN
15 The peptides shown in Examples 31-33 (Table 5), are

designed according to formula II shown below:

IT. (A)n - Abeta(4—1o) - (B)o - (Th)m - (C)p

20 Where a single copy of Abeta(s.i0) 1is present and n is
2, mis 1, o is 2, A and B are glycine, and p is 0, and
the T-cell helper eptitope is SEQ ID NO: 21. These
combined B and T cell epitope containing antigens

correspond to SEQ ID NO: 47, 48 and 49.

25
Example 34 & 35
ANTIGEN DESIGN
The peptide shown in Examples 34 (Table 5), are
designed according to formula II shown below:
30

II. (A)n -- Abeta(s-10) -- (Blo -- (Th)g -- (C)p

Where a single copy of Abeta(s-10) 18 present and n is

0, mis 1, o is 2 in Example 34 and o is 1 in Example 35,
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32 48 GGFRHDSGYG STETGNQHHYQTRVWSNANK 33 49 GGFRHDSGY- STETGNCQHHYQTRVVSNANK
34 50 FRHDSGYGG STETGNQHHYQTRVVSNANK 35 51 FRHDSGYG STETGNCQHHYQTRVVSNANK
Exanpl e 280ABM8GHN DESI GN 5 The peptide shown in Exanpl e P8T(CRabbesod) ,
corresponding to SEQID NO 44 is an exanple where nis 0, mis 1, ois 1,
Bis glycine, Cis glycine, pis 1, and the T-cell helper eptitope is SEQ
ID NO 21. The conbined B and T cell epitope containing antigen 10
corresponds to the peptide shown in SEQ ID NO 44. Exanple 29 ANTI GEN

DESI GN TheBp@@tgﬂycﬁh@v\naha Exagpbe 284 tHabfrecg)l Hlélpelrr eppondpag to SEQ
ID NO 45 is an _exa T cell

th
epi t ope |51§0%ﬁ@c¥QnBPo 2f‘he §E8§FI08BPfBﬁ§ al?agtﬁycFﬁEoﬁgﬁggpSeptlde

bond, C iscoftythifg AntSgénsasdribepdneetb bebpeD mpti topendssSEQ ID  NO
21. The conbined B and T cell epitope containing 20 antigen corresponds to

t he peptide shown in SEQ ID NGO 45. 72 WD 03/089460 PCT/ CA03/ 00502
Exanpl & 30 ANT'EEE&%E@'@N The peptide shown in Exanple 30, (Table 5), 5

correspondi ng t 1 46 is an exanple where nis 0, mis 1l o0is 0
and the T cell épntbgélﬁsOéoﬁﬁéégﬁédterﬁhéea cell epitope directly through

a peptide bond, i S he Tz ¢el eptitope is
SEQID NO 21. S &8 g %%egggtgd §ngﬁ?gg%|§gpgﬁ§ohfgﬁﬁpﬁg 10 antigen

cor r espondpepbidhe pepte&eogﬁowg te SEQ D NO: 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,

10 45, 46, 47, 48, 49, 50, 51 and a control peptide, islet
amyloid polypeptide (IAPP) (SEQ ID NO: 52) are performed
on a 100 umole'scale using manual solid-phase synthesis
and a Symphony Peptide Synthesizer using Fmoc protected
Rink Amide MBHA resin, Fmoc protected amino acids, O-

15 benzotriazol-1-yl1-N,N,N', N-tetramethyl-uronium
hexafluorophosphate (HBTU) in N,N-dimethylformamide (DMF)
solution and activation with N-methyl morpholine (NMM),
and piperidine deprotection of Fmoc groups (Step 1).

When required, the selective deprotection of the

20 Lys(Aloc) group is performed manually and accomplished by
treating the resin with a solution of 3 eq of Pd(PPhj).
dissolved in 5 mL of CHCl,;:NMM:HOAc (18:1:0.5) for 2 h

(Step 2). The resin is then washed with CHCl; (6 X 5 mL),
20% HOAc in Dichloromethane (DCM) (6 X 5 mL), DCM (6 X 5
25 mL), and DMF (6 X 5 mL). In some instances, the

synthesis is then re-automated for the addit;on of one
AEEA (aminoethoxyethoxyacetic acid) group, the addition
of acetic acid or the addition of a 3-maleimidopropionic
acid (MPA) (Step 3). Resin cleavage and product

30 isolation is performed using 85% TFA/5% TIS/5%
thiocanisole and 5% phenol, followed by precipitation by
dry-ice cold Et,0 (Step 4). The products are purified by
preparative reversed phased HPLC using a Varian (Rainin)

preparative binary HPLC system: gradient elution of 30-
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46. Exanples 31-33 ANTI GEN DESI GN 15 The peptides shown in Exanples 31-33
(Table 5), are designed according to fornmula Il shown below 11. (An --
Abet a(4- P 03p8B) 0 -- (Th)m-- (O p 20 Wiere a single copygTafadbesoa(4- 10)
is present and nis 2, mis 1, ois 2, Aand B are glycine, and p is O,
and the T-cell hel per eptltope is SEQID NO 21. These conbined B and T
cel'l epitope containing antigens correspond to SEQ ID NO 47, 48 and 49.
25 Exanple 34 & 35 ANTI GEN DESI GN The peptide shown in Exanpl es 34 (Table
5), are d@s%gﬁe@oacqgadwg ta fosapla bl (ahowndbel.ows23QFhl in( &H;, --
Abeta(4-10 -- -- (Th)m,- - gCé Where.a single c%\éof Abet a(4-10) is
present an ?é) @Veﬁl §01mig p ?nméfgﬁﬁlﬁséﬁgaﬁd % PEMENFH Exanpl e 35,
73 WO 03/ Oﬁgf}QOlEqﬂ gﬂ@ﬁ?@‘)ﬁ@?{le bs @hy®i D€, candoPpui® @ndaod the T-cel |
hel per eptltope is 21. These nblned B nd T cell epitope
cont ai ni ng QHFFEQHS(XéFﬁé§p8MHaP6XSEEPIBl L5614n87612°5 Efanpl e 36
Synthesi s of-Pesi gngdmBapt 'vé%%f§@|at§!oﬁh§§ed§€létrmdﬁeay@El%ews rofubhe
designed peptides corresponding to SEQ ID NO 25 27, 28, 29, 30, 31,
32, 33, 34Mags, SBeCtzPmesyy ¥§ingoa Hewlgst E§Ckﬂéd4éCM§6llﬂ‘? 48, 49, 50,
51 and a cgptkgk Egekt%melt%&% wapykai ¢ipal )ﬁpﬁﬁb'd@eaﬁc&é@PHeESEonD NO 52)

are perforned on a nol e scal e usi ng manual solid-phase synthesis
and using electro spray 1onlzatlon

10 Example 37

Immunization of CRND8 Mice With Peptide Antigens
Designed According to Formulas I and IT .
TgCRND8 mice ag described in Example 2 are weaned
and genotyped for the presence of the beta-APP transgene
15 and housed in same-sex groups of 2-4 mice in standard
mouse cages. The mice are provided with food pellets,
powdered food, and water ad l1ib. All mice are handled
for one week before the first immunization, and their
weights are recorded the day before and two days after
20 every immunization. All of the experimental groups are

sex and weight matched.

Immunization Protocol and Sera Isolation
Synthetic peptides corresponding to SEQ ID NO: 25,
25 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 45, 46, 47, 48, 49, 50, 51 and a control
peptide, islet amyloid polypeptide (IAPP) peptide (SEQ ID
NO: 52) are used to immunize transgenic CRND8 mice. The
immunization protocol and schedule are as previously
30 described in Schenk et al. Nature 400:173-177 (1999), the
disclosure of which is hereby incorporated by reference
in its entirety. Each peptide is freshly prepared from
lyophilized powder for each set of injections. For

immunizations, 2 mg of each peptide is added to a

75



and a Synphony Peptide Synthesizer using Fnoc protected Ri nk Am de MBHA
resin, Fnoc protected am no acids, 0 15 benzotriazol-I-yl-N N N,

N-t et r anewbyBaosmeni um hexaf | uor ophosphate (HBTU) in N, N @CratAoghoésoz nam de
(DVF) solution and activation with N-nmethyl norpholine (NVMM, and

pi peri di ne deprotection of Fnoc groups (Step 1). When required, the

sel ective deprotection of the 20 Lys(Aloc) group is performed manually and
acconplished by treating the resin with a solution of 3 eq of Pd(PPh3)4

di ssol ved phghifhcahtCHEEZMAMcHE e rel8eteibl Eunr tRehantStapelhy, The resin
is then washed with CHC13 (6 X 5 %1_@%:_x 20% HOAC Di,chl or omet hane (DCM (6
X 5 nL), DEMEESXCS T9& txRgsefRice™xCs F?E)i Pﬁ%oﬁ\?nl nst ances, the
synthesi s tsahBgBnke- QEEQ@E%@Qe%Of trhe adeéht feBmofinaneizABEAice are

(am noet hoxyet hoxyaceti ¢ acid) group, the additi on of acetic acid or the
additi on oFSg StF?aP@lSHﬂt&Uﬁrl(Yplséﬁllél maEige MBRF 3 BlEFUSP. 1Resin cl eavage and
productg 30hh§%%g%alls sReitfionred rusirad n8 5 %o A0S Ue EkSIA% nthoanl sol e and
5% phenol , fol ecipitation by dry-ice cold Et20Q (Ste The
product s a#@mﬁﬁﬁizﬁldeayg@ND@r di&eat | v8 FORELSSE :phiSe FSHBL ETQE) ﬁg €a’ Vari an

( Rai ni n) EB%E%B@t?%% tRigRarma fePk Grsvs berl agkadicgnt nihiii-ed efi c30azé WO

03/ 089460 PCT/ CA03/00502 55% B (0.045% TFA in H sub.2 0 (A) .and 0.045% TFA
in CH3 CNREB) Rbdeeitol 80 a#im MRt uges ARELR R1ASIUGE 4 TPheRdPeRgicatuna 10

phenyl - heX)élect%n@ﬂo?f 23-:0M Gl 0and WY o1de beel AhmdYaldean T Ramax UVD I 1)
at 214 and 254 nm_ 5 Purity and mass verification is determ ned 95% by

RP- HPLY nmdses peFheaediong usihey re sMéSe Shoma dldtd aneNBofyo0  seri es
spectromet 3&%§Q@-ﬁ%§@g"‘c§% 31008 R 198! eelOrre RIYHIUY RGGCHEGHN O- spray

i oni zati on
to neuropathologlcal plaques containing Abeta.

15 EXAMPLE 38

Inhibition of Fibril Formation by Mouse Immune Serum

As discussed in Example 3, Abeta peptides will
spontaneously assemble into fibrils over a l4-day
incubation period and the fibrils have a characteristic

20 50-70 A diameter that can be monitored by electron

microscopy as described below.

Electron Microscopy
Abetay, is used directly after solubilization in
25 water at a stock concentration of 10 mg/ml or after
assembly into mature amyloid fibrils. Abetay; is
incubated in the presence and absence of sera from mice
immunized with peptide antigens corresponding to SEQ ID
NO: 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
30 38, 39, 40, 41, 42, 43, 45, 46, 47, 48, 49, 50, 51 and a
control peptide, islet amyloid polypeptide (IAPP)
peptides at a final peptide concentration of 100 pg/ml.

Serial dilutions of the sera are added to Abetas; and
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I muni zation of CRND8 M ce Wth Peptide Antigens Designed According to
Formulas | and Il TgCRND8 m ce as described in Exanple 2 are weaned and
genot ypedwDms/084360 pr esence of the beta- APP transgene 15 @od/di@ssed2i n
same-sex groups of 2-4 mce in standard nouse cages. The mice are provided
with food pellets, powdered food, and water ad lib. Al mce are handl ed
for one week before the first imunization, and their weights are recorded
the day before and two days after 20 every immunization. Al of the

experi ment gkpdiraUBs cah€aisex aﬂdomelgmtdaabﬁﬁaéd WGﬁumlaaaleheProtocol and
Sera Isolation Synthetic peg ti.des correg g % to SEQ_I D.NO 8 1 25 26,
27, 28, 29ml§éur9§ age, veytesad 38, maE t3p S98UT3gNS40, NEEL 4590481 45 46,

47, 48, 495£590x5 h@gghat%OBhE@breae@audﬁe (obet ammkeedigobgpepki de (I APP)
peptlde (SEQ I D 2) are used to_inmmunize transgeni ¢ CRND8 m ce. The

|nnunlzat|8n1§th5€8ﬂraﬁd°§cﬁ@§ﬁP@ RPESREABEeFLoREy 230 8e8EFPHelCi n Schenk
et al. @bleéeh49@p%13eléélﬁ%9%%) then Qbigk@%ﬂr@soggaﬁhcbokaeﬂ@aeby

i ncor porated by reference in its entirety Fach pepfide is freshly
prepared fpBfh alyeprA tPe§iforernionteath3d&E of ThRj BEPLOASS BB

| muni zati QRS ;) 52 FA840% neach .ReRt/de karadded tho campa VO 83/(,888480
PCT/ CA03/ 00502 significant differences are detected in the anti-Abeta42

titers of $§ERM@8ttﬁ@ﬁS§@ﬁlélﬁﬁéelﬁmﬂnﬂﬁéﬁﬂoﬁoﬁndtE§ﬁ§§§n?c littermates.
The sera frg g EF%Q'Z% SR AES %ﬁ%@eﬁﬂeﬁ%?bbb%%%y str@len tARLHr e Abeta

pl aques in Ioglc sections of brain from 20-week-ol d non- i nmmunized
TgCRNDBJnlb@OStnl@oﬁwpa@ﬁekﬁh@f§érathﬁoﬁﬂﬂﬁéalcéﬁFW@PZﬁéﬂppdénd

lﬁgphggnyg élSpgggtgggeaE%%&'Ze%aghcgna%gl nat ;& ibRastAakR HRbuke Abeta
brad 100 ug o% antigen per injection. Each immunization group
contains from 6 to 10 mice. Next, antibody titers are
determined in serum samples (200ul of blood) collected
15 wvia the hind leg vein puncture at age 13 weeks, and by
cardiac puncture at the cessation of the procedure, at 25
weeks of age. Prior to use in these studies, complement
is deactivated by incubation at 56°C for 30 minutes. Ig
fractions are isolated over a 5-ml protein G column.
20 Samples are loaded, washed with PBS, eluted with 0.1 M
NaCitrate and buffered with 1 M Tris. All Ig fractions

are filter sterilized before use.

Immunization Results
25 Sera are isolated from mice immunized with synthetic
peptides corresponding to SEQ ID NO: 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
45, 46, 47, 48, 49, 50, 51 and a control peptide, islet
amyloid polypeptide (IAPP) peptide (SEQ ID NO:52) and
30 from non-immunized TgCRND8 mice and their non-transgenic

littermates.

Most mice develop significant titers against Abetasz,

the immunogen or against IAPP. Interestingly, no
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sections of brain from 20-week-ol d non-i muni zed TgCRND8 10 m ce.

Therefore, the results show that anti body autoi mmunity can be induced

whi ch carwoaesogmseze and bind to neuropathol ogi cal pl ague®Cramoavosiong
Abeta. 15 EXAMPLE 38 Inhibition of Fibril Formation by Muse | nmune Serum
As di scussed in Exanple 3, Abeta peptides will spontaneously assenble into
fibrils over a 14-day incubation period and the fibrils have a
characteristic 20 50-70 A dianmeter that can be nonitored by el ectron

M cr oscopyiRsueesedi hedrbehovembbesttos. (MEreseopy AbepadR.i srused
directly after solubilization in 25 water at a séock concentration of 10
ng/ M or HeSRLi¥GsERBL) PhEGCHERUPECHAFFEPY: f FBFPPRCABEEE42 is i ncubat ed

in the preéfaysfafﬂ_g@&sgcgr@ffﬁséaear@ﬂ1agg@oubnaumhzeenmﬁbh pepti de
antigens corresponding to SEQ ID NO 25, 26, 27, 28, 29, 30, .31, 32, 33,

34, 35, 36peByidss.3gAfper thg guidssaresBlohsedsgndyeiradriad, EBS 51 and

a contyol spapibdesrbskehiAlY| 9L €npokyRepL) dghebﬁﬁskungge&bdggiat. a final
peptide concentration of 100 g/m . Serial dilutions of the_sera are added
to Abet a42Thadrert Wie08£680RE6DePCIFEAOBEOD%0S 1BepalatacidntdPRer of 0.9 m

dei oni zed d.t LxLU ak FE¥ khezsol utions. Next,
100 Al of&?%)gﬁf) osﬁ%g?gsgﬁ?%eﬁgﬁts%ﬁ %gg(ggg%g If\%nere iX PBS is 0.15 M

NaCl , 0.01MsgdibhrphdophaPel8P PH7.5) is added to 5 each peptide sol ution.
Each solution is again vortexed and allowed to sit overnight at 37C. The
peptides are emulsifiedina 1:1 (v/v) ratio with Conplete Fruend's

adj uvam for th&lectspn MignmpzarbynResdlFseund' s i nconpl ete adjuvant for

subsequent boos&g'agggsgiEﬁg effect of immunized mouse sera on the

assembly of Abeta into fibrils, sera are incubated as
described above in the presence or absence of Abetas, at
37°C for up to 14‘days. Aliguots from each reaction

15 mixture are examined at days 1, 3, 7, 10 and 14 for the
presence of Abeta,, fibrils by negative stain electron

microscopy.

In the absence of sera, or in the presence of non-
20 immunized sera, Abeta., formed long fibrils (~7500A) with
a characteristic 50-70 A diameter. 1In the presence of
sera from IAPP-immunized animals, fewer long Abetay;
fibrils are produced, but the fibrils that did form had
the characteristic 50-70 A diameter. In contrast, the
25 majority of mouse sera from mice immunized with peptide
antigens corresponding to SEQ ID NO: 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
45, 46, 47, 48, 49, 50, and 51 which contain the B-cell
epitope Abeta.10) largely blocked fibril formation,

30 although some sera show little or no effect.

In addition, no difference in the structure of the
fibrils is detectable when the fibrils are incubated in

the presence of non-immunized mouse sera. Sera from mice
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10 boost is two weeks after the initial imunization and nonthly
thereafter. Each animal is imuni zed with about 100 g of antigen per

i nj ecti orwOBaosp4bMUNi zati on group contains from6 to 10PEITAA0INEL,
antibody titers are determned in serum sanples (2001 of blood) collected
15 via the hind leg vein puncture at age 13 weeks, and by cardiac puncture
at the cessation of the procedure, at 25 weeks of age. Prior to use in

t hese studies, conplenent s deactivated by incubation at 56C for 30
mnutes. | ghakr ackl aRsuaiecds alidhed apredea reale phet edteatcelfumm. 20

Sanpl es are,loaged, washed with PBS,, el uted gtt} 0.1 M NaC.trate and
buf f er ed WEetRTELMEPEGEIRRY bug fidatilendhaky do Hordy adteSUM2ET K& ore use.
| mruni zat i gapRegW treré2dSeRa ndke o, s W Bhad. f romdi Be, | sarmi Zesh whide

synt hetic %eptides corresponding to SEQ I D NO 25, 26, 27, 28, 29, 30,
31, 32, 33thsk axs iggunjzedzyitdqtheopepfidp angagenss 46, 47, 48, 49,
50, 51 @nd c%r%@&ﬂ'o@idiﬁ’%pttbd%EQ' siretvo .amyl,0ixg palnpept,i @ ,( 1ARPR1nepti de
(SEQ I D NO 52) and 30 from non-immuni zed TgCRND8 m ce and their
non-t r ansg8ri-c 331/ ler FRU eSS Mt rifoe 3Fevéifop &igiidhi dant 45t &C agai nst
Abet ad2,  yhe ijgnunegerqor ;agaisAst hARRc Imterasidqaglasi e of &0 103f 089460
PCT/ CA03/ 00502 ~ i'ncubated at Room Tenperature (RT) for up to 2 wk. For
negati ve s€Xt®I&ESectron microscopy, carbon-coated pioloformgrids are

fl oated on aqueous solutions of peptides. After the grids are blotted and
air-dried, the 5 sanples are stained with 1% (w v) phosphotungstic acid.
The peptide assenblies are observed in a Htachi 7000 electron m croscope
that is operated at 75V at a Magnification 60,000 X
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10 El ectron Mcroscopy Results To assess the effect of inmunized nouse sera
on the assenbly of Abeta into fibrils, sera are incubated as described
above i n wba3psmsence or absence of Abetad42 at 37C for upCraAbd/oeraysS.
Aliquots fromeach reaction 15 m xture are exam ned at days 1, 3, 7, 10 and
14 for the presence of Abetad42 fibrils by negative stain electron

m croscopy. In the absence of sera, or in the presence of non- 20 i mrunized
sera, Abetad42 formed long fibrils (-7500A) with a characteristic 50-70 A
di ameter. gaqtbecpr eacoeeadionsera from | APP-i muni zed ani mals, fewer |ong
Abet a42 b o i
character
frommce
26, 27, 2
45, 46, 4

stic 50-70 A dianetér.
i mmruni zed with peptide

In contrast, the 25 majority of nous

antigens corresponding to SEQ I D NO
8, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
7, 48, 49, 50, and 51 which contain the B-cell epitope

e

Abeta(4_1
little or
fibrils i
non-i mmun
that are
fibrils t
Finally,

correspon
36, 37, 3
fibrillog

NulBEJELY REQEREAsTTOTIT Torn

no effect. In addition, no di
sldet ect abl e when tRe fibrils

zed nouse sera. Sera fromm g
muni zed with | APP decrease t

|t on, 30 al though sone sera
fference in the structure of t
are incubated in

v

he extent of fibril formatiof

t he presence
e 78 WD 03/089460 PCT/ CA03/ 005

hat do formare simlar to fi
SEr & Erg nhc Stgag are i nmun
d?ng to gEQ I D NG . 25, 26, 27,
B, 39, 40, 41, 42, 43, 45, 46,
bnesi s to varying extents.

bR BoBe rerEel Hy Mbkdb/BS k) dhe.
igg@bvﬁth t he peptide anti geng
28, 29, 30, 31, 32, 33, 34,

to AB

PYTtease RIRAG:S Jpree SN i i

DAEFRHDSGYEVHH
Q K

trypsin & lys-C-protease

epitope excision fragments

DAEFRHDSGYE

5. Aureus Glu-C protease

DAEFRHDSGY

o-chymotrypsin

FRHDSGY

(Y10) and
aminopeptidase M (D1, A2,

E3) ;

a-chymotrypsin
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79 WO 03/089460 PCT/ CA03/ 00502 Sequence Information Nunmber of Residues 1
5 10 15 Epitope excis. Maldi/ESI of DAEFRHDSGY A(342 Protease
products woasested to AB trypsin & |ys-C protease D A EPETRA43IMB2G Y E V
H H epitope excision fragnents QKDAEFRHDSGYES. Aureus Gu-C
protease DAEFRHDSGY a-chymotrypsin FRHDS GY a-chynotrypsin
(YO and am nopeptidase M (D, A2, E3); 80 WO 03/089460 PCT/ CA03/ 00502
5 Abeta 42 1 5 10 15 20 25 30 10 (APP-672) DAEFRHDSGYEVHHQOQK
LVFFAEDVY GSNKGA3135401 I GLMVGGVVI A (APP-713)

15 81 WD 03/089460 PCT/ CA03/00502 CLAIMS 1. A peptide represented by the
formul a

Abeta 42
1 5 10 15 20

25 30
10 (APP-672) DA EFRHEHDSGYEVHHQKLVFFAEDYV

GSNKGA
31 35 40

IIGLMVGEGGVVIA-(APP-713)
15
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(A n-- (Th) m-- (B) o -- Abeta(4-10) -- (© p 5 wherein each of A B
and C are an amno acid residue or a sequence of am no acid residues;
wherei n Myo®3/08m60 p are i ndependently integers ranging fPeFIAN0BO0AMboOuUt 20;
10 Th is independently a sequence of am no acid residues that conprises a
hel per T cell epitope or an imune enhanci ng anal og or segnent thereof;
when o is equal to O then Th is directly connected to the B cell epitope
t hrough a peptide bond without any 15 spacer residues; wherein mis an
integer from1l to about 5; and Abeta(4_10) is (SEQID NO 1), or an anal og
thereof containing a conservative anmngo acid substitution. 20 2. The
peptide of claim1, wherein Th is sefeR{¥8 from the group consi sting of

SEQID NG 3 SEQ bELMd: xSPQLCLBNNG By BEQ D@6 SEQ ID NO'7; SEQID
NO 8;' SEQ ID NG9 SE SEQ'ID NO 11, SEQ ID NG 12; SEQ I'D

NO. 13 SEQ | D NCR14; - SE@IILB NO 1@ oSEO PPePS (@ 167 6RO 1D NO 17; SEQ I D

NO 18; SEQ I'D NO 19; SEQ 1D NG 20; and SEQ ID NO 21. 3. Thepeptideof

claim 1, wherein the peptide is selected fromthe group consisting of SEQ
NO 25; SEQ 8berpimoegeh SEQRIDBNEng7C SEO PP NOLDRQ; aSEQ FBSNAV29; SEQ
NO

30; §FQ Ng %@eﬁéﬁ §EQBEEOB'Oa§?Ld PEQihResNO 33; SEQ ID NO 34; SEQ 1D

I D

I D

NG 35; SEQ 37, SEQ I'D NG 38; SEQ I D NO 39; SEQ ID
NG 40; 82 WO 03#Wb8g460 PCTDCA@BﬁOQS@Ze SEQﬁP@nﬂénﬂlY SEQﬁBErﬁ[742 SEQ I D

NO 43; SEQLP NQ.44.  SEQ LD.NJ 45,.and SEQ ID NO 46. 4. A peptide
COﬁpOSItIOﬂ 08 ?ISIng a mxture o tMD or

10 Th is independently a sequence of amino acid
regsidues that comprises a helper T cell epitope or an
immune enhancing analog or segment thereof;

when o is equal to 0 then Th is directly connected
to the B cell epitope through a peptide bond without any

15 spacer residues;

wherein m is an integer from 1 to about 5; and
Abeta(y-10) 18 (SEQ ID NO:1), or an analog thereof

containing a conservative amino acid substitution.

20 2. The peptide of claim 1, wherein Th is selected from
the group consisting of SEQ ID NO:3; SEQ ID NO:4; SEQ
ID NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ
ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12;
SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; ©SEQ ID

25 NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ
ID NO:20; and SEQ ID NO:21.

3. The peptide of claim 1, wherein the peptide is
gelected from the group congisting of SEQ ID N0:25; SEQ
30 ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29;
SEQ ID NO:30; SEQ ID NO:31} SEQ ID NO:32; SEQ ID
NO:33; SEQ ID NO:34; SEQ ID NO:35; SEQ ID NO:36; SEQ
ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40;
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5 nore peptides represented by the formula (A)n -- (Thym-- (B)o --
Abeta(4-10) -- (O p wherein each of A, B and C are an am no aci d residue

or a sequwpad/ogfde@m no aci d residues; 10 wherein n, 0, aneCp/G08/00502

i ndependently integers ranging fromO to about 20; Th is independently a
sequence of amno acid residues that conprises a helper T cell epitope or
an immune enhancing anal og or segnent thereof; 15 when o is equal to O
then Th is directly connected to the B cell epitope through a peptide bond
Wi t hout argEQ SPRACEY: 41esi RES; IMND i h; BEG Hh NOtdyerSEQ o NQ vtdbout 5; and

Abeta(4-1 is (SEQ ID NQ 1), g thereof 20 containing a
conser vat Aﬁ@ arré AE & id satfb%t%]itocéjtf%r%\?&alk’oAn i munogeni ¢ conposi tion for

i nduci ng the producti on of ant i bodi es t hat speC| fically bind to an
arrylmdbetap tide ( | D NG 2 risin n a

conpri si ngf pEéPEFP €Eo Q%Jtti%?o??% * Jﬂq%f? ec%%%arr%%n%% T cell
hel p agd an&@eééptﬁmg qp@pmmsémgyorthaemmﬂa\bet a(4-10) (SEQ ID NO 1)
; and (b) an ad}{uvant 21% conpogi tion of cl d‘pS wherein the
T-cel | epltope o sel e(cTt dl fro { he” gr t%%n@?stlﬁdg &f: (a) one or nore
T-cell epitopes~located N-termnal to the B-cell epl tope on the sane
protein backbone, 83 WO 03/089460 PCT/(gA 3/ 00502 % re31§ T-cel |
epi topes | ocat S#PEFRER P& b LheBEER DT t P h%c§ me- protei n

backbone, gpd, {&)juoRee Obf MBMend- 6Ll epbiopes; | ocated on a different
protei n backbone that is attached through_a 5 ova!Lent J:l nkage to the
prot eil® backboriéi@etai i ng: t #ed p are Independently in

ranging from 0 to about 20;

Th is independently a sequence of amino acid
residues that comprises a helper T cell epitope or an
immune enhancing analog or segment thereof;

15 when o is equal to 0 then Th is directly connected
to the B cell epitope through a peptide bond without any
spacer residues;

wherein m is an integer from 1 to about 5;and

Abeta(s.10) is (SEQ ID NO:1), or an analog thereof

20 containing a conservative amino acid substitution.

5. An immunogenic composition for inducing the
production of antibodies that specifically bind to an
amyloid-beta peptide (SEQ ID NO:2) comprising:

25 (a) an antigen, comprising a T-cell epitope that
provides an effective amount of T-cell help and a B-cell
epitope consisting of peptide Abeta(s-10) (SEQ ID NO:1); and

(b) an adjuvant.

30 6. The composition of claim 5, wherein the T-cell
epitope is selected from the group consisting of:
(a) one or more T-cell epitopes-located N-terminal

to the B-cell epitope on the same protein backbone,
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B-cell epitope. 7. The conposition of claim5, wherein said T-cell epitope
has an am no acid sequence selected fromthe 10 group consisting of SEQ ID
NO 3; SEQvDD3mg440 SEQ I D NO 5; SEQ ID NG 6; SEQ I D NO 7; PEEQAD0NO2 8; SEQ
ID NGO 9; SEQID NO 10; SEQ ID NO 11; SEQ ID NO 12; SEQ ID NG 13; SEQID
NO 14; SEQ ID NO 15; SEQ ID NO 16; SEQ ID NGO 17; SEQ ID NG 18; SEQ ID

NG 19; SEQ ID 15 NO 20; and SEQ ID NO 21. 8. The conposition of claimb5,
wherein said adjuvant conprises one or nore substances selected fromthe
group consisti n(g;)oforeel W W&M@Qld%plaidﬁé@%dﬁm&pfmhﬁarna&aﬂaponi n,

Quill A QJI|| AllS di rret ctadecyl ammom_ um hrom de/ ayvi di ne,
pol yani ons, o thgnds |eépé:o e samey protein backbone, aé[

N-acet yl erarTyI -le) a|o’=l‘[é"on£>‘rhc§&9'ﬂ<%ﬂlln%p1|‘d‘opes located on a _

acetyl mur an&él -L-threonyl -D-i sogl utam ne, Freund's _inconpl etéﬂadj uvant, and

| i posones. ferentrRRIE Foroadanhd iat iitiak e bt UL i t h

Al zhei mer' s4li-9ea8e 1GHRdS 11 BN gh e Mhdidbdrhe cdritt M idpltran

ef fective am)unt of an i munogeni c conposition according to any one of

cl ai s 5-8.B-3¢11l0 eRA 5RR%0d for reducing the anount of anyl oid deposits in
the brain of an individual afflicted wwth Al zheiner's disease conprising
adm ni stering to the individual an 84 V\D 03/ 089460 PCT/ CA03/ 00502

ef fective ahountThst Ca?’iﬂﬁ‘?ﬁﬁﬁﬂd@}'érﬁ &+t i ERidori iy Tt dny one of
claims 5-8.opkbodd TRINOL fof eéJ%dé}Q:é hee i Q Geddprddess in 5 the
brain of an”individual affli ct ed w th zheiner's disease conprising

adni ni &Per iFRPUrD A i HdinG dufal SEH ID NO:3; SEQ ID NO:4; SEQ ID
NO:5; SEQ ID NO:6; SEQ ID NO:7; SEQ ID NO:8; SEQ ID

NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ
ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16;
SEQ ID NO:17; SEQ iD NO:18; SEQ ID NO:19; SEQ ID

15 ©NO:20; and SEQ ID NO:21.

8. The composition of claim 5, wherein said adjuvant
comprises one or more substances selected from the group
consisting of aluminum hydroxide, aluminum phosphate,

20 saponin, Quill A, Quill A/ISCOMs, dimethyl dioctadecyl
ammomium bromide/arvidine, polyanions, Freunds complete
adjuvant, N-acetylmuramyl-L-alanyl-D-isoglutamine, N-
acetylmuramyl-L-threonyl-D-isoglutamine, Freund's

incomplete adjuvant, and liposomes.

25
9. A method for treating an individual afflicted with
Alzheimer’s disease comprising administering to the
individual an effective amount of an immunogenic
composition according to any one of claims 5-8.

30

10. A method for reducing the amount of amyloid deposits
in the brain of an individual afflicted with Alzheimer’s

disease comprising administering to the individual an

84



effective anount of an imunogenic conposition according to any one of
clains 5-8. 10 12. An isolated antibody or antigen binding fragnent

t her eof capablogg4ed bi nding to peptide Abeta(4_10) (SEQ | DPCHQADp/003. The
anti body or antigen binding fragnent according 15 to claim 12, wherein
said anti body or antigen binding fragnment inhibits anmyloid deposition. 14.
The anti body or antigen binding fragment according to claim 12, wherein
said anti body or antigen binding 20 fragnent disaggregates anyloid
fibrils. 15ffdctEbdogndantt oeasn njmaumoaet V¢ doahpaditichegdcoprdhing

Al zhei ner' s di sease cogprisln% gd inistering to the individual an

ef fecti ve SRR FfCantant b8 y~cohposition 25 whi ch recogni zes and bi nds

to peptide Abeta(4_10) (SEQID NO1). 16. The nethod of claim15, wherein
t he anti bod

conposjtion conprises polyclopal antibodies, 30 17. The
met hod of %raiHQI@?tﬂﬁ@rEPﬁ aﬁﬁa%%¥?£%ﬁ¥ngcgﬁ%o§W¥#8ﬁgc§ﬁ%¥%ggsl%
nmonocl @nal L Rat HBUY . 0852 M0 31 088460 £EA1 CAOSA00H0R AlBhelmeet Hod for
determning i i

if a conpound is an .inhjbitor of | 0i d,deposition and fibri
f or mati on gé%ﬂ%ﬁ?sFﬁ@Pr%F}naoﬁﬁﬁb??ﬁBGFhﬁgcBﬂpgﬂ%dlﬁgfﬁlgHgip%%tide 5
Abet a(4_10)r£SEQ LD N@bidht; o@ndn( Limubegent engoinpeshbt bdhngcobrihagconpound
with the peptide. 19. The nethod of claim 18, further conprising 10
eval uat i ngt@h@rHePehefcEApdURdST Rhibits anyloid fibril formation in
vitro.

10 12. An isolated antibody or antigen binding fragment
thereof capable of binding to peptide Abeta(s-10) (SEQ ID
NO:1) .

13. The antibody or antigen binding fragment according
15 to claim 12, wherein said antibody or antigen binding

fragment inhibits amyloid deposition.

14. The antibody or antigen binding fragment according
to claim 12, wherein said antibody or antigen binding

20 fragment disaggregates amyloid fibrils.

15. A method for treating an individual afflicted with
Alzheimer’s disease comprising administering to the
individual an effective amount of an antibody composition

25 which recognizes and binds to peptide Abeta(s-10) (SEQ ID
NO:1).

16. The method of claim 15, wherein the antibody
composition comprises polyclonal antibodies.

30
17. The method of claim 15, wherein the antibody

composition comprises a monoclonal antibody.
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18. A method for determining if a compound is an
inhibitor of amyloid deposition and fibril formation
comprising:

(1) contacting the compound with the peptide
Abeta(4-10) (SEQ ID NO:1); and

(ii) detecting the binding of the compound with the
peptide.

19. The method of claim 18, further comprising

evaluating whether the compound inhibits amyloid fibril

formation in vitro.
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