PREVENTI ON AND TREATMENT OF AMYLO DOGENI C DI SEASE CROSS- REFERENCES TO
RELATED APPLI CATIONS 5 This application is a continuation in part of USSN
09/ 322,289, filed May 28, 1999, which is incorporated by reference inits
entirety for all purposes. TECHN n invention resides in the
technical fields of inmmunol ogy andcqmmmu‘mm ‘m BACKGROUND OF THE

| NVENTI ON Al zheiner's disease (AD) is a ,%rﬁgggr essive disease resulting in
senile denentia. See generally Sel koe, NS 16, 403-409 (1993); Hardy et
al ., WD 92/13069; Sel koe, J Neuropathol. Exp. Neurol. 53, 438-447 (1994);
Duff et al. wﬂﬁ%‘iﬁ@ﬁmﬁ?ﬁ%ﬁﬁrﬁ&ﬁ b?iﬁﬂs\{ﬁ@fﬁéGEMélDISEN@Eure 373, 523

(1995). Broadly speaking, sease Into two categories: late
onset, which occurs in old age (65 + years) and early onset, which

devel ops wel |l befo -%E%%@"E HRefdh RELAT Pﬁdﬁ@? 5 and 60 years. In
both types of di sgggg,g't e pgﬁo[ o%;?‘%lLsmFﬁ)eAgarre U?Nt%he abnormalities
tend $o0 be nore sechhisapphgation niagentiration inpagas &1SSHA33A289, fued May ear | i er
age. The,gli . ' at. L east t pes of lesions in

t he brai %gi 1?2%5‘?%“‘3? g‘gﬁ‘@g’%’%& ﬁ%%?‘g%ilgﬁtf anr:?/' f?ﬁ%‘&\{%o.g%Seni | e plaques are
areas of disorganized neuropil up to 150 gm across with extracel |l ul ar
anyloid deposits at the cent IS i croscopi ¢ anal ysis of sections
of brain tissue. Neurofibril %é@i@éﬁgﬁ%@e intracel lul ar deposits of

m cr ot ubul e associTeenventzan rpsidesén the tesbnwhldieldspf ohmuwdodyidnd medicset wi st ed
aboutgeach other in pairs. 25 The principal constituent of the plaques is a
peptide ternmed AR or P- anyloid peptide. AP peptide is an internal fragnment
of 39-43 ami no acids of BAQKEROUNY OF gttt BN VENEIONed anyl oi d precursor
protein (APP). Sev . tatl i .t hi el e been
correlated with th@%ﬁrg%rﬁr@&g?szsﬁgrﬁ%r%ggeéggae%%&hgé(ge}f Q@% CGoat e et

al ., Nat dereer@a9 See7gagra{ld S5EKIe, TANS li6n€0BLF0% @ 99D o ady etrad) WATPRAT3068r Har | an et

| .. Nat : i . j ' t al.,
gci enceu§§5?§’g‘ﬂ%}%§%ﬁm %‘g’%%léo%(lé?%%ﬂgﬁég%ﬁéﬁéﬁ?ﬂ%ﬁ&%_ﬁgﬁhg—eaI (.a, Nat ur e
Genetl? 1473A89D1992ys qtal. .dbusk 873na2A(199R). chrasd)i srpakihg shei®e®:-fallt hi oni ne596
to aspar gl RapdnbfUC 1AERE) which SLeullindhd QRS 6 2% Gedd) QHY BL L HisGaUSE

Al zheimer' s di sease by increased or altered procCessing of APP to AR
parti cul ahicp develppsoyedidsforgfheseniipperiad. i-achetuesad s andihyerofin bpd tyrsag f or m of
AD (i . e. of fibedde, 42 RClogy is the same but the abnormalities tend to be more severe and

widespread in cases beginning at an earlier age. The disease is characterized by at least

20  two types of lesions in the brain, senile plaques and neuroﬁbrillary tangles. Senile
plaques are areas of disorgaﬁized ne'uropil up to 150 um across with extracellular amyloid
deposits at the center visible by microscopic analysis of sections of brain tissue. |
Neurofibrillary tangles are intracellular deposits of microtubule associated tau protein
consisting of two filaments twisted about each other in pairs.

25 The principal constituent of the plaques is a peptide termed AP or p- -
amyloid peptide. A peptide is an internal fragmeﬁt of 39-43 amino acids of a precursor
protein termed amyloid precursor protein (APP). Several mutations within the APP

- protein have been correlated with the presence of Alzheimer's disease. See, e.g., Goate et
al., Nature 349, 704) (1991) (valine’"” to isoleucine); Chartier Harlan et al. Narure 353,

30 844 (1991)) (valine”"” to glycine); Murrell et al., Science 254, 97 (1991) (valine”” to

phenylalanine); Mullan et al., Nature Genet. 1, 345 (1992) (a double mutation changing

lysine***-methionine®* to asparagine®*>-leucine®®). Such mutations are thought to cause
Alzheimer's disease by increased or altered processing of APP to 'AB, particularly
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AD1-43).. Mutations in other genes, such as the presenilin genes, PSI and
PS2, are thought indirectly to affect processing of APP to generate

i ncreased anmounts of long formA(3 (see Hardy, TINS 20, 154 (1997)). These
observations indicate that A(3, and 5 particularly its long form is a
causative elenent in Al zheiner's disease. MM chael, EP 526,511, proposes

admi ni st r atj.on: gf Lc dosage | ess_than.or e | to, 10-2 ng/ day)
of A3 t o e o RO BRI SRR el AT RO btk LR wi ¢ about 5
liters of AfleSialMueniens inleher pares, shitnistthopredehilm da60981 weipsh he expected to
generate centratjon.of no nore than 2 pg/m . The normal_ concentration
10 of AD %ﬁgoﬁn%ﬂrcﬁﬁ%*sor'?&fe%pr?%?%?fl@P 19 BeRaate dprgeesest amenntsed lgng/feAm ( Seuber t

et al., Napuse Ha89.77/8220,334 (195992)These BESAH5i8nERIRZE it A pSadfdl OPOsed dosage
woul d are&cﬁ%éer the | evel of endogenous circulating A3 and because EP

526,511 d8 Y Plopafsmd s gsaugtve dementjinidlzheimessdisease.nmunost i mul ant, it
seenms inpl ausi bl e t¥\iatickay, EPes@PAUbIGoE i . > By
contrast, the present invention i S,Bflo?%(:t ed Inter & fﬁlgﬁlt%géﬁth%%g%sﬁ%%t of

Al zhei ner (lessghan G epal talf)] mEda)efing tdpuEasesttnrestivlistied tATat Inanygiéal f r agment s
of A(3 , QhmaPRith RRAYsT; i epitopes wthin A(3 to a patient under
condi tions t hat generatlgtrsg(‘)etr l%ﬁ%%@?%ﬂ&’lpﬁ%m%p?@gﬁ S ei-“ﬁ’“@ﬁ’é’ patient. The
i nvent i on®NsE§d fagenitates: epntantrgsereefdiomgpra éad 2 pionl. tlhe naped toeftegbmes f or

prevepngin PR j t he,,neur opat ho and,, i.n sone 2 atients, the
cogni Iti] ?veglfﬁ‘%él r rreirrllgm %gds?g%}ygfc%%y W%%’%ﬁcz‘?#esﬁ%ro'pg iy @8‘5’5&6‘ al*h%gg" e

appl i cat i 3%, B35-82T €O82)).t BedMGH P THAA 1's ok d pask v artesul Blhrel} 888 the USSN

60/ 067, 740, f il Decenber, 2, 97,. USSN_60/ 080, 970, filed April 7, 1998,
and ussvx%ﬁ@ﬂfﬁ%d%&’b",“sFirf‘éﬁmﬁ&]}g?ﬂ?é%ﬁc%'e? EH 9971 ledpen npfreqgimprosndiuse of -

i ncor por ateatijipant, ef & iete@ostimulbtSit €kisiAbMudiBIE uk hnyPHERRSES beedr SUMVARY OF
THE CLAI MVED IN\/E{\ITI ON In a first aspect, the invention provides the use of

an anti bogﬁ)/ul hat t'speci fically binds to an epitope within am no.acids 1-10
?f A(Bst! n the rranufPaaltoutr?t,aﬁe ﬁege;ﬂageamohes{qiﬁe{eacﬁszwﬁmta%eaﬂ%{,mfld. deposi ‘.

n particylar., an 0i. osit in a patient. Such uses entail reagents
forp30 ad#i%?‘&cg? ?’ﬁ%eé af“ﬁg’?%ﬁf?iéﬁ'ﬁeaé?ﬁ ‘g}mdmwa‘yation@tf fpgments pEABL 9T bi gds to
an epi-t opantidbiiyrioreeAsth Bpitabes RhinlaplQ aQhrid Inded R G R hd: S of the
anti body éer}\ﬁih%_.bral n of the %atl ent. In sone uses, the  antibody binds to
an epi t op& i TR ATTHES FOnYSe 1 e pffeni(Bie ingspion hupfrfilisaulongstanding head r esi dues
8- 10 of f HerdpBuIRQBEMIES &5 prvBRirAY: kO atS, &@%&Jééﬁ%oi@g afXGRf Wth a

ody nay

par a netic lapel. Further, the |abelled anti e detected by

| 1 € ! .
nucl ear nEGITRTY ¢ FESHIE HERATRMH giagHsd with Alzheimer's disease.
This application.is related to W(099/27944, filed November 30, 1998,

USSN 60/067,740, filed December 2, 1997, USSN 60/080,970, filed April 7, 1998, and
USSN 09/201,430, filed November 30, 1998, each of which is incorporated by reference
in its entirety for all purposes.

SUMMARY OF THE CLAIMED INVENTION
In a first aspect, the invention provides the use of an antibody that .speciﬁcally

binds to an epitope within amino acids 1-10 of AP in the manufacture of a reagent for detecting

an amyloid deposit. In particular, an amyloid deposit in a patient. Such uses entail reagents for
30  administering to the patient an antibody that specifically binds to an epitope within amino acids

1-10 of A(3, and detecting presence of the antibody in the brain of the patient. In some uses, the

antibody binds to an epitope within residues 4-10 of AB. More in particular, within residues 8-

10 of AB. In some uses, the antibody is labelled for example, with a paramagnetic label.

Further, the labelled antibody may be detected by nuclear magnetic resonance tomography.
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2 The invention furrher, provides diagnostic kits suitable for use in the
above nethods. Such a kit conprises an antibody that specifically binds to

an epitope wth residues i-10 of A Sorre kits bear a | abel descri bi ng use
of the antibody for 70 XkY® 3 ~0f -

di sease. |.n anot her gsbnectmn he 1 \?éJn |Sc§1ﬁagr eﬁ%a%géglg%[)%ertoﬁl‘% pr event| ng
or treati ngleéloa%hss’éla%@t a@mmeatﬂedmwonhLiangvleonchlldé:pmsltosnstbuoﬁzswm the brain
of a pati eQ:tsrauc.s néfasgo kﬁsrb%l UdEDéAi‘ld%Q%IDgeﬁlse oﬂkx SShtouy r%w%osyndrone
and cognitive |rrpa| nt e latter can R0 W thAUt ™0t her

characteri Qiagmsw@fmamtcamglomwdngemmscﬂicamse. Sorre met hods of the invention
entail adm nistering an effective dosage of an antibody that specifically
10 bindssto a conpon&mtnottr Apecanyd ialdubleRAs: to h@hbdes é@érfr‘ln%orﬁ':{ ity et hods
are particulariv wuseful for preventing or treating z el |“sease in
human pat | SHESE A58FatC At hadwioidhtmaisls ek i sd einng aaueftf 86l ig.dosage of
an anti bodygd it d A13 Some nethods, entail administering an
effective dosageM%%‘ei}g% aaﬁ FHody “PHatTEPEE AI] ©SRItye BRPRIENGTS &t lawssicempe
within res P@ﬁh’ég”@-‘)l@fll@(ﬁm/@&r hmtléﬁm%w&ﬁ%eﬁ@hls@ﬂgyS&Hﬁﬁ%{hb&al l'y
binds to gpmneRikS LLhin residues 1-6 of A(3. In some net

anti body specifically" S rqmipigeringanes {Tegpva dopre et emprribogy idusmscificBlyof AB. | n

sonme mejghodisds torﬁecoarwndamdyarsmﬂbfd cféaJ)anyo BleNd8ed OSu@MmER ?&s‘?@ﬁa‘% Eﬁ‘anas

resi dues lussffo hi th t he anti body specifica
epi tope within r?s?lcvo?ue gsc%r%ao & A&“frﬁ'é(}f?ﬁ“ﬁﬁ’t%ﬁﬁlpaﬁﬁ’és ahmmdixods

speci fi cal FSRil #impigisering ame v @6savk biunhntiSSivILE Binks B RE 8Bine | thogs”e

nmet hods, t e Jflcally 20_binds fo an epitooe Wt hin resi dues
1-4 of AG %Pé%ﬁn@%%g’a giiectiyg degaet pirahanhbatitshat gpesficaidp bindpe a@onpr i si ng a

free N teredinat wittRirekidieof - 160@ S S Jantibody binds to an
epi tope within resjdues eof 1- 10 d rln eré?sgg}cea&&gc g SPEAN ﬂgt"mﬁé?i due 7 of
AP is 1aspHrPIEPR¥WR resifiugs g qm"tﬂnddsqmt hemaﬁﬁ, oy bsRaskditiGal bhdpiyds to

AR pept i deai¥ptBtihiR L I en anvi oi d precursor pr otein (APP).
I n sone net hc?ds t he ?és}gftug%%a A‘LHZB“ E‘ﬁthP%éfV FEoqeyreaerifi@ly pibds tn sone

met hods,  t#meepiinne \b@tdyrdmdﬁdﬁl-t’czafm adoReGndRROSLE m{[go&ygwggcmﬁrbm and
i nduces a 8Ia§§rmg : onse agai nst the anyioi d deposit r’%l e, such
a clearing respons Folident et t'd 1byorﬁemp'éequt}(¢rannmhyabeﬂnqahagocyt osi s.
The met hodsndas abepitope i LALRL-AS tic.patients and those 30
ccurrent)y showing synptons of di ?e%ggl‘&‘rltﬁl PRRCT DY LeBHordy S5efcHbt hods
can be“a NHHATEN D FRIPER Mbi resibibavErd of 4. nxom&wmaha&t hbarYocRPdingan sze

monocl onal epRbpe comprising a fres N-:

to an

terminal residue of AB. In some methods, the antibody binds
10 an epitope within residues of 1-10 of AB wherein residue | and/or residue 7 of ABis
aspartic acid. thod Ibody specificaily bind '

c acid. In some methods, the anubody specitically binds i0 AB peptide without

binding 1o full-iength amyioid precursor protein (APP). In some methods, the i1sotype of

"
25 the a.ntmoay 1s human IgG1.
In some methods, the antibody binds to an amyioid déposit in the patient
and induces a ciearing response against the amyioid deposit. For exampie, such a
— - - .
ciearing response can be effected by Fe receptor meadiated pnagocytosis.
The methods can be used on both asympromatic patients and those
30

. L - . .
currently snowing symptoms of disease. The anubody used in such methods can be a

numan, humanized, chimeric or nonhuman antibody and can be monocionaj or
poiycional. In some methods, the antibody is prepared from a human immunized with AR
pepude, wiich human can be the patient 10 be treated with antibody.

In some methods, the :mnboav 1s administered with a Dharmaceuncal

carrier
as a pharmaceutical composition. [n some methods, antibody is administered at a -

dosage of 0.0001 to0 100 mg/kg, preferably, at least | mg/kg ! body weight antibody. In
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pol ycional. In sonme nethods, the antibody is prepared froma human
i muni zed with A(3 peptide, which human can be the patient to be treated
with antibody. In sone nmethods, the antibody is admnistered with a
phar maceut i cal carri er as a phar maceuti cal conposition. In sone nethods,
ant i body SI r’gogl r dosa 0301 to 100 /k preferably,
at |east " ng”{el% ?vah‘f‘ ag‘ﬁ’t"i’sbed in “P‘H“@e ‘Efﬁ%esrf’éfr}?o?ig ongedperpdi body i s

admi ni st efbed(amplemﬂaklepj;t&ndﬁ&xﬁgﬁslnwﬂé n@tk@ﬁ@k&%ﬁﬂo@% idfinistefeQras @xanpl e, of
at | east n sone pethods, the antibody is adm nistered as-a .

sust ai nedS%IF%‘f’%%§&’a‘i?ocﬁﬁ‘8§?l‘t‘?rbnThWEb%ﬁ’-ft%Bﬂ%”@&H‘eﬁ‘él Ramamtered, for

exanpl e, mﬂﬂz{pléfimﬁdfdll'&clﬂﬂ@l,|sl¥bcu€éh@ddsb§'; inBhReA 41BN §RM T Youiak] Qtt'bﬁﬁéélﬁrn' al l'y,
|ntracrig1 % all}/ 5 intranasally or intravenously. In sone

met ho c|)rblo Vcngsu Sdni ni stered by adninistering a pol ynucl eotide

encodi ng at | east Ion@namtethb@sjyhe(‘al‘r\abcshvtloadnhlﬁxs{é@édl Wikimin[fi&ifeal ynucl eotide is
expressed t uce ntib hain in the patient. Optionally, the -

od
pol ynucl 5%19’ ke E)COQ%?]bnﬁa‘%gg ﬁt 73 O%f)é“ﬁ?ddﬁpdléﬁ%\%?%‘?mtﬁﬁ RObTEBRNfE iThe
pol ynucl| ewrresged fospredupe éssxenbcta@ chélnpu 0@uated: hephqauy, wnshiihghbtghai ns in the
patient Lp. rmn tored for | evel of

t he patien
admi ni stere Qgigetal %qg%%t AR Ogﬁ“goaﬂug‘favt h@cﬁﬁ YPRHECHUAF ¥ SXRGEREO as pect, the
i nvenig omradateathe seavp amdahgtmdhaxma‘ inphepaRhi. Mg s&he nk®AdY, G pAidi gease associ at ed

with a f. AD in,the brain patient. For exanple, the
met hod;ry %g}nq%rgggésﬁ%}efo rderrd o %ﬁnéhegﬁl%’éé%@eé’ﬁt‘%vm s sgﬁdr ome or

cogni tive 15 inpai Immnﬂherz&mbtH&th&@ﬂteatdm@eE’stBFﬁ%%hﬁ‘%g r{ gents of AD
ai ns rtain

or anal ogs. thereof iti an i nmunogeni c response a

epi topesg\f'\ﬁls assﬂfléteg m@gﬁ S‘I%‘Pﬁf%\fi? in ‘B@ihﬁam@métﬁqﬂhgrwxanplaiment an
ef fecti vm:dmsagﬁh tefusdl B eXERhdiHEr € QRPLL 51 DOwR0 s segment of at
| east residues 1-5 of A(3, thelfl rst1 resi due o? %—g{ el ncra?lﬁ fo\l— t er m nal

resi dise wpwwnboﬁvbgﬁfhoééen%mmmm fpeginypept Aller arxaldfgs dgereof a C-ternmnal

20 segnept.i@fs AlRmumd ntail admniste tq a patient an
ef fective célosgagel of aéﬂg%focz?éé g%ﬁg & SR BIRYS &% &N‘“?% mamedivdirent of AGS,

t he segmewail ybmynisiering teet patiest adw&ecaveedo@ﬁga%!rapamge;exaelbcngprestngr&smﬂues 7-11 of
All. So i ster an effectl ve dosage
”En%tamgﬁlf'ﬁ?ffgf tbasPA0a0LSE é%gcthf éiésb B?ﬁE‘Be q %3

of an agent that induces an i Hmund RER2 8% NN-t er ni nal
segment Fmiagl resmllrp@fslugmmepdﬁmwmaﬂenghabolw@iudé,l@ free 3f 9T -Bhigaf)d ending at 25

resi dues, wi t hout . i ndyci,ng .an i nmunogeni ¢ response agai nst an
epi t ofe Wi ﬂ%pﬁ &4 rﬁgﬁ lfe”sle#(ﬁi SF5A g E%K%e“Tgﬁtoé‘(?ﬁ'ée“bF“ tifretiupénseznefichods, t he

N-t er m nadlypegdeatmpeisinglah N- &r&hﬂk@é&n@etnt of AP, the segment beginning at rc51duc
1-3 of AP and ending at rcsxdues 7-11 of AB. Some methods entail administering to a-
patient an effective dosage of an agent that induces an immunogenic response against an
N-terminal segment of Af, the segment beginning at residue 1-3 of AB and ending at

25 residues 7-11 of AR without inducing an immunogenic response against an epitope within
residues 12-43 of AB43.
In some of the above methods, the N-terminal segment of AR is liﬁked at
its C-terminus 10 a heterologous polypeptide. In some of the above methods, the N-
terminal segment of AB is linked at its N-terminus to a heterologous polypeptide. In
‘30 some of the above methods, the N-terminal segment of AB is linked at its N and C termini
to first and second heterologous polypeptides. In some of the above methods, the N-
. terminal segment of AB is linked at its N terminus to a heterologous polypeptide, and at
its C-terminus 1o at least one additional copy of the N-terminal segment. In some of the

above methods, the heterologous polypeptide and thereby a B-cell response against the N=

terminal segment. In some of the above methods, the polypeptide further comprises at

least one additional copy of the N-terminal segment. In some of the above methods. the
4



its CGtermnus to a heterol ogous pol ypeptide. In sone of the above nethods,
the N~ term nal segnent of A(3 is linked at its Ntermnus to a

het er ol ogous pol ypeptide. In 30 sone of the above nethods, the N-term nal
segnent of Al is linked at its Nand Ctermini to first and second

het er ol ogous pol ypeptides. In sone of the above nethods, the N- term nal
segnent of PAEPIPSidt forkaeigesirorn Nstehinings 1 QHiS s Ahd L@ FHhDYOLSenDOt XPapt i de,

and at it . e ndi ..t | east one additional copy of the N-term nal
segnent . I?1m,g%j(rrr‘gg{)%dg;d ﬁel %pd%svoé%%eyﬂm?ﬁtsﬁ’émﬁ‘éta@? OF 8560598t ypsperide and -

thereby a dswedtl In gsposfsie: QA MEtholid) eheW-rdrRidAl 2neREIABEL or LB 5OME of the
above net hods thebﬁol ypeptide further conprises at |east- one additional

copy of thE"RYHGACRY Mebefitee N-emuahiegmentchesisihelabivét hods, the 4

pol ypept i de conpri sessdmmdbdsehligabsiedQs Fad &0 Gelbil gL nal  segnent
of AP, a plurality of additional cg%ieessc% %g].egﬁﬁee%%ﬁﬁ%’?mgéﬁ%nt, and
the het er AH§dR4 B4 Rsome mthods gmefregmen coumrisendp tohé cabdyeusetiods, the

N-t er m nal GIENhC psts of A(3l-7..l.n ome of fhe above nethods, the
N-term nalacglggnen%g'cgﬁgilng‘ tgargftypA%%lg-a?’.m%StFnﬁggt&%“ Folfsmicreggmsoggnent i s

free of atdosepestpatidme 5 C-terminal amino acids in AB43. |In sonme nethods,

the fragnent conpri $es u ttg le cggti guous, ami no , acids from AP. Fragnents
are typically adni ni sTEIERA9SPe Frameqtisimipsisied Mg Eraamsiyent thajose per

pati ert0. lanhgoeethrbhhostsesgohe: b HRONE Bipde. BRI SShE B Wht, adj uvant
that 10 enhances .the imune responsg }%o t he A%S pept i d%d.n&q‘ﬁ%p%edj uvant and

fragment ARHECTSE FHibeL et on 9esther ayregomenogigipn.oFhe asfieehieran e, for coNposi ti on.

The adj uvastmplaralBinuiAydroREaMMAinud SHESHAD Digmexhsls umi nesm phosphat e,
MPLTM QS5-.21 (Sti gul or;TIVp_r or i ncglrrplﬁeﬂ[yé‘ Fr ’e%‘ s@%j’bé%&ﬁ'moﬁ'h oLlpnventi on
further réfl C1¢ Hrepih AHeati cal conpositions conprising 15 fragnents of

AP or other agents eh] qlin;em(gl fimrtnmn(?geni c, res OnSﬁ to the sanme epitopes of
n

A13, such as described above Mg RS AP UtcRhePMPRIEPRSICORPTIRG pr ovi des

phar maceutT8EENE BB ST pihefrscrte miiting imynunvgené resprmsantthbotiasitdesof i bed
above and s siihak BLEH] table.carrier. In another aspect, the
i nvention A?elsat es to necit%glééxg(?gg%g‘é\éaﬁ#%hei’%Veﬁﬂorhﬁfci BEYYeS 20 for activity
in treati RYEEAgFEisAsemasyinis apwrising nydeplosintisodifs di§3ibed abhie abd ai N of a

patient (BakhaceuttcdilBIcRB bR di$gase). Such nethods entail contacting the
anti body with a polypeptide conprising at |east five contiguous am no

aci ds of an N-ter mi HAROGEGHsRAsE thsfinveaporirelyien ni mghats ofisckRfing HnbGlimRen 1 and
3 of AR trhechabyReRk e &?&%sgd‘c%(?edo&itgd%bsits of AB in the brain of a patient
' (e.g., Alzheimer’s disease). Such methods entail contacting the antibody with a
polypeptide comprising at least five contiguous amino acids of an N-terminal segment of
Af beginning at a residue between 1 and 3 ofAB, the polypeptide being free of a C-
terminal segment of AB. One then determines whether the antibody specificaily biﬁds to
25 the polypeptde, specific binding providing an indication that the antibody has activity in
treating the disease. '

In another aspect, the invention relates to methods of screening in an antibody
for activity in ciearing an antigen-associated biological entity. Such methods entail
combining the amigen-gssociated biological emity.and the antibody and phagocytic cells

30  bearing Fc receptors in a medium. The amount of the antigen-associated biological entity
remaining in the medium is then monitored. A reduction in the amount of the antigen-
associated biological entity indicates the antibody has clearing activity against the
antigen-associated biological entity. The antigen can be provided as a tissue sampie or in
isolated form. For example, the antigen can be provided as a tissue sample from the brain

of an Alzheimer’s disease patient or 2 mammal animal having Alzheimer’s pathology.



term nal segnent of AP. One then determ nes whether the antibody
specifically binds to 25 the pol ypeptide, specific binding providing an

i ndication that the antibody has activity in treating the disease. In

anot her aspect, the invention relates to nethods of screening in an
antibody for activity in clearing an antigen-associ ated bi ol ogi cal entity.
Such et hegligr 8&h@ianpls APRLAIIGH 28 d ed b| enti ty and
t he anti body and phggocg%ll cC ce h| %%p{)e%??enigé &)%Fretclze rg YWedi um " The
anount of Ceﬁeoaﬁqttswéﬁma@weﬁaﬁy eﬂemddlselg: semblve,ntxssmysam;ﬂemmmpﬂgngn t he medi um
is then mMyHat@a efls RAHGT &R0 A antigen- associ at ed
~biological enti Fﬁy? ndi cat eéét he aﬁ&ltﬂag %mgg{shsc%retarl ng L?CWQV i nst the
ant i gen- agewsEnaicEerRciWioniwal entity. The antl gen can be provided as a

ti ssuessanple or in | the anti gen can be
provi ded as a tissue sﬁiplﬁ%%%%lﬁlgbgpg BAMSZI‘IEI ner's di sease
patient or a manmmFigahi ﬂmhbdiraavtitétgaﬁéimj&em&m{fn%n&%ﬂ%xgzgwnh 8949‘” tissue

sanpl es agai nst whiegh aQLm O%es can be tested fTor clearing activity
i ncl ude cancerous t"l Es (g Progn infhe hippqramppse ciheperceriagreofshmmpbes,  ti ssue

sanpl es cefpe hlB}POﬁgnpall régi@norattied/beehyisid pQBERLLLRARY r@a@m{ B, g€l | _growt hs,
or ti ssueéﬁl@@ %ﬁﬁ%ﬁ)@“ Si Dé abnornmal extracel |l ul ar rrgtrl X. 5 BRI EF
DESCRI PTI ﬁﬁglﬁﬁ 3 64 Wasidetermingd by FeraputerFaseisted qnqlaectanom of
transgeni cmm: eralywis bhinkh@iordidted bleugsecaensAWJ: OdifesOf H8R:du mlce hi ppocanpus.

The perce e.area. of th pocanpal region occupleﬁ by anyl oi d
pl aques, r%d b&/'t}?%tgl EPT&IPYR) tﬁ “%C}*i’éal lipg Tr spricdrpyningnindiontthal  ant i body
3D6, was medlmmmeﬂthbyhsmmmuﬁer assisted quantitative 10 image anal ysis of

i mrunor eacted br al g\p ans The val ues for individual mce are shown
sorted by treat rren FHT0SA%UOBRY 1B 8k hiPPocRARuS e parckntageaitiengeai ndi cat es
the nedi ta"nhakarbpgeanuhl mbandjcalnﬁddmtdy%phﬁl,gu&cs N@ﬁﬁédtﬂ qhgiyrset rophy in the

hi ppog? ﬁer aige of the area I pp canp Vg%I on occupi ed
by dy rop |c neurl sPe& Fimeagc Bﬂ}allgﬁel"i‘asldéla@ﬂm@d b)yqlﬂﬁﬁtlmltld’k:otrrhﬁtchurmn

APP- speci dsslszedmmga:dnallyaxls oB Eﬁnumgac@auﬁme@@&sbmg aDLd &8 conput er -

Y
assi sted naly noreacted braln sections nd‘fﬁlé' \BiCtes for
i ndi vi dua%rg%lg%eﬁ) g’ree‘éf\slﬁ(?%nmfaggu M 2pf\the PH- ‘fqaéﬁétcédtf‘gjrgcmm dhel t he

PBS- t r eatlodzahtincofor gichgpoupiiaandibdsi 2Rt @hn | aghygeo [ roupi ng indicates
t he nedi an val ue off the distribution. Fig. fQ mgﬁ%@iog in the

retrospl enial corték.® T‘?‘FémﬁgPE%H‘t‘B@@tr@?PIQDWéCW%a Th@@croéntaghefaeratrdacal r egi on
occupied dithefcbrtitalkegfdnticehpias by At dbRidy LGk Brok S AFR ARSIV e

-positive

astrocytes was determined by quantitative computer-assisted image analysis of



astrocytes was determ ned by quantitative conputer-assisted i mage anal ysi s
of 6 imunoreacted brain sections. The values for individual mce are
shown sorted by treatnment group and nedi an group val ues are indicated by
hori zontal lines. . Fig. 55 Geonetric mean antibody titers to AD1-42
followi ng i munization wth a range of eight doses of AN1792 cont ai ni ng
0.14, 0.4, 1.2, 3.7, 11, 33, 100, or 53009 Fig. 6: Kinetics of antibody
response to AN179 |mrun| expressed asqng&gmatri C neans

of val ues Wn?rﬁaec % PP ﬁ%??%“ %85%“ PR ‘V‘dﬁfld’uc?areﬁﬁc’avi‘m Ye i mage
anal ysi s aofeattrfeet groupt dndatedtamgraipValiey ate indidatePBFhodaatafihek792- t reat ed mi ce.

10 Fig. 8: Quantitat.iv e anal ysi s of. the it pl aque byrden in
PBS- and AN1792-trZI§§ese 4’1’1" mﬂe@v%lbo@ms t AP f?ll?d@’ég%%ilgn of the
percent ofwithherafigtofeighl ®REsHf ANIOD?E EontAsiap Pi18D.HN. 231 PLYEORoSeri N PBS- and

AN1792-treated mce. Fig. 10: Lynphocyte Proliferation Assay on spl een
cell's PronfPANE792- 15 treated (upper panel) or PBS-treated (|l ower panel).

Fig. 11 Total AR |myed:KinficsPaftBhd resnofisstt Al GOPithulbad ROl gl ALS

profiles in mce inmuni zed with AD or APP derivatives conbined wth Freund"
adj uvant . SXprPged asEcomagic greansnivelies fonthebenisens ioxadkesmoupet er i ned by

quantitative image Y t bRl C€
i mmuni zed with the I? pe(?)l%al%umlva 1(%15%%%%3%&02%&5@%% aﬁ%%qg{l}aejﬂ @ADls 28;

the full PBhGMA7HRrenfgreigat es ANL792 (AD - 42) and ANl 528 (A(31-40) and
the PHg-treated congpod. @ﬁaﬁHﬁhvﬁhﬂge éx%iys@%@ﬁﬁrnéﬁrﬁxc"ﬁ? Qﬁbk\g&gﬁﬁ%&s -

Ap- speci fi c anti body for groups of mce imunized w
deri vat i vé8d ADHBInEertsginige-Fr eund' s adjuvant. Fig. 14: Geonetric mean titers

of Ap-specific antifpdy (ﬁ&htlﬁﬁ%ﬁﬁg@iﬂalﬁé ogl:h'c @x%crﬁ'og er&%ﬁl'en%?ld with AN
1792, or a pal mtoyl at ed derivative thereof onbi ne vari ous

adj uvant s SogxgeeupdAypptrooxtysisday RBS- 4“?\ ANIF9% seatedmise. 12-month ol d PDAPP mi ce
treated with AN1792;p rmArﬂJ,ﬁ%ﬁoaMctmomxfatl&;g&fayaﬂwefm&ﬁsfrfrl}smvb&z Mean titer.

of mce treated with g)clonal anti bod o AD an titer of
nmice t?eat‘réﬁfe‘!/\ﬁ“PPFrrﬁ’ﬁ‘FFé)c‘l %f”@??f‘l(%b@walne% to AD F| g. 18: Mean titer of

mce treated w th ngpoq! aRah ABMVReM 263, AR mplot of individual AR
profiles in mice immunized with A or APP derivatives combined with Freund’ adjuvént.
Fig. 12: Amyloid burden in the cortex was determined by quantitative
Image analysis of immunoreacted brain sections for mice immunized with the Ap peptide
20  conjugates AB1-5, AB1-12, and AB13-28; the full length AB aggregates AN1792 (AB1-
42) and AN1528 (AB1-40) and the PBS-treated control group. |
Fig. 13: Geometric mean titers of AB-specific antibody for groups of mice
immunized with A or APP.derivatives combined with Freund’s adjuvant.
Fig. 14. Geometric rﬁcan titers of A[i—spcciﬁc antibody for groups of
25  guinea pigs immunized with AN1792, or a palmitoylated derivative thereof, combined
with various adjuvants. .
_ | Fig: 15(A-E): AP levels in the cortex of 12-month old PDAPP mic.e
treated - with AN1792 or AN1528 with different adjuvants.
Fig. 16: Mean titer of mice treated with polyclonal antibody to Ap.
30 Fig. 17: Mean titer of mice treated with monoclonal antibody 10D5 to AP.
Fig. 18: Mean titer of mice treated with monoclonal antibody 2F12 to Ap.
Fig. 19: Epitope Map: Restricted N—terminal Response. Day 175 serum

from cynomolgus monkeys was tested by ELISA against a senies of 10-mer overlapping
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Fig. 19: Epitope Map: Restricted N-term nal Response. Day 175 serum from
cynonol gus nonkeys was tested by ELI SA against a series of | O-ner
overlapping 7 peptides covering the conplete AN1792 sequence. Ani nmal
nunber F10920M shows a representative N-terminal restricted response to

t he pepti de DAEFRHDSGY whi ch covers am no acids 1-10 of the AN1792 peptide
whi ch was used as i mruni zing antigen. 5 Fig. 20: Epitope Mp:

Non-restricted N-termnal response. Day 175 serum from cynonol gus nonkeys
was t est eREPEAFS ERYeSR HigaPMBIcteANBIOR sequshoes dnirapl numper T OBV ghqyest i des
covering dhigscARRA REEmN: 792 SRTUSBEE 1o MEBEdeMYABE P38 %Rfch Shows a
representative non-restricted N-ternmnal response. Reactivity is seen

agai nst t9ers ppgogeist ddo AN HR arptisisarhirievpaised erdmanmigingiaadgent o t he
pepti de DAEFRHDSGY 10 whi ch covers amino acids 1-10 of the AN1792 pepti de.
DEFINI TIONS The term "substantial identit nmeans that two peptide
sequerces, when. 1B5igofft:i BritlopyMapi yﬁ@destgqe%Na@nwyaltrmowo@m GAP or
BESTFI T ughgrdiaf gwxﬁolggr?nmaﬂma%mea@%m@& %a@@s‘fﬁsc@és BRIEREL sequence
identity, prefera | east” 80 or ercent sequence entity, nore
pref er abI‘gNCE\%PPI”@a@Pt@5C?)‘@Fé&ﬁF cemplgerfdd 9aémupt“§¢ @mnmﬁmm@eﬁgOWS@g per cent
sequence Aol Holes it AR rdoui ot SEARR reshGSL RlBRAS L LR G0 are not

i denti cal by conservative am no ac stl t t| ons sequence
conpar i sowo pteytpie&bll—lcynmﬁl@néewm@ée @@Q@l@étoah@' mwﬂeﬁd@FRé@Wé(nce to whi ch
t est ﬁ)equgmg &@ng%rggmsqdlowQAHﬁQ% i&equence conparison al gorithm
test and reference sequences are I nput to a conput er, subsequence

coordi nates are designated, if necessary, and sequence al gorithm program
paraneters are designated. The sequence conparison algorithmthen

cal cul ates the percent sequence 25 identity for the test sequence(s)
relative to the reference sequen®EFMYAE@YNSon the designated program

par aneters. Optima R e conduct ed,
by “ihe | ocal bl e B RS e e A® ot

Nat h. 12} sgpimilpghigned jsych fesrbef tmr@@yGélPucgﬁr%ﬁflmsgmrdemmg@n whigktll eman &
Winsch,  Jshaf¥at kaﬁ%@bercé@sé]ﬁlg’n&l&z%; prgﬁralgé'altn;%st%@@; Q@pérggnt gqmnlcgrl ty method
of Pearson & L Proc. ) USA 85:2444 ('1988), by
conput er i SEHty, rﬁﬂr%Pféﬁf"é?M %H@S‘@ﬁ PFW@‘éée‘ﬁieg"é’r‘ﬁft"H%or(@ﬁ\P(e BESPECMt ~ FASTA, and
TFASTA i nsetlmcélvdsmﬁsxl mgrﬁeﬁ@tréf@rsb@q%mw&sfaﬁdm& arRBEldreiSa) GRFEP UL er '

G oup, 575 Sci enc W) by vi sual |nspect| on (see

general |y yA(ifgmnv%?mmo ag/% SUbStltuth

20 For sequence comparison, typically one sequence acts as a reference
sequence, to which test sequences are compared. When using a sequence comparison
algorithm, test and reference sequences are inpﬁt into a computer, subsequence
coordinates are designated, if necessary, and sequence algorithm program parameters are.
designated. The sequence comparison algorithm then calculates the percent sequence

25  identity for the test sequence(s) relative to the reference sequence, based on the
designated program parameters.

| Optimal alignment of sequences for comparison can be conducted, e.g., by
the local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by
the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970)

30 by the search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA
85:2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the. Wisconsin Genetics Software Package, Genetiés Computer

Group, 575 Science Dr., Madison, WI), or by visual inspection (see generally Ausubel et

al., supra). One example of algorithm that is suitable for determining percent sequence
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al ., supra). One exanple of algorithmthat is suitable for determning
percent sequence 8 identity and sequence simlarity is the BLAST

al gorithm which is described in Altschul et al., J. Mdl. Biol
215:403-410 (1990). Software for perform ng BLAST analyses is publicly
avai l abl e through the National Center for Biotechnol ogy Information
(http://ww. ncbi.nl mnih.gov/). Typically, default program paraneters can

be used to formthe.sequenc ari son, although custom zed -
par anet er &€ Btétﬁg’é‘&e(iu%’ée HEdirt '1?‘ %&ﬁ\l% Flarrthmswbigh isdescribedia ABSATP progr am

uses as demuiruarolaszwaw eOBgdlrtD((s)AX)) OfofBward for pRXBRGHABLABT GRAlysef is10, and the
Heni kof f Proc. Natl. Acad. Sci.

BLOSUMG2. X | of f

USA 89, 18 5 y(af%éagfe)t["‘iglﬁh %ﬁ%ﬁ gé‘b‘ft“r%Pégﬁtﬁchﬂ@gyalﬁﬁ%a%ﬂi‘l ds substitutions
as conser Viadpi/kevvoncbi. Aln BIBRGONSEHicaly, wefaum@}d@msme@{s%m%éw?&% as follows:
G oup % %’8‘]5{" phobi ¢ si dechali ns% é}ﬁr euci ne, al a, va leu, ile;

G oup R SCAYAFOTRRaEons flthougth sty zedRps am%‘?é”f caryajo:be uggd kior | ||
(acidic Shﬁﬁlo@lﬁals&ﬁﬁmceé‘&ﬁh BUASITP $3094B hs¥s hPRFAs 8 ivdRai&hial {i@ofsaép gl n,

his, lys, (residues |nfluenC|ng chain orientation): gly, pro;

and G oupe’ﬂﬂe“?%ﬁﬁ?{)]@ ang the BLRIPNO? scoring mptsx (seghisnikeffdsBenjkaff.v e

substi t ut pesasnbmwehd cs UlEBHL 10bi PNSsPHSt ween 15 amino acids in the sane
cl ass. Non--conservative substitutions constitute exchanging a menber of

one of these cl ass&8f PYPOsss Hesiaseifying aming prids subshiariensap eonsegivatos of t he

I Nveny ONnéHcBnskiviivedhiho 2biRS i Bidupdd 3 BIEWs: fGRDD I hhOsi &R 1 nant.
Thi s nmeans Cha,t arl1 a entO ist §| gg%llb(é at Iseast Hgbg{l}'tqﬁ)?O% vx?/lw H&xﬁ‘ﬁ]
zﬂi royg lae

(wei ght / WBPTHERS: Retiafay va a'§“v\)§} wigal Bydyephihe sidg ¢hains): eas.fserpthr

interferi Ggoupnm(mda@s,a@@haaﬁ) AT BV (basiBBidk BRSnsh:NRnadR S ,Ar € at | east
about 80% w/ npre pr.ef gfgbglam almIegatst 910 or rg outna%S% vv/)\?'v purity.

However, ®8i %%’“E rﬁ\/eéﬁit“Fsb‘ﬁgFe"ﬁ‘l”%f’éﬁ"hO’E)‘Efﬁ“fq“?:a@b’dﬁo and Sierrgldgrontsiprpgeneous

pept i des sifle &famk)?ﬁ@ttylgg% V‘(L‘dﬂsé‘r@ﬂw’@@u&m@ioﬂﬁﬁlwols@@tﬁisﬁt’lﬁox@'b@megﬂ bet ween two
entltﬁs means of at least 106, 107, 108, 109 M'', or 1010

finit
M fi ?ff”t“f’é‘ggﬁ‘rnglé & Bpechksh Napgcogpervative Sbl?séfqé‘PP%ﬁmStEBteTﬁéla@gé@% "ant i body"
or "i Munmghblwlf b ofitbestiSkatked fr b Aebeeofinb@et anti bodi es and bi ndi ng

fragments thereof. ically, fragments conpete with the intact antibody
f rom whi ch t hey me@g'gﬁer”i ’ﬁéée“fs(ﬂf a}gdg‘(ﬁ“f‘f’% A LRIFAYY sP?f‘a&Halg’rﬂ”Feg%W“f r agnent

i ncl udi nguxsbgia:ldabmaxhewamy Tolsahdass thh egmgemhﬁtypﬁcaﬁﬁh leaEedboutl-_s(oad)w/)uZ Fabc, and
o chent ol R B R e G b eeH =R He P ™t | body”
al so Rhcl coesnioames. Gomrbmes thangensgrad lllsialstl’hboﬂtfﬁ]%l&/\b hxai, matEprefbrbiycal |y
conj ugat EQ&I( 9 oPJboSR‘d%%’ XA gurﬂ?’ Hf)vl\'ﬂgxi'e(r),nus nrgcc):tog\i/e?laonal protecl)n phunﬁcatlon
techniques, homogeneous peptides of at least 99% w/w can be obtained.
Specific binding between two entities means an affinity of at least 10°, 107,
10%10°M™, or 10" M!. Affinities greater than 10 M are preferred.
25 The term "antibody" or “immunoglobulin” is used to include intact
antibodies and binding fragments thereof. Typically, fragments compete with the intact
antibody from which they were derived for specific binding to an antigen fragment
including separate heavy chains, light chains Fab, Fab' F(ab')2, Fabc, and Fv. F ragments
are produced by recombinant DNA techniques; or by enzymatic or chemical separation of
30  intact immunoglobulins. The term “antibody” also includes one or more immunoglobulin
chains that are cherhically conjugated to, or expressed as, fusion proteins with other
proteins. The term “antibody” also includes bispecific antibody. A bispéciﬁc or
bifunctional antibody is an artiﬁcial hybrid antibody having two different heavy/light

chain pairs and two different binding sites. Bispecific antibodies can be produced by a
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proteins. The term "anti body" al so includes bispecific antibody. A

bi specific or bifunctional antibody is an artificial hybrid antibody
having two different heavy/light chain pairs and two different binding
sites. Bispecific antibodies can be produced by a 9 variety of nethods

i ncl udi ng fusion of hybridomas or |inking of Fab' fragnents. See, e.g.,
Songsivilai & Lachnann Cin. Fxp. Inmmunol. 79:315-321 (1990); Kostelny et

e O O O B O 1

pol ypept i eigsSengsividack bachirfasn, tﬁlmaﬁxpﬂ\mﬁ»ngmie’w 3682Karsg0)e Koatelny et Mayur e 325,
773 (1987 re 331, 525 (1988); and Kitaguchi et al.
g ?é@‘y%

Nat ur e acids within the hunman anyl oi d precursor
protein (APP) are AR®S ,na.nmtbt’el?Pe?7 acfenrdpagvdly té the 638 JIe e 7060 t he APP770

Tty LN 8, A b L R 5
"anti g_en"thsraa}%e?ﬂSKlSmb Ponteiechl. afaztzacaBBhddy(IQﬁ&)cmfdlIQ&ngbMubtdldNatu)l'é”le term
epitope ic deter t' refer .oasite an antigen to
which B af /or@qb 821‘{2%“ P@gﬁgﬁ)wgg“n SrRanA odé)glgc‘ifﬁoﬁpf?ée‘?&%d‘moot h from
cont i guousssigasd mumbas iackrding mh@mqtmgueﬂﬁxemwm issfots Tentlsagpsed by tertiary
folding o r or ned cont| guous am no acids are
typi cal | yL‘P%% %Bﬁwd}ﬂ ‘ég‘#g@’ﬂ%&sdeé‘d‘é’ﬁﬁﬁé?ﬁb SOPREHEAHARREAS epi t opes

f or metb byrebigidsilad% 140) d4ng-@rpdliygical |y lost on treatment with denaturing
sol vents. An epitope tﬁég& cally includes at least 3, and nore wusually, at

| east 5 or 8-10 a eBs!SPR eRtity P yichap antbody sRsAHGRMEPINE.  Met hods of
det ermI In| ng spat |2 ghhcaﬂﬁogpmabetm"qugeﬂbtilsteﬂﬁndnﬂfrkféﬁeo akmg ox%ﬁdmlg&)é X-ray
crystallo a i mensional nucl ear, nagneti ¢ resonance. See, e.g.,
Eplyt ope I\ﬁﬁ'{a{r {%B ﬁ?dé(frgd ‘ifﬁ%“is?f’“ FFFOFEIPRES RN k&fﬂ‘l%éff’ bathdresygontiguays| . 66, J
G enn E. i bdds cEdnonc(oihQ@.ﬁ))Js afomblablﬂdjlﬁ&pbhaby terREPBigLof NfoRRMTE €pi t ope
can b |f| |d asmglelm*runo say S the ability :of one

ant i bg ’l?% QBFSoc?Enet T RUB RS PRSI &FC EPiE lléfd‘éf%”‘fdo"”ae"tp&?"ﬁ"e anti gen.

T-cel | s demegng Memnﬂknum;ﬁtomfbﬂxﬁhﬂ&ay&ém&bwamgmeﬂﬂmlmoﬁeﬁ ds for CD8
cel.l s that recognize

|
D & s e gtor ME M
ant i gen- depahdetitasps of 8- Raraind ecids ms: whiquerspitiabeniyym@dnt hyleihddswe

i D ey BTG r By Ot b R ol BB R AT PRy Cotoxi ¢ T
| ynmph¥tyt @da’zscgaxynsxﬁrip]ggegaxgnagnahc reschandemfignale., Epfiope BepIngBrbbrolein by
cyt okine ﬁlgﬁzr)c%tzh Mbiecular Biology, Vol. 66, Glenn E. Morris, Ed. (1996). Antibodies that
recognize the same epitope can be identified in a simple immunoassay showing the ability
of one antibody to block the binding of another antibody to a target antigen. T-cells
recognize continuous epitopes of about nine amino acids for CD8 cells or about 13-15
25  amino acids for CD4 cells. T cells that recognize the epitope can be identified by in vitro
assays that measure antigen-dependent proliferation, as determined by *H-thymidine
incorporation by primed T cells in response to an epitope (Burke et al., J. Inf. Dis. 170,
1110-19 (1994)), by antigen-dependent killing (cytotoxic T lymphocyte aésay, Tigges et
al., J. Immunol. 156, 3901-3910) or by cytokine secretion.
30 The term "immunological” or "immune" response is the development of a
beneficial humoral (am-ibody-mediatgd) and/or a cellular (mediated by antigen-spec.iﬁc T
cells or their secretion products) response directed against an amyloid peptide in a

recipient patient. Such a response can be an active response induced by administration of
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30 The term "i nmunol ogi cal” or "imune" response is the devel opnent of a
beneficial hunoral (antibody nedi ated) and/or a cellular (nediated by
antigen-specific T cells or their secretion products) response directed
agai nst an anyloid peptide in a recipient patient. Such a response can be
an active response induced by adm nistration of 10 i mmunogen or a passive
response i nduced by adm nistration of antibody or prined T- cells. A

cel lular jn{aHdBed GINARSR rkpode ifdub &y P¥arkilg L 90 O mbpfypepti de
epitopes in ag?soci %?i on rWISi'L[.’h (l:I éls.s_. 'I)bor ' g?gslg&fo?%edggf%%%%gt to activate
ant i gen- sfséi&i Aicelidmimmure respqset isebitited bty presegREen ofncdyropiids chitems| s. The

[ eSponse isolafith Wil Ol TN AVAE Ableci D AN R PR 0Raep: K cells,
basophils, dendritic cells, astrocytes, mcroglia cef s, eosrnophils or

ot her conb#plasitcs!isand/on FRBE cytetaxiaiTiells. THee 9sroseTmey algf ingolehdtivaraioft ed

| MUNOY OGinGlcyted HRRRAPRaE AN Bl ISL LSRR nlY %i 8Ll On assays (CD4+ T
cells) or CT Ifylr?(cyt g’?o%(g?c T Ii/rr’p oC tllg’)d%g%gtéosgseg ’s%tgoc%ﬁ’k%l,crogﬁapre ],S > Ti gges,
supra). TsinpRiikor giber compendntsf innate ipfmumityoTh¢ pasmicoe d allanediasiponses t o
the prot egid¥ioBlcal DSLARSUL bEaEhG Gk 1fprollOR0, LIITNNEES SN, b

di sti ngui shed l??; <:gepﬁ{oat ely igso% at? I?Jr?gbga{)ﬁ?lgfgrgﬁ?%asssa ﬁ.@eggc&cgg) ProH an

i muni zed(cgipiogienielympheryte kssaysdsareliske, smgrapliggectipws. @he tdheivapeuti c ef f ect

in a secofflivatitl&s Tl XM [ ent’ or ."i nogen"” is capabl e of

i nduci ng an_r1 | MMIno %nd?ﬁglzﬂnldr _esp%%ggee’ogsﬁgg)ntg% P’i“’?es?&"f%e’ '%Ffl@ﬁ%‘?i on to a
mammal0  ogtimsnapgep cambe distinguishediot separamlytibolatingadiibndientand Thelld ®ai naked

pol ynucl eglh (& ed 'Sh&hsic b3ni 20 NG i de. not .conpl ex W th coll oidal
mat eri al s. .Nakgd Sgo ynuc eot"igjge% ar e%g%ér)rtg‘fq}vﬁé%mgfagg%ﬁ e’?%uénﬁf%fg d vector.
The termsuli§ftuvant” refers to a conpound that when administered in 20

conjunction with appaphl, AughEpt s ' ! se t.o the antigen,
but when = adm ni sterrled aig%%ce (_:Ig%gg‘ nogt f”gﬁ‘r‘{g’ a gggﬁgﬁg’%ﬁ@u?%%nse to the
anti gen. Epuokeatca! respanseaaeine ifselfon admriniseationdpe neewnty, opeveatigin Nnechani sns

i ncl ugd NGcohiARPRGY G B Mt ment,  stimulation of B and/or T cells, and
stinmul ati on of macrophages. The term "patient"” includes human and ot her

mamal i an subj ect s Tehgrm "mEeq prlEiugleotide” efersie @ phly nadotide oot cohpleggdeut i ¢

t r eat ment witlicHager BEaERY 10kedPAPHRIdAIARITRANSIH2O kiRl ric peptide
units of A .One nmethod to pdrirgpg're r?onorreri c AP Is téﬁaiarsﬁgag{a\% | yophilized

pepti de i Yi’REat DMVBO wi t h sonication. The resulting solution is
centrifuged to renyneteaRYadiilneR! wIbr8 to a compound that when administered in

20 conjunctipn with an antigen augments the immune response to the antigen, but when
administered alone does not generate an immune response to the antigen. Adjuvants can
augment an immune response by several mechanisms including lymphocyte recruitment,

stimulation of B and/or T cells, and stimulation of macrophages.
" Theterm "patient” includes human and other mammalian subjects that
25  receive either prophylactic or therapeutic treatment.

Disaggregated or monomeric AB means soluble, monoméric peptide units
of AB. One method to prepare monomeric AB is to dissolve lyophilized peptide in neat
DMSO with sonication. The resulting solution is centrifuged to remove any insoluble
particulates. Aggregated AP is a mixture of oligomers in which the monomeric units are

30  held together by noncovalent bonds. |
Competition between antibodies is determined by an assay in which the
.immunoglobulin under test inhibits specific binding of a reference antibody to a common

antigen, such as AB. Numerous types of competitive binding assays are known, for
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particul ates. Aggregated Ali is a mxture of oligonmers in which the
nmononeric units are 30 held together by noncoval ent bonds. Conpetition

bet ween anti bodies is determ ned by an assay in which the i mmunoglobulin
under test inhibits specific binding of a reference antibody to a comon
antigen, such as A Nunerous types of conpetitive binding assays are known,
for 11 exanple: solid phase direct or indirect radi oi nmunoassay (RIA),

sol i d phaggnfler &l pRise dirBdiok mrre&wmmme%amﬁy sbifd fhhse BRBAW Ch
conpetition assay (see Stahli_et al n" Enzy rml ogy 9: 242 253

(1983)) ; inditeciengyasimmynoassey Hilod, |Sﬁndam}mormmmor(§é@y(smwhaﬁﬁahet al ., J.

I I e o heEiesaY, 5 lid
pﬂg\;godl r%%’tgoéég%gnzgg%g)ag%b\?mﬁgbm ﬁggssogg%ﬁr @m&gléin%g?eﬁﬂl Ant i bodi eZO :A

Labor at orKjirklandisasl;, 3. Imsnupokd3 7:36) 1986Desclid PR aiyst labsled @ssBhase dir ect

| abel R | . 25(1):7-15
(om8)) o P e B o o Virol by

176: 546- Ha@ox(ambi)myual afrdlddipriag HarbapBueas(198§) 5 sl P@éﬁﬁ@@é‘lﬂbfémél , Scand. J.
| munol . - 3, ﬁz?%g&g}?%%mn PN Ymer G2 50T A5 Qa08f). ol phases the use of

purified anti to a solid surface or cel bearing el t her of
t hese, ardixget lacbe»kaveshm Ebs(Clienmariebl Vel 7z§nﬁ6355l2éb‘2§’|0))e@drdgfe@rléﬂl§é

| mmunog| a('tr)\ﬂild nfRIIPGGE M. 'qurgmoi Q8. 773 I PRGSHY. eﬂgtm nﬁ@% i, 0.pg the

anount of Pound to the so surface or cel e presence of the
t est lmnunmgwsblmq-mofnmﬁaﬂhlylgphéounéﬂawlrﬁmﬂe@ﬂermllﬂb¢am!g gpthesaeint i n excess.

Ant i bodi %ﬁ B&laﬁél %ymﬁ&mgro'bmu%daaﬁﬁ@eme&@fér&?emﬁﬁenm&gfmslh bodi es)

i ncl ude antibo he sanme epitope as t ref erence anti-body
and ant i boetnmesitipg lnbﬁbngnnmemurad})aé@ﬁml@pgtlw@osxm‘qful@hebmwtoph@sahdal to the

epi t ope é\?\l’gfgg: cpléel}shl‘:r‘ﬂ{e?;(%gr?c@%?th@%sl mglynofg%uﬁﬁ %éﬂl?m@%s@nce to occur.

Usual Iy, conpeting antibody is present in excess, it will inhibit
speci fi c ipimuioglgbulin inpressheingiesss. Apitogisejdepified Rycempetitionssgén by at | east

50 ory+/5%, xape&g IRkl INGud anliBE QBB R s%.]-n@gplt(%@%s Bk {0k kel eci ted
el errents clude other elenents not specifically recited. :For exanple,

a conposi antibeAnang entibediep pindiag 1R sligsent deitenscuifisieade prowimahtodhe | sol ated AR

peptide ';%das@s (€ re¥Srefice 26.6H009 T&MerRhiirdrE 8L6ccROURARL WHa sequence. 25
DETAI LEDaébbg CRI PTI g\l General Several nyl 0] dg)érfenl c di seases and

condi t i on@“@ﬁ@%&P%f’é’t‘%?‘ieieé‘ﬂmt?s?cesﬁyr"e%‘élriﬁ@ BFPEisRLIdng e 1T epEpt i de
aggr egat eghtib&dyab aicBaRbh Bhie B &t leddt $016r 3P n of a

20 Compositions or methods "comprising” one or more recited elements may
include other elements not specifically recited. For example, a composition that
comprises AP peptide encompasses both an isolated AR peptide and AP peptide as a

component of a larger polypeptide sequence.

25 | DETAILED DESCRIPTION
L. General '
Several amyloidogenic diseases and conditions are characterized by
présence of deposits of AP peptide aggregated to an insoluble mass in the brain of a
- patient. Such diseases include Alzheimer’s disease, Down’s syndrome and cognitive
30 impairment. The latter is a symptom of Alzheimer’s disease and Down’s syndrome but
can also without other characteristics of either of these diseases. For example, mild
cognitive impairment or age-associated memory loss occurs in some patient who have not

yet developed, or may never develop full Alzheimer’s disease. Mild cognitive impairment
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pati ent. Such di seases include Al zheiner's di sease, Down's syndrone and
cognitive 30 inpairnent. The latter is a synptomof Al zheiner's disease and
Down's syndrone but can also without other characteristics of either of

t hese di seases. For exanple, mld cognitive inpairnment or age-associ ated
menory | 0oss occurs in sone patient who have not vyet devel oped, or may
never develop full Al zheiner's disease. MI|d cognitive inpairnment 12 can be

defi ned byasboddinedby f@rd\bnthe MaiiNdntsiSadt €A M dcBordGeOHl8 8GR eNtidnh :
conventi og ﬁuch di s%g%ses .are characterjzed by ag%‘r?egat es of AR that have
a P-pl eat S4°RsEEesas frpagteazed iy deaeaatss ofiafthatdisyne Releasy sheetsvaciyssi ¢ '

approach @hd RaRWAN Cétgo Red 4y atHe Bsi IS HBE praverths &%&tiﬁ%}\%aﬂér’s
anyl oi dogeni ¢ di seases by generating an i nmunogeni C response to a 5

component SFAFIRE O ATY fdeRSBISSHsEasT b paTaBMEN INgneswid ISERenserfo WD 99/ 27944
(i ncor gor a&b@gonelof thé ShRBRKEposit e PHRED Hes2RRd if 8 62 F A4 Kk Gtegnd

dif
confirnms the efficacg of the bhasic _approach. fhe present "appfication is,
however, PYiFFerepe) yhepresatapalication ieeraies and ecnfans e effinetyrmitieddsic These
| MPr OVenmeRbsoMhe ThE SRR SpplicRtioRdd, howr, IaciBLIESEREed RV hgvk g
| ocal i zed %%é géefe?red g%?fobes mf?h{ﬁ&%(gBa§§?n5$a&Hﬁ@hggﬁmféﬁ%%ogenic
response £0d BxBafy Hhesuimpervemgnts are premigady infriagaen thaprssenpineéntars kavimpi t opes
Wit hi n A( $och B lthSprk frr vaich LR Sminds a8 el &kf i cacy,
reduced po? ent i alél%rorrrsi %yehtog?sf ect s,ﬂggﬁﬁﬂg}[‘é‘gt@'g}?% ase of nanuf act ur e,
f or null&t i showddhbr dithetedi The wientifivatidnlof prEfieredppitbpes withiam Sredfits Aagei@UNOgENI C
response ive, as an ipnu ogen. | .adm.ni stered to induce
ant i bodi e%ﬁér]renggl? ‘?s\(;geal‘%gt"lllcr%ﬁe |e§ﬁ%‘?%é€f S I,)(g%}nal)é?%‘?‘?/%%ecﬁs“@?éﬁreaﬁr ant i body
i s adm ni stseof thahifattuief Sehdlatiinradd adroinibation. a patient. 1. Agents | nducing
Active | nmmune Response 20 Therapeutic agents induce an i mmunogeni c response
specifically directed to certain epitopes within AD peptides. Preferred
agents arél.t heThdRepeetlit Adents t sel f and segnents thereof. Variants of such

s, 0 0%, UM Tl B S e 21
al so be usédiniskEediD induics antibndivarearsiv8witinApand ppepi,iotl Passive, aMvhgtet | de (see US
808, P2 RS BGpRgfos, o 120 st
conmponent of characteristic plaques of Al zheinmer's disease. AR is generated
stcl ot aces (Seo tarti et s Psknomn mitati one
20 Therapeutic agents induce an immunogenic response specifically directed
to certain epitopes within AP peptides. Preferred agents are the AP peptide itself and
segments thereof. Variants of such segments, analogs and mimetics of nétural AP
peptide that induce and/or crossreact with antibodies to the preferred epitopes of A
peptide can also be used. | '
25 AB, also known as B-amyloid peptide, or Ad peptide (see US 4,666,829;
Glenner & Wong, Biochem. Biophys. Res. Commun. 120, 1131 (1984)), is a peptide of
39-43 amino acids, which is the principal component of characteristic plaques of
Alzheimer's disease. AP is generated by processing of a larger protein APP by two
enzymes, termed B and y secretases (see Hardy, TINS 20, 154 (1997)). Known mutations

30  in APP associated with Alzheimer's disease occur proximate to the site of B or y secretase,
or within AP. For example, position 717 is proximate to the site of y-secretase cleavage -
of APP in its processing to Ap, and positions 670/671 are proximate to the site of B-

secretase cleavage. It is believed that the mutations cause AD by interacting with the
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30 in APP associated with Al zheiner's di sease occur proximate to the site
of P or y secretase, or wwthin AD. For exanple, position 717 is proximte
to the site of y-secretase cleavage of APP in its processing to A(3, and
positions 670/ 671 are proximate to the site of (3- secretase cleavage. It
is believed that the nmutations cause AD by interacting with the 13

cl eavage reactions by which ADis forned so as to increase the anount of
t he 42/ 43cleavagameaaiohdby wiith AP iOngedsy Atte theredR.thodnduiCoftRéIsigd  property
that it can, fix.and e%ctivate oth classical and alternate conpl enent
cascades.@’i’i‘%&’fﬁ?ﬂﬂ AP gepgratgilngs to A q and ultinmately to C3bi. This 5

association facili t@ma{eiuagauggpraperm]gatqpémgm a@d&egg&ma@s@éaﬁwi on of B

cells. I'n addition, C3bi breaks down further and then binds to CR2 on B
cel | s i n @ltemagegompiraisatastades. dapardiculpe ddindg ta Glqand oltiorely tedi3bdaskhis n

activag i ofssQiadol gRised ﬂil?dinthlain?acF@Q%rr%iléialnggy&ﬁ%athd%%f Befengrate an immune

response in _excess of that of oth tige as several natural
occur r i ngaddgiams C3bithecakn domm futhrergndthepRinds to GRP orelB eglisénla TaclhdepaRBa; AP40,

A(341, A( ,%%equiﬁg %j\aslg,oﬁb%cmﬁ%%atfa o%{m@s%%e@s?p@ﬁysd,g&hm 8%"3%;

relationship to the APP precursor are 1llustrated 1g. rdy et
al ., TI NSAP® gent&HB-ah38minMO@IPonseHorexessa npihat, of Ah8xdhtipars. t he sequence:

H2N- Asp- Al a- d u- Phe-,Arg- H s- -Ser-Qd y-Tyr - u-V al-Hs-Hs-G n-

Lys- Leu- Val - Phe- PhZ\-Bﬁa%eéeﬁajl-%z‘g?@aﬁc- -f‘gﬁ?'- %%QM?@V-OZI‘Q& #fe-11e-dy-Leu
- Met - 1015 Medre@ho/as@ApaoVap40yaB4i,| Ap4dl aad Ana3 ADHelseqiRdQ oR idsd 3 B&s@hd f er from
A(342 by the ?m' ssi,on of Ala, Ala-lle, and A a-lle-Val respectively from
the C terBFREIAUORYP RteAAPTypree Ul aFg illHstutes by Fig, 1of Hardycpale ANS 89, 4 ~ -

t hr eoni ne155eﬁjgcthg7§;tp&Q@n@g,wmbm%melsgqmmgeni c fragnments of AD are
advant ageous relative to the intact 20 nolecule in the present nethods for

several reasons. FirSrAsPydlasiludberirg-HieriseSer-Ghyr ety ValHisilis-Aw i nduce a

usef ul | MPICYEVAIPhE-PROANSGIUL Ap-VEIEGH IRRIASRL yACEIR IR IS Gl -B6a%L.-  an equal
dosage of _ mass of a fragrrent contai ni ng such epitopes provides a greater
mol ar1° coh®@diy iy \ehValrlie-ple-Q8ef ul i nmunogeni ¢ epi topes than a . ‘dosage of

intact A Second, Agef,tA40 amgcg@@e&m frofl AUARY R RishiR SALTALG AN

i Mmunogeni ¢ response agai nst anyl oi d dl;gom ts without generating a
si gni fi cad AltianGhEreetivebsiion she Griemmiral endpRA B4R diffesy frorh AGR2 Whtheh AR

derives. dihich offat@edBRtSsile 2 Re@F-r2idiR! €r to manufacture than intact AR
due to their shorter 'size. Fourth, fragnents of AR do not aggregate in the

sane manner as i nia@tnogpnic Spgments 9f A ajsrdymateaedus relasive whiwe fraaneut i cal
CONPOg) t i QBRI the present methods for several reasons. First, because only certain epitopes

within AB induce a useful immunogenic response for treatment of Alzheimer’s disease,
an equal dosage of mass of a fragment containing such epitopes provides a greater molar
concentration of the useful immunogenic epitopes than a dosage of intact Ap. Seéond,
certain immunogenic fragments of AB generate an immunogenic response against

25  amyloid deposits without generating a significant immunogenic response against APP
protein from which A derives. Third, fragments of Ap are simpler .to manufacture than
intact Af due to their shorter size. Fourth, fragments of AR do not aggregate in the same
manner as intact AB, simplifying preparation of pharmaceutical compositions and
administration thereof. ' .

30 Some immunogenic fragments of AB have a sequence of at least 2,3,5,6,
10 or 20 contiguous amino acids from a natural peptide. Some immunogenic fragments

have no more than 10, 9, 8, 7, 5 or 3 contiguous residues from AB. Fragments from the
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adm nistration thereof. 30 Some i mmunogeni c fragnents of AR have a sequence
of at least 2, 3, 5, 6, 10 or 20 contiguous am no acids froma natural
peptide. Sone i nmunogenic fragnents have no nore than 10, 9, 8, 7, 5 or 3
contiguous residues fromA. Fragnents fromthe 14 N-termnal half of Aa
are preferred.. Preferred i munogenic fragnments include AD 1-5, 1- 6, 1-7,
1-10, 3-7, 1-3, and 1-4. The designation AP 1-5 for exanple, indicates a .

f ragment N'Ieﬁﬁllna’cha}f@fﬁ@sﬁrﬁﬁregﬁid-SP@feﬂﬁ@iramangamkifwgmgmthéuclurleaﬁdi-ﬁeb- of - A

Fr agnent )80{ i g A resi -1-3 of n ARcand_endi.n t residues 7-11 of
AD are p?f-??bb?glr?a lg%”eafngrlféégﬂ ga%ég]n‘gt%?nré%fr\grfl reﬁf"‘?@le’-lf%cgasr?%%mbe used but

is |ess puchidingresiduek d-Ssafired areltlixddisy ottich eesfduageraas. Fiagmes Mgtxﬁrn@ianal fragment
ot her than., ffgl-%%. qlhe_ | ess . preferred fragnments include A(313-28,
17-28, 1 o#ues k395 ABsRd grrling,af repidues 7- 140 48 aps pegimiarly prefefeady dhecr eeni ng for

act i Vist Y flaBmehe@gsil iR klsBHE ERHuNY 1é§yweéén<1d.dﬁp&%detﬁetﬁo%g,ﬁgéﬁogrnrget%si n the

Exanpl es before use. Fragments |acking at |east one, S I mes at
| east 5 @h NGr@naldragingat otharitieo Afdi- 1. 1Bher esgnefeired Bagnantsriadlide occurri ng

forms of afe, used Jon, s t hods, For example, a . fragnent |acking 5
am no aci'dgisl?3 P blrzl?ﬁg jél %irggr;i%ga aélggb'é% i%?fﬁ?agrﬁﬂtﬁﬁ@g“t‘ﬁ’?%ﬁ“g & 38 amino
aci ds f r entivitydn hesringrur pedvereting aafylodd ddpokieras destpbaEintis Biamply béofk pl aques,

| nauce. ane AEHOaR R w8 R d8ot AR S b b Ptmina dnbie oot er ence
i nduce an i geni 4 rmse” 4“¥ef erence
to AROI ngtasetesn & hauraidy odoatring Jomis of A aRGuRE ifsopROHARGRS Fondhagked above as
well as gnhalo including allelic, species and _induced variants. Anal ogs
typi cal | %ﬁ’i“F‘%«j?"kf“lgérﬁ“H&? #idn Fom Bedoterming 96 o Pddsingludesibe sl or a few
POSi ti ONsmikf dcRf fld¥h tht NLEniRdl eR@DELE.VBIHeY EonsibRSH:l %ﬁh}]ﬁgg&g g‘aé@e@l Qos typically

u

exhibit at |east 80 or 90% sequence identity wt pepti des. Some
anal ogs &K¥EPIEFEnusln, 20d epieaicdragmertpribgesofiednddsodie uswidp fiidweg arons of N or C
t erm nal iﬁmuﬂggeﬁﬁirg;ﬁo t a one, two or a  few positions. For exanple, the
natural aspartic acid residue at position | and/or 7 of A(3 can be

repl déed with i so-Edpwotheswiseindicaks.aefotense tofARinnladestiz nagmilrhomaci ds ar e

D-am no geiddsid Rauededlisdibsdd Ut ed am ' am no_acids, lactic
acid, 4- hydroxilp.r ?)llmi %e,l y- car box gﬁqag%na%g%sq%IWﬁ’isﬁﬁeﬁﬁfysi ne, E
- N acet yIiPdpsedariagts. phoad psouried! iy aliffex fipm notusel) ereviring pepideoat oypd, ted hi oni ne,

3- met hyl by 8 fdvilpdiRions oR¥EEP¥NLY Sf BserWridk sURENL AN gxinglio%?tiy 1@8@ fgaspartic
aci d. Fraa?ments and anal ogs can be screened for prg@ y }c')iC'tl c or
t her apeut¥ 2% #P PLULS sqaHence ideabivith nahrshwertifstiePamg snaloghpeg inclode wi t h

unt r ext edinfdrurgl @ﬁﬁ@&i&%ﬁﬁd&iﬁ‘caﬁ&us@?ﬁ% iceGhike laho acids at a one, two or a
few positions. For example, the natural aspartic acid residue at position 1 and/or 7 of AB
can b.e replaced with iso-aspartic acid. Examples of unnatural amino acids ‘are D-amino
acids, o, a-disubstituted amino acids, N-alkyl amino acids, lactic acid, 4-hydroxyproline,

| y-carboxyglutamate, €-N,N,N-trimethyllysine, £-N-acetyllysine, O-phosphoserine, N-
25  acetylserine, N-formylmgthionine, 3-methylhistidine, 5-hydroxylysine, ®-N-
methylarginine, and isoaspartic acid. Fragments and analogs can be screened for
prophylactic or therapeutic efficacy in transgenic animal models in comparison with
untreated or placebo controls as described below.
AB, its fragments, and analogs can be synthesized by solid phase peptide
30  synthesis or recombinant expression, or can be obtained from natural sources. Automatic
peptide synthesizers are commercially availab]é from numerous suppliers, such as

Applied Biosystems, Foster City, California. Recombinant expression can be in bacteria,
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A(3, its fragnents, and anal ogs can be synthesized by solid phase peptide
30 synthesis or reconbi nant expression, or can be obtained from natural
sources. Automatic peptide synthesizers are conmercially available from
nunmer ous suppliers, such as Applied Biosystens, Foster Cty, California.
Reconbi nant expression can be in bacteria, 15 such as E. coli, yeast, -
insect cells or mammalian cells. Procedures for reconbi nant expression are
described b nbr.ook et al., Ml ecul ar ClHoni ng:, A Laboratory Manual -

(C.S. H. P. 5‘1558%3@,” ea% 1m3Fct cellg goyammalian el nRrogtdura foraprombinaat e al so -

avai | abl eexpedqsiviesre desctived 8. GambmBEE 2L AMoRek dmirfg))araa%mzomﬂa?wunnyv ?I e,
. erapeuti c agents

CA and Cal i ia 5 tide Research, Inc. Napa, >

al so i ncl @%‘%%h&é?’_"E\gg‘}/%pﬁgaéss‘{"r%@“?%ﬂﬂ%ﬁ‘f’%m alspayplelle an active
fragnent edmddicimBpleigd AmdRae PERIdeNCEHp Rl BE., 83192184 A Snd EQfformbXampl e,
preferred_agents include fusion proteins conprising a segnent of AR fused
to a het ByidfeBesEchithdaasilhsequence that induces a hel per T-cell
response against thgedRuliehsie AYAHIuRH yge - : hereby a
B-cel |l response agai %s ut heEJRR segyrelrllt. E%ﬁgﬂ Sﬁg%ggﬁﬁé‘?ggfé’% be screened
for prophsHaEete; an asiive fiegregaé of AB perftide.cagspher withroithes kminvadigs.sFarn  conpar i son

wth untr r cebo .cont rol.s as, described bel ow.. The. AP peptide,
anal og, ag){%%ngfeé’ ﬁr@ %gr%r(glaﬁengrln%'f‘%ers%rb? VISES P BRI a2 B@“ﬁa'rﬁfrﬁrbs%‘?déa 3 n

associ at ebktayplogans kininvercidsefomne tat induces sbadpdr Jt-dl réPoise BRgraRRUL | C agent s

al so ipnclude nmultiners of 15 nononeric | ogeni c agents. In a further

vari a;l Qongeq%{ﬂloﬁﬁsrﬁﬁ‘g‘@eaﬁldcsc%léeﬁf? ﬂgf{ﬁgfpé’ﬁ gjé?éllgr P%ﬁ%ﬂﬁnsb'&‘eﬁﬁ,segrﬁ%- be

pr esent edSiyi palypéptidss @ah ba sdrac@ lfci@r@ﬁylaardorgmex@p%uﬁmms&g%nmggo nposi tion. A
nucl ei ¢ aci d,encodi ng the i munogenjc peptide is incorporated i nto a genone
or epi son’é‘og%sfmf?@pm%?’hg’%ﬂlmﬁ%?éetdé? PEFCWP%‘% Jescritied belgwt dpeAici d i s

I ncor por apepldd, Bnadd i Rective FRBMEN o Biber pfly JePde ANWR QABRIsterRER b ated oEXPT €SSEd
as a secreted ggi)tel n.or, as. a_fusiqn protein with an outer surface protein

f
of a vir uBUGMeHC {9 QL idienegialed Bt eibrragrutis agentt dFq inclyde mulimersnd  peptide i s
di spl ay edmondnieis @Emafiogeaictagérta used in such nmet hods shoul d be nonpat hogenic
or attenuated. Suitable viruses include adenovirus, HSV, Venezuel an equi ne
encephal itis virul HENSRERID FhEPHFIOgEUs PeRGdS; such 2t feemeatafils vi r us,

and ot her canlbabfenvddiby0Sms 3Pa ¥ €tialik @arﬁ&ﬁnﬁﬁﬂun@é@ﬁic O%Hi.pt)ﬁh&ff bacteria

i ncl ude Sal gonel | a adlnd ghirgxgl | a. Fusion of an inmunogenic peptide to HBsAg
of HBV i sPSITEPEeY5e BE I Rppasenis RERISH S NFRPHFEH IO & BL9™me ORERERIE pept i des
and ot her ofabdyinu belactefial OPlorally, thesRKsaidid ¥ iR@YRrASinGéH 4 Maiter @B N0 aci d

sequepge &i mlari tx}z Wi t.g AP but nevert hel ess serve &S m netics of AR and
i nducd&’ g e 1mmunogerc peptide 1s expressed as a secreted protein or as a fusion protein withan

outer surface protein of a virus or a transmembrane protein of a bacteria so that the
peptide is displayed. Viruses or bacteria used in such methods should be nonpathogenic
or attenuated. Suitable viruses include adenovirus, HSV, Venezuelan equihe encephalitis
virus and other alpha viruses, vesicuiar stomatitis virﬁs, and other rhabdo viruses,

25  vaccinia and fowl pox. Suitable bacteria include Salrfxonella and Shigella. Fusion of an
immunogenic peptide to HBsAg of HBV is particularly suitable. Therapeutic agents also
include peptides and other compounds that do not necessarily have a significant amino
acid sequence similarity with AP but nevertheless scrve as mimetics of AB and induce a
similar immune response. For example, any peptides and proteins forming B-pleated

30  sheets can be screened for suitability. Anti-idiotypic antibodies against monoclonal
antibodies to AP or other amyloidogenic peptides can also be used. Sﬁch anti-Id
antibodies mimic the antigen and generate an immune response to it (see Essential

Immunology (Roit ed., Blackwell Scientific Publications, Palo Alto, 6th ed)), p. 181).
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simlar imune response. For exanple, any peptides and proteins formng
a-pl eated 30 sheets can be screened for suitability. Anti-idiotypic

ant i bodi es agai nst nonocl onal antibodies to AR or other anyl oi dogenic
pepti des can al so be used. Such anti-ld antibodies mmc the antigen and
generate an i nmmune response to it (see Essential |nmunology (Roit ed.

Bl ackwel I, Scj e ubl L cat.i o Pal o, Alto, 6th ed:), p. 181 16 Agents
ot her t h&MCADO g’@b{h Q‘Epgﬂ Fflhoupﬁﬁ% AP PSS S ATSRONSE 2L 8% ai nst - one or

nore of thh@e pfék pfefaaddsa@rmat&A@ftls{éaabb&t(eg aboye7(e3gand 31110, 1-7, 1-3,
and 3-7). fPr ef er , 'such agents induce an i nmunogeni ¢ response that IS
speci f i cAlreigraRiyr e %%f“tsd“d”é’ﬁé“ Eminegerdc aptshtiat BspesHicelpdirasydd rected to

ot her segﬂeeme&fsegmatsénmn dde@{e@'id@tﬁer%fegrﬁé‘rﬂébtd@[? or other conpounds
can al so be screened for ita nbi hatorial libraries can be

produded for many Rgislem lgnaries ﬁﬁmﬁ@@ Orhﬁter casepeupds cay alshbs sazeeded for a
t b t
step-by- %E%xli@s bbﬂgmatgHQIhlb %g%rddgxgéd“tﬂ %&l %ggsoc;f{cgﬁﬁ%‘ugnfigﬁéa urn

m metics, polySacchari o i pi pros ndi ns,
st er oi ds,canhg %)Wﬁthléeddonp@BMsﬂeptf@b@no@dt ¢mmn<bom1d® pohypaptoids,azepi nes,

ol | GOM iyl ||br§§slt gtlyt ?«%aﬂhéé%t{&g%n ggas%trgé? SR & i,

conbi natori a can ruc ‘gy "t he encoded
synt het i @Iqm%tcapmetsun@ESBEyerqwttlh@dmd@lmds,lbbecbdlachlmef (ylrwmenk/\l@- 95/ 12608,

éf5; 3ér5ﬁt5@:<)3 an Scr%q%grk %Ll@%mésvi@éﬁt%?lb% on%ﬁﬁbqg%léncof Bg; g? ggpglya e

r ef er enceomppungp Fafthfropowsyd bPétsten@m‘edl Fntizetic Gbracen(ESILS oethed dexrledt ed by 15
phage di gply ﬁécxﬂzﬁtxb@(b%m%@@, b, WERSI 1) %x&%é&%%ﬁ%; Pogp nat or’ &
n 0

i brari es and ot her conpoun are initirally screene suitability by.
det er m nl%@gpﬁ’elpha@aﬁfwélat VQ /Bi5Ad andoScaipp, BBRISSES 0642 (eyeiptiodydhes (B or T)

known t 0 ;hersRaG by refetate ﬁpaﬁt, n@tt@@)r p%tmeqibq gl falfOR Sggft&aedﬁ r exanpl e,

initial screens can be perfor olyc ra or nocl onal
ant i blody nbegeAfispiay reethplss S@@%npetlmM&?I/I ﬁvpounds can then be'screened for

binding to a Spec'ébxﬁbtﬁ&bﬁﬁ@i@m\% m'oﬂxe@&rﬁﬁo&ds arg;'lrﬁt(?ély]scgeen glf(?r’ 1-4, 1-5

and 3-7). Conmpounds can be tested by the sane rocedures described for
mappi ng éH’t“ibb‘BHPY epraipies s crariey 'tolbé%dIOGBHWW@SIYHH%QQMNFSl(B@rTby such

SCreens ahm8wh RESE s taetnﬁaﬁmgrb%megnﬁaao@te%taéstpoﬂe}% R, lanﬁtai bodi es .or

reactive |ynphocytes to AR or thereof. For exanple, nmultiple
di | ut i on$crsenssap be peafermped with tlé’s(toévt? ool s¢iacar grdnpelpng) katitedy thap ohmve been

pr ecogft eda ygtthﬁyecgor R R A mttts%&%en@mr% Rsﬁ%qg'g%;quﬁleg?r@ncan be

per f or med test reactive anti bodil es t Oorrpounds'
can t hen within AB{<g. 1-09, Ip7.dphytdatiand 310 Chmpaypds tinchegbdtéddyaiye samet r ansgeni ¢

procedures described for mapping antibody epxtope specificities. Compounds identified
by such screens are then further analyzed for capacity to induce antibodies or reactive
| lymphocytes to AB or fragments thereof. For example, multiple dilutions of sera can be
25  tested on microtiter plates that have been precoated with A or a fmgment thereof and a
standard ELISA can be performed to test for reactive antibodies to A or the fragment.
Compounds can then be tested for prophylactic and therapeutic efficacy in transgenic
animals predisposed to an amyloidogenic disease, as described in the Examples. Such
animals include, for example, mice bearing a 717 mutation of APP described by Games et
30  al., supra, and mice bearing a 670/671 Swedish mutation nf APP such as described by
McConlogue et al., US 5,612,486 and Hsiao et al., Science 274, 99 (1996); Staufenbiel et
al., Proc. Natl. Acad. Sci. USA 94, 13287-13292 (1997); Sturchler-Pierrat et al., Proc.
" Natl. Acad. Sci. USA 94, 13287-13292 (1997); Borchelt et al., Neufon 19,939-945
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ani mal s predi sposed to an anyl oi dogeni c di sease, as described in the
Exanpl es. Such animals include, for exanple, mce bearing a 717 nmutation
of APP described by Ganmes et 30 al., supra, and mce bearing a 670/671
Swedi sh nutation of APP such as described by MConlogue et al., US
5,612,486 and Hsiao et al., Science 274, 99 (1996); Staufenbiel et al.,
Proc. Natl. Acad Sci. USA 94, 13287-13292 (1997); Sturchler-Pierrat et

al., Pr 0C(199 The &6 cre _5 H%Aﬁ?ém b%%géion]d’ﬁ?e?ﬁot(er}t%? %e’nts%gglg% Abt et al.

Neuron 19, 939- 945 17 (199 e same Sscreeni ng approach can be used on
ot her pot érﬁ*tﬁnéllolﬁgfempgdeammégls frapment 8f ARdiebasibgdabopept i des i ncl udi ng
fragnments of AR described above. 2. Agents Inducing Passive | nmune
Response 5 Therapeutic agents of the invention also include antibodies that
.specifically bind 2o A(Azermlndud:i%hssiwphnmnm Rdspansy| oi d pl aques. Such

ant i bogi es can be RN SJtiQQ en t};Peqlnycnlfng aswnﬂzgﬁaﬁp‘ﬂaﬁaﬁtl bodi es bind

specifically to the agregae orm éttothe
di ssoci at egkcifsalin blﬁﬂ)Mﬂ)tbrmdlesmﬁﬁpdnbmaﬂf lany tofx ﬁlktﬁ:edl&ﬁﬂﬁmﬁioﬁﬁs cdn@®em W t hout

binding to th ed f.orm bo gregated and 10

di ssoci at 8™ ?Cg?'}?gg %’ %u ﬂmﬁﬁ‘ﬂﬁ ?Oé’éesgﬁ ’Hicfp‘f%}cé‘“)‘lg’t‘b? agarseasd &Y i ng short
form of AGBAPB Witheut, bm‘é!ﬁ%go Mle%cxzﬂéd)foi%t bewt bk %S@bmaﬂﬂo%eﬂﬁésb'&ﬁlﬂ y
occurring_long form g e., AP42 and A(3 Sonme anti bodies bind to

a | ong fOFWP}?BUE‘“%%BNFF@%G%F%WHH SPG‘FM“C‘S?JH%}‘ aggredasddnés bind to AD
wi t howy biReHchedtomistisbmb arg btk 8ind 195 S&HLEPbC %%h&‘tforﬁ‘@f ?Od' es used

in therapeutic nethods usually have an intact consta region or at |east
15 suffi clientAR3p, 40rs 4éb‘f'il§toamm¢legtocﬂnaﬂ§alimcewaog long fdrmenf Afc(ieea842 or . Human

S0t ybe ! By RERL SlbESSEAU TR bl IR BN ADE Bo LR Motk Of PUTen

i sotypes receptor on agocytic ce
f ragment saméedias biod tna&[&ls«ehhut bmdm!gmfhllda@thﬁrnylaifd prdt@rsodptbielody has
speci fici W Ve Fc receptor. Sone anti bodi es bind

P 5 b ios iR R B b P es B Reveon et Biraai egoRBoRtcas0s. 10
108, 199, stdﬁcxéxﬁb&)t}iwcbnstaﬂﬁregiohy;cllncmat wiRRBAFE i;épet;ﬁc&l IHyim@A foBipB 1gG 156 d

popul at i-opseof ; a0t Svidl gl daein® 3 Ver?il e the length of
A( 3. Homegr%fgd%%l] t% égg%ag% 5Pt e 8Sfop§§ﬂ:a%"gﬁ? Rf*SBgnent  of

AR, such a@gsﬂ@tlicqld}s BMJ@IF@h&Iagramm d:mohls&saelusaddmt»dnax @paﬁhforme epi t ope
w thin A(éﬁbt}?h%% f n nonc rmat i i tope.
Prophyl actic and t E%Bgcbtguc{}%@ %&%8@?6‘%8 aré% i %Waﬁ’?“g%daets g@‘éa usi ng the
t ransgeni Ap26thartindihg ztfﬁﬁi@l grmcﬁ(ﬂ&ﬁw% eguall esdboid10f] loh 10heoTyam¥gs. Preferred
nmonochonal anti bod|£e§ 100N ti 0. Caﬂ %I’t ope thinr est dues 1-10 of AR (with
the ffrst N terninal® &8t dtd BeFhatUrar ’}f\(,yl Popuatiogn ot Wbegies bpdiRe pref err ed
nmonocl onalo.seedriliebidahiee slofy théllehgth @0 ABPHoM@er\\bdl¥tldhal sera can be specific to a
particular segment of AB, such as AB1-10. Monoclonal antibodies bind to a specific
epitope within Af that can be a conformational or nonconformational epitope.
Prophylactic and therapeutic efficacy of antibodies can be tested using the transgenic
25  animal model procedures described in the Examples. Preferred monoclonal antibodies
bind to an epitope within residues 1-10 of AP (with the first N terminal residue of natural
AP designated 1). Some preferred monoclonal antibodies bind to an epitope within
amino acids 1-5, and some to an epitope within 5-10. Some preferred antibodies bind to
epitopes within amino acids 1-3, 14, 1-5, 1-6, 1-7 or 3-7. Some preferred antibodies bind
30 toan cpitope starting at resides 1-3 and ending at residues 7-11 of AB. Less preferred
antibodies include those binding to epitopes with residues 10-15, 15-20, 25-30, 10-20, 20,

30, or 10-25 of AB. It is recommended that such antibodies be screened for activity in
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am no acids 1-5, and sonme to an epitope within 5-10. Sone preferred
antibodies bind to epitopes within amno acids 1-3, 1-4, 1-5, 1-6, 1-7 or
3-7. Some preferred antibodies bind 30 to an epitope starting at resides
1-3 and ending at residues 7-11 of Ap. Less preferred antibodies include
those binding to epitopes with residues 10-15, 15-20, 25-30, 10-20, 20,

30, or 10-25 of Af3. It is recomended that such anti bodi es be screened for
activity us des tbed in the Ex s bef [ & use. For
exanpl e, &}c m?l{gsmlggeelgo ogﬁmq‘?eh&img f%ﬁc aht F%r are egc ’6 aspbe?n ges within
resi dues thb@eel@;n dh6biies tdBpr:j)esamhxaﬂasxdﬁesl Hel8, 16248 M-2lyandl33-42davk et hods,

mul tiple oaI od| havi L ndi eC|f| itiesct. dlfferent
epi t opes a%?é use me§l‘1rc]lﬁ lg%afneoéméggnﬁ? '}do g%lsﬁiaps bm n%?eoﬁﬂg ﬁeStPI y or 5
si mul tanddfsdnyepxmpesab@uheés Stah aan’yddmdambmxbmemtescdctdn&ntxdllyan AR can al so be
used. .For tibodi es .can be directe the | o ssoci at ed
prot ePn §%‘§ ?‘}y ‘0\% 4 %ﬁ?%‘%‘gaf;m{’%“"&%h oca{‘SIagK ?tg‘bre within
spemb fi |d e@xdrgsit, ?Hﬁlﬁ)dles saép&dcaectwtolmémmbld%mmd ee,prm@tsymelemﬁant i's ]EhaéI t he
anti body specific in a eptide containin e specifie

resi dues (i.e. M‘y"sa’iar‘lmg?ﬂtyéssa"ﬁd %P@CP‘S‘YPGH“QH’%C‘E?&“BGW does not
necessar ishah a@WBt B for e¥Rhple, Mt id wRaidié thafthAkhtlbogdy sp¥efficlfasin@YesY Single

am no acid substitution or. deletion with in AG3l-5 necessari l

Si gnl fi ca’ﬁb’PSPUéFF‘el’saclmmHmsn?jlﬁcéfrﬁ@“e%S} » BB - pethispe exkdmpleh ySt@%/aEn ant i body
can g dghlodl B8 nol ekt +n?actgvve RUALOGidn ANAIENEL SR B LiBE"Y 11

mhlch d| ere ers eren gquences of phage
di spl ay lamirceacid substitution oséélexmhedthfmmﬁnﬁrfmeeﬁaxﬂpexght[ﬁicmallylayfeh|bmdh1gg to an

ti bod t est I b Iy, h
2t a1y Y FRions S oo R BNt S HAGF SHGHRRER 1 anki ng

sequences:hage dibipfaly @bt mr’Fﬂﬂﬂﬁhﬁerenfﬂi’&mlﬁMﬁM differet sEBGGENES o hﬁw ng

specific efines the e & bound the

SheT body ThAAGER AP B R Tkies St ot B Por SeepEtpb adBE s o

conpdsi tmaderaessayfamltyrbfaéqmﬁes bodyawmosemepy tsagtea apRigichigihd y has al ready

been 20 determ ne l%?ldl es thgctncgsqg%e%e with the 3D6
Sthé

anti body For bi A qufce anfélﬁ'g% nr%ole SRR SGP ST arereé’f)f“te’(S‘Beersas 306,
i.e., wtlhe nhm‘eslcdmeequ,eﬁtelswwmg|sk®vﬁcs!md1mnlmdmbsdytdtﬁhesammmbﬁe with the |

OD5 ant i hody hiBo eAnﬁ TR eLlanSlsThl R8P re H e ec‘?ﬁcn wi Lhin residues AR
an?‘nl ¥s def ul

3-6. Screenln or epl tope speci predi ctor of
t her apeutcpmp@ition @a@ythl?en amgbbadmpivigse aplt@ntslnetyd'wytydtes zéreaciiml@dnt o bind to an

epi t gge Wettemn e Fok ?)Ialjlrg}lli?% onQ[ha 84p§tc|»lqblet.lh¥ QaHFog Fo?%tnd\{xglté n

preventing an treat Imer's drsease noc cl onal
ant i bodi &b hihdito thpaaieior sraillayeplnpndaSij)Gal preitisn rcediuesﬁgménmnl@fvvxseP wi t hout -

bi ndi ng tagtxls)otdnrg that go%p%& 1% FOIB' Xn%bgdmr@% thggamaedo\xl"as‘lrr]xgl agepltope, i.e,
within residues AB 3-6. Screening '_antibodies for epitope specificity is a useful predictor
- of therapeutic efficacy. For example, an antibody determined to biﬁd to an epitope within
25  residues 1-7 of AB is likely to be effective in preventing and treating Alzheimer's disease.
l.Monoclonal or polyclonal antibodies that specifically bind to a preferred
segment of AP Wiihout binding to other regions of AP have a number of advantages
relative to monoclonal antibodies binding to other regions or polyclonal sera to intact Ap.
First, for equal mass dosages, dosages of antibodies that specifically bind to preferred
30  segments contain a higher molar dosage of antibodies effective in clearing amyloid
* plaques. Second, antibodies specifically binding to preferred segments can induce a
clearing response against amyloid deposits without inducing a clearing response against

intact APP polypeptide, thereby reducing the potential for side effects.
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relative to nonocl onal antibodies binding to other regions or polyclonal
sera to intact Al3. First,- for equal mass dosages, dosages of anti bodies
that specifically bind to preferred 30 segnents contain a hi gher nol ar
dosage of antibodies effective in clearing anyloid plaques. Second,

anti bodi es specifically binding to preferred segnents can induce a
clearing response agai nst anyloid deposits w thout inducing a clearing
response against intact APP pol tide, thereby reducing the potential
for sidd- &feperglharepigriptics oblgupyunos aﬁ%t eristics of |nmmunogl obulins The
basi c antibody st rHChddfcahtibbaly ktridurkN@ihis kRowR tiokpBsa tefirha gl  of
subunits. Each_tetraner is conposed of two identical pairs of polypeptide
chai ns, WhEN. E%Wtewwoﬁﬁésedloif gt idepugsbprits2d pRIvegptidhehaiiieacheavy”  chain

(about S5Q:rAQviPRke "@h@ (&o@(ﬁﬂ@bé)%ﬁ&fbﬁha"hew%hﬁﬂ (é%ut%cﬂ) 1&%" Thd NCl udes a
variabl e region of about 100 to 110 or nore am no acids primarily

r esponsi W@ﬁ@“ln&\ﬂqwfﬂw@ﬁmﬂl%wes FIvariehde rsaiop-of ahomt HEH to 1% i on of each

chain de&]bﬁ%uﬁ) LRI SLARy r@sgbmlprdr a&rx géﬁeéo%ﬁﬁgﬂsﬁé c%:e‘oqy-té%mrﬁ?t or
function. Light chains afe classif as either P pa or | anbda. Heavy
€

chai ns apationgfgac chaia defings g spmaiant rﬁalonaqrgwly ‘GéIPCtnélb der edfssior Bmctiamd defi ne
the antibody's i S@fyPehafs arektaskid ad GMer k%a of lng@zpq-IéagfchaﬁrESApeeCt ively.

W t hi n Ilght and heavy chains, the variable and consta regi ons are joined
by a " J"clasified s gammsh B alnhe, geltanerepsilen, ﬁ@dé&fmeéhe apfibadysheotypheavy chain al so

| ncl ydli "R N TgA D%d E, ?éggé&wé@ Yatify ﬂ@ﬂt'ﬁﬁ’d ﬂ&W@halx{sSﬁng%fer ally,

Fundanental m"runo ogy . Raven Press, NY., 1989),
Ch. 7 (¥Hconryyst gewas yyjcrl@erdéw é"ereswmqf@b@ntl?péwrerawn%qldswmpﬁ@es) 15 The

vari abl ehé'a@ﬂ&ﬂﬂ%l&fmﬁ@&ﬁgi *Igweéllaﬁawbo%h% PhoRAlrkind A540 (58 g@%}apdy bi ndi ng
site. Thus,” an intact an has two binding sites. Except I'n

bi f unct i Ewbmerrfallmmp@lwr(?eula ticodnded- Rayen Prges, Bihdi9sg). Sht s are the sane.

The chai Q&Ogﬂokatgwrpfe;enggyglégmewfg,e;‘nplg syyructure of relatively conserved
framework regions (FR). lﬁOI ned by three ypervarl abl e regions, also called

conplenentarity ddber#idnicnepionsgi s light/pRy chappainigmrtiRantibesih  he t wo

chai ns obin@&ag BtePAihkis, aﬁﬁm@l AfHiBeal ¥ thvh 8iddi ARV ERH BRScti&RAR 1 N bi ndi ng
to a specific epitaope. FromN-termnal to Ctefmnal, both | |ght and heavy

chains BiRAGHicaRtRofiEs dmiaorpinding siterpgithe s, Thppprinsplkgxhibiois ssRg FRA. - The

assi gnmegdnerabitruafitd T ralids Joﬁse@*&@l'fradﬁmrmrelgﬁmt (FrOg&ER¥ddBNERe W th t he
of Protejns of | munol cal I nterest

(Nt | onalRRGHHLCEEL b AP LA FomBEPRYSAY d-iErmrBgHEs 0dREagHs  or chot hi a
& Lesk, GDRMbm thi ®lo.chdiQ6ofRadh fhli/aré AI9HEH by Gledidnievodk regions, ehbling €
342:878- gﬁggmé %I'oga8sgp%éiﬁc epitope. From N-terminal to C-terminal, both light and heavy chains
comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4. The assignment
of amino acids to each domain is in accordance with the definitions of Kabat, Sequences
of Proteins of Immunological Interest (National Institutes of Health, Bethesda, MD, 1987
25  and 1991), or Chothia & Lesk, J. Mol. Biol. 196:901-917 (1987); Chothia et al., Nature

342:878-883 (1989).

ii. Production of Nonhuman Antibodies
The production of non-human monoclonal antibodies, e.g., murine, guinea
30  pig, primate, rabbit or rat, can be accomplished by, for example, immunizing the animal
with AB. A longer polypeptide comprising A or an immunogenic fragment of AB of
anti-idiotypic antibodies to an antibody to AP can also be used. See Harlow & Lane,

 Antibodies, A Laboratory Manual (CSHP NY, 1988) (incorporated By reference for all
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ii. Production of Nonhuman Anti bodi es The production of non-hunman

nonocl onal anti bodies, e.g., nmurine, guinea 30 pig, primate, rabbit or

rat, can be acconplished by, for exanple, imunizing the animal with A(3.
A | onger pol ypeptide conprising A(3 or an inmunogenic fragnment of A(3 or
anti-idiotypic antibodies to an.antibody to AR can al so be used. See Harl ow
& Lane, Antibodies, A Laboratory Manual (CSHP NY, 1988) (i ncorporated by

ref er encgufpdgesdl ISudanibiRAEQH)can SH6RaiABd FrIRWIAGEN sGiddt, B phiaai ned from a
nat ur al sour ce, % ge jde synthesis, or bﬁ@r,ecorrbl nant = expressi on.

Opt i onal ISy ME$E0r %&E’ﬁ“‘c?’a‘ﬁreﬁéo’hé?ﬁ‘}ﬂ“?ﬂye dmmrpegey coft bordmipiiiesd conpl exed
W th a caused@f oeMiicBmpREedieRICA Lhifier fi6leMas dBdribeNBdIbY. OphiSnallyUNOgEN can
be adm ni,stered w t{;l gﬁ .adj uvant. Several types of adjuvant can be used 5

as descr i'BEYBRANSAR psered prd anpdiivanti Sover! tynss aphran heviepl et e

adj uvant asgescHb&f I CCIrflett FRRUR’E adjutdht BflloWal 6f ﬁ%&ﬁye@%ﬁ%ﬁjs Rabbi ts or
gui nea pigs. are. typically- used for making polyclonal antlbodies. Mce are

typi cal | Prefegef fopimmukiatin pakmsateranimalnt i esuinappig etti tewicallve screened
for speciusédfobmaking gotly Qo &atib@iﬁ:&.ol?ﬁéﬁaage ty?ﬂﬁ&ll%@d 5 maﬁa’fng nidAbliBR scr ee(r)led
. “The

for binding to a specific region of Al3. "The latter screéeening can be 1
acconpl i SAabpdiss. detiqdigs srargrepraddngpesific dindingtto B8d Prtionally catibedits on of

del etion ant : ide. tern i gL ng whi ch .del eti on nutants
bind to the anjtrisslcorg%g?ﬁi@g{uﬁg%gg%l%ggéggggé 'dl,% %Peresﬁrétﬁ%fl%,ca"b%? West er n

bl ot 18r Be¢@rplisidddbysiriithipsig bindagnean ahdbalhona calpedinfoif delbliisickhimgnts 0 t he

ant i body i\nes the i.tope of .t ti body.  Alternatively,  epitope

speci f i cio? ;E/}; égﬁ)%%ue &éfg?tﬁmmﬁ‘é‘ag B’{/"Cg%(e:la ré?‘lu}a?(térl?mgé%% apubagys Bipding: est  and

r ef er encean b&asaessedpfod yxamapig) dy &Vdsan bloneti EIgSAO The sthillebtTRaghREt to @Ry r ef er ence

ant i bodi C . t en.thve bi ta the.sane.epitppe or epitopes
suf fi ci e%??‘:?‘?cn??)‘%&?%%’l‘p"t HEPOH r%’ff’%sgg%fp%’ﬁé°f‘§ﬁf‘?‘8’8 Alestivelos wi th bind ng
. Y proxim ! - ory Ftel ;
of the oteh#tope spévefiqity ehrebe dxteringet ppa chmpetition ssan isividieh £@stiafd rdf&tese | sot ype
| g&a or eguival ent Lsotype in oi r.specgies. Muse isotype 1g&a is the
equi \allgl er?? 8% YiORnC ?Os’%l“iég‘é % 58 P‘ﬁﬁﬁs%’ﬁﬁ.rgs@?P??éfl"lEOd‘aﬁﬁGOWﬂ%ﬁg"[’ed
Ant i bodi eseyGindmenbacsamn dpitprantpegdesasntfidxady @oxhaal that bigdisgdBor Si m | ar
bi ndi ng Gl flcl and .af.fini ) nmouse ar. ot her nanhu ant i body
that proviaee s BBk G o T RS e ntier oy Ot S ICRIROR o or
P S, ting srhal rom f ;
humani zednaxt isbopsy1eG2h preguiveleantothpdinesheaseci2d Mbisk odipe sg@haseel i ght and
heavy chaj ﬁhvflgﬁ%ﬁhmﬂ%%&%%q gpnstructed, typically by genetic engineering,
from i mmunogl obul I n gene seéme'nt s belonging to different species. For
20 '
ili. Chimeric and Humanized Antibodies
Chimeric and humanized antibodies have the same or similar binding
specificity and affinity as a mouse or other nonhuman antibody that provides the starting
_ material for construction of a chimeric or humanized antibody. Chimeric antibodies are
. 25 antibodies whose light and heavy chain genes have been constructed, typically by genetic
engineering, from immunoglobulin gene segments bélonging to different species. For
example, the variable (V) segments of the genes from a mouse monoclonal antibody may
be joined to human constant (C) segments, such as IgG1 and IgG4. Human isotype IgG1
is preferred. A typical chimeric antibody is thus a hybrid protein consisting of the V or
30  antigen-binding domain from a mouse antibody and the C or effector domain from a
human antibody.
Humanized antibodies have variable region framework residues

substantially from a human antibody (termed an acceptor antibody) and complementarity
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exanple, the variable (V) segnents of the genes froma nouse nonocl onal

anti body may be joined to human constant (C) segnents, such as 1gd and

| g&4. Human isotype 1g@ is preferred. A typical chinmeric antibody is.thus
a hybrid protein consisting of the V or 30 antigen-binding donain froma
mouse anti body and the C or effector domain froma human anti body.

Humani zed anti bodi es have variable region framework residues substantially
froma human anti body (terned an acceptor _anti body) and caonpl enentarity 21

det er mi ni ﬁeéerF‘é‘B?%‘i‘?gmgﬁPHQi‘%‘talbéﬁP? FRSF-AHRAL e dp asthe def erred to as

t he donorlmmmasvgmegirglmblQhem%ﬁﬂ,,%te%ﬂeﬁcaalsa LFSIMldNQ@onzé\S%%S» Sci. USA
86: 10029- 10033 ( and_ WD 90/ 07861, US 5,693,762, US 5,693, 761, US
8% 5 é’% 11 3

5, 585, 0892nd i TSR 693 (1, BS55355988, US acdp piraaded by

refer encewlmext tyis[226989 (ifdoYpokAEd B fefeRiHePRBS) entif&P f? 20 PUFoRB). THEYi On(s), if
presen are al sq substanti al ly or entirely froma human i munogl obul i n.

The h C‘\Pétﬁi‘téﬁg“é“(ﬂdﬁﬁie?@t’éfeea i?sﬁh‘é?‘?‘}}‘aﬂhﬁ%"élﬂr@flif BA@dEdD ant i bodi es whose

f r amewor KingReHgRe Q. %Qh%hﬁnﬁbﬁhoﬂﬁ’ﬁﬁ@x%u@xfall?%ﬂ&k%ﬁ'?r@m‘kﬁ?ﬂﬁ' ty with the
murine variable regi on domains fromwhich the”"CORs were derived. The heavy

and | gh%m'éﬁ%%wmﬁ? frampgveork sggiuenses ?%Ml&h feeseecRisequenss idratittayithyed from t he
sanme or dint hRkiavarkble RpH o s BREAY WEiSH URRTNS wekB e BMmANLIPAEY Ssequences

can be the sequences of . naturally occurring human anti bodi es or can be
consensus! &8 gl razieblg fegign g ORtiFEiAues£At Phsaived fromdhe emeredifferen] ., WO
92/ 22663. mfFednt AliPbd@REdienRE T Huhﬁmaﬁmdgméhcey%'b%%eesea@eﬂtéa%ff r amewor k
resi dues are sel ected for substltutlon ased on their possible influence
on CDR coMt¥ribascumng Runsyant beriesiy carobegonsegals sequspees of spaerelblmsh such

possi bl e dfibbditd. $RECGrlefal DWTDBIRDA5NY CeRNiR IR 18 thbRuRar act eri sti cs
of the amno_acids at particular locations, or enpirical. observation of

the ef f ectaiaple %gtfb’sfﬁ”temofkorﬁs%‘l‘esﬁiﬁ%’@%‘ﬁ‘égqr§“bsbl‘mﬁ’afﬂ%5?@:9‘|l their gorsibls aci ds. For

exanpl e, ifiB¢hc@bn 8ORNGnBEhMiod ahd/6F BindIfE WRBHA. MWeLbElaLYRE: A SHsLigigi On
frarre\é\gak resi due, and a sel ected human variabl e region framework residue,

the h inflygpees s RpREtRingR<ABinaueridotrEcEEtiss pithe amingtssids etut ed by t he

equi val enparfiduddrgosatids e RiridflioBsdrv26h bh@e BUSEofA0bRREY WRGAgdnksid S

r easonabl e expeg} ed that the am no acid: (1) noncovalently %I nds antigen
directly, FETYY 8B to a CDR region, (3) otherwise interacts with a
CDR region (e.g. i Soméxtiiple, wiauh atid £fd Afferd betGRER 4 RUHM Wariak)é region

framework residue and a selected human variable region framework residue, the human

20 - framework amino acid should usually be substituted by the equivalent framework amino
acid from the mouse antibody when it is reasonably expected that the amino acid:

(I)  noncovalently binds antigen directly,

2 is adjacent to a CDR region,

3) otherwise interacts with a CDR region (e.g. is within about 6 A of a

25 CDR region), or

(4)  participates in the VL-VH interface. _

Other candidates for substitution are acceptor human framework aminb
acids that are unusual for a human immunoglobulin at that position. These amino acids
can be substituted with amino acids from the equivalent position of the mouse donor

30  antibody or from the equivalent positions of more typical human immunoglobulins. Other
candidafes for substitution are acceptor human framework amino acids that are unusual
for a human immunoglobulin at that position.. The variable region frameworks of
humanized immunoglobulins usually show at least 85% sequence identity to a human

variable region framework sequence or consensus of such sequences.
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(4) participates in the VL-VH interface. O her candidates for substitution
are acceptor human framework am no acids that are unusual for a human

i mmunogl obulin at that position. These am no acids can be substituted with
am no acids fromthe equival ent position of the nouse donor 30 anti body or
fromthe equival ent positions of nore typical human i mmunogl obulins. O her
candi dates for substitution are acceptor human franmework am no acids that
are unusual for a human i munogl obulin at that position.. The variabl e
regi on frameworks of humani zed i mmunogl obul i ns usual ly show at | east 85%
sequence identity 19, guhdRARibLYALI abl e region framework sequence or
consensus of such sequences. 22 iv. Human Anti bodi es Human anti bodi es

agai nst A(3 are prdvaerihodiesazpingtAB ot prostiha by aesrictylefedhintaees bel ow. Sore
human anti [ a6hed titiyve bindin experinents, or

ot her wi se,dgﬁgbﬁgb\fgg“?h%%seane e|§|H %{%"(Sgegg‘%esé‘%?‘f'“gﬂ e V%ﬁ?‘?‘ﬁ%ul ar nouse

ant i body, c¥RREimens, wgthepise, hehave tisesamo apicipe sEdcKicite acs pArgcllirmdmxanpl e X .
Human anty i e screened for articul ag, epitope specificity
by usi ng Gy s S EADeE bR By R R ER R Bresah B &t Bymetr eeni ng

ant i bodi egnipdiensan alsodwlstreeteddor afartitelaetpinpe spstdiRitg bpfhisidy Ghly AHuman '

anti bodi e Ly.have isoty specificity human 10 1gGL. (1) Trioma
Vet hodol ogg PirRe SL AR v SR SR RR oER Echipe alyoRaperin s ool cgiomater
SPAZ- 4, f deletigemutams 6hAB. HpRaoaehotiaygeR rﬁeéﬁﬁtiyp@ﬂ)eaﬁcig%ﬁﬁﬁﬂrg et al.,
Hybriqgrra 2@1261-367 (1983); Qestberg, U S. Patent No. 4,634,664; and
Engl eman é% | ., US Patent 4,634,666 (each of 15 which is incorporated by
reference in its entirety TesmaMetpesipgses). The antibody- producing cell
| i nes obt ai ned by 2@'3 met hod are called triomas, because they are
descended from t hr e@SOBT'F ERPreage 2P AR BAaYSsE TipRisertngrn$RAZH fyrusa nouse

nyel oma | iimeis apsroddidade Mieh desribed B0 B0 N0 I bRiadbAa 9BE BB gy @983};2
non-anti b?ﬁ%{ r 3%@@3 éené)%g S dh brid cell', such as the SPAZ-4 cell
line descri Bd&b OThePyh ‘{]% a2ndF Slcﬁ’é%‘gﬁéﬂgﬁé’a%t be14666eacheh f used
with df i neichiiziechrpusaedbBrefaremd acid @uitedy PPAIRpEpSRsAMHE RQfhvay-Pr oduci ng
trioma cel Irodhéine.e]l‘ﬁr Lomas Q@)ve beert]}?f ound, to produce anti body nore stably
than ordi Rary HyDBri dones R T St A2 remashecause thiyiry ed
B- | ynphocytseendad fromltitred cedis--fwodintah enddreathuss pin@RMNy, a hi¥PhyResdesnOr bone
mar row of isafuﬂldm aqlm% B-ll}fltnpﬁgctﬁqugf)tgf% AR I?'Jagt?btodg-p? d?xc(::llng ngnoger;lteilcgen '
hybrid cell, such as the SPAZ-4 cell line described by Qestberg, supra. The xenogeneic
20  cellis 1h_en fused with an immunized human B-lymphocyte to obtain an antibody-
producing trioma cell line. Triomas have been found to produce antibody more stably
than ordinary hybridomas made from human cells.
The immunized B-lymphocytes are obtained from the blood, spleen,
lymph nodes or bone marrow of a human donor. If antibodies against a specific antigen
25  orepitope are desired, it is preferable to use that antigen or epitope thereof for
immunization. Inmunization can be either in vivo or in vitro. For in vivo immunization,
B cells are typically isolated from a human immunized with AB, a fragment thereof,
larger polypeptide containing AP or fragment, or an anti-idiotypic antibody to an
antibody to AB. In some methods, B cells are isolated from the same patient who is
30  ultimately to be administered antibody therapy. For in vitro immunization, B-
lymphocytes are typically exposed to antigen for a period of 7-14 days in a media such as

RPMI-1640 (see Engleman, supra) supplemented with 10% human plasma.
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25 or epitope are desired, it is preferable to use that antigen or epitope
t hereof. for immunization. |munization can be either in vivo or in vitro.
For in vivo inmunization, B cells are typically isolated froma human

i mmuni zed with AR, a fragnent thereof, |arger pol ypeptide containing AR or
fragnent, or an anti-idiotypic antibody to an antibody to AR In sone

nmet hods, B cells are isolated fromthe sane patient who is 30 ultinately to
be adm ni stered an{4 b t herapy.. For in vitro inmmnizatjon, B- |ynphocytes
are typically expg?’ecdprﬁ%unézﬁgpgglﬁp fosvies Asdb e %?e“‘?gei‘ﬁ'cz‘ég’/}&?e}} Yhedi a such
as RPM 24 BRAZ (4dwevdthigloememethogsi pFa exsoypip) theredis et tehedwkb%50%an pl asma. 23
The i nunyj - 1 u xenogenej ¢ _hyhri.d | such as
SpAz. 4 by NanT e SEFRE d0 b1 e 37 Beg R R R RS PO B i 1 1
40-50% pusisypardtyd &pm tyd fpsioh mpfturviidl ROPagk@A0n madia adiative B7 tideigsinds C, for
about (5- ] |} e separated fram.the fusion m xture and propagated
in me ia41 erFﬁesg%'?'\’/e ’fT(S)orr Afafli?é C?i%‘]g??eé:ﬁ ‘B8 ﬁxf/tobroflﬁgga(vér}gdb? re ﬁg)ég?f“dmﬂ). C ones

secr et i ngp&ificitedt identilfiad bygsstyives thegioiraaal] thiemetidgn fos e abifityab bindas e :
identified b ssayi t trioma, culture mediymfor the ability to bind to
A(3 or a%f%roéér{ﬁaﬁpegﬁgggﬁ?.er”‘?*?’i’so‘?fﬁ‘éucb\gdﬂ'mﬁ“ﬁ&‘ﬂ%‘fa‘r‘?é&av’a%tq’%‘éfdir% havi ng the
desired spqiwith iafdsulcléied by Waaing@LdiRYioh R hhit e doldRebvel ih YiioQR cligeini que and
grown in vitro jn culture nedium The trioma cell |ines obtained are then
tested &AL TS Popg cellings pRyaingd a5¢ then 1asted forghreability todvirdoAB om4 t hough
triomes @agmeeieidgal |y stable they do not produce antibodies at very high

| evel s. Expression | evels can be increased by cloni ng anti body genes from
the trioma into ofkhayeh Hipmes aegeresisdlbstabicthey do nosprdeqeandiodicsiahg t he

vect or i Rt@ hedhaBekdd. (ExpPR BRI e \oan bR lcedaksd b)erorﬁ{x?gaé&ib&?!E%nés If3GSthe 15 (2)

Transgeni ¢ Non- Human Mammal s Human anti bodi'es agai nst “A(3 can al so be
pr oduced HHPIRRIE RURRF S*PresiagEfiPe. hshtrariorpiay insyesterdne gendasd encodi ng at

| east a segiiedian,Vacttf® o Y8l ifg¥UNOgI obul in [ ocus. Usually, the endogenous
innuq?globulin | ocus of such 20 transgenic mammals is functionally
i nactrvated. Preferably, the segnent of the human i nmunogl obul'in | ocus

i ncl udes unrearranged seruRRGeSscMbon8avis MAEmlIkght chain conponents. Both
i nactivation of endogenous jnmunogl obulin genes and introduction of
exogenous i nunog Inlg‘ﬂ'g?’} W“g@h"é@%‘&ﬁ% Apeeag alsp g?/ér@d‘ﬁﬁ?d framgerdmpbnol ogous
r econbi Nakhs@enic Hamiald Hakin@ GuGhERR eRbdi¥AGt Rh @ BRSRAET the MGk F @ansgeni ¢
renmal s immunoglobulin locus. Usually, the endogenous immunoglobulin locus of such
20  transgenic mammals is functionally inactivated. Preferably, the segment of the human
immunoglobulin locus includes unrearranged sequences of heavy and light chain
components. Both inactivation of endogenous immunoglobulin genes and introduction of
exogenous immunoglobulin genes can be achieved by targeted homologous
recombination, or by introduction of YAC chromosomes. The transgenic mammals
25  resulting from this process are capable of functionally réarranging the immunoglobulin
component sequences, and expressing a repertoire of antibodies of various isotypes
encoded by human immunoglobulin genes, without expressing endogenous
immunoglobulin genes. The production and properties of mammals having these
properties are described in detail by, e.g., Lonberg et al., W093/12227 (1993); US
30 5,877,397, US 5,874,299, US 5,814,318, US 5,789,650, US 5,770,429, US 5,661,016, US
5,633,425, US 5,625,126, US 5,569,825, US 5,545,806, Nature 148, 1547-1553 (1994),
Nature Biotechnology 14, 826 (1996), Kucherlapati, WO 91/10741 (1991) (each of which

is incorporated by reference in its entirety for all purposes). Transgenic mice are
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25 resulting fromthis process are capabl.e of functionally rearranging the
i mmunogl obul i n conponent sequences, and expressing a repertoire of

anti bodi es of various isotypes encoded by humani nmunogl obul i n genes,

wi t hout expressing. endogenous immunoglobulin genes. The production and
properties of manmal s having these properties are described in detail by,
e.g., Lonberg et al., W93/12227 (1993); US 30 5,877,397, US 5,874,299, US
5,814,318, US 5, 789,650, US 5,770,429, US 5, 661,016, US 5,633,425, US

5, 625, 126PariglaEly suigb 25‘*,"“0%3 ShuhASios e, NGRS Y FRNIZing pArasEsaic 1904)

Nat ur e Bi finBehaOhaEMalldich 828 sEiRABY Lokbaher K adatthpati ¥ip Al Wk Alor61991)  (each

of which _is incorporated by reference in its entirety for all purposes).
Tr ansgeni @agr‘i*i‘et?b‘h%ﬁ‘%' 2410‘1951{9’6%{ anfibediey aze AreRsddy, P fUSlAﬁ%'aWﬂlﬁ Boaisueh ar e

obt ai ned RYmiARYWHANS nfelbid BRIERYs Gsin QW%aWLMi@HﬁI@ecﬁ&fl%sc“ bed by
Lonberg or Kucherl apati, supra, with AR or a fragnment thereof.”Mnoclona
ant i botli eHumpEPqlycisakaptibesies can also by previded Btgzllfom smmfmurmmml ﬁ t F

sui tabl e el : ith L i - echnol ogy.
5 Human plol ycr{%gﬁglm Iglglﬁj%glg%gﬂgéggaﬁtglgg%&%g*gr mﬁoggy nlg_{rlan?(he&%smb%f serum

f r om hurneseacentmisg by af@aitnpurHicaton yeingrtyeritberageivid pappts mrrmlaffinitysuch _
polyclonq%%&ggibodies can be concentrated by affinity purification using
AR or other anyloid peptide as an affinity reagent. 10 (3) Phage Display
Met hods A further approach for obtaining hunandanti-A(Bhantlbodlfs |stto
screefna DNA library f | s. according to the general protoco
outlig%d by Huse et yaJé?ﬁggggﬁgggg%ggfg%S-1281 (1989). As described for
trioma met hodol ogyA feuieh afproseh lier ob@aﬁn@mwmtinﬁﬁarﬁmoﬁ;ﬁs Iru,ugasat?n tam'run![ zed
wth AR n l, onge | ypeptides 15 cqntai ning,. ragnents or
anti-idio §%ﬁ%ra fr?rﬂc})](‘:img%g C%gsﬁycg%g’lnﬁ ?a’§ GERFT p&%?ﬁ"img'r“é"%%ég{‘ﬁf Fled from a
pati ent wHoS¢ignceR44: b eyl (1@89)ea°sid¢+e:rﬁ>ncﬂ fdmfiynatmaacbdmtys , sudl Bicbindi g_s ]
binding tgo Al3 or fragnent. t her.eaf .ar el ect ed. Sequences encodi ng suc
anti bodi 62" (PP RReCroh R Ameh imynitied) i 8P dremerr diner a‘ﬂ?ﬂpea Sified. The
prot ool @astingielodtyaghiese of snti-idRMERd AdibblIES GftlohAleiichipnomRi nati on with
phage-di s Iagdtechnolo%y. Se%“ e.g;, Dower %Qdet al ., MD_9%417271_and

Mt Caf f ert@m@ eddiom 2 RECHD 1pUHmaley 8§ recpivesigodygesment Aggpodieys 5, 858, 657,
US 5, 837, Rédng 10\ foor 43hgiésd tidiebfUz f1co@8. weﬁﬁﬁgﬂoﬁlﬁﬁm%ﬁtmoﬁies (drcor por af[ ed
by reference.in its entirety for all purposes). In these nethods, libraries
of phagée® P‘E”%J?WE@S”F Henlogrd sckatidiedi Sis Rigtoen! drssribest byddse Bodi es on

t hei r outefdesddrrice efficienin torbidiiRs vitephdgdlakplyy @tisbloay ededs ¢ FYoREr Fab

Fragngnt g LR891AYS A SUNLRRL) 2o &% 02101047, Us 5,877,218, US 5,871,907,
US 5,858,657, US 5,837,242, US 5,733,743 and US 5,565,332 (each of which is

incorporated by reference in its entirety. for all purposes). In these methods, libraries of

phage are produced in which members display different antibodies on their outer surfaces.
Antibodies are usually displayed as Fv or Fab fragments. Phage displaying antibodies

- 25 with a desired specificity are selected by affinity enrichment to an A peptide or fragment
thereof. .

In a variation of the phage-display methdd, human antibodies having the
binding specificity of a selected murine antibody can be produced. See Winter, WO
92/20791. In this method, either the heavy or light chain variable region of the selected

30 murine antibody is used as a starting material. If, for example, a light chain variable
region is selected as the starting material, a phage library is constructed in which
members display the same light chain variable region (i.e., the murine starting material)

and a different heavy chain variable region. The heavy chain variable regions are
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25 with a desired specificity are selected by affinity enrichnment to an A(3
peptide or fragnment thereof. In a variation of the phage-di splay nethod,
human anti bodi es having th e binding specificity of a selected nurine

anti body can be produced. See Wnter, WO 92/20791. In this nmethod, either
t he heavy or light chain variable region of the selected 30 nurine anti body

is used as a starting material. If, for exanple, a light chain variable
region is _sele the starti material, a phage library is constructed
in which ?%r%éf’%ma ‘Sfyag/frfﬂ@r‘% man e vy qhainy2abls gioes-rAghas (i.e., the
muri ne st shidwingstivag Qj’eblﬁl:bmdﬂ@d'omggécé ©4t @dakt llmeﬁryypﬁﬂﬁéb[} N fabiabl o 8 eg' on. The
obt ai ned from a brary of rearranged

heavy chain var(%labl e regions are 2

human heatyeERET nThedrman peavy sbpin Mariable rﬁﬁaﬁéo%h’éwﬁtﬁg ﬂzﬁtnrse‘wge aspeci fic
bi ndi ng f@tﬁm’ﬁE m{arigl for dhsthRass ame?ﬂlﬁﬁgﬁ%@r fﬂ?tms l@t;ra.\lryﬁé%%}li li?gg M®) is
i s

sel ect h1 man heavy chain variable region ge then serves
as a FFP Yt iaételhé"f"yfcéi’md’é‘?@’@er@étoprﬁ’ge éh‘t’iﬁgtoheq*enpﬂ@bﬁoml}brﬁaﬂﬁy I'n thi s

I|brary, enslay nmggeandwff&ettqtgﬁt atammet@m t%@fﬁgﬂt mt'v bfe F€gion (i.
t he relonlden c)

led fromthe first disp a different
li ght chaferfi"’t?éi"e;%‘la@e‘? @Q@G‘H’br%éfte%e@:hﬁp@ azieblg bkt Chmegftgmms are obtai ned

froma |i Rpahyphake %@@fn@@ﬂ&%@g@cﬁﬁ@%n&ﬂé Tf(ﬂ*t}fl(%aé gegemefigl?ﬁésa pﬁaﬁ% dis a%haAgal n,

phage show ng strong specifi re se e
di spl ay thiseranabld ragibrs qf@gmplnslydfunmrmheﬁt%dnylbdsdwmmﬁfetalnntékphaamtuabpd| es. These

ant i bygli eﬁa\}é%‘r@ah}! oxJ‘s(?mH% epmi)/pe sgecil %tty?argﬁhse&rpurl&agkéa{tpl ' pecificity as the

murine starting mate ‘'on The heavy and
| i ght chain variable regions of chineric, humanized, or hunman anti bodies
can be linked to a rti of ,a human constant region. The 15
choi ce of constant 1'Vr gg@%ﬁm fg%nsﬁan?ﬁ’e% part whet her anti body- dependent
conpl enent and/ or dé¢ h@lvaandmtahaeldvmbiecegngnsioefchieﬁhc eklimanied, @xanpl e,

i sot Opeschlgﬁn ol dcg% &aiY&ed &2 qWéagtnent loar‘tcc;[fla é@&on&’a}]%?é g’ggﬁ?l g&2 and 1gGt

do not olce of Isotype can a T e into the
br ai nl5 Husheiceio$ eansigat rb@@l dqpsncbr mfpartrwehhthelmagmodgtdapdaderﬁedsm‘;tlaﬂetntr egi ons can

be | arbda. g kAR 1 ANIRAN S 60D XREERD S0 A%, . SIS 20, Cont al i ng

two light and two heavy c as separa eav ®chains, as
Fab, Fabcomyigpen QCt'VtihéFdP%tym Ig@2 @ndﬁg‘ﬁéd@ heti rClzondei df xdiyps sznllswhl c h heavy

and |i ght agefsapabt ARb&ay HGTHR 15}§mag-1%.mla.h %E@gm}%glogﬂgfe%eé PRAG Et chain, *

Expression of Reconbi nant Antibodie unani zed 8'nhuman
ant i bodi eonstagt rgg}cms(garp peyla@bmd@gpngnnbodxes can be expressed as tetramers

20  containing two light and two heavy chains, as separate heavy chains, light chains, as Fab,
Fab' F(ab")2, and Fv, or as single chain antibodies in which heavy and light chain variable

domains are linked through a spacer.

vi. Expression of Recombinant Antibodies

25 Chimeric, humanized and human antibt)dies are typically produced by
recombinant expression. Recombinant polynucleotide constructs typically include an
expression control sequence operably linked to the coding sequences of antibody chains,
including naturally-associated or heterologous promoter regions. Preferably, the |
expression control sequences are eukaryotic promoter.systems in vectors capable of

30  transforming or transfecting eukaryotic host cells. Once the vector has been incorporated
Into the appropriate host, the host is maintained under conditions suitable for high level

expression of the nucleotide sequences, and the collection and purification of the

crossreacting antibodies.
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reconbi nant expression. Reconbi nant pol ynucl eoti de constructs typically
i nclude an expression control sequence operably |linked to the coding
sequences of antibody chains, including naturally-associated or

het er ol ogous pronoter regions. Preferably, the expression control
sequences are eukaryotic pronoter systens in vectors capable of 30
transformng or transfecting eukaryotic host ceIIs Once the vector has

been incorporat ed t he. appr.opri i S mai ntai ned under
condi ti ons suitabl gh%lggxxﬁessﬁ I“)'gc\}e cq%%?ag §F}8Wa ?”‘t ﬁ%i‘?ﬁJBrlgé’BWﬁe sequences,
and t he ocothemstepisrmesvd apwmfegtaaparodsfthrf hdshehro o0l DNAL iTbghnidily, bodi es. 26

These expy, pi & lly re bl e.in the host. organi sns
ei t her Jg?eﬁés,%}%\&% C%a%masﬁﬁfth egrgTrS ea%”taB'B? ﬁ.ﬁéesﬁ%@tce EHPEIEYSHal DNA

Commonl y, re5151mp599emnt degctior ¢f th@ltcellsma&abﬁﬁddl 0ith theddsfeS DN J. ,

anpi cid | I‘]Q i&sl;stance or hygronycin- resistance, to permt detection of
those cel T8 Transformed with the desired DNA 5 sequences. E. coli is one
pr okaryotl c host pAr dolidsibrerfrykangoeit: Hibst particalhOpiisegil Hi&lo@h&@theﬂ@lqblences of the

pr esent M LS bes east are al so us | for expression.
Saccharo es |s°?talfe r&f r“?‘vgﬁn eﬁ ﬁﬁ%f‘,’c %’Tf‘%‘ﬁi’f%‘b?séﬁ\}ﬁﬁt ors having

”V . rs
expr essi onxpeesidm: cﬂac&a@ugn@esa pRftred v@snh@i WighBitfbdd veQfodrs Ha@inBl nat i on
sequences, and.t he L 10 as desir i cal ronDters i ncl ude
3- phosphodPyearsra On ®s %uegceéna& 5eHE riﬂ g?%‘gﬂ“y&em‘ atpsgaHsaces ppifie ikt e yeast
pr onokler %ldnnﬂedd@ypxmpmomrhﬁblsde ppmh@lﬁcefataﬂh@l: eh@her gdRblydE 0ogenase,
i socyt ochrorre 1da g mes resp i bl e fo mal t ose and gal act ose

Anducl grye%%

utilizatior e Piog’oéelr% 51“ ‘?’8‘?’8%8 CTRJEPMPIBES el ng nucl eoti de

segnment s dehiregroad] ingyidthrome !, allitrizngeDiesfon BB Halloheir@QhlactSi®e W nnacker

From Gengg.. 4 9. %‘I ones, (VCH Publishers, NY, 1987). A nunber of suitable
10!

host cell 1ines capable of secreting .intact heterol ogous proteins have

been devel oped i n Mamnatitn ceandrclarméfbtdﬁ ﬁsﬂoﬁdp&esbih@ﬂ&leon&@f pauss COS cel |

l'i nes, onma c |1..lines. Preferab the cells
are nonhuér?g'ﬁ&&ébﬁuélg |8§ur%ms 89{]%’1?{’%61?” ?‘ﬁe ¢ %)W@e& Ao 96{“?5&%&5’%5?’ essi on
control ¥ Cébmbd;sm’e:sNYs m%a*v) as nambardfguxmb&fhosteqall li6&ddapdble oF spdr@mgt er, an

enhancer 1(1&:@1?!&0% 09!1; protems W%%L% ﬂrﬁ%lopeaS L% tﬁ'e arg cgl?l%léfi%gﬂg c?lzg feaoary

processing in es, su bOSONE" TESRNA splice
sites, polapasdys %f-’t”llmns éieLesellsahdeltsraadlsryeliomalcdhhﬂues PefaratigtierceBequences.

Pr ef er r ey XSS P pRQOEL cto§$ﬂy%@%\7}89&% dQJh?Jz%&gr%sssmgﬁc%}n‘r’&d from

endogenous genes, cytonega ovi rus enovi r ovine papill omavi rus,
and t sequences, such as an origin of rephcatlon a promoter, an enhancer (Queen et al.,

Immunol. Rev. 89:49 (1986)), and necessary processing information sites, such as
ribosome binding sites, RNA splice sites, polyadenylation sites, and transcriptional
terminator sequences. Preferred expression control sequences are promoters derived from
endogenous genes, cytomegalovirus, SV40, adenovirus, bovine papillomavirus, and the
25  like. See Coetal.,J. Immunol. 148:1149 (1992).
Alternatively, antibody coding sequences can be incorporated in
- transgenes for introduction into the genome of a transgenic animal and subsequent
-expression in the milk of the tra'.nsgeni.c animal (see, e:g., US 5,741,957, US 5,304,489,
US 5,849,992). Suitable transgenes include coding sequences for light and/or heavy
30 chains in operable linkage with a promoter and enhancer from a mammary gland specific
gene, such as casein or beta lactoglobulin.
The vectors containing the DNA segments of interest can be transferred
into the host cell by well-known methods, depending on the type of cellular host. For

example, calcium chioride transfection is commonly utilized for prokaryotic cells,
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25 like. See Co et al., J. Imunol. 148:1149 (1992). Alternatively,

anti body codi ng sequences can be incorporated in transgenes for
introduction into the genonme of a transgenic ani mal and subsequent
-expression in the mlk of the transgenic aninmal (see, e:g., US 5,741, 957,
US 5, 304,489, US 5,849,992). Suitable transgenes include codi ng sequences
for light and/or heavy 30 chains in operable Iinkage with a pronoter and

enhancer flll:xe(%égs% A m %/&%Le%nd S ec'fi C ene, Z"éch as._casein or beta

| act ogl obU PR RIOR fﬁtﬁ’[e AP RO OPNIROLSHPR AICHSHSP o Widr est can be
t ransf er rtgded msfacradme:ahbstxsededrlotﬂmycmmmmlsmmmaﬁhaﬁ&ﬁ,usaﬁaefaﬂhf&% on the
type of cellul ar Q St {P Oa?rrgfg cal m};m hlorjde transfection is
conmonl y u?mV‘l Ze olrnclﬁfj% SOt PRYBEPE-Proto fEadPEANES um phosphat e
treat msntqleoaiopmmmpmamcmmjedtmpm‘ee@éﬂeeany, Barbrosit é1@5, sﬁ;?1 ra)iF@l - based
transfSectl Q used for other cellu]ar. hqgsts net hods used to

t ransfor n}?m&ucﬁ%ﬁb FSREE R “?arllscFﬁ‘&f@er{eﬁéa‘hl%"e’“lﬂ‘FOI‘ﬂiS?t‘deP@r’fémhﬁdd%Oé)ﬁFsast f usi on,

| i posoneser cagbeintorpmarea tt@the gaind 6@ dinRCsdnd Bellc A8 1RSREkRbsken Sanbr ook et
al ., supra rodut:eitiégn of transgenic ani nal s, transgenes can be

ni cr oi nj €¢ l%ﬁarfsﬁeﬁfgf‘ﬁ? Firye fI&tes, or can be incorporated into the

genone of enbryoni Ons¢ epraaed ﬁmb&ﬂ@kdah@eﬁtﬁ@ﬁ&‘ilac&frdxﬁy%tan@%| s transferred

i nt o enucl eat,ed o tes res ant i bodi es can be purified
accor di ndf’ 9%ed§xte% ?‘%@ﬁ&é@%‘? iqaHan, gpumn; cREOPBERENHREC puri f i cation,

col unto cmmpmemygmeg&k (k0 geleatty! Sphey, @%t@tn%ﬁ@&dﬂi@n gszdfﬁg&rsxeél ggeneral Iy,
Scopes, Prg;gkg Purification (Springer-Verl ag, rrier

Prot ei ns BEnts for inducing an i mmune response contain the
appropriate 15 epitope for i nduci ng an i mmune response agai nst amyl oid
deposits but are t? to be inmmunogenic. In this situation, a peptide
i mmunogen can be | fnke ?B“Q%QﬁWfable carrier to help elicit an inmune

response. Suitabl eSeme bge@isFor 1ﬂ@]chﬁé&n$x@fdﬁﬁ& Rl uAgd (Eb%tan}@é’wr r1a e mpet
henoc ogl obul i n, oval'bum n, tetanus

%@nl o LN gg:obulln nol ecul es, %g

t OXOi e ?%W"I‘?&Fes%‘fﬁﬁﬁjé‘ﬁf Ygiddspgsiss bt areroqsmali tolke her i a, E.
coli, chohmnm;agemrc 20 thik siytiod & peplitle aﬂi}nat&gexmb@;ttﬂdmk@l&bas&iealb!e\e%;rle\/e Q her
carriers epit ope bi nd .t nultl C.alleles, e.qg.
at | east tt}gg}lpléﬁ gt %{‘Jul’rrlgl’rl S $W'F€Fr§§am§{fdﬂdl§%rsﬁ“€’ra§ umipe k&GRS | mes known
in the arltmmhérunuymen,salmumegmunmepxletcopeshyrogmwmj ®&lIbokhin) Rkanes sal T- cel |

epi topes tb%!i,"égg-loxoid from other pathogenic bacteria, such as diphtheria, £. coli, cholera, or

20 H. pylori, or an attenuated toxin derivative. Other carriers include T-cell epitopes that
bind to multiple MHC alleles, e.g., at least 75% of all human MHC alleles. Such carriers
are sometimes known in the art as “universal T-cell epitopes.” Examples of universal T-

cell epitopes include:

Influenza Hemagluttinin: HA397.310 PKYVKQNTLKLAT
25 PADRE (common residues bolded) AKXVAAWTLKAAA

Malaria CS: T3 epitope EKKIAKMEKASSVENV
Hepatitis B surface antigen: HBsAg;g9.,3 FELLTRILTI
* Heat Shock Protein 65: hsp65)s3.17; DQSIGDLIAEAMDKVGNEG
bacille Calmette-Guerin QVHFQPLPPAVVKL
30 Tetanus toxoid: TTg3p.844 QYIKANSKFIGITEL
Tetanus toxoid: TTosr.967 FNNFTVSFWLRVPKVSASHLE

HIV gpl120 T1: KQIINMWQEVGKAMYA.
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I nfl uenza Hemagl uttinin: HA307-319 PKYVKONTLKLAT 25 PADRE (common resi dues
bol ded) AKXVAAWILKAAA Malaria CS: T3 epitope EKKI AKVEKASSVFNV Hepatitis B
surface antigen: HBsAgl19.28 FFLLTRILTI Heat Shock Protein 65: hsp65153.171
DQSI GDLI AEAMDKVGNEG  baci |l e Cal mette- Gueri n QVHFQPLPPAVVKL 30 Tet anus

toxoi d: TT830.1144 QYlI KANSKFI G TEL Tet anus toxoid: TT447-967 _
FNNFTVSFWLRVPKVSASHLE HIV gpl 20 T1: KQ | NMAMQEVGKAMYA. 28 Ot her carriers
for stimulating or enhancing an igﬂ,une response .include cytokines such as
IL-1, IL-1 a and (thf‘éﬁ?‘?’a@g?r stiauzating o ,aI}CLnﬂfe,lm@wwﬁponawclué%emk! nes,
such as Mjlokinés sadiths(i-12091 BAM BSeptl RBUNQOARKFCI AQL BING.CR2Nfl SO be | nked
to peptides that enhance transport across tissues, as described in .

O Mahony, cwokslegwci%wwhand/&mmrﬁﬁa-. Inmwnegodendentsagealssbean be |i nked
to carriey: 1 Mal'q nj . hnkin i mmunogen
o o cart e B S B ross R bRk MW

N- succ? ni AT/8Y4133nd WOYH I H#- t hi o) propi onate ( SPDP) an](ctl SECCi ni mi gyl I 4- )

N- mal ei m donet hyl : =1 - mgyl . 4.5 the peptide |acks a
(10 sul f hydryl grgug%?h%ﬁ?égﬁégéecagﬁ%w ed(}@%%n%gw%x%&% % ’5‘5%‘ ‘ei ne

resi due) . Tqthaiuey fenlgnkingsn immanegenio diautfindelelthnfeagmeiob ef disefidé hensel ves and

eptide c LNE: I eS| . e e _Linkage . through the s
P2 no- o By RAEERAR 900, B bl pBRAAE (T Bt LERRGed do "
vari ety ofN imidpwethyl)ayelobenanke 1 cabmiyige €)0Cifahepapederatizad by | mun.

Rev. , k. bl f i . C | i.ng. agent.s.form a thioether

r at he?gt hga‘ﬁ&gé%géé%ps’ lt.ng%‘lggg ¢ %oﬁ%gé& g%glrﬁ/n og% QY t%lgeereg ﬁ?e : g%?fﬁfqa\g%ws?ﬁ ng agents
are conmetigitap disulfideiinkapt eetweandh¢melvasiendrpepristeicy eies tesidss @f one protein .

6-mal eim b G 3CI 2-bronobacetic acid, and 2- iadoacetic acid,
5 (N o REBREALA RE o PR TORRED b o BELS o B Se 405 QRE R ias
can be actminareds. by vaenbifisicigdisiibdyamitiérfenimg iapéntd e d@tribed by Jmmun.

1- hydr oxyh: 2-hi 1dt~y SHLfonkc aci sodi um sal t. ..20 | nogeni ¢ pepti des
canyal o) %‘Z'gg(digégée&)'a(géh r(t}%’fu(r)’ﬁuoﬁrao °8P1(r?1n§ a\%f'}t%%ngﬁtﬂ?‘?eé}t’?%‘?r_ lga,“ ®het er ol ogous
pept i dzs) disalfide linkagm dderyicd theepthicdeha domiieg dgemk ed cainmetcsallyamiinglet er m nus,

[ts car boxM inhAITLRUS. ol SNl i ALIInEh o CRLLONAL L¥y JybLi Pl e repeats
of the inmrunogeni c peptide can be present 1h the Tusron profein.

Opti onal | %pfioqfﬁtic acid, 4-(N-maleimido-methyl)cyclohexane-1-carboxylic acid. The carboxyl

gr oups

groups can be activated by combining them with succinimide or 1-hydroxyl-2-nitro-4-
sulfonic acid, sodium salt.

20 : Immunogenic peptides can also be expressed as fusion proteins with
carriers (i.e., heterologous peptides). The immunogenic peptide can be linked at its
amino terminus, its carboxyl.tcrminus, or both to a carrier. Optionally, multiple repeats
of the immunogenic peptide can be present in the fusion protein. Optionally, an
immunogenic peptide can be linked to multiple copies of a heterologous peptide, for

25  example, at both the N and C termini of the peptide. Some carrier peptides serve to
induce a helper T-cell response against the carrier peptide. The induced helper T-cells in
turn induce a B-cell response against the immunogenic peptide linked to the carrier
peptide.

Some agents of the invention comprise a fusion protein in which an N-

30  terminal fragment of AB is linked at its C-terminus to a carricr peptide. In such agents,

the N-terminal residue of the fragment of AB constitutes the N-terminal residue of the
- fusion protein. Accordingly, such fusion proteins are effective in inducing antibodies that

bind to an epitope that requires the N-terminal residue of AP to be in free form. Some
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i munogeni ¢ peptide can be linked to nultiple copies of a heterol ogous
peptide, for 25 exanple, at both the N and Ctermni of the peptide. Sone
carrier peptides serve to induce a helper T-cell response against the
carrier peptide. The induced helper T-cells in turn induce a B-cell
response agai nst the i munogenic peptide linked to the carrier peptide.
Sonme agents of the invention conprise a fusion protein in which an N 30
term nal fERg ; ; b Srichd Al of - | {er peptide.
P i e R R T s e
the Nt erlikedpt thedsiegminugfo qnher mpresiopy ofn ears¢rpeptidse diid Nagimyipalsuch f usi on
proteins {:0 .0 A i i i : bin an,epitope that
requires f?{ﬁgleﬁN-tf({fg ﬁ]h%oglrdr%leedsi:ﬁ%@kg@s%ﬂﬁ*&é&ﬂ%&%&ﬁ% égegfl rbfrag]Ab%(%r%d 29 agents of
t he i nverendoat AFGridr iAfdsT, APpi3ut-al 1-5yamdf3-7 ap padfardf N-asimidat £4giichedf segnent of

AR |inke the Ctermnus to one or nore copy of carrier peptide. The
N-t er mi na{iﬁ'a}%‘?ﬂé{e AR PIGFIMARCTRRS ‘?r%ﬁt«i.\htepﬁ’tnﬁl SEEAnt &&‘%H‘ tadsmeifAs sonet i mes
begi ns atexé@pl@,‘ﬁfuﬁ&dproémn@Bmﬁ@s'é?A@-ll? fdﬁetvég]pyé\!ﬁll-'}?follc;w«eﬂzby]a'5’ and 3-7 are

preferred N-termnal fragnent of 5 AD. Sone fusion proteins conprise
di f f er enthelrelegays pptidaegnent s of A(3 in tandem For exanple, a fusion

protein can.conpri ﬁleS.Of%D%ﬁS?onfp%tLigy}%.ng]\p?&nﬁQalls-egrgFrRlokRﬁglg {&%{% a Kf@et erol ogous

peptide. In some fusion proteins, term seg is fused at
its N tdemippdendted hegradogont ermidr pgptids. dhe sdner vapieptdf determiing segumantsvar i ety of
N-teryg n . A n.b edas with Ctermnal fusions. Some
f usi olnrasl p?dgtA |%@€%%%F%ggﬁg'tﬁﬁré§o S(ljoélg'ulsésof)né)’p TEPPIHREF S Fhe N-termi nus of
an N-t er rieradlogegpapntic bikeAD thuhi-etinss ofian N-t¢kfinkl 2@éehtbOARNGHiEH isTOr €

additional N-termnal segnents of AR in tandem Sone exanples of fusion
prot ei ns @éﬂ’?i{@f@?%% 4 Brﬁidttﬁéalihﬁmtﬁatﬁ?gﬁ‘re%ts oEABUNapEoW. Some of these

fusion proteins cosgnd s@mpRYFEMELSN Blote shitdEhr L& ih @leAfvedSon ako t OX0i d
epi t opes such as described in US 5,196,512, EP 378,881 and EP 427, 347. Sone

fusi on pro?¥R RIORoMIPT Ydbese Biirpmraciag comrsis prgratsos ABdinkedde g i des
descrishedotd Wsitogls o3 addieribSR FRUS S1195 91 28PUTsREPLACIGSe A A7 UGl e Sal T cel |

epitopes._ In sone nethods, the agent for adm nistration is sinply a single .

fusi on priBtet PO BRI sarecgmERte At AP lipkeddo cargerpapidedaicobuiis Usegment i n

li near CQi;"f3|69‘42.agérﬁ)é"hetér&o%&g?cﬂﬁgbﬁg%iv&r@ﬁ ’I\?ﬁa@]@gﬂb&s%g O hbdlBLs of fusion
e in e

proteins represented by the formula 2", ch X 1s an integef from 1-5.
Pr ef er ablte dgepiforadnpnigfatign isygiraply 2 sizglerfusiororretept witlerr 4B scewatlinkgd t wo, such

a mltingy h@l@i%ll\(/)lfgg%rseéd'féit mi&&%ﬁhﬁatwnn Hﬁgorhgm@thgés,e{h@Igaée%gisconf i guration
referred to as P4
0  multimer of fusion proteins represented by the formula 2%, in which x is an integer from

1-5. ‘Preferably x is 1, 2 or 3, with 2 being most preferred. When x is two, such a

multimer has four fusion proteins linked in a preferred configuration referred to as MAP4

(see US 5,229,490). Epitopes of AP are underlined.

The MAP4 cohﬁguration is shown below, where branched structures are

25  produced by initiating pept.ide synthesis at both the N terminal and side chain amines of

lysine. Depending upon the number of times lysine is incorporated into the sequence and

allowed .to branch, the resulting structure will present multiple N termini. In this

example, four identical N termini have been produced on the branched lysine-containing

core. Such multiplicity greatly enhances the responsiveness of cognate B cells.
30
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(see US 5,229,490). Epitopes of AR are underlined. The MAP4 configuration
is shown bel ow, where branched structures are 25 produced by initiating
pepti de synthesis at both the.N term nal and side chain am nes of |ysine.
Dependi ng upon the nunber of tines lysine is incorporated into the sequence
and allowed.to branch, the resulting structure will present nultiple N
termni. In this exanple, four identical N term ni have been produced on

t he branched |ysine-containing core. Such nultiplicity greatly enhances

t he resp%nsidveness of cognate B cells. 30 30 Peptide Peptide KGG5 KA
Pepti de KEX3“Pepti de 10 AN90549 (AD 1-7/ Tetanus toxoid 830-844 in a MAP4
confi gur%ti ?)/ Yl KANSKFI G TEL AN90550 (AG3 1-7/Tetanus toxoid
947- 967 i P MAP4 confi guration): 15 DAEFRHDFNNFTVSFW.RVPKVSASHLE AN90542
(AI'3 ?- 7/ Tet nus toxoiEcLngerKé44 + 947-967 in a Jinear configuration):
DAEFF.-HD(B?I?t NSKEl G TEEFNNFTVSFW.RVPKVSASHLE 20 AN90576: (AD 3-9)/ Tet anus
t oxoi d 830- 844 i+ ¥QMP4 configuration): EFRHDSGQYI KANSKFI Gl TEL Pepti de
descri bed®PifeUs 5,736,142 (all in linear configurations): AN90562 (AR 1-7/
pepti de) AKXVAAWILKAAADAEFRHD 25 AN90543 (A(31-7 x 3/peptide): DrEFR
?DDABERHD- D E- n: i DAKXVAAWILKAAA Ot her exanpl es of fusion proteins

(i mmnoQ@m%SW(.AéiolpWT@ﬂcan&Rom 8209441 G LB configuration):
AKXVAAWI LKAAA- DAEFRHD- DAEFRHD- DAEFRHD  DAEFRHD- AKXVAAWTLKAAA 30

DAEFRHD- | SQAVFRAHREPNEAGR SKEREDBGEY- | SQAVHAAHAEI NEAGR
EFRHDSG- | SQAVHAAHAEI NEAGR

AN90550 (Ap 1-7/Tetanus toxoid 947-967 in a MAP4 configuration):

15 DAEERHDFNNFTVSFWLRVPKVSASHLE

AN90542 (Ap 1-7/Tetanus toxoid 830-844 + 947-967 in a linear configuration):
DAEFRHDQYIKANSKEIGITELEFNNFTVSFWLRVPKVSASHLE

20  AN90576: (Ap 3-9)/Tetanus toxoid 830-844 in a MAP4 configuration):
EFRHDSGQYIKANSKFIGITEL

Peptide described in US 5,736,142 (all in linear configurations):
AN90562 (AP 1-7/ peptide) AKXVARWTLKAAADAEFRHD

25  ANO90543 (AP1-7 x 3/ peptide): DAEFRHDDAEFRHDODAEFRHDAKXVAAWTLKAAA

Other examples of fusion proteins (immunogen'ic epitope of AP bolded) include
AKXVAAWTLKAAA-DAEFRHD-DAEFRHD-DAEFRHD
DAEFRHD-AKXVAAWTLKAAA

30 _ DAEFRHD-ISQAVHAAHAEINEAGR
FRHDSGY-ISQAVHAAHAEINEAGR
EFRHDSG-ISQAVHAAHAEINEAGR
PKYVKQNTLKLAT-DAEFRHD-DAEFRHD-DAEFRIHD
DAEFRHD-PKYVKQNTLKLAT-DAEFRHD

35 DAEFRHD-DAEFRHD-DAEFRHD-PKYVKQNTLKLAT
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PKYVKONTLKLAT- DA. EFRHD- 1) AEFRHD- | ) AEFRI | D DAEFRH D- PKYVKONTLKLAT- DAEFRHD 35
DAEFRHI ) - DAEFRH D- DAEFRFI 1) - PKYVKONTLKLAT 31

DAEFRHD- DAEFRHD- PKYVKONTLKLAT  DAEFRHD- PKYVKONTLKLAT- EKKI AKMEKASSVFNV-

QYI KANSKFI 3 TEL- FNNFTVSFW.RVPKVSASHL E- DAEFRHD '

DAEFRHD- DAEFRHD- DAEFRHD- QYlI KANSKFI G TEL 5 FNNFTVSFW.RVPKVSASHLE

DAEFRHD- QYI KANSKFI 3 TELCFNNFTVSFW.RVPKVSASHLE DAE

FRHD- QYI KANSKFI G TV SEW RVPKV SASHLE DAEFRH D

DAEFRHD- QY1 KANSKFI E;“%Eguﬁ%“é%f%%ﬁgﬁe"c}(@é?rﬁﬁ peptide Lys-Q y- c,ys

pepti de EQVTNVGGAI SRBYRAPEY MEABRI(ISYATEK 1A KIMISK R8s PEIQVei n in 15 MAP-4
configuration) The arri e roteins._and net hods of |inkage
can be used for ﬁ@{r&ﬂg{%} Iﬁﬂjﬁ%@"@/sﬂ: VER¥SAPHLEIMFERHBN of

anti bodi es agai nstDABFR@ID DAZFRMD mmntmﬂﬁmmﬁfor exanpl e, A(3 or

a fragment linked to a carrier can be admnistered to a |aboratory aninal
in thé production of nonoclonal anti I‘éEVStFWV BySASHifcl eic Acid
Encodi ng Ther apeut D&EAGENS- QYMHNBRFI@&EQ@NNF@%FWRW@A%E‘@DOSI ts can
al so be induced by _ . adm nistrat nucl ei c_aci ds encodin segrrents of

A(3 peptide, and fPéﬁﬁﬁﬁ’tusQFW@%HIGIEPHQWWSEMW LE-or

anti bodi es and their conponent chains used for passive %Emnl zation.
Such nucleic acids can be DNA or RNA. A nucleic acid segnent encoding an
i mmunogen is typi CABERAD-REEHAN KF g IEdt onyackebeanahedswelias a pronot er
and gghancer, that allow expression of the DNA segnent in the intended
target cells of a patient. For expression in blood cells, as is desirable
for induction of ampilm response, pronoter and enhancer elenents from

| i ght or heavy chain i mﬂog%)@w_é%
peptide
EQVTNVGGAISQAVHAAHAEINEAGR (Synuclein fusion protein in
15 MAP-4 configuration) .'
. The same or similar carrier proteins and methods of linkage can be used
for generating immunogens to be used in generation of antibodies against AP for use in
‘passive immunization. For example, AB or a fragment linked to a carrier can be
administered to a laboratory animal in the production of monoclonal antibodies to Ap.
20
4. Nucleic Acid Encoding Therapeutic Agents
Immune responses against amyloid deposits can also be induced by
administration of nucleic acids encoding segments of A peptide, and fragments thereof,
other peptide immunogens, or antibodies and theircomponent chains used for passive
25  immunization. Such nucleic acids can be DNA or RNA. A nucleic acid segment
encoding an immunogen is typically linked to regulatory elements, such as a promoter
and enhancer, that allow expression of the DNA segment in the intended target cells of a
patient. For expression in blood cells, as is desirable for induction of an immune
response, promoter and enhancer elements from light or heavy chain immunoglobulin
30 genes or the CMV major intermediate early promoter and enhancer are suitable to direct
expression. The linked regulatory elements and coding sequences are often cloned into a
vector. For administration of double-chain antibodies, the two chains canbe cloned in the

same or separate vectors.
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30 genes or the CW mejor internediate early pronoter and enhancer are
suitable to direct expression. The linked regulatory elenents and coding
sequences are often cloned into a vector. For administration of

doubl e-chai n antibodies, the two chains can be cloned in the sane or
Separate vectors. 32 A nunber of viraI vector systens are avail abl e
including retroviral systens (see, Lawie and Tum n, Cur. Opin.

Devel 3, den t.ors Bett et
Sle .n,et J. \/VrGOI)p Aégl%}épq%é'g%?‘ﬁe@ e Saaécs%"@f}%b[lee @’F’I”ﬁée'é%{f?q(ﬂ’%e“%( see,
e.g. Zho@eeetegaLawerJandeupvnwbaI OAM9Gere8@rveldD 34) )2 109|(ml3))yecteh@ms1frornlthe

I I r he, avi an .pox viruses, vira
pox. 12 el ag) ug! B URE L) D R 38 sl e R R0 B vl P8R i ndbi s and
Senl i ki Fotese. %WWGBJ(EEEM%’ 1379 Imk(d!mywrzﬂtveabrs,fro&;théfpcrxqb:ml)70 508-519

Chond; HEany S Saut A GOGARNR ik Sed VI 308 Foble 0B a005: o

r habdovi ruses, “such as vesicu BETe T a9"6‘7"?,4625) and
papi | | omegeanpusiels ay tibre detived|from ﬁudﬂna@mmﬂ%mwlﬁms&?& S33DbEAKS) ; Wo et

d Nucl R 24, 2630-2622
?|19§6)) 1%!%%4‘/ %glé?ori%HgS?gQnuéfb%e%gz%gnaﬁqwgeg‘f’gl?p 8@?&‘&?%?5%?% same, can be
packaged 3.643576) ipldskm’vésvm&sl, slabIaevéslqnladstoﬁmﬁhsr\eﬁua(sedW%/WS%&dd%SNZri bed
0 G B D DR

- encodi ng a munogen can’ ar _ _
par t.i dul a?4é12629 andéﬁxaq &&mqsmesNaﬂexazczwth@h 2|4J‘|25B0|d‘6233@b%})3t hyl net hacr yl ate

I d polyl tldes and actide-co= | ycal i des), see e.g.
VeGoe et al o, PSP ERITN Plubbe® bt iR ermilhe decre b Saked DA can
be deli vepaeldagr:dwmtq ldeJIyes Sulitiible léyidsednid e¢latt dartatogs Bdideiosibed b)ItDtdsl elnt , n; }s/g: cally
by syste trat enous, ritoneal, ,
ggst %/I c, ”%%Q[s?gg‘ Srtjin%él? éh?@ 8(3‘?5%111? ggi ms bf&IoFRInd d&% ?ﬁfpg‘r‘?g?&cr ani al
i nfusi on)mmunpgmlcexaalscastmrhdd torr élswmte?1 gith padSiciiatd 88riad Gkam u%g?)vg% ;)r S Dﬁlin
furth nts.,suc aci ne
Cg.ll:l al’so beLII‘qu %@"ﬁ@@%ﬁ’ﬁ% fae poeﬁgerﬁ}an%smgg%“ Q 0&5%%@% supra. The

DNA encodilyrglides). stenrrandigbne étsl. p!@@rmbab;edlmno the surface of m croscopic
tal beads. The ra Ih a ,shock wave or _
~neta ea nng{eqpéfr%nggtlolse& ?lgc% Iﬁ&& eb Je? ere Jévrgntbﬁ of sever aI cel |

expandi ng hel i um gas ate t1SSUes
| ayers. POMIBKEHPY©, anTTIﬁeVlMéeat'Em Gairally b)eb)lsxﬂeng/adhemsm:ormmglf actured by

Agacet us, infrfVenou g @xtxtgﬁ'ea gaiaf Suthit qgl‘a%rmé%tuﬁfa%ts u\{zﬁ'l %P%na%(ﬁ&_ DNA can pass

t hrou hsklnlntothe eam’si onto skin
wi t h Zhentgagrani mﬁ*e&ﬁa@r t@mcal Rprlicaéen (gw E(&eIéS w9354®58t5$)vectors can

further include facilitating agents such as bupivacine (US 5,593,970). DNA can also be
administered usIng a gene gun. See Xiao & Brandsma, supra. The DNA encoding an
Immunogen is precipitated onto the surface of microscopic metal beads. The
microprojectiles are accelerated with a shock wave or expanding helium gas, and
25  penetrate tissues to a depth of several cell layers. For example, The Accel™ Gene
Delivery Device manufactured by Agacetus, Inc. Middleton WI is suitable. Alternatively,
naked DNA can pass through skin into the blood stream simply by spotting the DNA onto
skin with chemical or mechanical irritation (see WO 95/05853).
In a further variation, vectors encoding _immunogens can be delivered to
30  cells ex vivo, such as cells explantéd from an individual patient (e.g., lymphocytes, bone
marrow aspirates, tissue biopsy) or universal donor hemafopoietic stem cells, followed by
reimplantation of the cells into a patient, usually after selection for cells which have

incorporated the vector.



In a further variation, vectors encodi ng i munogens can be delivered to 30
cells ex vivo, such as cells explanted from an individual patient (e.g.

| ynphocytes, bone marrow aspirates, tissue biopsy) or universal donor
~hemat opoi etic stemcells, followed by reinplantation of the cells into a
patient, usually after selection for cells which have incorporated the
vector. 33 I'1'l. Screening Antibodies for Clearing Activity The invention
provi des of sgreenin an antjibody for activity in clearing an
anyl oi d dep : FATIeyeRVIBr associated biological entity, for

whi ch cl earing aCt |Metlﬂveh§orq3§h(ﬂ@%eth-gﬁs Wc%ﬁnégﬁaﬁ%!i)\/fo} )(cu@gﬁlnnSt an
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nounted in éhe separate wel or a nonm croscopi ¢ detection format, such
as  ELI SAlddt S99 1BFDeAS: e SOmRAReBparg suabIngt @iF anigspsgopeslidetoifestlitest

nMeasull @ MeficrodcSpitBARiteHnet MEsonRM#Yds, Fhul 1Y l’éﬁbtqjong%ﬂoﬁérfonhéh 1‘1?%&9 vitro
reaction m tur&fgstartl ng froma baseline value 15 before e reaction has
pr oceeded™™ BHYCIGHRL 2gpiciopierdisly dn sychiafemnag a sepagate inipwricwscopT Hisle ant i gen
can be det®Measbuaid i fh Bépashte KAK, &%%gﬂhﬁros&ﬁl@d@ecful)HM§tcﬁ1@ﬂ by 1abelled
antibody to A(3 ar other corrponent of anyl oid pl aques e anti body used
for stainFhiy cHen HayB candhe uprd. Preferablyen sagex dfancasireheonthis medawf thest ed f or

cl earing agduny bt nylAdaESHR i @D Bk e dBn bl p r reaction of
the a I0| d dep 05|yts |%g§|§cat esmt hat thenan)t(tlukbégggljubﬁ 8’?%33%? %gaef'ﬁas cl earing
activity. %?féhhedﬁ%q‘%ﬂ%océ?@dlaneP%/OTtn@be@Su‘s@é‘fealdumrrg the wewtioni Fige or treating
Al Zhei IMer arftigaiehnte RB¥ctadTY} ahlgﬁg%ﬂ&axquée%}%ﬂucﬁ%lﬂqgj%%ugﬂnhp&ﬁy gan be used
to screen nti bodi es for aCtIVIt% clearing other types o i ol ogi cal
entities. ATRECHELSIPPeamRt plamydaidplegres ot kecantibodyaisedfpr staimingviay r mgni nst

vi rtual | ynamy teishdle & thDhRlb88) Gedlg t8diddi thcleal R laE@)id yy’A rE:JM%nprl %iaﬂgé gal entity
25 has some role in human or aninal disease. The biological entity can be
provi ded Spselipe dpyingthe reaghnm of thsramylpiq deppsitsderisasgsiiat fie ap?lbwlvded#r #st a tissue

sanpl 20 the clebSSURLSRNIRh bibolkLire iR ¥ Hénfsé%ﬁiq prQelng QMrLAAEY access to

conponent f. the tissue sanple and to avoid
P .ilzgelmer s and other amylmrc?o)gemc diseases.

Analogous methods can be uscd to screen antibodies for activity in
clearing other types of biological entities. The assay can be used to detect clearing
activity against virtually any kind of biological entity. Typically, the biological entity

25  has some role in human or animal disease. The biological entity can be provided as a
tissue sample or in isolated form. If provided as a tissue sample, the tissue sample is
preferably unfixed to allow ready access to components of the tissue sample and to avoid
perturbing the conformation of the components incidental to fixing. Examples of tissue
samples that can be tested in this assay include cancerous tissue, precancerous tissue,

30  tissue containing benign growths such as warts or moles, tissue infected with pathogenic
microorganisms, tissue infiltrated with inflammatory cells, tissue bearing pathological

- matrices between cells (e.g., fibrinous pericarditis), tissue beafing aberrant antigens, and

scar tissue. Examples of isolated biological entities that can be used include AP, viral
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perturbing the conformation of the conmponents incidental to fixing.

Exanpl es of tissue sanples that can be tested in this assay include
cancerous tissue, precancerous tissue, 30 tissue containing benign grow hs
such as warts or noles, tissue infected with pathogenic m croorganisns,
tissue infiltrated with inflanmatory cells, tissue bearing pathol ogi cal
matrices between cells (e.g., fibrinous pericarditis), tissue bearing
aberrant antigens, and scar tissue. Exanples of isolated biological
entities FHESERKIISES, IrSelgoglyrens detigAl ofidtherlpaBdgeaivtrhigmnganisms;itiuees,

pr ot eogl y&@aBshs, MALHGSRA nqinecgfepeéucn% 9%%%%%%%%\ ”%so&rlélmr

antigens, and adhesi on nol ecules. antigens can b @ from
natural S6erTEREant e’ii’é%ﬁjﬁ*bpliﬁlﬁmwéb@ml@sm emopg otbhemtaal Tbymsbesanaa,le a@nong ot her
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bi ol ogi caﬂmlt?/ntlilthy la@r sitnatier, thewbjeyt lphﬂgﬂ@ghedseﬁhewwdgldahﬁmmtsl gen. Usually,
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moni tored. A T guctz?‘dghngltﬁcﬁ]g&g%ﬁe#t g?é E%Hr?gnetrnP P ﬁ'g% ’84@g¥§ﬁlte|“5té{n or the
associ at ee@d/br@pggpgaqed entigenyif present, Feenamrgolg Unrthé mddmmtxe&ert henaored.bady has a
cl eari ng L&2RANSSH ot nd/or . associat ed. b ol 94 ical entity
in conj uncti on V\nta L &h°ta°g‘%8§§|°8q’ge tf%g rﬁ’eassomated éf’?ﬁ#eém T8 14). 1V
PATI ENTS IMR@ABEEK*I’@WFRWNE@ heas tlearing raspenabtganstdnetamegetnrm%rl ncl ude

i ndi vi dugkg,catedblod I SEASE n nmpt o as wel | as
patients present | y&s o&frﬁ% uPH{'on Vg[?'tﬂét)%ha%oc \é\%c%@%ﬁdeﬁrﬁ "% di sease,
virtull | yl4anyone is at risk of sufferl ng from Al zheinmer's disease if he or
she ‘lives | ong enough. Therefore, the present methods can be adninistered
prophylactically to the general popul ation wi thout the need for any
assessnent of the risk of the subject patient. The present nethods are

especi al lty. usehutedps AMEiABdtebsrenden?5 have a known genetic risk of
Al zhei mer' s di sease.. Such individuals include those having relatives who

have experienced ¢ PRtignigpmenable to ypatme dacduderpdiuidpglsa risk ofiéiscasertiuned by
anal ymi s n@f sf@@ﬂ%tsb'ﬁlp@hsbés%ﬂ%ﬁ‘b&%lms%sm yssho@ﬁxg Pg'nﬁloﬁ@r KGhScR of 1 Sk toward

Al zhei ner' s sease i ncl ude mutations in parti cul ar| y
mut at i Ons‘\lgﬁelrﬁgé 15easfe Virfually ggyone is at risk of suffering from A zheimer's disease if he

or she lives long enough. Therefore, the present methods can be administered
prophylactically to the general population without the need for any assessment of the risk
of the subject patient. The present methods are especially useful for individuals who do
25 -have aknown genetic risk of Alzheimer's disease. Such individuals include those having
relatives who have experienced this disease, and those whose risk is determined by
analysis of genetic or biochemical markers. Genetic markers of risk toward Alzheimer's
disease include mutations in the APP gene, particularly mutations at position 717 and
positions 670 and 671 referred to as the Hardy and Swedish mutations respectively (see
30 Hardy, TINS, supra). Other markers of risk are mutations in the presenilin genes, PS1
and PS2, and ApoE4, family history of AD, hyperéholeslero]emia or atherosclerosis.
Individuals presently suffering from Alzheimer's diseése can be recognized from
characteristic dementia, as well as the presence of risk factors described above. In

addition, a number of diagnostic tests are available for identifying individuals who have
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positions 670 and 671 referred to as the Hardy and Swedi sh mutati ons
respectively (see 30 Hardy, TINS, supra). Oher markers of risk are
mut-ations in the presenilin genes, PSI and PS2, and ApoE4, famly history
of AD, hyperchol esterol em a or atherosclerosis. |Individuals presently
suffering from Al zhei ner's di sease can be recogni zed from characteristic
denentia, as well as the presence of risk factors described above. In

addi tion, a nunber of diagnostic tests are available for identifying
i ndi vi duafB- Wheseinginde srapnrsmenh ek ST eland & PAR lexels e Fismatedbru @SF t au” and AR42
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el i m nat eantmatabyl b @lniihisteringtherabasis agent keths @eket bnshodly adedtayn.t he out set of
t he di sease, including biochem cal, histologic and/or behavioral synptons
of the disease, its conplications and internedi ate pat hol ogi cal phenotypes

presenti ng. durﬁR@TMmﬁmmmm:S of the disease. In therapeutic applications,
conpositions or ica istered to a patient suspected of, or

al ready suffering nprorl1 i‘ﬁ %Dpﬁcaéf’é’&%é’ﬂ?rﬁ’aé?’i‘tlcﬂﬁﬁﬁﬁ? 0P PYBFETHOCRS cure, or
at | eHst qmaadmxaisteyedaas a patent stubrepSlylErpi, onsthaivideherigi c&”e@liﬁexmézbd Qshaemhcal ,

hi st ol ogi [or behavi n ng,i,ts c |cat|ons dinterrrediate
pat hol oglag]ﬁ%p)cljl b C’cngté) e|9"r§"n 2ee,voerlnf) uﬁ% erg¥ e ¢ g?r_rg gL ordglay net hods,

admi ni st retiebef th@dlseagfemclurledlbmeberoncalelhiistMOgatae&/oﬂlyﬁhmgﬁi stympemsrqﬁai rment in
atients r's
p t&)@ﬁ'l{seagé“{tg cm;t)l X@(;ns %éd Ql?c\ﬁ%l:c? Bﬁgftgcblﬁglgq eno gust presentmgpd:;%%yl actic

pat hol ogy. An anount equate to acco i ¢ or
t r eat nentdsvelopragrit nbide d§eaae t Indhreagreutié mlhbeyxonfoporpmsphyt actédimhb yre ef f ecti ve

dose. od N Rifsere® W bAEhGspR0th S6T AREM duGrefi GO IR JcnAURALR 124 Usual Ty

amount sufficient to cure, or at least partially arrest, the symptoms of the disease
“(biochemical, histologic and/or behavioral), including its complications and intermediate
pathological phenotypes in development of the disease. In some methods, administration
of agent reduces or eliminates myocognitive impairment in paticnts that have not yet
25  developed characteristic Alzheimer’s pathology. An émount adequate to accomplish
therapeutic or prophylactic treatment is defined as a therapeutically- or prophylactically-
effective dose. In both prophylactic and therapeutic regimes, agents are usually
administered in several dosages until a sufficient immune response has been achieved.
Typically, the immune response is monitored and repeated dosages are given if the
30 immune response starts to wane.
Effective doses of the compositions of the present invention, for the
treatment of the above described conditions vary depending upon many different factors

>

including means of administration, target site, physiological state of the patient, whether
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adm nistered in several dosages until a sufficient immune response has been
achieved. Typically, the imune response is nonitored and repeated dosages
are given if the 30 i mmune response starts to wane. Effective doses of the
conpositions of the present invention, for the treatnment of the above
descri bed conditions vary dependi ng upon many different factors, including
means of adm nistration, target site, physiological state of the patient,
whet her 36 Ltgt RALhENbr drSanf T B el ' .0t her ications

admi ni stered, and whet her treatnent %Sgﬁsgg §ql§£crf‘:£€no?”g‘?tﬁeerru§ﬁtg'ﬁf‘i c.
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Someti mes Varies #rg%%&gﬁglu&&}es?&%g?ﬁ%ht - %Hr?lg%hrfbarbéenﬁgﬁg%ﬁva‘?tr f5-500 gg
per inj ecemownt pban inwnangeadon auististadtioo fom@itBsatiesdtdny 1-580 up pgfatierdose of 1-2

ng per injection se i cally .abgut 10, 20, 50 or 100 g is used for
each hurrajﬁmlc%f’rg@f“.agﬁ?m]%és er"J%/CHﬂ‘ElﬁiSééWa‘é? N§EHIORd OEATIOPHY- fass rati o
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a whol e. Tygi ally, 10-3 to 10-5 m cronol eés of inmunogeni ¢ epitope are
used for FFEFOGHERT BYeCtptmiifarnsh of mHrNOReA Al dsperdape dreiramsraiant vary
si gni fig canﬁ&m(nofgémm;%ﬁ@wﬁhig;@i@inﬁrﬂmegﬁﬁo%e_a{&%fin’&ﬂmﬁag&%%»%Fe‘?‘de- On any
gi ven day thgq&J a djosa(?ga of i munogen is given, the osage 1S greater than
| g/ pati eAYPIEgy. 1f5dal ymbff‘é%ﬁl“'equft“ﬁ@Hn%{?flﬁ/ePWiaéfmseq‘ for adgrogramtofi s 15 al so
adni ni st efr@dunogey] meei@fﬁ@gottih]aaiolag)ceg{@%téi%ﬂﬁcaﬂﬂgfﬂdﬁ%ké ¥ a4 RngL 2 t han 100
pg/ patient in the absenge of .adj uvant’. typical reginen consists of an
i muni zat Y6 19 89€ SWetIfy On Bootivet day that a dpgsag obimmyngeen ingwenalies, such as 6
week i nt epyageSs gAReE MR 1 [EThIRNarRARSS osealh thad ol L3 | owed by
boost er inlj eéct is_(g)_ns 1, 2 g%g 12 nont hs?}ggctaer. Anot Rer %E’?‘ggédﬁ@ﬁ&%t ails an
i nj ect? onalevadmjnisiatsd A eregtes ten 19 fie/patitint mrdnavdllyeraater bmodDepg/pmjeact i ons 20
can be ONindfe ébrsérﬁ.gm‘zﬁlﬁuvgﬁt.s!Astgﬁi%allrgg}ngﬁtﬁgiég% ggp%hr%l?x{ilza%gn?gllolwe ('€ response.
For passive inmunization with an anti body, tﬁe osage ranges frbm about:
0. 0001 t 0POPST IRFLRY'S abiHe intneals surdlab § veebhtareals Amptheg regohentdoesifiost  body
vei ght . Faf imr@% @R EHoHOS Q0SS0 AE iRRctond! X&hdodY e 190E ﬂothje? my/ kg body
wei ght or within the  range of 1-10 ny/ k(1:|.. “An exenpl ary treatnment regine
entails alfginMfnERRit IR ceime v tve mopha fof lifsaoA Nasedtiselyy baosieminiactinmst h or once
every2@ t eanfhe 3R BA HeegulbMbSRABINARERIES mohMEH R of iRl r@fgﬁﬂ&' onal antibodi es

e

with different binding specificities are ar_%m ni ster
: or passive immunization with an antibody, the dosage ranges from about

0.0001 to 100 mg/kg, and more usually 0.01 to 5 mg/kg, of the host body weight. For
example dosages can be 1 mg/kg body weight or 10 mg/kg body weight or within the
range of 1-10 mg/kg. An exemplary treatment regime entails administration once per

25  every two weeks or once a month or once every 3 to 6 months. In some methods, two or
more monoclonal antibodies with different binding specificities are administered
simultaneously, in which case the dosage of each antibody administered falls within the
ranges indicated. Antibody is usually administered on multiple occasions. Intervals
between single dosages can be weekly, monthly or yearly. Intervals can also be irregular

30  asindicated by measuring blood levels of antibody to AP in the patient. In some
methods, dosage is adjusted to achieve a plasma antibody concentration of 1-1000 ug/ml
and in some methods 25 — 300 ug/ml. Alternatively, antibody can be administered as a

sustained release formulation, in which case less frequent administration is required.
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si mul t aneously, in which case the dosage of each anti body adm ni stered
falls within the ranges indicated. Antibody is usually adm nistered on
mul ti pl e occasions. Intervals between single dosages can be weekly,
monthly or yearly. Intervals can also be irregular 30 as indicated by
measuring bl ood |l evels of antibody to AD in the patient. In sone nethods,
dosage is adjusted to achieve a plasma anti body concentration of 1-1000
ug/m an / ern tlvel ant | ody can be
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nost i pical route of tgfim nistration of an i mmunogenic agent is

subcutaneous al t holi§A dIH &I FBs ERETRING THROME G4 'Pi/adé’f“?‘gﬁrf b&. The next nost
common 20paranterad, togical nihfravensGuébrar, subnptametougnmraéhﬂeﬁalt ypgrafiall Nnj ection i s nost

typl cal | Yi {?E‘Jeﬁf%fn&‘? f{ﬂlagarl]%r in: ?Llﬁ%lﬁlar ganmfIOé pr%ﬁéliarétlc&@&mtlh%})%ggz agents are

i njected di rect 0 a par PTER
accunul at fe@tmefnmﬂ@xmﬁpty@lqahpma@f admigibtrativnet tn mnnudogéniazrgasmoul ar injection

on intravgp Sif fer r m.nipgiration of antibody. In
some mat'ﬁl 3 epara%{?&%?g?{et? oggegc%u eeegu;lp efﬁdt ees are fnﬁf 8§ directly into
t he cthnigne lﬂlnﬁwrﬁeul@ﬂnmmmd%ns tppetolf oetitios isanest goivhlly srfered iashea sust ai ned

rel ease C%Q)?&'gtnlugaeg fin SRV Iﬁahocﬁya%gnts are injected directly into a particular tissue

where deposits have accumulated, for example intracranial injection. Intramuscular
injection on intraverious infusion are preferred for administration of antibody. In some
methods, particular therapeutic antibodies are injected directly into the cranium. In some
25  methods, antibodies are administered as a sustained release composition or device, such
as a Medipad™ device.
Agents of the inyention can optionally be administered in combination
with other agents that are at least partly effective in treatment of amyloidogenic disease.
In the case of Alzheimer's and Down's syndrome, in which amyloid deposits occur in the
30  brain, agents of the invention can also be administered in conjunction with other agents
that increase passage of the agents of the invention across the blood-brain barrier.
Immunogenic agents of the invention, such as peptides, are sometimes

administered in combination with an adjuvant. A variety of adjuvants can be used in
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as a Medi padTM devi ce. Agents of the invention can optionally be

adm nistered in conbination wth other agents that are at |east partly
effective in treatnment of anyl oi dogenic disease. In the case of

Al zhei nmer's and Down's syndrone, in which anyloid deposits occur in the 30
brain, agents of the invention can also be adm nistered in conjunction with
ot her agents that increase passage of the agents of the invention across

t he bl ood-brain barrier. [Inmunogenic agents of the invention, such as
pept i des combigatingyath Wﬁ“‘&‘d?ﬁchia%{\gf‘éGll?lh%wnﬁmsp@me-mﬂlﬁfﬂr&ﬁ adj uvant. A
variety Qéju%é%‘ﬁ@&%ﬁtﬁcﬁﬂtﬁlﬂﬁc%%séi?»an?iﬁmﬁﬂggyn%fhbﬁrkaﬂiﬁg" a peptide, such as
AR, to eli'cit an’inmune response. Preferred adjuvants ;augnent the

i ntrinsi éonfespayaga changesin thenmmogeasn Wiat Adest theaudintye forondfokarasnonseal changes
in the i : ; j ' onse.

Prefer regmg | U\eflgjrlll?gﬁgl ﬁ?ﬁ%ﬁag&%?\%hgg?ﬁk%%%élﬁlakggw&géﬁhh{eﬁ%nggn%%hosphat e, 3
De- O § aegplaedronphophorsplirid $I(MALDT Ns¢e GCRRRANY 1 (RIBéIraBuasCleml 1l ( RI B

| mmunoCh e : i -ARag,: L0t Corixa).

Sti mul oni?%e&ﬁﬁgﬁé‘?}ggne{h&?%?ém; g]e“hg”q’gf‘%ggf’%@ (S)trlﬁgl\g%gﬂd?% 2?250 ated fromthe
bark of thiterpend glycepide Sogopanin iselatkd fromehe barkef the Qnidlajafagmatin Matiea i ca (see

Kensil e i cLCl Q0 . [ ) kv ant proach (eds.
Povel | & Reuua I SsBLEnARa (38 KR <1 i YU DAR, 1AREIARLA

5, 057, 54@jupad fippreat ¢Rh &pwelbé iNevazdnsPlefyma Rieng haint 9M)) US@afeerNadj uvant s are
oi | i ' [ I i.onally in
combi'at Pon DI e aar e ARl R i 1R SR el o8RBT WY s

St out e etwatgr emulsiongsydh, as Jqualvpelor B3yt ol -ogtonalld B Pinpinaprowitleimmaeheuvant i s
CpG ( WO, VAT RVE c d, t Lhuvant .
However, s@rﬁéﬁﬁ%%ﬁ%ﬁ ?S%&gg%g#ﬂgyﬁg 'dsﬁggsgf gﬁ)t[] tlcaF?Jngﬁléﬁ'g‘]é eﬁ’eﬁgbgﬁlgymti on of
15 A(3 sdé19I))t dnathtradjuvarties O (MO 23/40196). | Atamma velp b emoetchgiato. Adj uvant s
can be adm_ nj r S a.o ne f erapeutic co siti.on wth an
cetive adneBbaheiENRs. AofRRRneRbug ol b NN ART e B EBREE Pt 1y i ¢ .
or afiber Afdwianisiifeatthomot of theimmiveragenie tterageAtjuvétptaafber r ed ‘cl ass of

adj uvant Sadi 1Snis?|rtl:'l ":-Lsréxl%:rc];I Sc")a‘nle'gltsof(a% lf”pe ticscl:'ICh od 1or?‘|wH£n-arpucrtnv 29 hydr Ogi de,

al uni nuM PROSPRAL 8, BB AU S T At e CoBRORTIAMIY ARV 25 b GR8Y with or

wi t hout etheistegbepiratelyi rafarn@stdumahtit witly cagfem hdminisohtiasofMRL or 3- DIVP,

G- 21, polyiehil, QL mononmeric ami no acids such as polyglutam c acid or

pol yl ysi ne. "Anotfer class of adjuvants is oil-in-water emnulsion

formul ati ons. SuchA adffargdpless of adjuyraisis eldmiurhsaltpaium)t svolits Aommumspeci fi ¢

i nmingst 'h%po%hé,%naglﬁxqb§os§ﬁé?é1 al@rhid T g)’i@ﬂe. REAL Jdﬂﬁémtg ga‘ng)'e’usm with or -

without other specific immunostimulating agents such as MPL or 3-DMP, QS-21,

polymeric or monomeric amino acids such as polyglutamic acid or polylysine. Another
class of adjuvants is oil-in-water emulsion formulations. Such adjuvants can be used with
or without other specific immunostimulating agents such as muramyl peptides (e.g., N-

25 acetyimuramyl-L-threonyl-D-isoglutamine (thr-MDP),-N-acetyl-normuramyl-L-alanyl-D-
isoglutamine (nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(1'-
2'dipalmitoyl-sn-glycero-B-hydroxyphosphory]oxy)—éthylamine (MTP-PE), N-
acetylglucsaminyl-N-acetylmuramyl-L-Al-D-isoglu-L-Ala-dipalmitoxy propylamide
(DTP-DPP) theramideTM), or other bacterial cell wall components. Oil-in-water

30  emulsions include (a) MF59 (WO 90/14837), containing 5% Squalene, 0.5% Tween 80,
and 0.5% Span 85 (optionally containing various amounfs of MTP-PE) formulated into
submicron particles using a microfluidizer such as Model 110Y microﬂuidizer

(Microfluidics, Newton MA), (b) SAF, containing 10% Squalene, 0.4% Tween 80, 5%
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25 acetyl nuranyl - L-t hreonyl - D-i sogl utam ne (thr-NDP),

N- acetyl - nor nur anyl - L- al anyl - D- i sogl ut am ne (nor-MNDP),

N-acetyl muranyl - L-al anyl - D-i sogl ut am nyl - L- al ani ne-2-(1' -

2' di pal m t oyl - sn-gl ycer o- 3- hydr oxyphosphor yl oxy) - et hyl am ne (MIP-PE), N
acetyl gl ucsam nyl - N-acetyl nuranyl - L- Al - D-i sogl u-L- Al a-di pal m t oxy

propyl am de (DTP-DPP) theram deTM, or other bacterial cell wall

COMPONENuror-bivkRd Patl S B2 1S -0, btk S0 i@k MR, { W04 4837) ,
cont ai ni ng 5% Squal ene, 0.5% Tween 80, and 0.5% Span 85 (optionally

cont ai ni AGUSRACHVeteXerIQRERCTYE afArger pRYiclesizmgmatsina, et () RbifYmiliovash particl es

using a @ e 1 1.cr of I5di di oM crof | ui dics,

New o &S@“ﬁ%‘i"%ﬂ@“ﬁ RGO g ke, WIS Mk o) Sifhe gg¥ 000 ¢

pl ur oni ¢ IWeerck andyerieprrmord Hapterialnel wak colypentsifiorethe graspebisistiog efed i nto a

subm gro I QU Y jcle size

el 1 on RSP Rp AR AR etehole AERENAL Py B R RAE LB

Hami | t on(CWS), pederatdly MBigt 2% SReadENe Ar0tR06lashw pref@fed adjudaranie or nore

bacterial cell wall conpopent he gro consistipng of 5 .

monophos IR Grte SRTRReFm:pet QIS At EBrarar M o diiciee | vl |

skel et on gedefatdd) therpfi@h Buchhk JSOGMs tinflholtalianEMpmpRReH Bed cl ass of preferred

A nn st N R bl el el e el SR 50 oo

(i mr}IOOSHﬂcﬂmb&gd mgmg@maj@mq)m))nd)mdésml Tﬁhé(u?ﬁyhm%nea,cﬁugv@n; 3 i ncl ud?I A

Compl ete. Freund' s Adj uyan and 10 I nco te Freund's J uvant .

O her adj”ﬁ?f%ﬁ?‘ Sﬁh'cll' h‘d% aBél"t()%Z: gacrophpeg colgny ?r{{’i)’f g dratordM 8. 1L-2, a nd

| L-12), omedrophiagefacol @MNF)Stinmul ating factor (M CSF), tunor necrosis

factor (TNF). An gﬂ_i uyvant ca_rgg?@?adm nistered with an i nogen as a single
|

conposition, or cdn FEVARAA RE G EAn IPEHPGRTEE SWEth or after

admi ni st eahpaiioaf orichiebe aiministered dgRFe, coitiMERG6A od Beradiniiiantiotémhde packaged
and gyppl.i ed in the sane vial, 'or ca,Qr}: n%?ed in.separate vials and

i xo3® borBr i, T RRGAN oA B L BRI R GHERHESE i th 2
| a_bel I ndarCladt panipediid sepred died ahdilﬁﬁ)a:ﬂ%foi-dtusapphxi'xﬁraigiepﬂnd ddﬁuvgﬂnrﬁfwnogen and
o ot PR TR IR Bt DRI R, 10U,
carrier drepengsnanl Apvhitersaakiged sapantelyt, e patkugingggricatly fimluded at i on
Che. of f1 aaplEne e AR verdrded CHheoBlee BRI Ao Brptn R di ana, i
humad§, shestedilinpcibe innmbhogenic daptuddiibe cadjivivatite aigivanght fuate dias been
appr OVed o @it a1 UBRALsch Oluld I ALt SAh Rb ¥ RY SRR bOSP reoul atory
vaccinated, and, in humans, a pharmaceutically acceptable adjuvant is one that has been
approved or is approvable for human administration by pertinent regulatory bodies. For
- example, Complete Freund's adjuvant is not suitable for human administration. Alum,
25  MPL and QS-21 are preferred. Optionally, two or more different adjuvants can be used
simultaneously. Preferred combinations include alum with MPL, alum with QS-21, MPL
with QS-21, and alum, QS-21 and MPL together. Also, Incomplete Freund's adjuvant can
be used (Chang et al., Advanced Drug Delivery Reviews 32, 173-186 (1998)), optionally
in combination with any of alum, QS-21, and MPL and all combinations thereof.
30 Agents of the invention are often administered as pharmaceutical
compositions comprising an active therapeutic agent, i.e., and a variety -6f other
pharmaceutically acceptable components. See Remington's Pharmaceutical Science (15th |

ed., Mack Publishing Company, Easton, Pennsylvania, 1980). The preferred form
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exanpl e, Conplete Freund' s adjuvant is not suitable for h_uman
admnistration. Alum 25 MPL and QS 21 are preferred. Optionally, two or
nore different adjuvants can be used sinultaneously. Preferred

combi nations include alumwi th MPL, alumwith 521, MPL with 521, and
alum Q521 and MPL together. Also, Inconplete Freund' s adjuvant can be
used (Chang et al., Advanced Drug Delivery Reviews 32, d173- 186d(1|9|98)),

opti onal | j i Jy 1 f al -21, .an and a

cgnbi nat i%ﬁ%ﬂdg ﬂrg{r%eo t%%%%s&%%m%pytfaﬁgn%ﬁ#@%? ouﬁlcaaPpehC%tfotng/%%dm nistered as
phar mac eoimpaditions gapalsa intlodss demenging en lthg faxm%toh\dgslixtemmarmumifalaggnt , i.e.,
and a varj f_other r i ept abl.e .conponents. , See

Rem ngt onzfcgetp bfa%frﬁcglctgﬁf ic?:%?g g?l g‘%gIeS ‘?}%g{l %r%%ﬁ? Sé’ﬁmﬁﬁsoﬁ%olnﬁgu SE%npa_ny,
Easton, Refwmsylateqphpanacd@Ra)comphsetiqns ééremimed of buman éthidepdodsTien t he i nt ended
node af LN ' t utd c. appl.i.catd n."&he. Cc osj tions can
al so ?nclanﬂlg}éd,? lg?i%%gttﬁ%?ﬁ%sal{égmtaﬁ&ﬁ%sbﬁéﬁoﬁfgo%"c’fé's?flrtge 0 H’é‘f"%%ﬁ%’l"?lfél ly- :
accept abladf sushailu¢rtxare distlledi veats, ghysidiogicehtl®sphatei lnlfferd ealthef Ringsts as ?/e hi c Ihes
comonl y fornmul.ate plgr]rmc tical gcaonpositions for animl or human
adni ni st rsgﬁllﬁgrhs.’ 8%89%5%u?%’j§ﬁ? P 5E ugl(‘:)f1 ‘e§1 %d‘g“g’g’ %Bf’haf’Bacﬁ'f’tf%kt t he

bi ol ogi caompedition dryorofulatine magalsd iratude nthefoaatps, @djuvats, siudhtodic) uent s are
distille .physi ol oai cal .phosphat.e-byffered saline, R nger's

sol ut | oniowﬁ%rg eru(t)lg’e%%rfrﬁ O, %%Ddl?ﬁgsnaﬁm?’eg ®ution. In addition, the

phar niflceut i caPharmerguisil toroppsoion$ canralsb dhdlwie 1amy, skiwspmetabdlizede ot her carr ider f] :
adj uvant rnontoxi ¢, —nontherapeut i noni munogeni ¢ stabjlizers and the
| i Jke. 10 Cga%)rmr?é%:g%ts pealr 8%’%11)“5’5? %IYS(%%%M&%;% S%fﬁ‘&&%%?‘gag'y a&?c_gaéfdls’sl ow y

met abol i zelyelycelorasivis hed cipelymetsabuchss faradt fenhdisnal ped ;egmc&aal{mxie@r&(u,ch ﬁs

chi t osan, I | C.ACI .pol ygl yv.col i ¢ acids and copalyners (such as

| at ex fuﬁ%?@%%a%?%eg@gﬁﬁ%éggﬁ%}?,ag‘gaé“f“é%"e?c‘“d %"é’?ﬁ’ﬁ’fsﬁsﬁg‘g‘éﬁ‘d the like),

pol yner i @ggmiates (schds il diwplets oabipasomey) olAddiiosallyathesel cpiets caafigetgat es (such

as oiys drople s@&ullaii%%ﬁﬁgﬁ%ﬁ:, a@ggﬁimgsbonal ly, these carriers ca’p function 15

as i1 nmunosti nmulating juvants). For parenteral o
adm ni stration, agémtpsreofral frkninisraion] agents afithb énvadtivnrtias besdadnistakdi nj ect abl e

dosages : ' L : i i N. hysi ol ogi cal |y
accopt ablie. T ERie obas £fe SHEBE B4 GRAbn b1 SOBMATEEphlihbaldh o oF! fe
liquid setsrileddnent withja|pgarmgeduiiead cargjer/thetragh be ostewlt HawidkuchAdditer onal |y,
auxi | i ary; S i . ifyi )

U f a0 BTt T ng nl AYBbY, iy S Re, AR RS
conpddi t i€ E*‘F;.' ReAntse SHenentrd bifegnapubaenss pedithe bkenqao bk piesmsinar e t hose of

pet r ol eurbmpaitioi®! OtEARIRRLRs of PharhBEEL1 6 mBEdiHnd are ise %mleﬁh, peanut
oil, soybean oil, and m neral B ) _
animal, vegetable, or synthetic origin, for example, peanut oil, soybean oil, and mineral

oil. In general, glycols such as propylene glycol or polyethylene glycol are preferred -
liquid carriers, particularly for injectable solutions. Antibodies can be administered in the
25  form of a depot injection or implant preparation Which' can be formulated in such a
manner as to permit a sustained release of the active ingredient. An exemplary
composition comprises monoclonal antibody at 5 mg/mL, formulated in aqueous buffer
consisting of 50 mM L-histidine, 150 mM NaCl, adjusted to pH 6.0 with HCI.
Typically, compositions are prepared as injectables, either as liquid
30  solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid
vehicles prior to injection can also be prepared. The preparation also can be emulsified or
encapsulated in liposomes or micro particles such as polylactide, polyglycolide, or
copolymer for enhanced adjuvant effect, as discussed above (see Langer, Science 249,

1527 (1990) and Hanes, Advanced Drug Delivery Reviews 28, 97-119 (1997). The agents
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oil. In general, glycols such as propyl ene glycol or polyethylene glycol
are preferred liquid carriers, particularly for injectable solutions.

Ant i bodi es can be admnistered in the 25 form of a depot injection or

i npl ant preparation which can be fornulated in such a manner as to permt
a sustained release of the active ingredient. An exenplary conposition
conpri ses nonocl onaI anti body at 5 ng/nlL, fornulated i n aqueous buffer
consistin 50 hi sti.di ne justed. to pH 6.0 with HO .
Typi cal | y‘?mm BoLe |C%“n%° %ﬁlpgnlf}?rg‘%é{‘r‘gﬁfoa@ ‘il}lagé%ctta‘BFCé‘Q“ OpIMAYRt as liquid 30
sol uti onsprqramusp/erchlcmnlsa fosolated fnGuesa ﬁaumrteaw@ﬁeﬁﬁusalst&dealarl n, or

suspen5|on hicle ior to injection can al so be prepared.
The prepaP Istaﬂ(b)ﬁele sopﬂé%lﬁcez éﬁ%l E{fi ed or encapsulated in |iposones or

mcro particles suAbdxasnap)ﬂirmhlaﬁdnsdeuabpﬂ‘oy@hyxﬁﬁécieéefadﬁﬁms@@i@ﬂhﬂ(:m'& for
enhancsed %21] uvant eff.ec as .di scussed above &rLan ger. Science 249,

1527 (19953 B ehfed P Bilkippay S 98- EiéWPP%W 887 irarsderol apphicatipos. (1997) .
The agents 41 of tmrSupmmesmdemn@earaemmlmteefoe&mlé bsiydiRyigeof a depot
i njection orl n&@? Jorepgratl on .whi cg gq Eg formul ated 1 n such a manner
as to perfPSE" FEYCETdrSyUSP sUPBRAIQHES R bf Mrmsd Boprmixhiessertpipimgithyr edi ent .
Addi t i Onaalctnfenhg‘t’ddhaﬁtluﬁ)ﬁls ranigk bBhb® t§ 00% qiraefabmd/eawfoﬁﬂmrﬂmawnét' on include
5 oral, i.n nas.al %éé)u hrmna%}}/jl f.or mul aﬁtl ons, ggom tories, and
transder rfﬁ‘f“ 66?’?‘83‘?158 s Phemgacelisy) §Ede Dol reannitg) H’d % S Wagneriams i ncl ude,
for ebOarrpkee:atqoﬁﬂdyta:h kxtlenie, gl:-l}dﬁ&ksanﬁrmatgﬁésghﬁ’@ﬁﬁdxﬁﬁzs ThedGBmpURRGSi tori es can
active ingredient in the range of

be forned fr ures containin
0.5%to 1 “(‘)eg" f ?tyni@“?@”s‘ﬁgfbtl?%rpﬂ{ﬂ APFHeSs SUSiainer diddessexci pi ent s, such
as phar ndomuildtioas orgj’oa/das afd commimi d°/093%|o&1§&tﬁ/%¢ngr&iléiﬁ Cﬂﬂefer@ﬁg N&s- 1% 10
stearate, sodium sac C@arl ne,. cel | and gnem um car bonat e. These

B )

conpositions take Y& RGP © H‘Bl’f@ns § hafrgdeEmalideyesy.s, pill s,

capsul es Toplesitadmiesiratioh emse facﬂl()ﬁtﬂiub)a&d msin@frazmvw@fesag@«ndwm%@}an 10% 95% of
actlv [ redl application can-result in

ref.erabl 5% 70% pi cal
trans. ey “%‘E‘?@&éﬂ’hﬁéﬂve o‘}/élsﬁ1 Vgereer%%.%*&r SigRly pactsriakiexian(Sean be
facili tat@mntryab,dxlcaﬂaﬂm sst alt99$))m Ob-adhiistgedt cawibk Belsd@l 84 asinglfret OXi N OF
det oxi fi n t her eof. ar her sim|l acteri al
t oXi ns (% 9@%@%%25%& orﬁafngrée 51”?3%2’%"(6%@5?}'5"“”@?‘ alh‘iﬁl‘r’ﬂgs"crr ation can be
achi eved ebyeumnragatﬂts@n p@@mponent S as a mxture or as I | nked nmol ecul es

obtai ned by chem Cﬁllt Jtl{?/t??ltlxdﬂgdeprgal%ehve aneoSSII%QVC dlSlagiarSi ! %Q@pl’ otei n.

Al ternatively, trans er ma e achi eve K n path or
20 ugOng using reiséaroomeeapiRaal., far. Jaymmw’aurzs F2124(1996);.CeRBbet aB521- 24 (1 1995) ;

Ceve et &Hipchem. Biophys. Acta 1368,201-15 (1998)).

VI Methods of Diagnosis
The invention prov1des methods of detectmg an immune response against
25 AP peptide in a patient suffering from or susceptible to Alzheimer's disease. The
methods are particularly useful for monitoring a course of treatment being administered to
a patient. The methods can be used to monitor both therapeutic treatment on
symptomatic patients and prophylactic treatment on asymptomatic patients. The methods
are useful for monitoring both active immunization (e.g., antibody produced in response
- 30 to administration of immunogen) and passive immunization (e.g., measuring level of

administered antibody).
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Bi ochem Bi ophys. Acta 1368, 201-15 (1998)). VI. Methods of Diagnosis The
i nvention provides nethods of detecting an i mmune response against 25 AR
peptide in a patient suffering fromor susceptible to Al zhei ner's di sease.
The methods are particularly useful for nmonitoring a course of treatnent
being adm ni stered to a patient. The nmethods can be used to nonitor both
therapeutic treatnent on synptonatic patients and prophyl actic treatnent
on asynptomatic patients. The nethods are useful for nonitoring both
active i muni Zstivolnmenigation ant i body produced in response 30 to

admi ni stration of SHUAGHSIcrAAcRASH NS bIIMALZRL bOM ihfinle regfBESUI | NO

| evel of adm nistered anti body 1.7 Active | muni zation ne net hods
entai | depematit befors 2Bmidsigring adarage obfgenh andienmraring thyorithea value far pat i ent

before adgi mwreagns@ 2SR @gﬁﬂfﬁcaﬁ'?&rfag’ ar H&Q{e?ﬂﬁﬂﬁé‘};fpﬂa? val ue for

the i nmune response after treat ment I NCrease ., greater
t han the MEFgineAExBrimgntgl aopin @R%emwmnwmfﬂwﬁamnsmmaxprmmﬂement s of

the same GaWMh&rd @&Fﬁeﬁg@ tﬁimc%sﬁ&%gﬁmeE\ﬁ ﬂkm J&QM@% mean of such

measurenents) in va I mmune  response si g ive treatnent
out come (fiespense signals apdsiiive teeiainzgnt owtcapfie tlheﬂaga;hmmhmslonaéﬁm egmdhasr augnent ed

an lmmneacﬁe%w%sg entdd ah REmURL KEpdndd). eﬂ‘qu Jf%ﬂ%) nscﬂgésn ghange

significantly, decreases, a negati'v I's indicated. In
general , Cb@l%étgne“mlmm@eﬂenga rzi:gatlvmtlteafaicntm 1ofndtcate®.t Imegaveralj t h an

i mn@eygﬁﬁgﬁ%ﬁ{n | ?ﬁ@ﬁ%&ﬁ'gccg ?[5]19\6& es 2 lﬁ"%g?nlp age%ne r esponse W t h

successi sages, wh event ua reac eau m ni stration of
agent i s feeraddb sRoveaminérese éh inkiing rt$enselwnmne:esse@pbmges mdiichncr easi ng.

Att ai nﬁergvcﬂﬁalfyr}gac%saatﬁﬁyau' A m'st'?egf ﬁ%&”gé {@gEnem@ cox‘?tgi eé‘ Lvlsntleetrfxed of

treat nent can be di sconti nued or uce re uency. 15 In
ot her netifvH®e rePYEhisirreagiap uéngupmem Ofaherréaiwuandl lstilamdtahd thtew atl on) of

i mune r esRRNSErek éf&%tn%mmq dfs‘&fxntﬁmg@&tJe@tlcecp%%k%gopﬂe%;g& cally the

individuals in the control at1 on have not cel ve ior treatment.
Measubed val ues of Iﬁmﬁ@lhoﬂegﬁem@ vilye 4. epathn?thtMardajdwammebml ng a

t her apeut,h&@g%ago@éedkeemn&pﬁpee&qrowmléxnﬁ Typﬁ&'ﬂ%’ bRl indfGllSs inhS1 NI 1 cant
increase relative to the control .val ue 3\4 greater than one 20 st andard
§ap

devi at | orFOf“F‘?JrﬂoPﬂet“’ﬁ‘é‘é}‘F)“%F‘ijﬁ‘é(F%P%Pfﬁ‘éé'iﬂteP\/ wad Hves cburwire. A | ack of

signi fi C&E‘ipohs!&cxﬁ@ SRnOLfiePaIRAIRAIL a HeBPRUIR a@eﬂ%én%%m&aﬁx@@%ﬁ%c out cone.
Adm ni stratign agent is generally continued while the inmune response

i's incie ;fQPfﬁ%] V'a]élF aﬁs*g@xf}c&ntthxféease relative to the control value (e.g., greater than one
20  standard deviation from the mean) signals a positive treatment outcome. A lack of

significant increase or a decrease signals a negative treatment outcome. Administration
of agent is generally continued while the immune response is increasing relative to the |
control value. As before, attainment of a plateau relative to control values in an indicator
that the administration of treatment can be discontinued or reduced in dosage or

25  frequency. -

In other methods, a control value of immune response (e.g., a mean and
standard deviation) is determined from a control population of individuals who have
undergone treatment with a therapeutic agent and whose immune responses have
plateaued in response to treatment. Measured.values of immune response in a patient are

30 compared with the control value. If the measured level in a patient is not significantly
different (e.g., more than one standard deviation) from the control value, treatment can be
discontinued. If the level in a patient is significantly below the control value, continued

administration of agent is warranted. If the level in the patient persists below the control
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control value. As before, attainnent of a plateau relative to contro
values in an indicator that the admnistration of treatnent can be

di sconti nued or reduced in dosage or 25 frequency. In other nethods, a
control value of immune response (e.g., a nean and standard deviation) is
determ ned froma control popul ation of individuals who have undergone
treatnent with a therapeutic agent and whose i mmune responses have

pl at eaued in response to treatnent. Measured val ues of inmune response in a
patient afRFesBeRHiFRFdn IFRIRIREIMEofet exsmpleanssof ajdiffarens adiwwasumexibd evel in a
patient iigdiotd.significantly different (e.g., nore than one standard
deviation) fromthe control value, treatnent can be discontinued. If the
level in a patient H¥hesgiiofs. @ @RIy whe kst preeenty Frepigingveshioent keont i nued

adm ni St riak wdkr@he 2ERAbu SuWRLE BReht id hodifdfed BYftmidd L6 R} | €Nt persists
bel ow the control 43 value, then a change in treatnent ‘regine, for

exanplle, qFEmEe Wheleraraamtion af tepaRent ipggaued. Thneasieed valpmofimmeme net hods, a

patient Wagohs iRt pRle8B@AE ¥omhBaed %itl'i‘gvsm@@fti%e%Lonspgl%vfdng?r gone a
previ ous course of treatment is nonitored for 1 nmune response to 5

det er mi ne"‘cb\iﬁ‘éetdﬁ’éﬂleaa‘feéﬁfﬁﬁf‘ PE?H?OGF cqureed rerments 4 sgpifieaatidecaes neasur ed val ue
of | MMUNGelafi RSP RFRvidAs RS uRAMneAk | %ﬁ&e%m@?@@?:raﬁgargnt& eﬁorviﬂlrelbg%t()f | mmine

response previously achieved in the patient ter previ ous urse of
t r eat mentMeagiremeg ¢fitkeame guerie)ds an indispiian thas treatmentecap bevésemed. neasur enent

(i.e.10 graphekiviiam AldeyRiaaatd M8 ftitht @n & Jog{#g}eﬁ “Iit%l%ec%hrol%% urements of

the sane sanple) is an indication that treatnent can be resuned. 10
Al t er nat i PEryPIuE ¥rnderd dendatipb daieratinddrin a ppritdtion of patisntsefieomgereedz ai th a
control \3hid€of feaBih:. RitsnaBlAPARL chﬁ%&%wma ]gat?itsr?tkg}l Behr il JpRPUl ation of

patients after undergoing a course of treatnent. ternatively, the
nmeasur ed AFRNER Velye i RonylpEans of repivdactieatiydreaigd mptients véhogemeindiee &l ue i n

popul at i apsp@fnsBf GRAN, 8GIpGRlibNs iRl esiRRt ﬁ&@dﬁza\é‘%ﬁs{ f&//ﬁgyou/ free of

synpt %ms of di sease, or popul ations of therapeutl ce treated patients who
show 125 &msliPaiiongf dricass chifrasieaisiecsc Amalhef thase sa5e @ significaitidegtast hese cases, a

si gni fi cakti@es heastrol 10413Ld MBork T8 16808 BOialo8Y . lan (ddiGror 1fEPr € than a
st andard devi atsgg‘ﬂébl s an j.ndicator that treatnent should be resuned in a

pati ent . UFREPS ST IR BPAURRE| ysis i s typically blood, plasma, serum

nmucous or cer ebr oBRitiBGk sdrhple Gorlah QRIS Ve pRANY BRbd, pldigaSRARL, endcSusanal yzed for
i ndi cation _of an. 201 nehres.gonj% to any formaf AR peptide, typically
A(342. Tﬁécﬁr?mffﬁg’alr%‘g%gé RN d "y T Arady e &enindieatior eS¥nce of, e. g,

ant i R0di éamane respofielts adyh@im SPAB ipkpted) thyicdlyMB 420 The immune response can
be determined from the presence of, e.g., “antibodies or T-cells that specifically bind to
AP peptide. ELISA methods of detecting antibodies specific to AP are described in the
Examples section. Methods of detecting reactive T-cells have been described above (see
Definitions). In some methods, the immune response is determined using a clearing

25  assay, such as described in Section III above. In such fnethods, a tissue sample from a

patient being tested is contacted with amyloid deposits (e.g., from a PDAPP mouse) and
phagocytic cells bearing Fc receptors. Subsequent clearing of the amyloid deposit is then
monitored. The existence and extent of clearing response provides an indication of the
existence and level of antibodies effective to clear A in the tissue.sample of the patient

30  under test.
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A(3 peptide. ELISA nethods of detecting antibodies specific to A(3 are
described in the Exanples section. Methods of detecting reactive T-cells
- have been described above (see Definitions). In sone nethods, the inmune
response is determned using a clearing 25 assay, such as described in
Section Il above. In such nethods, a tissue sanple froma patient being
tested is contacted with anyl oid deposits (e.g., froma PDAPP nouse) and
phagocytic cells bearing Fc receptors. Subsequent clearing of the anyloid
deposit i3 themssivomirh@iieton The exi stence and extent of clearing response

provi des an indica |on 0 ﬁhe SXIS ence_and | evel of antibodies effective
to clear A(3 in the® B EHRLANSHAGSAREHIOr INSitpHRS RAsEve igpnysizaiaen aresimilang 2.

Passi ve | forthise Z@tm@iitotifly gEReinthuniZalien BECEBAULE %, fIRIweIRNIRE Qhityady PasSi ve
i mruni zat | Oﬁlﬁéﬁo simlar .to those for _nonitoring active i m*rum zation

descri bedP3 WipgRRsEYe immpunization ypiEly shotsian émmedinte Reakgn pritbeilx e

i muni zat wmnemmmﬁnbwecsw&xgéhehmmgha@t qViBRakKa fuRth@Hob30dNe RcmPNCENt ration
fol | oned @I}/ nentl aﬁévgqecay Wthout a further dosage, the decay

appr oache witlip & Reripd:pf days téwoéfhsééafﬁdlﬂbowﬁﬁlﬁ§ dependi ng

on the halufeoftmh&n&ﬁﬁhﬁ@i&&&%k@ﬂiﬂ%@Bﬁfﬁﬂ: fFQrBe RIRhEndde shal f-1ife
of sone hﬁtgg%ﬂantl %gl es is of the order of 20 days. In sone met hods, a

basel i ne ®fS-antibody to ARin the patient 10 is made bef or e

admini stration, a $@§dﬂ%&%%@a@§ﬂ%xﬂe§sﬂ&ﬂ&t%@%b& & fif Ble phflen dEL €7 M ne
t he peak anti bod | evel , and one or nore further ments are nmade at

i nt er V4l sistsderbefp F@Fimﬁé%’éf}mbﬁ senend @e@}drqr@mélssnadm tludn@ftbmel of anti body
has decl lmamn&th@@a@hm%dpreva ﬁﬁ%ﬁ@&%me%%epﬁ{e %?eq{%fap %}J‘%t peak | ess

baseline (e.g 50% % or 10% , dmnistration o er dosage of
anti body ’i“ée“ﬁ&rﬁ’ mogttgrcgaay qfﬁn‘%ﬁﬂéleﬁéé h®gsn tfwéakzl @frantlEbdsdnbs@umdtto measur ed

| evel s | essSelb@okapRUAeBR& pfé&@?ﬂﬁé&gﬂw Pellk 161 B ANE 9 L ¥R §5°/Pc¥r 16*/@“5' y

determ ned to constitute a beneficial ropﬁy act |c% era euti ¢ treat ment
regi me i nP9gtiMgration of & firther 4%8%Hém@a@uwéémmt¢r%dy Stbrevmlﬂthp@ pdagrfi cantly

| ess 1hansuBseqhid e 18Rk ss bSokBround ﬁ%%oxtnpﬁrgd LR drRan. m,oys one standard
devi ation Ofﬁ‘ﬁre reference value in population of pat1entsS benefiting from

t r eat ment FOULHIAT ST SheoafitilR 2 Renrsfieiabrraphylastic Gb‘é‘@[@@%? tregymebody i S
i ndi cat edregige 1Dbﬁh§rl’}ﬁ$iémt§ IiHeSnehbiRed AV 86y 1@&1i§)sli§n|i}?cfamgﬂ@§é'tl¢aﬂ% di agnostic

kits for rQgerfor{n r]g gl agnosti c, nmet hods describ bove. Typically,
such kit sTSEEFRFSRITHE An8: E an e mean minus one standard deviation of the reference
value in population of patients benefiting from treatment) administration of an additional

20  dosage of antibody is indicated.

3. Diagnostic Kits
The invention further provides diagnostic kits for performing the
diagnostic methods described above. Typically, such kits contain an agent that
25  specifically binds to antibodies to AB. The kit can also include a label. For detection of
antibodies to AB, the label is typically in the form of labelled anti-idiotypic antibodies.

. For detection of antibodies, the agent can be supplied prebound to a solid phase, such as
to the wells of a microtiter dish. Kits also typically contain labeling providing directions
for use of the kit. The labeling may also include a chart or other correspondence regime

30  correlating levels of measured label with levels of antibodies to AB. The term labeling

‘refers to any written or recorded material that is attached to, or otherwise accompanies a

kit at any time during its manufacture, transport, sale or use. For example, the term

labeling encompasses advertising leaflets and brochures, packaging materials,
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25 specifically binds to antibodies to Af3. The kit can also include a

| abel . For detection of antibodies to AP, the label is typically in the
formof |abelled anti-idiotypic antibodies. For detection of antibodies,
t he agent can be supplied prebound to a solid phase, such as to the wells
of a mcrotiter dish. Kits also typically contain |abeling providing
directions for use of the kit. The labeling nmay also include a chart or
ot her correspondence regine 30 correlating |evels of neasured | abel with
| evel s ofinAREHMGHUAS of Bidpg ¢asseltpe coapyien ditss|as gl ap sritpgimmingady written or
recorded grRt@rdiditst hat is attached to, or otherw se acconpanies a kit at
any tinme during its manufacture, transport, sale or use. For exanple, the
term |abeling enchifjasssen dsprrpyides diggroatipthiis for pgHemBRimivees, packagi ng
mat eri al o f ' ' v - 4 i scs, as
wel | as \‘jivl’rrl Félﬁ%géﬁ%%ﬁ? %gﬁyc ?{régic% @Elgﬁd)&ﬁ {?déﬁg?@%g%f, l‘r?@gr?? ggph&gﬁgéag provi des
di agndst ivathin tesidfiesr] - 1e Praderablnghé antibpdypis labeted org seSuddry kibeking igmicoal | y

o aues rTRUERE T BB 2k BRI bl & BARAbaRAY) | 'aber i ng

reagent ivivdimggingestay.n the kit. Preferably, the kit is labelled with
instructions for performng an in vivo imging assay. VII. In Vivo | nmagi ng
10 The invention provides nethods of in vivo inmaging amyloid deposits in a
pati ent. Buch et ledmgar e useful to di agnose or confirm di agnosis of

Al zhejyrer' s di seagg,. Of..SU ibility. thereto. . For exanple, .t he nethods
can Slé) used on a pgk%l’lg‘%tm]gnpgréglg%ﬁr??\%o%otfﬁ" hpteie 287 E’b“:%ﬂ?"ilsé’?alf t he
pati ent paserabSerhmedthcdyc osafulde pragndss or cdnifien diageospailf iAdriieimes's | | kel y

suf fering: AN T i . The,_met hods_can also be. 15 used on
asynpt orrgltléleé%:r:%tl e%ﬁ!sb.ﬁﬁ%’ﬁ Egegohc%g)?‘g?ama{b%g}#enrﬁ%tpﬁ'ﬁ%%%usse%?"% Ei|e8t| d i ndi cat es
suscept i pir¢sentingtvothfsynptoens of deptentiat Ifchapasiesdes abhhenaremplodbdepositsal so usef ul
for nonitQri qJ eSS r.response to, treatnent in

pat i ont s R S EARS, RO, A e PR e bR AEPAES sese. The
met hods weedontagymplainaiispagenitn Pregncecfgdnirmabdephsiaef anglbkidddicatéshat  bi nds 20

Lo fD 10 hhguRdhl ot AERC ARERE! OGN, REAPEo: LoniBiTOOUNd.

Preferred anti bodi es eposits In a patien Ut 2pi ndi ng to
ful | | engissassPPogRsbgpasdr arsponap tq tratinens ithpatignts yhe bavabeeppredpesiof A13 within

anm no aciflgndsed Vi@ Resdt gtaLly preferred. In sone nmethods, the antibody
binds to an epitope within am no acids 7-10 of AD. Such anti bodi es

typical ly bind witResupethefdwernly adnyuisistinge reagens sechras agtibodsdeabiands | n
20 - to AP to the patient, and then detecting the agent after it has'bound. Preferred antibodies
bind to AP deposits in a patient without binding to full length APP polypeptide.
Antibodies binding to an epitope of AB within amino acids 1-10 are particularly
preferred.- In some methods, the antibody binds to an epitope within amino acids 7-10 of
AB. Such antibodies typically bind without inducing a substantial clearing response. In
25 other methods, the antibody binds to an epitope within amino acids 1-7 of AB. Such
antibodies typically bind and induce a clearing response to Ap. However, the clearing
response can be avoided by using antibody fragments lacking a full length constant
. region, such as Fabs. In some methods, the same antibody can serve as both a treatment
and diagnostic reagent. In general, antibodies binding to epitopes C-terminal of residue
30 10 of ABdo not show as strong signal as antibodies binding to epitopes within residues 1-
10, presumably because the C-terminal epitopes are inaccessible in amyloid deposits.

Accordingly, such antibodies are less preferred.
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.25 other methods, the antibody binds to an epitope within amno acids 1-7
of A Such antibodies typically bind and induce a clearing response to A
However, the clearing response can be avoi ded by using antibody fragnments
| acking a full length constant region, such as Fabs. In sone nethods, the
sanme anti body can serve as both a treatnent and diagnostic reagent. In
general , antibodies binding to epitopes Cterm nal of residue 30 10 of A
J3do not show as smiag}f@gms;ie@ggads c&Sb@dtmibREtRDyRhRdleAthstige®RBhimPRe W thin
resi dues 1-(%0, r.esul b%é yecause the C-termnal epitopes . are inaccessible
in arnyl 8P tEw, or digegtlyr oy Yrainby dprasrniab uscsien gF by qriling ahalt erred. 46
Di agnost itgoughaleskull. Theddagneadt idapei R RdlbdwithiAtheuaR et Ay BELi ON into the
body of the patiﬁﬂt, %r,directly intqQ the brain_hy intracranial injection
or by dr FFFRY Bethsse IyRirally fmrepaent slaballed plthoysda samemethedsg®at  shoul d be
Wi thi B t bamSATBadeANBRSaASinf BF ABLEANITRNL ARLNRShdarl RS hobnt it D&ar €agent s
| abel | ed, al though in some nethods, the S primary reagent wth affinity for
AR i s untapiad fodhe nrrary repgensn dbg shoicgies labaldeaensis onithe roepagl of detectivmd t 0. t he

pPrimary %gA0&Rple, 4 h@oreée&h%eg%g}u&%'fopﬁﬂﬁgﬁgteg@o&. ft?sers?gg-’irgggng et ection.

For exanple, a fluorescent label 1s suitable for optic ction. Use of
par amagnéabels is Juitplde for tamagrphigtseecfiar witlmwbgrgiptliintententimnt Rediogdtiviiout sur gi cal

intervenq&@gcmﬁggjQg&&&&gughquh§“%§gc%[so be detected using PET or SPECT

10 Di agnosis is perforned by conparing the nunmber, size and/or intensity of
| abelPed | oci to coeemsisérririagndstdyecompang it gemberTyize dndée inténsity ofal ues can

r epr eseni;pki& 10888 BodesYilifig biseinP SRULALHE %a&fling Q/gfugset.aaﬁq er%fggtlﬂ\{é dual s. Base

line values can also represent previous |evels determ in the same
pat i ent . "EaR legsla it ropulgtierof] undiseased indiyiduals. Bese lihstvalups ¢radlsp mepsesprat i ent

bef or e el ek bABLRAn 1R UmEBARM Gebr LRIHAS bhRIEILLE] calBe COMPAr ed Wi LR

the base |ine values. A decrease tive to base line signals a
posi t i ve deteEmiBsisia apgtient befpredbaginnipx arAumes, and meERCPHYI XS ThaeaEr| CACY OF AR
AGAI NST ABngQedTRRS e SXRTRE emg.e%aec%@iﬂmamké&ram Rbald liﬁ%@f%%al@%pt' de to
transgenic - -mce overexpressing APP wth a nutation at position 717

( APP717VPRUYHEIPOPIede Fedimss them t o devel op Al zhei mer' s-1i ke

neur opat hol ogy. Production and characteristics of these mice (PDAPP m ce)
is described in Ganes et al., Nature, supra. These animals, in their

het erozygote form begin to depoé??”ﬂﬁ?ﬁ si x nmonths of age forward. By

fifteen NDPROPHILATTI@EEFIARYY OFAPAGAIRYEIAD Of AP deposition equivalent to

that seen in Al zheimer's dj sease. L )
20 These examples describe administration of AB42 peptide to transgenic

mice overexpressing APP with a mutation at position 717 (APP7;7V_,F) that predisposes
them to develop Alzheimer's-like neuropathology. Production and characteristics of these
mice (PDAPP mice) is described in Games et al., Nature, supra. ‘These animals, in their
heterozygote form, begin to deposit AP at s_ix months of age forward. By fifteen months
25  of age they exhibit levels of AB deposition equivalent to that seen in Alzheimer's disease.
PDAPP mice were injected with aggregated A4, (aggregated AP.y) or phosphate
buffered saline. Aggfcgated AP42 was chosen because of its ability to induce antibodies

to multiple epitopes of AP.

30 A. METHODS
1. Source of Mice
Thirty PDAPP heterogenic female mice were randomly divided into the

following groups: 10 mice to be injected with aggregated AB42 (one died in transit),
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PDAPP m ce were injected with aggregated A(342 (aggregated AND or phosphate
buf fered saline. Aggregated AP42 was chosen because of its ability to

i nduce antibodies to multiple epitopes of A(3. 30 A METHODS 1. Source of
M ce Thirty PDAPP heterogenic female mce were randomy divided into the
follow ng groups: 10 mice to be injected with aggregated AR42 (one died in
transit), 47 5 mce to be injected with PBS/ adjuvant or PBS, and 10

uni nj ect &dhiceonbe oijestedFiitheP BR/aguvanear @ BiSp prelctOathinjedtéd qoeipols.dBise seei ved from

5 pr opar S anar R H R GG O Bede Bt ot se b IR Bt 1 s
Inc, lot K-42-12) was dissolved in 0.9 nl water and nade up to 1 nm by

adding 0.1 m 1 p i ortexed and all owed to incubate.
overni ght 37 C, 9’url1))ée rag\%ﬁ?cﬁfﬁ%ﬁ(l)}%gfr%i ons the peptide aggregated. Any unused

AP wa$§ stored as @rapayatiby ofdpgtdgated ApgxvhermilligraidOofCARARUS Pefptidenext

i nj ection, 3. P ation.of .l njecti i nj,ection, .100 p.g of
ngur egat B R 522 R b e BGE 2B edetn ] T oy HEER O Sitgber e ©
Freund' sx®8iSuTaitwat CoAgxell BndalfowBato Malbd R verhigh097°0t, un@rwihsdhon for the first

i mmuni zation, followed by a boost of the sane amount of 15 inmunogen in
| nconpl etdtion thg peptidgjageragateds Amx)ungted AR puesisioredrggs diybiophibizedl doses in | FA

were giv 1 i . .The subsequent immunizations were done at
@@W@Jr al B Il fgx\é? eStion’

monthly intervals 1n 500 PBS. Injections were delivered

intrdPeritoneally (i.p.). PBS injections followed the-same schedul e and

mce were injecke W bl Aorihickydisx of PBS/ Adjuvant at 400 | per nouse, or
500 pl of PBS per rﬁ%ause? gAIg}]%B&}Snj ections |ikew se foll owed the sane

schedul e using a doseachiinjg@ionglOfew of rgmregatedNP424n PEE pranowsawad  Mouse
descr  bed"TRF T NARKCpelne Fftas t APLAR el on sl ot & @l S Poapp i ce
Wer e i nj embsidnfrttie feist ikemuntegtore Gelloadd B 3bRost afilje eqat atbunt of
15  immunogen in Incomplete Freund's adjuvant (IFA) at 2 weeks. Two additional doses m
IFA were given at monthly intervals. The subsequent immunizations were done at
monthly intervals in 500 pl of PBS. Injections were delivered intraperitoneally (i.p.).
PBS injections followed the-same schedule and mice were injected with a
1:1 mix of PBS/ Adjuvant at 400 pul per mouse, or 500 pl of PBS per mouse. SAP

20  injections likewise followed the same schedule using a dose of 100 pg per injection.

4. Titration of Mouse Bleeds, Tissue Preparaﬁon and
Immunohistochemistry

The above methods are described infra in General Materials and Methods.
25
B. RESULTS
PDAPP mice were injected with either aggregated AB42 (aggregated
AP42), SAP peptides, or phosphéte buffered saline. A group of PDAPP mice were also
left as uninjected, positive controls. The titers of the mice to aggregated AB42 were
30  monitored every other month from the fourth boost until the mice were one year of age.
Mice were sacrificed at 13 months. At all time points examined, eight of the nine
aggregated AB42 mice developed a high'éntibody titer, which remained high throughout

the series of injections (titers greater than 1/10000). The ninth mouse had a low, but
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Af 342), SAP peptides, or phosphate buffered saline. A group of PDAPP m ce
were also left as uninjected, positive controls. The titers of the mce to
aggregat ed AG342 were 30 nonitored every other nonth fromthe fourth boost
until the mce were one year of age. Mce were sacrificed at 13 nonths. At
all tinme points exam ned, eight of the nine aggregated AP42 m ce devel oped
a high antibody titer, which renai ned hi g{h t hroughout the series of :

i nj ection@ea(svragléP&ergfwwm@tﬁad“mcm@)e Talde h). MAPPripissted migg had| ow, but 48

measur abl @efsiok ©1,000 t@p%@wm%l ki d Q00 iifh.g E@m%be 0L EcdedingSAPP- 1 nj ect ed
mce had titers of 1:1,000 to 4i:30, 000 for t I's Tnrmunogen W th only a

singl e motideceeding 1:10,0000. The PBS-treated nice were titered
ai nst aggr egat ed 100
ag ggreg Tﬁ\Bﬂgs%teatga ffucet\&ge @t@%d a a&%?’-@% %@%(%é% 1%1&14

dilution the PBS mice, when titered agai nSt
exceeded wetwcmﬁba@kgﬂd@ﬂdlltaton@mm&tracepwhm memtilagmmt sgr,reg‘ahé)AﬁAe,re | ess

than 4 a roun oints . (Tab AP-speci fic
response vvaq"égxCe thgutrﬂesga%? Aat ?? p%’#’rﬁ)- r\ﬁs‘f eglvferet fs 4 ess than
300. Sevemnmhackg‘rodnldatﬂl ﬁhﬁemlﬁte(Td’h)ldhe Thg §APgpE€iflc Mﬁohsé@aiﬁc@ﬁéx&l@ group had

no 10 dett @n r%lo int ns. In contrast, brain tissue from
mce in t"h aRy™ r% ed numer ous anyl oi d deposits in the

hi ppocanpus, as V\BBEV@EA%utcb'fthehﬁnerilfcem e a@ﬁtdgz(ﬂ:d"lgm—aﬁ&eaﬁ&férblﬁﬂﬁxdna_he pattern
of de OS|(§|on }Na il r.to that of untreated _ controls, wth -
chara bleiamydyi Fit bras- kR SoBiFash| bERIR tigTue GiogiTaice M thnSAR aRthe out er

nol ecul arpmsxgaenpscﬁontahﬁd hhrﬂﬂﬁﬁ‘saﬁiﬁﬂblddﬁﬁbﬁtts% ﬂx\él}ﬁb?:oc JBUSR af ihQie t he AD
1-42-inje ; rqu g had aTgreatIy reduced anyl o bur den, confined to
t he hi ppo %ﬂ‘r% ol %u f15 6P HES  "pPAGTES \Hégoﬁ“&@nY?sfSiWF%‘hé‘r?éPﬁ‘éf@teAR

1-42- treaéoadolmuaﬁecha@daﬂ§uctlaxdwealemrag@1x@%leyﬁle&gmhs stk 28 MeloRted burden in
t he hi ppoc l.ll ied the dqramatic reduction achieved in the

A 342(AN1"?§1§N§)“ ifr‘%‘/éf S hipRecemPyl deppate gyrus. e mauss Bom (g Ak 4ainietsd any! oi d

bur ders f ogrotifiead RBFe1Y odidcdd2an? 28 burdfr] cbRfinelih® e igpbtameat el &eRtegol group
(2.65% were si gnl fi.cantly greater thgn fnc?r thosé#)?mrum zed W teh AN 1792

(0. 00% ppleﬂ"e(m) lentifiedip apqties AP Irdhetreried mAUSFal ue for the group i muni zed

with SAP pepti des Quafitiive WasgeAnai$94 oBﬂﬁ'aﬂ)yld@ﬁM@eJlﬁ%@}ﬁﬂ%c Jseat ed,
cont al ned nunerous AD anyl oi d deposits visuali zed with the Al

t |
SO metr T i et e DHene SABTBBaOH CYEAD) 8 AN B e B il | oo i 1

the retr opp! il vafiRl baXe adlyiSidBulddh faﬁh@ﬁﬁsgfda Qizﬁmém:@rﬂ@pom tion was
al so seen in 'rgf}]celnnunlzed wi th SAPP or E In addition, in

t hese?l at ¥eFatPhi@EobgTatRE Pk w@“’vwx%caeﬂawe&eém fqr&%wwwé ¥ithof
AN1792 (0.00%, p=0.0005). In contrast, the median value for the group immunized with

SAP peptides (SAPP) was 5.74%. Brain tissue from the untreated, control mice
contained numerous AP amyloid deposits visualized with the AB-specific xﬁonoclonal
antibody (mAb) 3D6 in the hippocampus, as well as in the retrosplenial cortex. A similar
25  pattemn of amyldid deposition was also seen in mice immunized with SAPP or PBS (Fig.
2). In addition, in these latter three groups there was a characteristic involvement of
vuinerable subregions of the brain classically seen in AD, such as the 6uter molecular
layer of the hippocampal dentate gyrus, in all three of these groups.
The brains that contained no A deposits were also devoid of neuritic
30  plaques that are typically visualized in PDAPP mice with the human APP antibody 8ES.
All of brains from the remaining groups (SAP-injected, PBS and uninjected mice) had
numerous neuritic plaques typical of untreated PDAPP mice. A small number of neuritic

plaques were present in one mouse treated with AN1792, and a single cluster of
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vul nerabl e subregions of the brain classically seen in AD, such as the
outer nol ecular |ayer of the hippocanpal dentate gyrus, in all three of

t hese groups. The brains that contained no A(3 deposits were al so devoi d of
neuritic 30 plaques that are typically visualized in PDAPP mce with the
human APP anti body 8E5. Al of brains fromthe remnai ning groups
(SAP-injected, PBS and uninjected mce) had nunerous neuritic plaques

typi cal  af ddphic ekt vE’Q%’LBdgE & Secofti HIRLd uéﬁfégﬁg& AU ﬁxk&%e%nal@ée@ques were

present in one nouse treated with AN 1/92, a si r]gl_e cluster of 49
dyst r ophpEthgdinppreampugyasd shoundn Fie. 3, deooopirrtefghs dirtnpleliménptishph AN 1792. | mage

anal ySes gy Qfophid el BAROMTS e AN RRO U0 il cchopaller@natyng ed the virt ual

elimnpation Of dystrophic neurites in AN1/92-tredted mice (nedian 0.00%
- conpar ed recépieriempERn 02844, pFdR095)Y. medi an 0.28% p = 0.0005). 5 Astrocytosis

h teristic of = ' ' . t inth
charagteristic o 18%\52159#‘35@&1%& {eﬁEt?cdot*p'PJ]q'HgH%rE&tha‘uﬁ&@nnfa'tuggwaé‘%oef‘ In the

- brains of the A(3 nj ected group. brains. mce in the other
groups cebgeaf ingl: rbionofahe A2 tijecstdearap. GhABrapoSTdn the nais¢ inabydtes t ypi cal of

AP pl aque- .associated gliosis. A t of the GFAP-reacted slides were
ount or - Frorph R RS P Girroa A b ive pehlss R GLTAT patTre
GFAP- posiatdoviated glissic Y Qbsavof de BFIPCleadtedislilios Werk Boudie?-splimgudg | N t he SAP,
PBS and g_ntreat esiﬁ?ont-ro No such _association was found in_the -

I

pl aque- négfiavia @Wﬁ¢§éﬁ deporitc el he\(Hi MaParithe Aifocpieayges asss Bisdat ed

gl i 03bs wam Ap gx@ ek frl BESAD, FE CariRMEEattd &RLEN. WolshehANob72idn wabRQEd anal yses,

shown in Fig. or the retrosplenial cortex, verified that the reduction

i n ast r oéythe plaguerpegaiyeyh -4 Ltagateduhice, vehileuainiara! plafiuseasedciated@idsic was t hose 15
treated %etnhﬁﬁd\lnézg%oﬂs%ru% du;ﬁgiégﬂﬁgl ues greater than 6% for groups
es,

i muni zed Wt AP pept i > of untreated (p=0.0017) Evidence from a
subset of the AR 1lmpRe anplygesPiownrip &g ddorthertrpspiiinighrentex, pérfgdehatssoci at ed

VHC 11| TREBRNERE b hrdof 10t 3 B9 Bk i iR o S64EH; b2, consi st ent

with lack of an A(3-related Inflammtory response. _Sections. of the nouse
brai A8 wdicated wath ANIZE wersusimeriag valps grpater thanco%afartgraups fromouikesiwith ant i body

speci fi ¢ A peMhics IpBSoaRttasipiaosArotein. MAC I (CD1 Ib) is an integrin
fam |y menber and exists as a heterodinmer with C1318. The CD | | b/CD 18
conmpl ex i s presentEdfenspfipnpsubset ofdes 4P hddeand PRStnieerphmics indiertedat ur al

the brai B e T RaT o b T iosettl oL B A R A e i
nmor phol ogynsistenyRd@h lack efrembp-edaed i fllsmotaiconsspdrbaque-
20 ' Sections of the mouse brains were also reacted with a mAb specific with a
" monoclonal antibody specific for MAC-1, a cell surface protein. MAC-1 (CD11b) is an
integrin family member and exists as a heterodimer with CD18. The CD1 lb/CD.l 8
complex is present on monocytes, macrophages, neutrophils and natural killer cells (Mak
and Simard).- The resident MAC-1-reactive cell type in the brain is likely to be microglia
25  based on similar phenotypic morphology in MAC-1 immunoreacted sections. Plaque-
associated MAC-1 labeling was lower in the brains of mice treated with AN1792
compared to the PBS control group, a finding consistent with the lack of an AB-induced

inflammatory response.

30 C. CONCLUSION
The lack of AP plaques and reactive neuronal and gliotic changes in the
brains of the AP1-42-injected mice indicate that no or extremely little amyloid was

deposited in their brains, and pathological consequences, such as gliosis and neuritic
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associated MAC-1 | abeling was lower in the brains of mce treated with AN
1792 conpared to the PBS control group, a finding consistent with the |ack
of an An-induced inflanmmtory response. 30 C. CONCLUSI ON The | ack of AP

pl aques and reactive neuronal and gliotic changes in the brains of the
AR1-42-injected mce indicate that no or extrenely little anyloid was _
deposited in their brai ns, and pathol ogi cal consequences, such as gliosis

and neuritic at hol ogy, were absent, PDAPP mice treated with AP 142
show essel?ﬂ“foé‘?%y rﬁéb%&hg Bf"rpé)c‘RlcéfmﬁﬁiWéﬁ%&@%ﬂﬁsﬁwaﬂﬂdwﬁﬁmmgeni c nmice.
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deposition or-clearance of "human rain tissu and M nati on of
subseque neffeqtdverip thelprevaetidnmif depnsiioo oy cldegen of htmareA framgesin tisselsind 5

adm ni st rati-on: af f%gqugr?%ﬁ%gmﬁan have bothh]%r eventa ive 5 d t herapeutic

benefit in prevention Sof five-week
ol d, ffer'raa(bnﬂmwnV\ébBbe;mdmcmehva%&h@edfvegﬁmmhdtl*ileQa eRicchehotwni zed with 300,
100, 33, 11 §o 2, 0.4, or 0.13 ug of ARformJIatedln CFA/ | FA

admi ni st e‘? peritoneally. Three doses were given at biweekly
interval s foIIowed by a fourth dose one nonth |ater. The first dose was

emJIsifl |nin doses were enmulsified with | FA

Ani mal s Were @s&fxﬁﬁ%ﬁ@@b I"owl ng geach i mmuni zation starting after the

second dose .f or neasipeokfive-WickaId, k@AY Swist We@stcrjrﬁxcém gl )a subset of

three rou‘%)i thosg Biq%d Wi t h 11, 33, or 305@9 of antlgI wer e

addi t 1%nal'fs mypene th% o0 dily3- frdb Ridyor hi vaefi A fogpultiedin nont hs

f ol | owi NnQCRAVEFA faﬁhi[xﬁiferbdmﬁﬂeﬁ@&deﬁf}' 1% QAL ds Werd Q@ex‘pﬁ% ee Pu‘itg@a Etl body
ons ese

response ross a doses "of i mmunogeni € formnu

ani mal s r@ﬁ é’éaa{\“ﬂh%“ Prerpenth fatgin Thafirsbdpsg vas Slévleliﬁedrwnh@Aadntler st udy
initiatiade reﬁaemgvaeﬁce v&a&érhdlklﬁe&iwﬂﬂﬁﬂ\eﬁhxdaﬁlﬁém bRd AEARYL f%ui& gnt' body
responses t.o. AN1792 and to form toxi col ogi cal analysés decl i ni ng dose

response SRESTEBTEATNY SERBE Efd-h? gpegndzdage {gr prreanisemeng efatibedyditers.ne two | owest

dosesls MeadimaRiid HaMyet b thes: 1000 about
1: 10, 000 af ;n%{d.t, seés o gtﬁ&%g?"%ré‘nu gxtﬁaif'@_ﬁ; éeagﬁgg %"ge’% body

titers roges lﬁf‘f‘i}aPHPx‘g}afellb{ﬁ‘f’mf‘Hé“‘Fm&f fa@rsreorghsfgtbo\%g fhol | owi ng t he

third |m‘tbmﬂzlatrm®l’tau\4n{tb nhdihﬂbﬁt@&ﬂ@ca&@f%ﬂb@f‘%sﬁ@msé 5&&15% a:gQ ofo-fold. Low

ant i body espenses wer.e_then detectable for even reci pients. The
J ? ons. %‘?1

1. 2 angd 9oses’of immunogenic formulatl ese animals received a ﬁnal ﬁfth lmmumzatxon at

seven months after study initiation. They were sacrificed one week later to measure
20  antibody responses to AN1792 and to perform toxicological analyses.
A declining dose response was observed from 300 to 3.7 pg with no
~ Tesponse at the two lowest doses. Mean antibody titers are about 1:1000 after 3 doses and
about 1:10,000 after 4 doses of 11-300 pg of antigen (see Fig. 5). |
Antibody titers rose dramatically for all but the lowest dose group
25  following the third immunization with increases in GMTs ranging from 5- to 25-fold.
Low antibody responses were then detectable for even the 0.4 ug recipients. The 1.2 and
- 3.7 pg groups had comparable titers with GMTs of about 1000 and the highest four doses
clustered together with GMTs of about 25,000, with the exception of the 33 pg dose
group with a lower GMT of 3000. Following the fourth immunization, the titer increase
30 was more modest for most groups. There was a clear dose response across the lower -
antigen dose groups from 0.14 pgto 11 pg ranging from no detectable antibody for
recipients of 0.14 pg to a GMT of 36,000 for recipients of 11 Mg. Again, titers for the

four highest dose groups of 11 to 300 pg clustered together. Thus following two
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3.7 pg groups had conparable titers with GMI's of about 1000 and the hi ghest
four doses clustered together wth GMIs of about 25,000, wth the '
exception of the 33 pg dose group with a | ower GVI' of 3000. Follow ng the
fourth inmmunization, the titer increase 30 was nore nodest for nost
groups. There was a cl ear dose response across the |ower antigen dose
groups fromO0.14 pg to 11 g ranging fromno detectable antibody for

reci pi ent snanizgtidns, the gntibodpti@vivaodepdtiledOth theantigea idpieantoss thé brbadd pg. Agai n,

titers foy ) r .44 ghest..dase .groups..of .11 to, 300 g cl ustered together.
Thus fol Irg\x}\ée%mf 939%1@;?%? %’5@}‘%&&“{"‘%@“%??%% ﬂ“%‘% ﬁ?lé%god%spendent on
t he anti geeredib s@nmeabissandithey rbmaiael atagitgeaufaferadadditiogal3Rhup@atiddy the third

i mruni zation, titegs of hi.ghest. fqur doses were all caonparable and
they remained at a B?giogg{}glé?”flgggﬁrfo Rt RS T E?nﬂ%&e nont h

f ol | ov nghiple irf the!BO0: g grousihamitosd medsire® FBmWIb& &awh Bvaddye kdlloRidpieher in the
300 g group than those neasured from blood drawn five days follow ng the

i muni zat PERERReR (P 6)- THig olspvatiqratupesnstsdir) fesieak ppanettiseniodk anammesti c
ant i body refRapREreaaLl thats 44k §bstliRaRnRafiaY B ﬂ@?etmédggl(%%%&@&e A rore

nodest (50% increase was seen at this-tinme in the g group. In the 300
g dose grWeFeanatthiptimeHtthe 33 pgetoyni ghe B redase grosip at @vifsonttsc| | ned st eepl y

by about % inbk t X jope ) S at 45%
(100 pa) R A P B LU L O S el

decl i i decline waslless btagp atMb YO/ 1e)iand rlsout d4Yedn the 33 ek tigxdvsaf Thogyuni zat i on
appears t i EC -\ . hne the first.month foll ow ng peak
response fie gﬁ %{ﬁg‘gﬂgbﬁgwﬁ%pggﬁ%%ggf“@%? 8“‘%)1?'1%8%5?%5&8%{ erEattr. The

ant i body aripeasy i bg hiphasiewih aeteerdectine thia first swptifsowihg péaksespGwess Webster 15

i ce are gLl difork %S Ol YONDGNGhELIFYOOUS PDAPP L1 ansgeni c i ce

i mmuni zed 1nh a “para manner . sages effective to induce an imune

response i n humans Tegantibydl @aislagd Biekireties af thedesppgef diebeStvisyWebnerni ce. |11 .
SCREEY FORTHEBIRRHD o B0r| CAC AR IRT ESHABLLSEER 0. 20, T, ssay 1

designed to test imunogenic agents r-activity rn arresting -or reversing
neur opat heArdlgl ®ansra esegss ieHeqtivs toihdys® an impyedireaprnsaindwmhnyaini zati ons with

42 am no @gickllyl saithr AFudsANE ef&dive NERLRDEGUN at a tinme point when anyloid
pl agues are already present in the brains of the. PDAPP mice. Over the tine

course used in this study, untreated PDAPP m ce develop.a 25 nunber of

neur odegener atSCREEN ORI THERMHEUTRS IFPI €At OSSA INBNES TARARBHESB(S et al .,
supra_and Johnson-Wod et al., Proc. Natl. Acad. Sci. USA 94, 1550-1555

(1997 (3  The is assay is designed to test immunogenic agents for activity in arresting
or reversing neuropathologic characteristics of AD in aged animals. Immunizations with
42 amino acid long AB (AN1792) were begun at a time point when amyloid plaques are
already present in the brains of the_PDAPP mice. _
Over the time course used in this study, ﬁntrcated PDAPP mice develop a
25  number of neurodegenerative changes that resemble those fohnd in AD (Games et al.,
supra and Johnson-Wood et al., Proc. Natl. Acad. Sci. USA 94, 1550-1555 (1997)). The
deposition of AB into amyloid plaques is associated with a degenerative neuronal
response consisting of aberrant axonal and dendritic elements, called dystrophic neurites.
Amyloid deposits that are surrounded by and contain dystrophic neurites called neuritic
30  plaques. Inboth AD and the PDAPP mouse, dystrophic neurites have a distinctive
globular structure, are immunoreactive with a panel of antibodies recognizing APP and
cytoskeletal components, and display complex subcellular degenerative changes at the

ultrastructural level. These characteristics allow for disease-relevant, selective and
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deposition of AR into anyloid plaques is associated with a degenerative
neuronal response consisting of aberrant axonal and dendritic el enents,
cal l ed dystrophic neurites. Anyloid deposits that are surrounded by and
contai n dystrophic neurites called neuritic 30 plaques. In both AD and the
PDAPP nmouse, dystrophic neurites have a distinctive globular structure,
are i munoreactive wth a panel of antibodies recognizing APP and

cyt oskel eteptoducibismmenirenemnel nehirijol phaque dorplation mubePDABP &raimdegaaer at i ve

i soase- r LroEe B AT bRl A8 ¥F i R SR PR nour ¢ o
pl aque f oantdbidpsperific fivdruRRARPP l(mamdnbnarl'dmbodjymsp,mph lisrentilyingaalragtonponent  of

PDAPP neu is eas i zed, Wi t ant i bo S CI fic for
o AppPt b AR i 83 L e fie Thtdiolo PleniBRE e Biey
conput &r - AAH792 @damyi‘ajgealaqnafoyxamﬁm v‘vheroaftmethe|effeaddfmismr¢athﬁnmas¢lri ng the
effects OIieSeoAN 17 ne adrr%% bfl pl ague formation, we nonitored the effects
of this trea% lfrh}g 14 ‘opment of neuritic dystrophy. Astrocytes and

mcroglia are non nmmmalandehdmgltahaéndreﬁquﬂmdl dells Bhatresint @Cdnd réf@t degr ee of
neur onal n

asitiv trocytes and M posi.tive m.croglia
are commn %%%ﬁ:?@:dm H"J}i@ Cﬁrﬁg’s ?%E’i‘)é aat&‘tcmaﬂdgwd#&ﬁ@%wwoghat he
severity miacbxlnmoﬂx@ obssemide AD] hel tBéiDictivatiéh iadrs@esaiih tHersedtntyh ttevel opnent  of
reactllge glsérg% gls an m Cro ILL éls in the AN1792-treated mce. A
Mat eri al s TRHESMEIFBYE ERF PR ERT hdsvaloBTs ol Lo BYrasEoPRIsEt ce, 11 to
11.5 nont hscroglxoaxga;meWIGM-&kmdniEé om Charles River, were randomy divided
into two groups: 24 mce to be inmmunized with 100 pg of AN1792 and 24 m ce
to be imunized with PBS, each conbined with Freund' s adjuvant. The AN
1792 and PBS ngupsI\/Iait/aﬁa&sargamhdfnisvi ded when they reached -15 nont hs of

age. At 15 nonths e r oxi mat f.ea roup of the AN1792-
and PBS-treated ani nanP'% %Ngl%gteré’@fgﬁ’%fefé&%%mﬁdf@o lg ‘ggﬁé’(f?ﬁrel y), the
r emai Afler ogtained fiore ChtudesrRive] wee 'raﬁﬁduﬂllyzﬁwhd@lristouwb igtoube2AInflad to®8 -at - 18
months (n=9 and &2 spe t ot al 8 ani.ma 5 AN 1792, 3 PBS)
di ed duri hg pamugized vt lhfc’@ E@#%ﬁ%?‘b‘hé&%’ iGefQ.bg ‘r‘ﬁf’[‘]‘fﬂ‘?@d’”ﬁ‘rspéﬁff%c one-year old
(n=10), 1&emiwntdwit Elrem(dﬁs:aﬁgl)vaandhamm ind@Bs graupk&)ermganﬂﬁhegh PDAPP mi ce
the br i niAohESesSOTRTS kRl liee) 8P\ Srembto b T RR P Bbd T e
i munohi sEvch_eﬁﬁlcaINla%Iay@EBS-tthmﬁhmm@g\gerevmmcd m=Examgd,e 1 unl ess

ot her Wbs eréslg@ligé’f}),eﬁlxe rél%%ainder continued to receive immunizations until termination at ~18

months (n=9 and 12, respectively). A total of 8 animals (5§ AN1792, 3 PBS) died during

the study. In addition to the immunized animals, one-year old (n=10), 15-month old
(n=10) and 18-month old (n=10) untreated PDAPP mice were included for comparison in
the ELISAs to measure AB and APP levels in the brain; the one-year old animals were
25  also included in the immunohistochemical analyses. -
Methodology was as in Example 1 unless otherwise indicated. US
Peptides lot 12 and California Peptides lot ME0339 of AN1792 were used to prepare the
antigen for the six immunizations .adm'mistered prior to the 15-month time point.
California Peptides lots ME0339 and ME0439 were used for the three additional
30  immunizations administered between 15 and 18 months.
For immunizations, 100 pg of AN1792 in 200 nl PBS or PBS alone was
emulsified 1:1 (vol:vol) with Complete Freund’s adjuvant (CFA) or Incomplete Freund’s

adjuvant (IFA) or PBS in a final volume of 400 pl. The first immunization was delivered
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Peptides lot 12 and California Peptides |ot MEO339 of AN1792 were used to
prepare the antigen for the six inmunizations admnistered prior to the
15-nmonth tine point. California Peptides |ots ME0O339 and ME0O439 were used
for the three additional 30 inmunizations adm ni stered between 15 and 18
nmont hs. For inmuni zations, 100 g of AN1792 in 200 | PBS or PBS al one was
emul sified 1:1 (vol:vol) with Conplete Freund' s adjuvant (CFA) or

| nconpl et witFCEArad 'adjuvant]] thivsent fofut Fps @ere3BSn iwithdF Aian@the\fiphUfser ddfes400 | . The-

first inmmypj i.on el.,ivered 53 with. CFA as adj.uvant, the next four
doses were g?ggﬁ%ﬁc}&]ﬁﬁ?ﬂﬂd%ﬁ&d{“ﬁﬁmf tﬁf‘aﬁ PIIPe GONRLAARS WETe B WEbne wi t hout
added adj Ureagven-miontiogesiod ofi a nvareveeksehied \2afor drSirselires disvefolloverby 4 he

seven- non ol{lr_&g&%l%gew%pfogtﬁ wo- week . schedul .ffor the first three doses

fol lowed BY & - Tour -weaK s APAPVEIUFSP e S P i eI RFR & Bns.  The

f our - ont énthanerad pelStmgtiogd 2pd reaivedbnlzeke fikt cimniidalisns0f age, received only
the first 6 immnizations. B. Results 1. Effects of AN 1792 Treatnent on
Anyl oi d Burden The results of AN 1792 treatnent on cortical anyloid burden
determ ned 1@B.by deatitsitative inmage analysis are shown in Fig. 7. The

medi an val ue of cort.l cal id- burden S.0.28%in a group of untreated
12-month ol d PDA PE#“ f)fgﬁggﬁuﬂ'ea%’btr%’s’é’m&{d%)ﬁg%‘f t he gl aqge load in mce
at the study's i ni tThatdsalts of AN 1V82 tedtinkst ontddRicaladmyliSil Gufdeh dasmifkar eased over
17-fo dj to 4 87@{?.i n PBS-treated m ce, 'Whjll'ﬁhANl?gz_ treated mce had a
great1y rodUCRYARYHBEGABUFHAH shevp i §ito/ ohhegpediag alie ! Frtieal emilgidi he 15

12- nont h nddneats@d28&hiol dapbdp dfiatrdded @ABodB oD APIPBR:! 4 @ated groups. The

anmyl oid burden was.significantly. re(({gced {n the AN1792 recipients at both
15’ (969 rSHECTIEN o BeBRatdei st (aedubisdulitioron |p @05 nont hs.

Typi cal | yamdeidtbugieh irerapbediotercigpfoii thi4(87% in FRIBARR edingiee, Whilk iAd1882.i N t he
ventr al -1 BRI REERR Sl Bt SRy SRen phe DA B an lrseferihi na
cortites 1ZGputhiuntréated and both tieesl- endi] SaadnthPBSctrdatedtgheipkCrd andydoigont h- ol d
mont hs or g 1782 e R Ee R AR RS of | PR ST i shed 1
the RSC, P43} #rel 18r(0%% ssinetion; ps®b000@)remonthef the EC was entirely elininated
O otay s TS NSO TR B Mo e
t he tenpofrental apdiroiresmlenid] cetieesi(BEE) amieprogrkdsesis a vamtrabdtad drectpmssi bl y
reverged genesint 'té?xﬂ)ol'aﬁ' abd & dBRGal cortices (EC). Little or no amyloid was found in the
EC of 12 month-old mice, the approximate age at which AN1792 was first administered.
After 4 months of AN1792 treatment, amyloid deposition was greatly diminished in the
RSC, and the progressive involvement of the EC was entirely eliminated by AN1792
treatment. The latter observation showed that AN1792 completely halted the progression
25 | of amyloid that would normally invade the temporal and ventral cortices, as well as
arrested or possibly reversed deposition in the RSC.
The profdund effects of AN1792 treatment on developing cortical amyloid
burden in the PDAPP mice are further demonstrated by the 18-month group, which had
been treated for seven months. A near complete absence of cortical amyloid was found in
30  the AN1792-treated mouse, with a total lack of diffuse plaques, as well as a reduction in

compacted deposits.

54



The profound effects of AN 1792 treatnent on devel oping cortical anyloid
burden in the PDAPP m ce are further denonstrated by the 18-nonth group,
whi ch had been treated for seven nonths. A near conpl ete absence of
cortical anyloid was found in 30 the AN1792-treated nouse, with a total

| ack of diffuse plaques, as well as a reduction in conpacted deposits. 54
2. AN1' 792 Treat nent-associ ated Cel | ul ar and Morphol ogi cal Changes A
popul ation of AR2.pasilf92Bresmlchsasi@satéO0NRMIdr And MRiFhol @GaPNS that typically
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patterns Qfie e85 rCElideSyie : ' oth classes. of antibodi es.
Detail ed exami nat| onlgﬁn pﬁ%ﬁk&ﬁ%&g&%ﬁa é%%n%’retéf’ ﬁgseggzééivétadt hat the MHC

| | - posi t i Penasytes andypierogha@MHT dt and G Ibhandwvark nidayiondllytakecihiediviththe any| oi d
remai {j NGyiiNoi] ' Upder the fixation conditions enplayed, the

cel | sm15 Vier e ﬁgﬁﬁ?f%%%%g& ?gré’p Wt ?loérhaf B%ﬁ‘icggseftﬁoé‘tg 1&8@63&??@ T cell

(CD3, CD3wid MHCE-spetific ar(tibDdibiayeaRIMbRB)mildr gattedss diithdsetdiigoytee common anti gen
(CM45), - i i L0 an anti.body recognizi ukosi alin (CD43)
whi ch cr g'géqgﬁ%g(g?é&%? %lhs}é%%onﬁé%{’/?oed?s' ml%‘g?%mé‘@l“f’g °t\éf' gﬁlg%ﬁﬂeaﬁeﬁl any of the
PBS- t r eat weinpicyealedpipRR MHEdI-positiveicald werd @asaionyd th eawycicitpdraiedind@gosi ti on in
the outer d 2yl ar ar__of e i canpal . dent at e gyros. The

deposi t i oargn)ﬁgr g@llaglﬁlﬁ @tullér%% S frg'e(gljklgervt\}i1 % ﬁ’% 1°F Egn%btéoﬁs SIF’EIHY edpé‘f’ gy, a

subr elfi onwerhaet ipimaReeastivé itk entiteiies tharmgtagintke (1l @tjYED3j CD3eAB: B THE

char act ercgj4sR A28BEHH f deposits .in -{reated mce resenbl ed
that previously char agfgg_rrl%zoéy&?%c%encggg% "ég @grﬁ%gt VR EAY | oi d

deposi t i offtityitisedydecopnizipg tevkeliflin(SP4anwhich aoseteeds witagwesyien Mo cont i nuous
band. 1n &eREBHere fbithdan My HGhe Phs-froud AiAS from AN 1792-treated mce this
pattern was drasticallé al'tered. The hippocanpal anyloid deposition no

| onger cont ai ned dFPARE @iegpyasiably dayrion irevibamylerd dspesitiomnin thasuteconpl et el y

i STU echnolk i 430 of @ HAREEm O S ks PHACIB G EHE HESSELS, Pr esent

within the perforant pathway, a subregion that classically contains amyloid plaques in '
AD. The characteristic appearance of these deposits in PBS-treated mice resembled that
previously characterized in untreated PDAPP mice. The amyloid deposition consisted of

both diffuse and compacted plaques in a continuous band. In contrast, in a number of

25  brains from AN 1792-treated mice this pattern was drastically altered. The hippocampal
amyloid deposition no ionger contained diffuse amyloid, and the banded pattern was
completely disrupted. Instead, a number of unusual punctate structures were pfesent that
are reactive with anti-Ap antibodies, several of which appeared to be amyloid-containing
cells.

30 MHC Il-positive cells were frequently observed in the vicinity of
extracellular amyloid in AN1792-treated animals. The pattern of association of Ap-
posiiive cells with amyloid was very similar in several brains from AN1792-treated mice.
The distribution of these monocytic cells was restricted to the proximity of the deposited

amyloid and was entirely absent from other brain regions devoid of AP plaques.
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are reactive wth anti-AR anti bodi es, several of which appeared to be

anyl oid-containing cells. 30 MHC Il-positive cells were frequently
observed in the vicinity of extracellular anmyloid in AN1792-treated
animals. The pattern of association of Ap- positive cells with anyloid was
very simlar in several brains fromAN1792-treated mce. The distribution
of these nonocytic cells was restricted to the proximty of the deposited
anyl oi d anzbnfumsl nsitiokdo@y ¥f MIBRANtand KENLREEedab Al i void.of AR

pl aques. 55 Conf.ocal. m croscopy of (BM—I_CI - gﬁgﬂﬁ(gg{aﬁgg%lp@é‘%&s@%%f%ns

reveal ed HAFCPHEHUEHRIERY o the RarocyBmealisned within many of the monocytic

cell's. QuantitativeQisnagaveinaky shadysQfofMiGcht AN aMGatlerd abgled sections
reveal ed a trecpd t owar dg j ncreased i munoreactivity 1n tdhe RBE and
hi ppocanpl®yfd 2 Bend\pess inpisased dmpiupereassivisaineilie RECahéhiPBRagpaugf whi ch

reached siANI7D2-aafermibt tbmpdred to RIS ctivity i.n hi ppocanpus..
These results are i 3i cati %/e_ of act%gfogfé%?%éﬁeg%g%“ﬁéﬁa%%ﬁgﬁg ®of amyloid
in pl aque-“lfé‘%'{‘f??fgwﬁa iTFRCH¥GY BridpposgnBIsAN1 792 Ef f ects on AD Level s: ELI SA
Det erm nations (a)THesd kdultdhrel; . nLreated. PRDAPP i c t he, medi an

| evel of tot.al AgB, in the gortg%éﬁebga&%’ﬁ?@ﬁagggfré °en°§"/aa1y Yhi ch

i ncr eased "t AR PSHIGPrEN PIODS nonths (Table 2). At 18 rmonths the val ue was
22,000 ng/g, an increase of over 10-fold during the tinme course 15 of the
experipent. PBS-treated aninmals had 8,600 ng/g total AR at 15 nont hs which.
i ncredfed to 19, 6@9VI7§? Effeats arpARbavdis ELIBA EortminationsAN 1792- treat ed ani mal s
had 81 % | ess tg?z@orﬁlglggveﬂé nont hs (1, 600 ng/g) than the PBS-i mmuni zed
group. Significantly less (p=0.0001) total AR (5,200 ng/g) was found at 18
nont hs when t he ANI79%treaisd PPREP rgiceuipsmedinelced mp e & 5T af2l c8rt) at '

repr esent h Ngofthy o ] QR: kR the AD t uld 20 otherw se be present.

Sinilar results %ﬁl{a&g)g{[\:;?aé g'z’gh\?\ﬁcé%a%%@f)tglt’@lngn‘&?'el%sm%‘l’hsﬂ?stﬁ?2erﬁ‘te conpar ed,
nanel y t hat mpribs nYZgowey Bsi08da(p; oupcrast afionad Oruidhiukigs tie ARA2oukiit i N this

ot h 15 oont recracy DS YRR el hed R80T als g o ¥ monoy ey Tabl 6 2

Medi an ADnEwsssel ® (%R90@)/gian | Covohex. IINGREATEN PBS.1ANIY 92maR ha@s bat al A B42

(n) Total 1ebi6tal Aﬁert 1%' mé“ﬁt_}@”(?,sﬁo ng/g) than the PBS-immunized group. Significantly

~ less (p=0.0001) total AB (5,200 ng/g) was found at 18 months when the AN1792 and PBS
groups were compared (Table 2), representing a "72% reduction in the AP that woula
20  otherwise be present. Similar results were obtained when cortical levels of AB42 were
compared, namely that the AN1792-treated group contained much less AB42, but in this

case the differences between the AN1792 and PBS groups were significant at both 15
months (p=0.04) and 18 months (p=0.0001, Table 2).

25  Table2: Median AB Lévels (ng/g) in Cortex :
UNTREATED PBS AN1792

Age Total AB42 (n) | Total AB42 (m) | Total AB42 (n)
12 1,600 1,300 (10)
15 8,700 8,300 (10)| 8,600 7,200 (9) | 1,600 1,300 (10)
18 22,200 18,500 (10)| 19,000 15,900 (12) 5,200" 4,000™" %

*p= 0.0412
** p=0.0001

(b) Hippocampal Levels
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12 1,600 1,300 (10) 15 8,700 8,300 (10) 8,600 7,200 (9) 1,600 1,300 (10)
18 22,200 18,500 (10) 19,000 15,900 (12) 5,200" 4,000" (9) p = 0.0412 * *
p = 0.0001 (b) Hi ppocanpal Levels 56 In untreated PDAPP m ce, nedi an

hi ppocanpal |evels of total AR at twelve nonths of age were 15,000 ng/g
whi ch increased to 51,000 ng/g at 15 nonths and further to 81,000 ng/g at
18 nonths (Table 3). Simlarly, PBS imunized mce showed values of 40, 000

P%/Tgnﬁgg 65n000 ngﬁﬁn@éate@lﬁ’mrﬁﬁgmxalﬁum nerv@l%e%ul%& loayo 3/ /SNing
51000 TG PRy P8 deDE TS WhshintEe! BoLMORER el KRB S The
- 18- nont hfumlem@?m@m(ataébﬂ mewbyp(Toble dp Sieslagy, Q’rﬂSflrrmamZIestlmvbonﬁan t hat of
t he PBSt Hl@s?.'fo‘E?O gom?g éxﬂFésﬂom@fg at139 awnﬁlsahdm\ﬂaﬁufe&% wa APA2 gave the
sane pa rou
wer e gl gni fl?%z(a)n ‘Eg?ed ani’m %eénlb}/te(}{]ﬁs JIBE%E SIPBCX caﬂ%g'% fg%§ g? 080
ng/ g, resyée&thwswupe bS m@ztjl apd 1§- n@nmslmqmtnfbﬁ gl gan I-e 3). Table
3: Medi afieabR drevelatue(vag/sgpnificanttyi 15%5:&%5%@@3@ &ug N3Z82310A e Total A
B42 (n 0 15 51, 500
44, 480)( %lgé)o%{%&?&%ﬁ?@)% ﬁ‘ﬁégdsfﬁ’("i’)é‘ﬁe’%‘ %6@‘”% ey hedete 4?21900 (10) S *
p=0. 0105t IZ-trgatehgrpup rsre(swf@emé&bl@watm@m BBS group (3990 me/gnt r eat ed

PDAPPO mi e€ 57 Ob@ng‘gdb@emmryebﬁ} 602y af thy £-nhthtevhladtionARBMES). 15 ng/ g (Table 4).
At 15 nonths, this nedian increased to 28 ng/g and by 18 nonths had risen

to 35 ng/ d ani mal s di spl ayed nedi an total AD values of 21 20 -

BS-treat
ng/ g at IgblﬁﬁnSH%d'%'hﬁ Agvely fng/g)in E‘SPHPGH‘[“HES AN 1792-treated ani mals were
found to have 22 nag/ JNCREATEDS at 15 nBBShs and si giiNI72antly | ess

(p=0.002) tlot abe AD Btall8 A@NL h3ny { 2219/ A4t NAD |tlae COARESsPORYI Nng PBS group
(Table 4). 12 15,500 11,100 (10)
| 15 [ 51,500 44,400 (10) | 40,100 3570 (9) [24,50 22,100 (10)

18 | 80.800_ 64200 (10) 165400 57,10 (12) 15090 38900°" (9)
* p=00105 -

** p=0.0022

15
(c) Cerebellar Levels
In 12-month untreated PDAPP mice, the median cerebellar level of total
AP was 15 ng/g (Table 4). At 15 months, this median increased to 28 ng/g and by 18
months had risen to 35 ng/g. PBS-treated animals displayed median total AP values of 21
20 ng/g at 15 months and 43 ng/g at 18 months. AN1792-treated animals were found to
have 22 ng/g total AP at 15 months and significantly less (p=0.002) total AP at 18 months
(25 ng/g) than the corresponding PBS group (Table 4).

Table 4: Median A} Levels (ng/g) in Cerebellum
UNTREATED PBS AN1792

Age | Total AP (n) [TotalAB (n) |TotalAp  (n)
12 156  (10) _
15 277 (10) | 208 (%) | 217 (10)
18 350 (10) | 431 (12) | 248  (9)

25 ¥p=0.0018
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Tabl e 4: Median AR Levels (ng/g) in Cerebell um UNTREATED PBS AN1792 Age
Total AR (n) Total A13 (n) Total AR (n) 12 15.6 (10) 15 27.7 (10) 20.8 (9)
21.7 (10) 18 35.0 (10) 43.1 (12) 24.8- (9) 25 p=0.0018 57 4.. Effects of
AN1792 Treatnment on APP Levels APP-a and the full-length APP nol ecul e both
contain all or part of the AP sequence. and thus could be potentially

i npacted by the generation of an AN 1792-directed inmune response. In

studi es to dateg, gEmlisghANIIS BasGehtbr AP 16Xl s has been noted as 5
neur opat hol ogy i ncreases in the PDAPP nouse. In the cortex, |evels of

ei ther APP-a. /FL ARB-gend the figtlapeth APRppolgcujghath eantaimell of pajt of thertthged by
{1 eat Mentedbidd shifu el iknlif1timpARED By #BBed FAIGRE A PXNE 905 lcclh 18- mONCh

.- timepoint Tn the ANl 792-treated vs. "BS-treated group. The 18-nonth
- AN1792- t impmuegresopsey dih siudieste detepotlight igeredse amAPP Jevelgibhs bgeampted pom val ues of
the 12- =m0 od d S I )~ n all
casesgt Eg’%%%&g?%g% re‘%sgll1 ﬂlgg) W tpﬁl?%ﬂfg h%an]‘rﬁgggfggs(meﬁg%%F@gﬁ%}Pﬁéﬁly found in
PDAPP  mi(full ledgth) bf ARP-trowend eséddtidilPancharget b meatoendNeith thel egeponahitve and

diotic Pathol ogy 15 iti | aque burden.was sjanificanptly reduced in
Che f r ontHHP-E 8RT Educed wﬁ%ﬁ?b‘%@ﬁ-ﬂp 1%?83“8%@553‘@392-8%%“ & group at
both 15 (pP4%teaRd@rddp) TRNB-hénth ADV792-Beile DAPP VRNt N Cer@hodghifidah® 8) . The

medi an val ue of the neurjitic plaque burden increased from0.32%to 0.49%

in the pEglgbipmpaiugethe F-marh ad hsmond wireagkandfqrmaontl BRS gegped with the

greatipy ngduese Hexep ORIBMmAhed\Qitih tHeGarnYe YOS hotnlal§ fANd I/PBABP group,
with median neuritic plaque burden values of 0.05% and 0.22% in the 15 and

18 nont A§roups, respectively. Imiunizations with AN1792 seened wel |

tolerated and reactive astrocytosis was also significantly reduced in the
RSC of AN1792-treated m_ce when conpared to the PBS group at both 15 (56%
p=0.01 1) and 18 (é%gtggéﬂlé%ir%ﬁpw%w%gwwww? 9). Medi an val ues of

t he percent of ast g‘P’é’_gYn the PBS group increased between 15 and 18
mont hs from 4. 26%Néurific glhlbe AMNef W bip BT AR re @lBPIARS #6NthINBrtex of

AN1792-treated mice compared to the PBS group at both 15 (84%; p=0.03) and 18 (55%;
p=0.01) months of age (Fig. 8). The median value of the neuritic plague burden increased
from 0.32% to 0.49% in the PBS group between 15 and 18 months of age. This
contrasted with the greatly reduced development of neuritic plaques in the AN1792

20  group, with median neuritic plaque burden values of 0.05% and 0.22%, in the 15 and 18
month groups, respectively. .

Immunizations with AN1792 seemed well tolerated and reactive

astrocytosis was also significantly reduced in the RSC of AN1792-treated mice when
compared to the PBS group at both 15 (56%; p=0.011) and 18 (39%; p=0.028) months of -

25  age (Fig. 9). Median values of the percent of astrocytosis in the PBS group increased
between 15 and 18 months from 4.26% to 5.21%. AN1792-treatment suppressed the
development of astrocytosis at both time points to 1.89% and 3.2%, respectively. This

suggests the neuropil was not being damaged by the clearance process.

30 6. Antibody Responses
As described above, eleven-month o]d, heterozygous PDAPP mice (N=24)
received a series of 5 immunizations of 100 pg of AN1792 emulsified with Freund's
adjuvant and administered intmperiténeally at weeks 0, 2, 4, 8, and 12, and a sixth .

. immunization with PBS alone (no Freund's adjuvant) at week 16. As a negative control, a
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devel opment of astrocytosis at both tinme points to 1.89% and 3. 2%
respectively. This suggests the neuropil was not being damaged by the

cl earance process. 30 6. Antibody Responses As descri bed above,

el even-nonth ol d, heterozygous PDAPP mice (N=24) received a series of 5
i mmuni zations of 100 gg of ANl 792 enulsified with Freund's adjuvant and
adm ni stered intraperitoneally at weeks 0, 2, 4, 8, and 12, and a sixth

i mruni z apireltel vt oh2PBR-mitdrd tansgefic euicedieseivedj inmamidatiods oMPBR efh@lsifdd a -

negati ve,g r nallel set, of 24 age-mgt ched transgeni.c m ce

recei ved%ﬁ%g? f}gﬁagnsga?ldgﬁlgeeécﬁu Adbesamly Sc@m‘%?ﬁ% m%ﬁ?‘?"ﬁre}&i Vit s and

del i ver ethresrio s¢ven dansdoléwhingiedck impwnipatl op sweting dfleethewsbdohd toset Anekvdyo seven

days fol i ! i zat i S ti after the.secaqn ose. Anti body

res_ponsegeg 6‘%&%@3@%&%‘%@“&%@ %lya/lrsé_lrt% me c&%ﬁ“r‘l‘?@gﬂ') {Jolr ﬁ@rs (GVI) for

t.he .5 apmimalsshat ate imeraizedwithiANIA9ivtte apploXDiatale 1 906, I00xdndas @by 1, 900, _

7,600, a 45 0. fol l,ow ng, the ond, thi.rd apd | ast (sixth) doses

respect i -\E:Oce]illoflvfn,gq es}&??ﬁsh‘é@@?@s%ﬁ‘f‘ﬁ‘ggws reReesH &sﬂ]f)é@'?ﬁ’ﬁc‘ 6?\‘?‘#’61)13’ ani mal s

f ol | owi ngat Meassied ihcontBLAHiAAL (VD wirdARE axthimbRhiza@ae- hal f of the animals

were treated for ;bg: addi ti onal tgrfe‘g nont hs, recejving inmuni zati ons at
halbpt b

about 20, 24 and ZPP{RUREClYERe pupal§oeEs i fongy additiopa thaee i n PBS
vehih cle abothe, rwetmumnﬁﬁmndis&a &!ﬂ)jum(?m ancf@ﬁﬁg%dﬁ.& ERQDE thelsd &8s »bgngi ned
unc ed .over. .t ti. eriod. |n fact, antibody titers appeared to
rematifil gs?%B’Frgdﬂ' ) vThhcgg?lgﬁer‘P’ﬁhqub{:‘FH‘@a%‘id@Wtaﬂ" @f‘%aé‘énﬁ?ﬂdﬁé%fﬁbﬁgg’iawgdto a
peri od conhaigadotdienif tifnePeticl. Theachiamitddy kit 49k 28G 10 rQaidl8lekHope i f the
Ap- speci Ihi ?ou%ﬁtui) odi&iggl icited by i m’runi.zgti on that_ 15 were detected in
the sera 6 I'® 762 FEForrPanding o apetigd sueaes dedtithip ths néndbhosi t ed.

brai n aninjeoiichs. a subset of sections fromthe AN 1792- and PBS-treated m ce
were reacted wt antib pecific for mpuse |gG- In contrast to the
PBS group, AP pl a&ﬁ%teﬂ’“eﬁ%égﬂ’? é&aé‘HL‘Pﬂ‘%ﬁeﬁ’ itegebya meRmizaion thatt 1
endog@novsreldgtected thithe sbrd SEARTTDR-tRElVBREE WA alsh WRoSROURRL WBDsRGEN | N both

15-and 18-nonth.groups. Particular]y striking was the [ack 20 of |abeling
in the “gaFHE'Pb‘g acfégsﬁf ?gse'ftr%ls FXP@M I'5H2- anhRBYyreatpy misicaversreeiéad i n t hese
m ce. Theitkar asibbdsspetiie/fdrihadusé IH0UTh Z@it}a@tﬁo‘(ﬂetﬂBSigr%b{ﬁ]WIﬁﬁli eAR protein
gener at eg ﬁ%tei bo%i es that recogni ze and bind _in vivo to the ARin anyloid
pl aques. AV T RO rAREES codied Yt Fdoseaspbiele iffgreacsbstweer @er enoved from
ni ne AN two/B@ups was nicaeslbethd5-4i2d PBSonth R8s 2 P dBadioiilnlves (RDARP i ce 7
daySZ@f t & lagclﬁgg 1nn| tﬂé pB’S %Q,‘ c%égjgi%eotpé presgl)geno(%% tegvsy amyloid burden in these

mice. These results show that immunization with a synthetic Af} protein generates

antibodies that recognize and bind in vivo to the AB in amyloid plaques.

7. Cellular-Mediated Immune Responses

25 Spleens were removed from nine AN1792-immunized and 12 PBS-
immunized 18-month old PDAPP mice 7 days after the ninth immunization. Splenocytes
were isolated and cultured for 72 h in the presence of AB40, AB42, or APA40-1 (reverse
order protein). The mitogen Con A served as a positive control. Optimum Tesponses
were obtained with >1.7 uM protein. Cells from all nine AN1792-treated animals

30 proliferated in response to either AB1-40 or AB1-42 protein, with equal levels of
incorporation for both protéins (Fig. 10, Upper Panel). There was no response to the
AB40-1 reverse proteiﬁ. Cells from control animals did not respond to any of the AB

proteins (Fig. 10, Lower Panel).
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‘were isolated and cultured for 72 h in the presence of Af340, Ap42, or

Af 340-1 (reverse order protein). The mtogen Con A served as a positive
control. Optinumresponses were obtained with > 1.7 Mprotein. Cells from
all nine AN 1792-treated animals 30 proliferated in response to either
AR1-40 or AP 1-42 protein, with equal levels of incorporation for both
proteins (Fig. 10, Upper Panel). There was no response to the A040-1
reverse protein. Cells fromcontrol animals did not respond to any of the
AR proteins (Eig. Chaclusiower Panel). 59 C. Conclusion The results of this
study show t hat ANL792 | i.zation of PDAPP m ce possessing existing
anyl oi d deposits sl'ERESERP é%‘&ﬁg’oﬁ’rt&ﬁr@gg%émﬁ‘ﬁv%i%Oﬁ%égl’tﬂiléﬁh 5 and
retard copaegsiegttistingheiylapadpbalsRiive H0 Praests bbghbeyaashirhRRpRuUSe brain.
| muni %ati ons th AN1792 essentially halted anyl oid devel oping

“ i n- st rUct HLEEAERpS IR P eHOPHATIPEIC Shangs i thorasAy DoPE saduse brainys,

adni ni st BivheizabnARPARY irgieesmﬁaugtmkaaﬁytoi@debaeﬁﬁé n-stllcth@@ibf €at ment - of
AD. 10 I V. EEN OF A(3 FRAGVENTS 100 PDAPP mice age 9-11 nonths were

i muni zed VAL ROy srcskmh to amdeidesis HTus miminigertian 9f AR petsidehasi ne whi ch

epi t opes geRyaYicbheneflthCRGkHRYS of gBPONSe. The 9 different inmunogens and
one control are injected i.p. as described above. The i mmunogens i nclude
four human AR peptide conjugates 1-12, 13-28, 32-42, 1-5, all 15 coupled to
sheepl@nt_i\f.rmlm{g}g@oyi@ PRANRE l'i nk; an APP pol ypepti de am no aci ds
592- 695, aggregated human AR 1-40, and aggregated human AR 25-35, and
aggregat ed rodent 194 BRAPP syepragg&tld dngutxiRera indmPBSdwvathed difednas positive
and negat | , tively. Ten mce re. used per treatnent
aroup. 71 (RIS RE IR an LASRRENL KRN ool B e M Pie St uBipata 2t "The end
of 4 nont hke differghdpmuongens Midsdnechatril sita igtjectdd Bp.26 désenteddsibov@Ndhk 0Xi col ogy

| ysi . 17] t t A.. Mat er | al t hods 1. .
roparati s Eh DR el R 2EMds pivkBtl-b | RBPperts deetl f our human AP
pepti tfe conpled&i deep DE-rant G deskdystiesilidies APHpoldrefide akd028idsapsl 33- 42,

each conj ygated to ghee ntji-nmouse Ig _wer e gre ared by coupling through
| HESEAR 7 '

an artificrarcespeted] i Ot BUARECABEDBIEIHRP 22147 ARd #asEraied sadephki ng
reagent sAP4D-Agdiated ABIABERS Wele udal asRkitivemdMRERive YoHubasi zed with the

foll ow ng_final an} no .acid sequences. In each, case, the |ocation of the
i nsert ed respectively.” Ten mice were Used per treatment group. Titers were monitored as above

and mice were euthanized at the end of 4 months of injections. Histochemistry, AB

20 levels, and tpxicology analysis was determined post mortem.

A. Materials and Methods
1. Preparation of Immunogens
Preparation of coupled AP peptides: four human A peptide conjugates
25 (aminq acid residues 1-5, 1-12, 13-28, and 33-42, each conjugated to sheep anti-mouse

IgG) were prepared by coupling through an artificial cysteine added to the Ap peptide
using the cros_slinking reagent sulfo-EMCS. The AP peptide derivatives were synthesized
with the following final amino acid Sequenc_es. In each case, the location of the inserted
cysteine residue is indicated by underlining. The AP13-28 peptide derivative also had

30 two glycine residues added prior to the carboxy! terminal cysteine as indicated.
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cysteine residue is indicated by underlining. The A013-28 peptide
derivative also had 30 two glycine residues added prior to the carboxyl
term nal cysteine as indicated. 60 Al 31-12 peptide NH2- DAEFRHDSGYEVC- COCH
A(31-5 peptide NH2- DAEFRC- COCH A033-42 pepti de NH2- C am no- hept anoi c

aci d- GLMGGWI A- COOH  A(313-28 peptide Ac- NH- HHOKLVFFAEDVGSNKGGC- 000H 5 To

prepare fof;.§ goupl i ng reaghd WPP‘R?ﬁ) anti-nouse 1gG (Jackson
I rrmmoReslggar ci;ﬁell_)aboratorl es) was dialyzed overnl ght agai nst 10 mM sodi um
borate bubfles peptide 8. 5. The INHI-PAEFRERCODBUY was then concentrated to a

(o mare 1 HHORRPI oxy) sudiPRCAUeT M RBRA G AR U T as |

di ssol vedaprs-zneptide dei oni zegt MﬂtﬁHQm\@ﬂE@\mM@Gcmgp{s of suI f o- EMCS
was added dropwise with stirring to the sheep anti-nouse IgG and then the

sol-ution was stitred for an additional ten mn. The activated sheep
anti - nouse | gG WasTPpfel &ee&tﬁéﬁ&upu&g‘&ﬁcnoﬁxt&hﬁ%% yaxﬁﬁgx% q%n@ver a 10 nm

gel filtration colum (Pierce Presto Col obtal ne Pi erce
Cheni cal sYackspgilmmpeReseargh kabogrtarias) wasrdalyzes OrwmtmgalrpH(BnM sodigmt i body
cont ai ni Ngyrf& Betek, PSS.5. mxhlyt&%hyo@mrmr&%‘ceﬂ&m% AR 4{9190' ed and
diluted. to a concentration pr oxi mateﬁé usi ng ng per OD
as the éﬂqgﬁeﬁfHFP%FfR’?ﬂ@h% T%‘HESWIES’I'@M | ar excess of Al 3 peptide was
di sso{o/ed in 20 nmpe IR MR t he
Ap33-42 ptide for {/\Elnfnc l1 éﬂ%c@ﬁ;xy?bﬁe&r ?1;13&0‘&%%%5&%6@&%}129%&@‘ N of DMBO
and t hen ‘H?’SPUF%H' @6"’2@%‘%?’%@ hé 4Pefoldnnplarmaess p{fulferEMGhavapegsied de

sol uti onsdrygsie: mhxﬁ@@%éﬂe%%e@& hyAh&rkns RS A sfoyRe | 9G and

rocked at room terrper ature for hr. The resulting conj ugat es were
concent r s"ggditippal E“F’i‘ﬂafm%ﬂ“ﬁ%d greep wkmppsgdeG orappurifisdmgd Auffeaani con

Centri praﬁcm@;g@x ta,rﬁassragee&veelmbm lﬁﬁﬁﬁbﬁ\%&luﬂB@’ 4:0e m&a%lmhange the
buffe Qj) ree Ee ptid conj u ates were 5 assed t hrough 0. 22

m por ’E°€’r lerpg %‘P‘é?lﬂ qqt"ehbfaéerﬁi ‘5’1‘1‘6 4 WeNaBP4.§ Tanrdl 6.pactions of

| ng and &ﬁt%@ﬂccfnfa@ﬁ@frﬁnonszQﬁntlfmﬁoy%g&%ﬂ{cé AtIg0 Msh, Yerel foB1e8 AR ugates were
determ necg t he BCA protein ésay (Pierce Chenmicals) with horse 1 gG
for the ‘c“é%ﬁ- g&"“&?ﬂn\‘?‘am %Eﬂ?}’{?éﬁ??t h Lpembowsingdrt B8 PEROPRE Mol ecul ar wei ght

i ncrease edtindtidg codtidigritg At4dcfoRieRblatesess BF ABip¥ftide Qvak BRbo1 4 ih he nACdr vat ed
| gG. _The AD 1-5 30 sheep anti-nouse conj u%ate was a pool

sheep antj - ;ﬁ%
of two colf}BfNa"GisPH Ble Witk die sxesption pigthe AB33-gpeptide for which 10 mg was
20  first dissolved in 0.5 mL of DMSO and then diluted to 20 mL with the 10 mM NaPO4

buffer. The peptide so_lutions were each added to 10 mL of activated sheep anti-mouse
IgG and rocked at room temperature for 4 hr. The resulting conjugates Were concentrated
to a final volume of less than 10 mL using an Amicon Centriprep tube. and then dialyzed
against PBS to buffer exchange the buffer and remove free peptide. The conjugates were
2_5 passed through 0'.22 pm-pore size filters for sterilization and then aliquoted into fractions
of 1 mg and stored frozen at -20°C. The concentrations of the conjugates were
determined using the BCA protein assay (Pierce Chemicals) with horse IgG for the
standard curve. .Conjugation was documented by the molecular weight increase of the
conjugated péptides relative to that of the activated sheep anti-mouse [gG. The AP 1-5
30  sheep anti-mouse conjugate was a pool of two conjugations, the rest were from a single

_preparation.
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preparation. 61 2. Preparation of aggregated A(3 peptides Human 1-40
(AN1528; California Peptides Inc., Lot MEO541), human 1- 42 (AN1792;
California Peptides Inc., Lots MEO339 and MEQ439), human 25-35, and rodent
1-42 (California Peptldes Inc., Lot ME0218) peptides were freshly
solubilized for 5 the preparatlon of each set of injections from

| yophi |l i zed powders that had been stored desiccated at -20C. For this

pur pose, two ng of peptide were added to 0.9 ml of deioinized water and
the m xture was vortexed to generate a relatively uniformsolution or

suspensi on. O the 3 nly pept| de soluble at this step.
A 100 | ali quoti]o%)rfe?%%e %@gja @g%@ﬁg%ﬁt@ 0. 01 M sodi um phosphat e,
pH 7.5) was then 1Humdnlé~d0dANAm&;l¢abfoma Pﬁl\ld&ﬁz& baddf034d),hoeed pi t at e. The

suspensi ogwﬁ?réag%%g 9?@'("35 %ngo&w%bedn%4ﬂégg1l oaﬁtzaT% C for use the

next day epardtion o 6 protern d encodi ng
pBx6, a fodgit b2 fcdifenniz Rﬁpn@qssltm Ngpt MEQ2i 8) pkﬁﬁ)deamerufrezabllydolnhmzm foophage MS-2

I 92- 695 of
Rop (Shprie Hieb M o Bl SO e AR A0y el Syt Bk RT o2 e OB o
Chem  265¢esitd@t 4 497C ( ESAB)s puiifose, t\pcbmgmfﬂepmﬂs“zfefeaaﬂéefd&ﬁt()@dnldi‘to E. coli and
the protein wagmgﬁpégls‘ged.after inducél on of the .prom -fhe bacteria

vere |ysedfifiee hEPERSVaRALEE! (9 %Q“F?teﬁJF]ia?Yeé‘ﬁ“‘B mﬁ?]éb%ﬂ%‘tl ve SDS

PAGE. Fr agispeasisn.COfthadui: wpﬁx&w&mﬁwpﬁuésoﬁmm ufésiteraifd gt using a
a concentrat ed usi ng an Am con

bbi - | bod
r28 Cle;t ?lnéiqé‘ %Eﬁg%gﬁglgﬁ%lsyggél%g 5%9@1%@%@%&@% PHofO) e hsrepar at i on,

est i mpg edadayd atGQﬁlﬁﬁﬂitﬁ\I\B'SQ@bs?éaﬂ't@ﬁ@m% Pﬂg-:sus oﬁ%%’e%ta%m 5 to 10%
B. Results and D scussion St udy Deag hundred mal € and fenal e,
PP tr an

ni ne- to &9VRRHbAERIgat %@Fé?b‘ﬂ? sgeni ¢ mice were obtai ned
from Charles River Pkﬁ&%@x{&ffﬂdeaﬂ%&%&nﬁ ex bre QY enIQ(ﬁn 1§>‘€6 yere sorted

into ten %soups to be imMmunized with different regions or APP
conbi ned #ICR PR sRRsisting Rt i HIO-2amipe prad Bacissioehage M2 B@v@dra@ match t he

gender, aaﬁmnméaaéﬁs@@ﬁnmaus@wsﬁm%o5&135 m'd@'o%mk@mp tWg groups as

cIoseI¥ possi bl e. he |nnun09ens i ncl uded four Ap p ptides derived -
e

fromd Fﬂi’ﬁ'ﬂf?teééé]él"éﬁ%‘é’d by Q@tersdonfztal,, { Bipk ChemR26334442-449€OR0e dMeugat ed to
sheep ant pragBdHQs ﬁ'ﬂ'@fcctfc@ tHto Egnglﬂg@tt r@&@mﬂ@ﬁ%kﬁ@éed afﬂ:lr' mﬂctgen%@ HeAN1528)
human 1- 42 SnAN17 , human 25- 35, rodent 1-42;
promoter. The'bacteria were lysed in 8M urea and pBx6 was pamally punﬁed by
preparatlve SDS PAGE. Fractions containing pBx6 were identified by Western blot
using a rabbit anti-pBx6 polyclonal antibody, pooled, concentrated using an Amicon
20  Centriprep tube and dialysed against PBS. The purity of the preparation, estimated by'

Coomassie Blue stained SDS PAGE, was approximately 5 to 10%.

B. Results and Discussion
- 1. Study Design
25 One hundred male and female, nine- to eleven-month old heterozygous
PDAPP transgenic mice were obtained from Charles River Laboratory and Taconic
Laboratory. The mice were sorted into ten groups to be immunized with different regions
of AP or APP combined with Freund’s adjuvant. Animals were distributed to match the
gender, age, parentage and source of the animals within the groups as closély as possible.
30  The immunogens included four AP peptides derived from the human sequence, 1-5, 1-12,
1 3-28, and 33-42, each c:__or_ljugatéd to sheep anti-mouse IgG; four aggregated AP peptides
human 1-40 (AN1528), human 1-42 (AN_1_792), human 25-35, and. rodent 1-42; and a

y



62 fusion pol ypeptide, designated as pBx6, containing APP am no acid

resi dues 592-695. A tenth group was immunized with PBS conbined with
-adjuvant -as a control. For each inmunization, 100 g of each AR peptide in
200 | PBS or 200 g of the APP derivative pBx6 in the same volunme of PBS or
PBS al one was emulsified 5 1:1 (vol:vol) with Conpl ete Freund s adjuvant
(CFA) in a final volunme of 400 pl for the first inmunization, followed by a
boost of the same anount -of inmunogen in Inconplete Freund s adjuvant
(IFA) for the subsequent four doses and with PBS for the final dose.

| muni z atfooerspolepeptiddeddsigppted a3 pRxtapetdition &P|aninraci fesidesltp3-68T hedul e f or

Lhe T Stichlib 88 »I0RE SR Am LM susahRdLe Lhgrgal ter. Animals vere

bledfour seven I"'ow ng eac ni-zation startlng after the
second dose for thEorreaasmmnmhomfloo agbf&naﬁy\ﬁtpepédanzemanBSQN@De

eut hani zed r oxi mat el. ek aft th ose. 2. AD and APP
Level s i nugt‘ﬁ.péﬁ)eﬁfr‘%‘l ‘?‘FWBW“%/‘:O‘%XEQH otee ¥ Hﬁ“e Prglﬁl?:lﬁga%‘? PIARLWRSAUISREdni t h t he
various ARy MBI Q&P\Mﬂﬁj€§m9retet}i?@unﬁpl?1dﬁe£dt\(@f’h)’ﬁlafh{aﬁ{'@%ng‘@fﬁ)orpﬁ%}\{ﬁéj from
sal i ne- perfused ani mal s. here was prepared for

i mrunohi s@rétdﬁlahm@amonaﬂélwsﬁi §y ah@mt v@h%@@@mm&@ iEynogsn in ingempfetant i t at | on
of AR ande ARRs |a‘é{ﬁ%de angfm%&qhmf&g%@e@%@mmﬁs@é] Rl @Héshforrm

beta anyl oi d pepti recursor protein, ere was
di ssect edmmizahenFoFenhdalwere fnﬂtap@tweﬁlﬂ)\o@aﬁbla‘{ecmlzé¢h€ﬂ'€!af°r ﬂwfdstdbneebel 1 ar

regi ons Wek&, BELHRL Bnthly ehdMuROnGuait dhRiehalsMAGS B1e W85 E idlehitf £Js and the | evel
of arrg(hm d or, APP was quantitated by conparison to a series of di lutions
t

of st thdafctewise exh ipmypizagonstartierafigt thr sespnd dessAerdhe maashsmsntiaf an ELI SA
format. Tmbm%qhasl mmmgr@r:amlzqa % mtnaég érfarweteiagﬁ@rqmetﬁrm agoLp

i mmuni zed wth PBS was 5. 8- I n tthe hi ppocanpus than in the
cortex (nedian of 24,318 25 ng/g h| ppocarrpal ti ssue conpared to 4,221 ng/g

for the cortex). zThgagngeL,gygllméﬁmg,he cerebel  um of the control group
(23.4 ng/g tissue) was about 1,000-fold | ower than in the hippocanpus.

These |l evel s are sFolldveing ahwut fagsmonthaof lvoemmazsaeorpwelwtf@wsmgusw@orted for
het er%ygge:,aﬁd{%PAprpaazﬁgswecbrm&?rgfmmeﬁ 3385l gg}ﬁ,gga 08 Bhe @ - 1997

supr a) e cortex, a sub treatment grou 'an"t ot al A(3
and ARI1- mumberleevepgp@mdéqilrumftlfl@m%@hsmg:ﬁi afnlabfalﬁ?wthﬁ sesand Wemwsedfort he

control g&gu&n iBtisn dgélndWi%gelsamH@Jﬂsﬁrertﬁggdn\ééﬁqn% o&%?uuskg& gnt A(31-42

or the AD 1°-5 pepti conj ugate as shown I'an | evel s of
total AR W'ehe@ W@J@E@tlbyarﬁs@eylﬂiéweawdomow ﬁiebgetsphevfew%dlsmnmléd to the

control f ng(}glgl?a?eg Jf {}Q%ﬂ}%@imﬁq QURx%al mecre%bm ?egqb(?)s were prepared in 5 M '
20  guanidine. These were diluted and the level of amyloid or APP was quantitated by
comparison to a series of dilutions of standards of AP peptide or APP of known
concentrations in an ELISA format.
The median concentration of total AB for the control group immunized
with PBS was 5.8-fold higher in the hippocampus than in the cortex (median of 24,318
25  ng/g hippocampal tissue compared to 4,221 ng/g for the cortex). The median level in the
cerebellum of the control group (23.4 ng/g tissue) was about 1,000-fold lower than in the
hippocampus. These levels are similar to those that we have previously reported for.
heterozygous PDAPP transgenic mice of this age (Johnson-Woods et al., 1997, supra).
For the cortex, a subset of treét_ment groups had median total AR and AB1-
30 42 levels which differed significantly from those of the control group (p < 0.05), those
animals receiving AN1792, rodent AB'I-'42 or the AB1-5 peptide conjugate as shown in
‘Fig. 11. The median levels of total Af were reauced by 75%, 79% and 61%,

respectively, compared to the control for these treatment groups. There were no
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63 di scernabl e correl ati ons between Al a-specific antibody titers and AR

|l evels in the cortical region of the brain for any of the groups. In the

hi ppocanpus, the nedi an reduction of total AR associated with AN1792
treatment (46% p = 0.0543) was not as great as that.observed in the cortex
5 (75% p = 0.0021). However, the magnitude of the reduction was far
greater in the hippocanpus than in the cortex, a net reduction of 11,186
ng/ g tissue in the hippocanpus versus 3,171 ng/g tissue in the cortex. For
groups of aninmals receiving rodent AR 1-42 or Ali 1-5, the median total AR
| evel s wdiseernabifucectiabyns3fdan h REMifE QRNIRGY e ¥nd ARVENEG! the BiMER the smal |

group sizes. a thhe high variability of the anyloid peptide 10 levels from
ani mal to éor?lo%e %alf’ﬁ?’ﬁmﬁ(g?weéf%‘ﬁﬁs, t hese reductions were not significant.

When the |evel s of InAR Hippdtmp@! B MRARM 88 clish (smmhwaggamagmnone of the
treat ment - lkgfluced re(? Ictions reached -significance. Thus, due to the

smal | er AR HEHTEN (rhra P T8PPER, Was Rantfessedt ps thit absqregyi ionhegogea nor e

sensi §i ve7son@i-abor1) ofokRaliiRhe BRLALEE Se relil&ionGRRMYSSAed} 1AV | evel s
nmeasured, by ELISA in.the cortex gélre sim f:eraer-, otﬂlt noiﬂe%%eet%t@ggl, to 15 the

resul ts PPBRTFIRES HifihBAFSISchetredirtiomel I 986 ngiggissuseh tw)hippPerngdus AD was
al so measgk@d, i N AdheiGes BRE! doway ﬁorrg‘?&;&%%f&mkﬁ%'e ingﬂﬂoﬁé@'gb]%zgy ect ed
n

wi th AD pat hol ogy. None of the nedia concentrati ons 0 t he
groups i Ml thednsgiiantiorhap learls sige ie¢iBepbpBédend 06%} lagpedRRRigler i vati ve:

di fferedgf,m, &b rol .group in this region of the brain. This

resul t sué)gestr"sélt ?;’;a?ga%%h§’8gp8§%ﬁ%8f’%gie?%@ Y%%EFE/ BheRFAPid PERIFT ect ed by

t r eat frentevelafiprcanwalrte peitrabwithia dothlgsaupd ahee rdaesbndyeR A®Aighificidie cortex and

cerebel | I d control..m ce.. Two di fferent APP assays were

utili zed%ﬁé@%@ ,E@éggﬁrﬁﬁeﬁs‘ﬁgﬁpéh? fippocarsRYs, ARNs &F thsgreRtmEpP. al pha ( a,

t he secr etdeckdfreduntiofis rédeRed wipiifithnbaSTIE MG BRBAIMAF D RaLE 18D sequence),
APP, 25 while the second recogni zes only

and full I:<|> e@cgthh for.ngﬁ(FLl) of C
APP-a. | R CONnt A8t 't B T HEOP FEAMURAFraLivs dndifeion of meamentteffests ofheAR i n a '
subset othdngedhnBlevas @eddtred bPELISY 8] Be 06rt-ABR WENS. m%@@ﬂ%ﬁf@aﬂ{% all —of the
treatlgd fh%r}ps%{tg to, the coptrol animals. These results indicate that the

I

i it zafEERYISAPR B SUpusristesermiral aprlysitiasn kelaWlg APP; rat her the treat ment

effect is SpeCi,fi"CotileB“«Dasa35Q>dmé’bsmycerw&h%,-f@gﬁﬂ%ﬁéa%%'42 levels were
significant.l re%uced in the cortex by treatnment wth AN1792, rodent

A(31- 42 BFMRR3Y 28eLhyifyab@atbelesy hbondpishomedipud b consentratiaRs afagy of
si gni i cafigdips eehase MY thBYartil A3 bl &R LIBRAPP R L8 ditfered from
that of the control group in this region of the brain. This result suggests that non-

20 pathological levels of A are unaffected by treatment.

APP concentration was also determined by ELISA in the cortex and

cer_ebel_lum from treated and control mice. Two different APP assays were utilized. The
first, designated APP-a /FL, recognizés both APP-alph.a (c, the secreted form of APP
which has been cleaved within the AB sequence), and'full-length forms (FL) of APP,

25  while the second recognizes only APP-o. In contrast to the treatment-associated

diminution of AB in a subset of treatment groups, the levels of APP were unchanged in all

of the treated compared to the control animals. These results indicate that the
immunizations with AB peptides are not depleting APP; rather the treatment effect is
specific to Ap.

30 In summary, total AB and AB1-42 levels were significantly reduced in the
cortex by treatment with AN1792, rodent AB1-42 or AB1-5 conjugate. In the

hippocampus, total AR was significantly reduced only by AN1792 treatment. No other
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64 treatnent-associ ated changes in A(3 or APP | evels in the hippocanpal,
cortical or cerebellar regions were significant. 2. H stochem cal Anal yses
5 Brains froma subset of six groups were prepared for imunohi stochem cal
anal ysis, three groups i munized with the AP peptide conjugates- A(31-5,
A(31-12, and AR13-28; two groups inmunized with the full length AD
aggregates AN1792 and AN1528 and the PBS-treated control group. The
results of image anal yses of the anyloid burden in brain sections from

t hese groups are shown in Fig. 12. There 10 were significant reductions of
anyloid burden in the cortical regions of three of the treatnment groups
ver sus curitnolt-ashafiptad shanfésan gyemtAdPtlie vedwin clie loppasimpatydoaicdl drur den was

observed g AN 1792 where the nmean val ue was reduced by -
97% (p Cér%eg%}%gg&glqgeﬁ%ﬁgrggn pr eductions were al so observed for those

animals treated with AN 1528 (95% p = 0.005) and the A(31-5 peptide
conjugate (67% ,p The results obtained by quantitation of total
A(3 or AD1-42 b%/ Eﬁt%&gm CélA“an’ﬁ 0i d burden by imge analysis differ to sone
exteni. Treatnent Bmhhfr&NhSﬂ&eMdlxagro@sgma‘preméd forrpact on the |evel of

cortical en neasured ntjtat i,mage anal ysi s but
not on thnémn%lgﬁgg)ﬁgerﬂgfaﬁgﬂa 57> 18 ?eaﬁro‘}?ﬁ@ﬂx‘f“%ﬁfg’m P"(?Hd?/\ﬁ? 2iESsured by
ELI SA. The1di Agenmﬁemexmawotghﬁ@emmmmwmtﬁelﬁﬁl lehdiRAY a Fg}e?ﬁesdue to the
20 speciflg 17% ’:ﬁ‘l’ t he assa | mage anal ysis neasures only Tnsol uble A(3

aggr egat &8 lz¢fard the R §d???‘l€§§?"tmtl peur| Tpvepdisofireage apalystor ms of  AD,

bot h sol Uﬂh@aﬁﬂeldlUﬁ&I&hlﬁbﬁrﬁm sedHRAOITBR tles@ BOuRIIE SIHRHAH Figdh NCEhdde di sease
pat méog%«:l s.t ht tQ be associated with the i.nsol ubl e pl aque-associ at ed
f

for i si r?‘édgj’é“%{ﬁé’lf?@?"é"dtté’é‘ﬁﬁllﬁﬁ’é camigaliegiensiitisee efdbsitivity to

reveal tfr&ﬁﬁleﬁ@bu@i {@alsTontt UBMALs. Tho gRafeltGediblicifof SnyloillBliBed @RI d and 25
easi er assay, is very useful for sCreening purposes. Nbreover it may

reveal t ﬁ‘?ﬁ”ﬁ’ié‘ the BTQUR FRSFIVING SO0 A Phere tisdnean Va e afas iduceddy§i¥édper f or

pl aque- a890D)| BighkkidaMaeducObdlwebe aldPobdEt/Ed 18 BRsd dnitBIS Aktt SREANTES anti bodi es
elicited hy imunization in the treated animals reacted with deposited

brain anﬁso/? 8 = 100 prddbe 4P 1 Srpeptideconiyaate {478 mPrhe02)% r eat ed ani mal s and t he
contngl nice were eagahRObMiLdN B3y uARRARALY 1RO &4 L3110 by BUSE 39 | 9G In

cont rast to t he PBS group, A(3-containing plaques were coated w t'h
endogeno@®YlojdRurdes by dnrararalysindiifer tesamaexipntt Aecampant pithtANIS28 bag augat es
A(31-5, ﬁBﬁlﬁtﬁr@nmﬁaﬂﬁoxﬁﬁg’Melozgortx&ﬂ‘QmH&?d fuldddn »b}?eﬂgﬁéasﬂcgbﬁcgﬂﬁtﬁ&%es AN1792

and AN1528. Brains from ani mals
image analysis but not on the concentratlon of total AP in the same region when

measured by ELISA. The difference between these two results is likely to be due to the

20 speciﬁcities of the assays. Image analysis measures only insoluble AP aggregated into
plaques. In contrast, the ELISA measures all forms of A, both soluble and inséluble,
monomeﬁc and aggregated. Since the disease pathology is thought to be associated with
the insoluble plaque-associated form of AB, the image.analysis technique may have more
sensitivity to reveal treatment effects. However since the ELISA is a more rapid and

25  easier assay, it is very useful for screening purposes. Moreover it may reveal that the
treatment-associated reduction of AP is greater for plaque-associated than total Ap. -

To determine if the AB-specific antibodies elicited by immunization in the
treated animals reacted with deposited brain amyloid, a subset of the sections from the
treated animals and the control mice were reacted with an antibody specific for mouse

30 IgG. In contrast to the PBS group, Ap-containing plaques were coated with endogenous
IgG for animals immunized with the AP peptide co.nj.uge_ites ABI-S, AB1-12, and AB13- |
28; and the full length AP aggregates Aer 792 and AN1528. Brains from animals



i mmuni zed with the other AR peptides or the APP peptide pBx6 were not

anal yzed by this assay. 3. Measurenent of Antibody Titers 5 Mce were bled
four to seven days followi ng each i mmuni zation starting after the second

i mmuni zation, for a total of five bleeds. Antibody titers were neasured as
AR1- 42- bi ndi ng anti body using a sandwi ch ELISA with plastic nulti-well
plates coated with A(31-42. As shown in Fig. 13, peak antibody titers were
elicited following the fourth dose for those four immnogenic _
-fornul ati ons which elicited the highest titers 10 of AN1792-specific

anti bodi es: AN1792 (peak GMI: 94,647), AN1528 (peak GMI: 88,231), API-12
conjugatémPH@§WW§W¢e%W?Zﬂ%?ﬁﬁﬂ“ﬁﬁ&Eﬁm9@$¥ﬁﬁpéﬁéﬁﬁtGNW@“IG??HG). Titers
for theseigieaps declined somewhat following the fifth and sixth doses. For
the remaining five i nmunogens, peak titers were reached follow ng the
fifth or the sixth dose and these were of nuch | ower nagnitude than those

of the four hi gheseabirk@Ent@F AURSsdylBeAPt -5 conj ugate (peak GMI: . 2, 356),
pBx6 (peak GMI: 1,986), AP13-28 conjugate (peak GMI: 1,183), A(333-42
conj ugat e (peak GNffice gsw)bleddgurig sausn daysifRlleyime eachammuniagiionisiseingt i t ers wer e

al so neagpask ROHIMRubiRRidACHPL INWT ARE Blek A A MBb i DGR M BsurEl | SA _
sandwi ch format for a subset of the immunogens, those groups inmunized with

APl -5, Ag14B8D>82-bindirg apthodpugaga sandyichyildeAtwirk(mastia multifwelbplates t er s wer e
about th . t r i L1 X far the rodent
u %Oﬁmlﬂggﬁ A% Vﬁ? %m&%g g% tp?%%!é&%%dﬁ{tg% W%ée e%cﬁeieclq'%)lr%om

A(i 1-42 immunogen I n ch cas I"ters agal ns e honol ogous

i mrunoge thefenrth dyofot thoswiohoinunimiogras forhhlationvagnich alidieedahe hipleestiiNgE92- speci fi ¢
anti hqdy ti of LRI i . A4l Falshe | 0 .eat nent
around. bttt b, RO el ol ol B L el on of A3 in
the cor 188231288412 tonqpaepakiGMT 247,216)dRd spinssB1-AL Gede@BiTd enT66).

| ynphopral.i feration was asured usi spl ee ells arvest ed
appr oxi n%’tgﬁsgorgbfese e’ g‘F l‘I‘_egvs\llorrl?egw §égl |wﬁ’§ﬁ t,%e g‘f"ﬁ?ﬁ‘l S‘f‘HHﬂﬁ?F'z Fi%h. Freshly
har vest edem®hihg fiveliGnynegensglehk tivaesrveere tdathed dolldvong the fiétly r thasikthedope esence of

AD 1-40 at 30 concentration -of - M for i mul ation.. Cells froma subset
of seven a8 %te ??ewetr%‘grlfcra%%d%‘ger Er %u‘geltéaél %%ﬁetozgléegg l|"(|11“["’thﬁsé UET BQ8R% e of the
reverlse pdiitd dejugdP(ptek GMTAZ,396p pBK6 (peak GO 19186), ARUTLE campgdatecel |'s wer e

cutur o S TS At F oo AL AT o115
Antibody titers were also measured against the homologous peptides using the same
ELISA sandwich format for a subset of the immunogens, those groups immunized with
AB1-5, AB13-28, AB25-35, AB33-42 or rodent AB1-42. These titers were about tﬁe same
20  as those measured against AB1-42 except for the rodent ABi-42 i-mmunogen in which

case antibody titers against the homologous immunogen were about two-fold higher. The
magnitude of the AN1792-specific antibody titer of individual animals or the mean values
of treatment groups did not correlate with efficacy measured as the reduction of AB in the
cortex.

25

4. Lymphoproliferative Responses
AB-dependent lymphoproliferation was measured using spleen cells

harvested approximately one week following thé final, sixth, immunization. Freshly
harvested cells, 105 per well, were cultured for 5 days in the presence of AB1-40 at a

30  concentration of 5 uM for stimulation. ‘Cells from a subset of seven of the ten groups
were also cultured in the presence of the reverse peptide, AB40-1. Asa positive control,
additional cells were cultured with the T cell mitogen, PHA, and, as a negative control,

cells were cultured without added peptide.
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Lynphocytes froma majority of the animals proliferated in response to
PHA. There were no significant responses to the AP40-1 reverse peptide.
Cells from animals immunized with the |arger aggregated AR pepti des, _
AN1792, rodent APl-42 and AN 1528 proliferated robustly when stinul ated
with AP 1-40 with the highest cpmin the 5 recipients of AN1792. One ani mal
in each of the groups immnized with AP 1-12 conjugate, Apl3-28 conjugate
and A(325-35 proliferated in response to Af31-40. The remaining groups
receiving ARL-5 conjugate, AR33-42 conjugate pBx6 or PBS had no aninals

with an Ali-sti miLaingkbcy@s FOMSaNajdieTE HelahdlSprofiferafdTHBshdRdtd N Tabl e 5
bel ow. Table_5 I nmunogen. Conjugate AR _Am no Aci ds Responders APl -5 Yes

5-mer 0/ YA herg yegdg Stgnzﬁc IESPPtssestO e 2B 1 veerse geptisle: CDIP325. 35 11- mer
179 (333m42 infBitnidd-wABI thOl, 5 a9/ 9
A(31112 42-mer 8/8 Bx6 0f 8311%% ﬁ%ésg?%gaég A@r%%efo@%é?i%r%@u‘?‘?ﬁ ow t hat
AN1792 aAdl 1 A1 ol ested mebusttyewhdnrstmylafecwith ABlermhsle-sughmtsctprﬂ inkled y of the

2o BTN AR T R B i el T Rt b R e Poe - 1 ecagni zed

by CD4+ Jorg@dales ABIE28uftkhty andAPLS 3§pfﬂmfd?£le@-§ﬂrgs§orhs@ td RPQ-Mb T8¢ t hough
shorter 15 peptides can sonetinmes function with | ess erfici®ncy. Thus the

maj or i t yreFTAITE] Heyps Teceking Aﬁelpt eanestes 68332 corinpater B 0y BBE bpdp i des are
likely tonifeshia ah&lpt ﬁtL éég%ﬁse%&‘i@ﬁ{ 1sum9191& edrtn tr?rﬁ ?‘%elo%g' on. This
hypot hesi's 1's support y th very |l ow I ncl dénce proliferative
responses for anlnals in each of these treat ment groups Srnce the A(31-5

conj ugat = 2 n the
brain, i the 20 apparent absence oTﬂﬂ§6specrf|c T ceIIs the key df f ect or
i mmune r=spoqsﬁuhggﬂced Y% |@BHné§@t|on mmmhhtgbscggptrdgﬁgppgggs to be
ant i body ?7 -
ABl-5 Yes S-mer 07
ABI-12 Yes 12-mer - 1/8.
: AB13-28 ' . Yes . 16-mer 1/9
- 1AB25-35 S : 11-mer : 1/9
AB33-42 Yes 10-mer 0/10
IAB1-40 : ' 40-mer . 5/8
AB1-42 : ' 42-mer 9/9
T AB1-42 _ 42-mer 8/8
pBx6 0/8
PBS : ' O-mer 0/8
10 :

These results show that AN1792 and AN1528 stimulate strong T cell
responses, most likely of the CD4+ phenotype. The absence of an AB-specific T cell
response in animals immunized with AB1-5 is not surprising since pcptide epitopes
recognized by CD4+ T cells are usually about 15 amino acids in length, although shorter

15 pcptldes can sometimes function with less efﬁcrency Thus the majority of helper T cell
epitopes for the four conjugate peptides are likely to reside in the IgG conjugate partner,
not in the AP region. This Hypothesis is supported by the very low incidenee of
proliferative responses for animals in each of these treatment groups. Since the AB1-5
conjugate was effective at significantly reducing the level of A in the brain, in the -

20  apparent absence of AB-specific T cells, the key effector immune response induced by

immunization with this peptide appears to be antibody.
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Lack of T-cell and | ow antibody response from fusion peptide pBx6,
enconpassi ng APP am no acids 592-695 including all of the AD residues may
be due to the poor inmmunogenicity of this particular preparation. The poor
i mmunogenicity of the Ap25-35 aggregate is likely due to the peptide being
too small to be likely to contain a 5 good T cell epitope to help the

i nduction of an antibody response. |If .this peptide were conjugated to a
carrier protein, it would probably be nore i munogenic. V. Preparation of
Pol ycl onal Antibodies for Passive Protection. 125 non-transgenic nice were

i muni zed with 10%21&&-1#%1]]“& %t%gd}%nﬁzggﬁ%ﬁﬁg%n vg?é%?@%d eut hani zed at

4-5 nont hs. Bl ood was ect e omi nize was separ at ed

f r om ot herobbaeds é@ﬁpaﬁmmcsis 5%16%)01@!19061819@6 iof the Afforesityrs malyrbmln@@en may be
partial yrifi f chr.omat ogr ap An.aver age. of out ~ 0.5-1
ny of |n%ﬁ Ogen- gg%%x?ﬁ% ﬁpge%gggwne BAF Bl nmq iJ°a total of
60- 120 Mp25- maggkega@aslske%eddcnm}mpzatciecham‘gﬁtcbd‘srﬁuttb betlkes td@mAR & oups of 7-9

nont h_ol d PDAPP m ce e were i.nfjected with O PBS of pol ycl onal
Tt S50 K BUEPHTE (SATP LRl T o Retn BPOREPIAF Perant i bock

pr epar at tfsgatse fea @ufidripk@élntiowhad erobably @8 detdxinuinbgased. s. Monocl onal s can be
20 prepared against a fragnment by injecting the fragnent or | onger form of
AR into a nouse, preparing hybridomas and screening the hybridomas for an

ant i bodyvt hatPrepegioh b€ PdlldlondD ARtiSodied for Iesid Betetdiaagment of AR wi t hout
bi ndi ng to ot her ninoverl appi.ng. fragnents of A 68 Table 6 Anti body
Epitope 2H3 AR 1-#2nomipgseos mice yvefoigpnunized ¥ithd 00 pg APY-48PBS- 42 Mbuse

pol ygb on@kAApAIadﬁgm %é'&:@tﬂmﬁs{ca‘l@c@ﬁﬁdnﬂhu REbIARA 2o M R RS EnrhitiRat ed i p as
needed over a nonth period to maintain a circulatin 1g ant i body
X

concent r B0 Fﬂ%&%ﬁ?@&teﬁﬁmmt@z\b{@é é?maqnegﬁs\eép%bodv 5855111y fonthe
immunogen may be partially purified by affinity chromatography. An average of about

0.5-1 mg of immunogen-specific antibody is obtained per mouse, giving a total of 60-120

mg. . '
15

VI.  Passive Immunizati.on with Antibodies to Ap

Groups of 7-9 month old PDAPP mice each were injected with 0.5 mg in

PBS of polyclonal anti-AB or specific anti-AB monoclonals as shown below. All

antibody preparations were purified to have low endotoxin levels. Monoclonals can be
20  prepared against a fragment by injecting the fragment or longer form of AP into a mouse,

preparing hybridomas and screening the hybridomas for an antibody that specifically

-binds to a desired fragment of A without binding to other nonoverlapping fragments of

AP.
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5 defined by ELISA to AR42 or other imrunogen. Titers were nonitored as
above and mce were euthanized at the end of 6 nonths of injections.

Hi stochem stry, AR levels and toxicology were perforned postnortem Ten

m ce were used per group. Additional studies of passive imunization are
described in Exanples XI and XI|I below. 10 VII. Conparison of Different

Adj uvants This exanpl e conpares CFA, alum an oil-in water enul sion and MPL
for capacity to stinmulate an inmune response. A Materials and Methods 15
1. Study Design One hundred femal e Hartley strain six-week old gui nea pigs,
obtained fromE mHIIl, were sort?qvigto ten groups to be inmmunized with
AN 1792 or a palmtoylated deriva e t her eof conbined with vari ous:

adj uvants. Seven groups received injections of AN1792 (33 g unl ess

ot herwi sg specified) conbined witlh a) PBS, 20 b) kreuﬁﬁji;iiguvant, c) IMPL,

d) squal kne, e) MPA®&MI ene f) llow dose al udpitere g) high dése al um (300 g
AN1792) .1 Two groups received injgctions of a paimtoylate erivative of
AN1792 (83 g) conbi RBd with a) PBS or b) squdlBenk . A final, ftenth group
recei vedll PBS al one wi_thout antigegn or additional adjuvani. F@r the. group
recei vi njg 69 Freund'®3adj uvant, tlhe first do$d W& enulsified with CFA and
the remaj ni ng four es with IHA Antigen s.adm ni steregfat a dose of
33 g forlall groups“except the hilgh dose al 4! 3¥Bup, which lhecei ved 300 g
of AN 17P2. InjectQﬁE§2mere adniqistered iqééﬁgskitoneally flor CFA/LIFA and
intramuspularly inthe hind |inb jquadriceps rfately 5 onfthe right and
|l eft sidg for a ups. The first it S were gilven on a

bi weekl y schedu#guggﬁﬁ%&%%pby twg doses atlégéﬁ%ﬁ%% Fnterval). Bl ood was
drawn sik to seven days follow ng each i mmuni zation, startigpg after the
second dpse, foenthkasaprAli@nt - of |anti body titers. 10 2. Prepdration of

| mmunogenS TWO Ny AP4Z (Cairfornia Peptrdae, Lot | dded to 0.9 m
of deionized water and the m xture was vortexed to generate a relatively
uni form suspensi dWice xenegpicrtedin ajmetded pvar @ rPEgh paredRBSaigein s \M NaCdl , 0. 01
M sodi umgirghaspRatiRdy BéhcéntDhi 2afded. . i am@ﬁ rtexed again
and incubat ed %5 OVe¥ni hté%ymg%c fo?g&ggggﬁ%yﬁgggagge. n%ggd AP 142 was
st ored widehpeddyELdSthio %124%@ othep pRmioge Titsfdwere monitogdas above and

mice were euthanized at the end of 6 months of injections. Histochemistry, A levels and

toxicology were performed post mortem. Ten mice were used per group. Additional

studies of passive immunization are described in Examples XI and XII below.

10 VII. Comparison of Different Adjuvants

This example compares CFA, alum, an oil-in water emulsion and MPL for

capacity to stimulate an immune response.

A. Materials and Methods
15 1. .Study Design
One hundred female Hartley strain six-week old guinea pigs, obtained
from Elm Hill, were sorted into ten groups to be immunized with AN1792 or a
palmitoylated derivative thereof combined with various adjuvants. Seven groups
received injections of AN1792 (33 pg unless otherwise specified) combined with a) PBS,
20  b) Freund's adjuvant, ¢) MPL, d) squalene, €) MPL/squalene f) low dose alum, or g) high
dose alum (300 ng AN1792). Two groups receivéd injections of a palmitoylated
derivative of AN1792 (33 pg) combined with a) PBS or b) squalene.. A final, tenth group

received PBS alone without antigen or additional adjuvant. For the group receiving
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A pal mtoyl ated derivative of AN 1792 was prepared by coupling palmtic
anhydri de, dissolved in dinethyl formam de, to the amino term nal residue
of AN 1792 prior to renoval of the nascent peptide fromthe resin by
treatment with hydrofluoric acid. 20 To prepare fornul ati on doses with
Compl ete Freund's adjuvant (CFA) (group 2), 33 gg of AN1792 in 200 gl PBS
was emul sified 1:1 (vol:vol) with CFAin a final volune of 400 | for the
first imunization. For subsequent immunizations, the antigen was
simlarly emulsified with I nconplete Freund' s adjuvant (IFA). To prepare

formul ation dpses wt L.for gro and, 8, lyophiljzed 25 powder (Ri bi
Im*runoCheFrOW‘F?gs°'ea§P‘é{Fﬂt’ LF?\%/FPS} QBT ?‘Bﬂggﬁ%’“ Aandoet ERaminEp HfPetus |
triethyl amiEAl OAmight wad adeomeenl ket dosd o083 (g MAllgrdpdeNapitigxgsh The mixture

was heated to 65 to 70C for 30 sec to create a slightly opaque uniform
suspensi d1Psoilum P} which maqeivedsN0 peioh pNIFS2 fipisstinng Weresslaniristetdr each set of

injectio ' i ¢y { 0 il MR D; i i .1 PBS, 50
ot ot PR erd PR o G2 Sy AR edep |
i medidat etheeghsapad lg§esideTer ajogsaewupsorhylfustitome dessewemigiienthe | ow

Oi | -1 n- Wa GE Mt Sl ol Ak dlh AR0 dbids B%\Qjﬁ‘tﬁlyﬁﬂgfé@}g? %10%‘3{%98%%@& 1p0- 5% Tueen

80, 0.5% Span 85 in PBS to rfeach. a fina sin ose concentration of 33
g AN1792 seremxigs following gachanmupization, targing afiershy @cend dos¢, foraeabyremagsi ng
through gt Wesddyaideer ed hand-hel d device 15 to 20 tinmes until the emulsion
dropl ets appearéd to be about equal in dianmeter to a 1.0 tmdi aneter
standard | atex bead when viewed under a m croscope. The resulting

suspefisi on was 0pabRSGERIn of duk¥eetdi te. The enulsions were freshly
prepared for each series of 1nj ec%i ons. For 5 group 8 ML in 0.2%

triethylam ne was awdees 4p42CeldioounPapaide.diwt MEWBQA9 gwserddalas 6.9tmal oft he

squal ene and. B sification.as noted above. For the
pal m t oyl &Ebg‘é%?%'ge?\%ﬁg%gr (l)un%%%% 9%%%%‘91%%? era%saere 8%‘V"%Ya‘|‘“r‘n°{‘8y| -NH A(31-42 was
added t o sepeabienecAddipl slgpbted ¢0iX PBREEX PBE, ans Mspadal, 851 Wesediinrhen added with

vortexindg., Thi 1 xt.ure s. .added to PBS to reach. final concentrations of
5% squal g"nhé’?pnﬁ?%%?ﬁé”ﬁs %%e dot 9% SHAR LB SKE 18R 0 ctbE was enul si fi ed
as nolked avovght aliy°Prapae the nexaday | Gtused Ad<i@ svasistofedadithrdefigraatgzs 9 and 10),

AN1792 i PBS was add {0 Al hydrogel (alum num hydroxide gel, Accurate,
Wss'tbury?’ym%%e\é\%mr@%éﬁggo‘%centrati ons of 33 pg (Il ow dose, group 9) or 300

g (high dose, group padlpitoyd&7RAvapRE oBANY 790 wad piBparddl 1 olyflak pdRsigec vol une of
250 1. The SHARCHSI AR WS IR dodnarte, Tb B8 G il :baullt AN1792
prior to removal of the nascent peptide from the resin by treatment with hydrofluoric acid.
20 To prepare formulation doses with Complete Freund's adjuvant (CFA)
(group 2), 33 ng of AN1792 in 200 pl PBS was emulsified 1:1 (vol:vol) with CFA in a
final volume of 400 pl for the first immunization. For subsequent immunizations, the
antigen was similarly emulsified with Incomplete Freund's adjuvant (IFA).
To prepare formulation doses with MPL for groups 5 and 8, lyophilized
25  powder (Ribi ImmunoChem Research, Inc., Hamilton, MT) was added to 0.2% aqueous
triethylamine to a final concentration of 1 mg/ml and vortexed. The mixture was heated
to 65 to 70°C for 30 sec to create a slightly opaque uniform suspension of micelles. The
solution was freshly prepared for each set of injections. For each injection in group 5,
33 pg of AN1792in 16.5 pl PBS, 50 pg of MPL (50. pl) and 162 pl of PBS were mixed
30  in a borosilicate tube immediately before use.
To prepare formulation doses with the low oil-in-water emulsion, AN1792
in PBS was added to 5% squalene, 0.5% Tween 80, 0.5% Span 85 in PBS to reach a final
single dose concentration of 33 pg AN1792 m 250 pl (group 6). The mixture was _
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3. Measurenent of Antibody Titers Guinea pigs were bled six to seven days
follow ng i nmuni zation starting after the second i mmunization for a total
of four bleeds. Antibody titers against A(342 20 . were neasured by ELI SA
as described in General Materials and Methods. 4. Tissue Preparation After
about 14 weeks, all guinea pigs were euthanized by adm nistering CQO2.
Cerebrospinal fluid was coll ected and the brains were renoved and 'three
brain 25 regions (hippocanmpus, cortex and cerebellum were dissected and
used to neasure the concentration of total AR protein using ELISA. B.
Resul t s kmulifiéddgdpssResthongies tvadchbite e MRASI-Belide\ecd 1BRE 0 et DGR ency of

the various ad nts when sured as the antibody response to AN1792
fol | owi ng” Tl (iﬂ RIfT Appeakd toslPFofi%ﬁ“ﬁ Gaualpngliameier g b HandPoBteRa@ndahi ni st er ed

in PBS, netcabéadbady visasd dﬁeﬁ@hﬂ&oic@%& 0%&@5&1{% suﬂfenstl(m &8s dgidaizations and
negl i gi bl e. resgoniﬁs wer e det ect ed ol lowing the fourth and 71 fifth doses

with georfBEH e dibe empisioas Y’@?/If%e)* yPreoied fefisath seass of miectiohgy Barul si on
i nd % Hie e a
i nducesd ngast%s% MBI Bros2oh dekigmindlfe WhEaddais L, @aé%gée@grﬁ@ﬂ fgéi])v ptePgrﬁ-eviﬁe o

nmai nt ai ned lowing the fourth dose (

dose (GVthssgpal W’tdéie%man@%‘afor Calﬁisuf@f@hordasetqdesqwn Fer thopalahitoy792 bound
to al umvu;,b g,g L e r al 0| nt t.han 33 pg.
At the pegk ;gf ?%re%ﬁ 3%}9%€Qrd§ssépo se W{O%%Q?‘Iﬁséa%do ‘f% i zation,

t he di ff evogaxed. Jeveoedhartdpas 8 wdegben adsied %%/metxhwGWiS m&n@&)@w 1940 (33
d
g) an S%Qeéé%SQE rcaI}bﬁnﬁ@é*c@%gﬂm%xﬁgfoﬁﬁﬁ%%a enc,t e B'F%‘l %qgéﬁé %82/2)L0\f/\ﬂs

very simlar at generate
ant i gkh @Oﬂ)dgf)crbl@ulmjwmmléﬂlﬁnﬁas'ﬁhedaﬁdvdl on of I\/PL to an o/w enulsion

decreased the pote t rrul atiqgns rela with MPL. as
the sol e adjuvant 28}61— gfue fgﬁm}rgl 5020 Smtlhﬁ\mrh(%%‘ﬁstg g émt‘*@%%% of AN 1792
was conplii Wﬁsaﬂéwtpmmhdammmgn hyddwidaigalt scanchtd, WdeBGngMi)gave nodest
titers hRb ol wenul si o of 340 and. 105 for the
third avvgg ur‘?ﬁ {é?’gsélbsfnSJ an d%e’ﬁro%@ 068@51“% %@SW%‘P 1ggner ated with
Freund's Jald}m@nts mgtoﬁalampﬁalﬁnﬂ\d‘ﬁs@f/olaﬁeufzéB)?plOQQe su@pe\ﬁ@x'oHQ/a@Fémp}t 30 15
fold gr qé%d}op l{irit GM's of the next two nost potent formulations, MPL

and h| gh ‘dose /[alum The nost prom sing adjuvants identifi ed in
this study are MPL and al um

3. Measurement of Antibody Titers
Guinea pigs were bled six to seven days following immunization starting
after the second immunization for a total of four bleeds. Antibody titers against AB42

20 - were measured by ELISA as described in General Materials and Methods.

4. Tissue Preparation
After about 14-weeks, all guinea pigs were euthanized by administering
COs,. Cerebrospinal fluid was collected and the brains were removed and three brain _
25  regions (hippocampus, c'on;ek and cerebellum) were dissected and used to measure the

concentration of total AP protein uéing ELISA.

B. Results
I. Antibody Responses
30 There was a wide range in the potency .of the various adjuvants when
measured as the antibody response to AN1792 following immunization. As shown in
Fig. 14, when AN1792 was administered in PBS, no antibody was detected following two

or three immunizations and negligible. responses were detected following the fourth and
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O these two, MPL appears preferable because a 10-fold | ower antigen dose
was required to generate the sane antibody response as obtained with alum
The response can be 20 increased by increasing the dose of antigen and /or
adj uvant and by optim zing the imunization schedule. The o/w emul si on was
a very weak adjuvant for AN1792 and adding an o/w emul sion to MPL adj uvant
di m nished the intrinsic adjuvant activity of MPL alone. 25 2. A(3 Levels
In The Brain At about 14 weeks the guinea pigs were deeply anesthetized,

t he cerebrospl nal fluid (CSF) was drawn and brains were excised from

ani mal s ififtedoseygish g@fnemh@agmwp@Mif@aa‘enivermHZemthbrﬁrleumd s adj uvant

(group 2)mdd¥5&n(ogss@m@rs%o»ah e Wit dliosd 8:}4% )gégt 300 gdme(c)if i/ 92 (group

10) and the PBS i nmuni zed tro rou we§3 ma o readure 't he | evel
of AR peph¢ feuthdage (AR s%hm%feﬂm&dhsﬁe@ltde@ (GMT fonDyematass cleaf t he

h | I d
quani o ne e aet B AP AN T B Ml B 0 B B PO 67 e es of

di | ut isonsatafi tiAR peimmttar b pgorAxtted ﬁba@fof KROWIbLIAY R BEHsE, &Elll&ﬁﬁ tH2 faHhELl SA
format. The Ievels Ofdé&?ﬁ”ﬁﬁ tein in the 72 hippocanp %e cortex and the

cer ebel | UMY RU0R A7 eHSFR HE(twe does Yo SW&EW?%OHPHE‘ I3#@e range of

ant i body B8 HRPAFETS0D @Oé\Bg?|'l'1ﬁ|ahﬁ§’ocQ%esth§s%Qo §:PLQHMI7W}§!§5 M\l'q?,axpas l evel s of
about 25 ng/g tissue were nmeasured in the hippocanpus, 21 ng/g in the

cortex, fHarto thgeegenied (b alross pédnt-fiold thTFméosetOﬁ@ltmpes’é)ﬁw) béund thi gh’
ci rcul atifigmanhé Q&ﬂ%nto'wa&%%xﬁanpmon%w%&d&gé&& Tofls in some of these

animals did not alter the to evels In rains. The | evel s of
AR i nl& heformptatipns eelaive dp et with MPRias fre Jobtadpwmt bhes gncups?s%. The | ack of

large ef fghidflabMichilaRe! ommvg@yﬁ%@e@pqg%ﬂa bl WAy cal es that Lhe

i mune response is focused on pa of MRt | ONs 0 | mrune
Response admimptered inPBS sy aavamedest titeh whenSirssemedkin aobdv émmaioe v&ihi ss Webst er

mce wer eGNﬁ@@f@Manﬁmﬁ fo?rtﬂéq}ﬁrcy\%ﬁchfom b%gdfg%g@%‘?m S tthrs wdruni zat i ons

were given on days 0, 14, 28, 60, 90 an d subcut aneously in
a dose vosearetedmiddoeund's piuyanawith 6 eeakaGMTHvd abut 8BL0G, @rvalualalmdstﬁ(hul ations.

Ani MBjS Wl rmtereﬂansse/@memem%lf@wnngtmfarmgg&zéiyg%%arﬁ%&t 409 15 after

t he second_dose for analysis of antibody tite treat ment
regi me ofANééc)@FFl@’r‘oup is summarized in Table 7. 73 Table 7

The most promising adjuvants identified in this study are MPL and atum.
Of these two, MPL appears preferable because a 10-fold lower antigen dose was required
to-generate the same antibody response as obtained with alum. The response can be
20  increased by increasing the dose of antigen and /or adjuvant and by optimizing the
immunization schedule. The o/w emulsion was a very weak adjuvant for AN1792 and-
adding an o/w emulsion to MPL adjuvant diminished the intrinsic adjuvant activity of
MPL alone. |

25 2. AP LevelsIn The Brain
At about 14 weeks the guinea pigs were deeply anesthetized, the
cerebrospinal fluid (CSF) was drawn and brains were excised from animals in a subset of
the groups, those immunized with Freund's adjuvant (group 2), MPL (group 5), alum with
a high dose, 300 pg, of AN1792 (group 10) and the PBS immunized control group (group
30 3). To measure the level of AP peptide, one hemisphere was dissected and homogenates
of the hippocampal, cortical, and cerebellar regions were prepared in 5 M guanidine.
These were diluted and quantitated by comparison to a series of dilutions of Ap standard

protein of known concentrations in an ELISA format. The levels of Ap protein in the
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Experinmental Design G oup Na Adjuvant Dose Antigen Dose (pg) 1 10 MPL
12.5 gg AN 1792 33 2 10 MPL 25 pg AN 1792 ---33 3 10 MPL 50 pg AN 1792 33
4 13 MPL 125 gg AN 1792 33 .5 13 MPL 50 gg AN 1792 150 6 13 MPL 50 pg AN
1528 33 7 10 PBS AN 1792 33 8 10 PBS None 9 10 Squal ene 5% AN 1792 33
enmul sified 10 10 Squal ene 5% AN 1792 33 adm xed 11 10 Alum 2 ng AN1792 33
12 13 MPL + Alum 50 gg/2 ng AN 1792 33 13 10 @S-21 5 pg AN1792 33 14 10
@S-21 10 gg AN 1792 33 15 10 @S-21-25 AN 1792 AN 1792 33 16 13 5-21 25
AN 1792 AN 1792 150 17 13 QS-21 25 AN 1792 AN 1528 33 18 13 S-21 + MPL

25 g/ 50 QBQA;‘H%' C;%g,_&éscort%ﬁ aﬂt?’ﬂ]@érggellﬁmzécrg&gxy@niémf(ﬁ'%ﬁt%%tﬁ%rox@é Higfroot not es:

a Nunber rice in each group at the initiation of e experinent. b The
adj uvant shawile mogedf antihedyraspoases toAp glitited iy desé formuleadrisoMeanddd PBS. For

group 8., teNeli 80 (O Lo [VAVE=Yal =1 o1 nt | 4 The ELI SA titers of
ant i bodi elgvegsgogi ﬁsu? AE %59 R §acrﬁ group %rggl%g{%\%ﬁgf%? nﬁy ) éhCBCO elow. Tabl e
8. and 12 ng/g in the cerebellum. Thus, the presence of a high circulating antibody titer to
' 5 AP for almost three months in some of these animals did not alter the total AB levels in
their brains. The levels of AP in the CSF were also quite similar between the groups.

The lack of large effect of AN1792 immunization on endogenous AP indicates that the

immune response 1s focused on pathological formations of Ap.

10  VIII. Immune Res;;onse to Different Adjuvants in Mice
Six-week old female Swiss Webster mice were used for this study with 10-
13 animals per group. Immunizations were givén on days 0, 14, 28, 60, 90 and 20
administered subcutaneously in a dose volume of 200 pl. PBS was used as the buffer for
all formulations. Animals were bleed éeven days following each immunization starﬁhg
15  after the second dose for analysis of antibody titers by ELISA. The treatment regime of

each group is summarized in Table 7.
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Geonetric Mean Antibody Titers

Week of Bleed Treatnent Goup 2.9 5.0 8.7

12.9 16.7 1 248 1797 2577 6180 4177 2 598 3114 3984 5287 6878 3 1372
5000 7159 12333 12781 4 1278 20791 14368 20097 25631 5 3288 26242 13229
9315 23742 6 61 2536 2301 1442 4504 7 37 395 484 972 2149 8 25 25 25 25
25 9 25 183 744 952 1823 10 25 89 311 513 817
12 198 1458 1079 612 797 13 38 433 566 1080 626 14 104 541 3247 1609 838
15 212 2630 2472 1224 1496 16 183 26388680 2085 1631 17 28 201 375 222

11 29 708 2618 2165 3666

1540 18 8%699+H¥%MFQ3995—6442—%g%%—;;97%§r243_554_299_44;_Ihe_Lab1e shows
that the highest titers were obtainedForr g dups 4, 5 and 18, in whjch the
S adj uvantgopsTe 125 jgEivPL; OAJCE&WR(PL auuD”“- 2% R' g MPET X TRergqpeuti c
Ef ficacy of fferent Adjuvant t herapeutic efficacy study conduct ed
in PDAPP {ransgenic| mce wth a set off adjuvants suitablg for Use in
humans to{déterm nel theno abi|[IMEYy tO pﬁ)u@_s\hgate ARMERE responses to AR and
to induce{the i munie-nedi ated cl earance of amylojfd 10 depdsits in the
brain. Onezhundred lei ght¢y naljeMBInd f engkepg 7. 5- { aN879%8- mont h o33
het er ozygpus. PDAPP transgenilc nmice wele obtainefl from Charles River
Laboratoriés. The njce Were |I9d¢rlted intdopgne gr papPs7Lont di ni ngg 15 o 23
animals per.. group to be | nized with '

4 13 MPL 125 pg AN1792 33

S 13 MPL 50 pg AN1792 150

6 13 MPL S0 pg ANT528 33

7 10 PBS AN1792 33

g 10 PBS None '

5 0 Squalene 5% AN1792 33

' emulsified
10 10 Squalene 5% AN1792 33
admixed

11 10 Alum 2ﬁag AN1792 33

12 13 MPL + Alum | 50 pug/2mg | AN1792 33

13 10 Qs-21 5ug AN1792 33

14 10 QsS-21 10 pug AN1792 33

15 10 QsS-21 25 AN1792 | AN1792 33

16 13 QS-21 25 AN1792 | AN1792 150

17 13 QS-2] 25 AN1792 | ANT528 33

18 13 QS-21 +MPL | 25 ug/S0 pug | AN1792 33

19 13 0S21+ 25 ng2mg | ANT792 33

Alum

Footnotes:

? Number of mice in each group at the initiation of the experiment.

® The adjuvants are noted. The buffer for all these formulations was PBS. For group 8,

5  there was no adjuvant and no antigen.
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75 AN1792 or AN1528 conbi ned with various adjuvants.
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5
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The table shows that the highest titers were obtained for groups 4, 5 and 18, in which the
adjuvants were 125 pg MPL, 50 pg MPL and QS-21 plus MPL.

IX.

Therapeutic Efficacy of Different Adjuvants

A therapeutic efficacy study was conducted in PDAPP transgenic mice

with a set of adjuvants suitable for use in humans to determine their ability to potentiate

immune responses to AP and to induce the immune-mediated clearance of amyloid

deposits in the

brain.

One hundred eighty male and female, 7.5- to 8.5-month old'heterozygous

PDAPP transgenic mice were obtained from Charles River Laboratories. The mice were

sorted into nine groups containing 15 to 23 animals per group to be immunized with
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76 | PBS and 125 .tl of PBS per dose were mxed in a borosilicate tube

i mrediately before wuse. To prepare fornulation doses with Freund's

Adj uvant (Goup 4), 100 g of AN1792 in 200 i.l PBS was enulsified 1:1
(vol:vol) wth Conplete Freund's Adjuvant 5. (CFA) in a final volune of
400 | for the first inmmunization. For subsequent i rmuni zations, the antigen
was simlarl Y’éerml sified with I nconplete Freund' s Adjuvant (I FA) For the

f or mul at i W1 EBrPr ANIPAcanthaned gyith/ wnipys %ﬁJﬁYﬁ“SMBEmE?lS weedisribuigggog per  dose
of AN 1792nhQkn AN g‘n?d%r M&d’t‘@g@ o\f“L}{erhn%va(dnn% Q@ﬁps%%l@lelyoﬁs MPL (50 jig

per dose) or per dose) in _a final vol une PBS and

del i ver ed 39951% gh%%‘ilﬂv&ﬂ‘éw&“d?ﬁélém Mploﬁn%ﬂstzﬁee%héwnbe?%@h che shoul der
bl ades. F%nFae a{dw&ndfseeﬁvaet m\fe%mb%% W tH @Aﬁ%m &m&ioﬁm 4:&%910]: 400

(voI vol) w | ete Freund's J uvant in a final
and del Nerlewuwﬁ@ w&bé\ﬁlﬂ%’@amwtefie@ PBﬁeUff?rrpé'es the pageaRYatiae ﬁienem#ﬂbl | owed by

a boost  of y iRt 28GFne PHRIL Rbup WERRHER eH Yith PEIILRL dj uvant
(IFA) for Vtvhe éu(gsequent flé\?equ doses. Fore trlle grouép))r?eraggell aﬁﬁg%&%ﬁ%z 15

wi t hout adj uvant 1(Br@garAmn7@f21gmgat€<bﬁﬁlmetdi€w ltuhn@ @BH@ ﬁﬁﬁkﬁ@&,l in a final

vol ume of d r Iﬁ_y&g Qusl , contr ol
group rece| ve E)anﬁ@?)%égﬂ] Nddg%g/g’lf I Vere lll)t“‘gg’u ané‘ u’s“lrafip“rlllll Ini zati ons were
gi ven on aCddnfmmeid?epu@shmimoel\/tliﬁ)mft)rpepuddsmte ﬂr&zhbfesobbbﬂesd fotthen on a nonthly
SChEdUi(? t ]:otnec{foz%: Sg%\flnjCC’UOIF]S ﬁ%ﬁopﬁg (] OW €Is [E[a]tﬁlad S?CPI rml S Wer e bl ed

Six to sevk oW ng- eac Ntz 0 St ar &"he 20 second
dose for tdtm:ematatrﬁl?énﬂ:oomxsamt—pob@dxyo tngtmpSpndAmmAcmc&v&f(m Austhani zed

i mately .o k. after the fi d Qut d b
LT SA assalF OBk At Reperulrors PHOHHI AEE b ARRUAON e B eRER ool

eval uat i onsBperksiof. pPNeSEWSs sofubleaitHiOiteh, il ARLUES td ANDYSH. NA $EC LI Didgoet | N

el on ¢ SERR0BE LB KB 15w i et he? Frbe e oy ©
anti botly t attvetich ;tda)mmls:z%egam(epxe&lpﬁaté ethandubgensibhs @é}dv&&&&%’gmz{dnaer s whi ch

peaked foll]o the ur. zati qn (peak @Gvrr: 75,386) and then
decl i ned bwc%“f%&vf'@fg e;%}{#?éfls ?Qetxﬁ muni zati on. The peak mean titer

elicited by MPL wit IToAd%EpZ&Zfdmaalaﬁar%dsey\;@hh mhmr(Gtrdn@fs 1gede), apedptiietim  FA (peak
GMI: 28, 86?,% and a‘é o,reached ear int zation schene, after 3
doses. 30 FBP PORBHERY ATOERT (0 AR SRR P rE R HAPRR: A CBreeshe oi xth
i muni zat | oe., chmnen,pelat@ remaandehtrarongenmoapgzd.wepme@sr PipGpalRmnadxwi t h
AN1792 65 é% aaﬁ)out 5-f dﬁ | ower _than obtained with MPL. In
addi ti 8 gﬁé Ve AdeR {82 BFal i VPBERN 200 MR 1X PBiert e suspension was then
gently mixed for approximately 4 hr at RT prior to injection. '
To prepare formulation doses for with MPL (Groups 2 and 6), lyophilized
'powder (Ribi ImmunoChem Research, Ine., Hamilton, MT; Lot 67039-E0896B) was
added to 0.2% aqueous triethylamine to a final concentration of 1 mg/m) and vortexed.
25  The mixture was heated to 65 to 70°C for 30 sec to create a slightly opaque uniform
suspension of micelles. The solution was stored at 4°C. For each set of injections, 100
g of peptide per dose in 50 ul PBS; 50 pg of MPL per dose (50 ul) and 100 ul of PBS
per dose were mixed in a borosilicate tube immediately before use.
To prepare formulation doses with QS-21 (Groups 3 and 7), lyophilized
30 powder (Aquila, Framingham, MA; Lot A7018R) was added to PBS, pH 6.6-6.7 to a final

concentration of 1 mg/ml and vortexed. The solution was stored at -20°C. For each set

of injections, 100 pg of peptide per dose in 50 pl PBS, 25 pg of QS-21 per dose in 25
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since an additional immnization was required to reach the peak response.
Titers 77 generated by al umbound AN 1792 were narginally greater than
those obtained with Q5- 21 and the response kinetics were nore rapid. For
AN1792 delivered in PBS with thinmerosal the frequency and size of titers
were barely greater than that for PBS alone. The peak titers generated

ith MPL os gg were a ouHiQ-fo d. 5 |l ower than thpse
&;Eh AN1732§B§F3%?%§5%§q%§E %g% %%%ydb%SBW§SIﬁW%W b@ﬂ?%ﬁmﬂiPﬁbFom%t;:Séz
gener at ed Y¥s# Fnly_sone of tgezanlaflﬁ.Pgo arglgod¥8r$ggﬁgsgscgﬁggtr?CsNban
i . | A . (
At i B§d§°?? Lorsa veer b dabfior s 595 Atlerag Gaow HricH LT
1,081 2, 366 ANI0SBin3D2 1l PBE ¥@2erhdl2iied ) (@&YJo%Q),itr(é’&{,aét)é 1{%%@%%%% ()20/ 20)
MPL/ 6%41(5@ %7%%{8%#2 5,508 8 204 ANL792 (21/ Zfln) ( ab) (AAreh) G |
t3298 Aﬁra_%g;za A zgz Zf;‘g gig,fg; oo mxgmim@n( gés@)és;g A )79(2 (15/ 15)

/18 1 i a : o :

Eigl 153 E%S/ 15y (15/15) 15/ 15y _Algu@rm%ﬁ %‘5&38’%&9 5% Frond's J‘(Vﬁ?'z%/(z %/21)

(3/20) (1/BaY- forthe formyiationsi@atamisothe 3di8EBitslaliB,AMBL 89QS-21 0152 Ber( )

_ 1/ 22

(131 22) (&5 VUGS S AN e onliEel M et G gy ot ML biscal (0f 16

(2/16) " (A/Pe6jose)3ir O5)21((@5 ke er dOBS iR5 fidBl BRurbof280 (0PBE)and QhAEkat) 15) (07 12)

(0716)0 F%%c'ﬁ%go%s inoculation on the back between the shoulder blades. For the group .

receiving FA, 100 pug of AN1792 was emulsified 1:1 (vol:vol)' with Complete Freund’s
adjuvant (CFA) in a final volume of 400 pl and delivered intraperitoneally for the first
immunization, followed by a boost of the same amount of immunogen in Incomp]ete.-:__
Freund’s adjuvant (IFA) for the subseqﬁent five doses. For the group receiving AN 1792

15 without adjuvant, 10 pg AN1792 was combiﬁed thh 5 pg thimerosal in a final volume of
50 ul PBS and delivered subcutaneously. The ninth, control group received 6nly 200 pl |
PBS delivered subcuténeously. Immunizations were given on a biweekly schedule for the
first three doses, then on a monthly schedule thereafter on days 0, 16, 28, 56, 85 and 112.
Animals were bled six to seven days following each immunization starting after the

20  second dose for the measurement of antibody titers. Animals wcr.é euthanized
approximately one week after the final dose. Outcomes were measured by ELISA éssay
of AP and APP levels in brain and by_immunohistochemical evaluation of the presence of
amyloid plaques in brain sections. In addition, Ap-specific antibody titers, and Ap-
dcpendem' proliferative and cytokine responses were determined.

25 Table 9 shows that the highest antibody titers to AB1-42 were elicited with
FA and AN1792, titers which peaked following the fourth immunization (peak GMT:
75,386) and then declined by 59% after the final, sixth immunization. The péak mean
titer elicited by MPL with AN1792 was 62% lower than that generated with FA (peak
GMT: 28,867) and was also reached early in the immunization scheme, after 3 doses,

30  followed by a decline to 28% of the peak value after the sixth immunization. The peak
mean titer generated with QS-21 combined with AN1792 (GMT: 1,511) was about 5-fold
lower than obtained with MPL. In addition, the kinetics of the response were slower,

since an additional immunization was required to reach the peak response. Titers

77



a Ceonetric nean antibody titers nmeasured agai nst AR 1-42 b Nunber of
responders per group 79 The results of AN 1792 or AN 1528 treatnent with
various adjuvants, or thinerosal on cortical amyloid burden in 12-nonth
old mce determned by ELISA are shown in Fig. 15. In PBS control PDAPP
m ce, the nedian level of total ADin the cortex at 12 nonths was 1, 817
ng/g. Notably reduced |l evels of AR were observed in mce 5 treated mnth
ANL792 pl ugerepisd by Al wmh&‘#@z‘%l 188 verumpreanlly gstenihanthpe obigiepdGBhQS- pl us

AN1792.  The; fRdHetds Fmsma@dt@d«eﬁetra&ksapl@atormm H&ﬁ@f‘e@ it Ps§~ER) only for
AN1792  plus CFAII ﬁﬁ{ as shown i n Exanple and 111, the effects

of i mruni z EUPERS He fFeguency AR 5igs 9T et ¥eﬁ@éﬁﬁbgf§%%§?@ﬁh4t§?qpﬁ%?1@§t er in 15
nmonth and #fe '\F&H'ft&br%éﬂxeﬁte@%m MbUgnd AN1638 @¥aUgB0d$)ater@bbdue@gdidt he ANL792
pl us alun1 AN 1792 us, MPL _and AN1792 1Q plus QS-21 conpositions wll

achi eve’st éﬁ‘Yeéﬁaﬁglos%WﬁhlAN 13n calumbaund A eAt Was vesy BreylyimaminogeBie cont r ast ,

the AN 1792iRNd45 tilehreRERBE IV ¥ind dTitHEAHSAL. RO PreaRAkandgvel of AR
about the sanme ‘as that in the PBS treated mce. Simlar resulits were

obt ai ned mﬁ@ﬁ“*éé%@F&%ﬂ“1éWéP@1%%”%%%%?“Q@B§a@8ﬁpared The medi an | evel of
AR42 in PBS controls was 1624 ng/g. Notably reduced nedian | evels of 403,
1149, 620 and 714 were observed in 15 the mice treated with AN 1792 pl us
CFA/ I FA, AN1792 plus alum AN1792 plus MPL and AN 1792 plus @S- 21
respectively, with the reduction achieving statistical significance
p=0.05) for the AN1792 CFAJI FA treatnent group. The nedian level in the
AN1792 thinmerosal treated mce was 1619 ng/g A P42. A further therapeutic
adj uvant /i mmunogen efficacy study was performed 20 in 9 - 10.5 nonth old"
mal e and fenal e het erozygous PDAPP transgenic mce. The duration of the
study was 25 weeks with 29-40 aninals per treatnent group; therefore the
animals were 15 - 16.5 nonths old at term nation.. The treatnent’ groups are
identified in Table "10 bel ow. Adjuvant |nmunogen Dilution Buffer
Adm nistration Goup 1. MPL-SE AN 1792-CGCS (75 pg) PBS SC (250 pl) G oup
2: 1SA 51 AN 1792-GCS (75 Vg) PBS | P (400 pl) Goup 3: @21 AN 1792-GCS
(75 jig) PBS SC (2501) Goup 4: QS21 abbrcv. AN 1792-GCS (75 pg) PBS SC
(250 pl) Goup 5: PBS ------ ------ SC (250 |I') 25 Table 10 abbreviations:
MAP - multi-antigenic peptide; TT - tetanus toxoid t-cell
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epi tope (830-844); SQ - subcut aneoué; I[P - i nt raperitoneally; PBS -

phosphate, buffered sal

i ne;

simlar to IFA;, GCS is a 80 glycine/citrate/sucrose formulation,

MPL in a stabilized water and oil

identical for all

enmul si

of the treatnment groups

on.

t

| SA-51 is a commercially avail abl e adj uvant

MPL-SE i s

The i muni zati on schedul e was
except for Goup 3,

he

QS21/ AN1792 abbrevi ated schedul e group. The mce were 5 injected on weeks

0, 2, 4, 8, 12, 16, 20, 24, with bl ekap
recei ved ei ght

25. Goups 1, 2,

edn weeks 3, 5, 9, 13, 17, 21 and

injections and Group 3 received four

? Geometric mean antibody titers measured against AB1-42

® Number of responders per group

79

injectiongaurrng tne 2Z5-WegkeBEMAH AQhibdd}eTiRIEdy. G oup 4, tne
521/ AN1792 abbreviated schedule, received” injections on weeks P, 2, 4,
and 8 only. This group was not iny®kwéBl®ér the reminder of the study,
al t hough tjh e—bted the—saqmrg bieet tredtirg gS_H‘I'!?—AEg?[—‘ﬁ t he study
to 10 foll c;l\?vatlter decay. "G oups {3 and 5, 9&21/AH37 2 anJI-1 S reppectively,
served as ftAleny/ positive| &l negat/ilvi8lconti2@66 fof 108Bs s{aey. The titers
wer e deterimi ned by the anti-AB anti body tliter asgsay. Goup 1,-.thg
MPL- SE/ ANB792,@houp, rai seshide pedk;gegyret nd Grfyean (idigr - ) pf 17,100
at 9 weekj "?'ﬁ] I ?nq to a E\/IT Zf 1( %OO%gat 55 eks;.( Inllgti zapl(gg/a,wtha MPL- 15
SE titers jiMBe at a somp@Bdt hi gheB.86at e |[1HRA2t h¢ SO821/ AN8RPH2 cpnt r ol
group (Grqup 4). Goup 2, the | SA 51/ AN1792 group, produ¢ed highfjtiters
t hr oughoutj Al§e7opst udy reagimng a of Qv er2R00, @ihdyor [ tiumdhasf 9 weeks
of the study. Goup 3 ﬁ%ﬁ 21/,6@%/{7'-99 c \rgtrollj) group )re R 5 peak
titer at S@beks with|30GMT of {287000. |BRé tited.-Mhen fé11B8ovel the next
8 weeks tagf finish with a 20 GMIjof 8,70Q. One anpimal in|this grpup failed
‘to raise al ANtBR over theientire |qoonse af(ondhe efxpmzi)rrenqm/ﬁ)om 4, the
QS21/ AN17 ahbr evi at ed inj ection schedulie qr Qup, reached_a pea titer of
7,300 at Weks, five |WBOKS af t|e&r!:37Ps i 7986 i nj 4d628n. |PAL74i ter  then
fell to a of 2,100 gt the final bleed (25 wegks). As|in the gontrol
group, one} AS1z2 mal faill(esl13)o r qi@¢&15) ddteptdbl ¢ (13/18r, |\Wd/1% apot her
animal | os ] —trhe—end—g—-t-he——ﬁgea-)upﬁpzed—-@ gup—5.—1 he PBS
al one grou f"“ﬁﬁd no titdrs. To eva’uate t cortilGal AB Ié\;gls, otal Ala
and ABI -42} were neasured by EL1SA. Brief|ly, one|brain hem spherg was =~
di ssected foNI&Hrtical, |HPBpocanpall/2land |dé€bel I[4k/2080. |1#/28ue ol | owed by
hormgenl Za M’%ﬁ/i 3] 51'\v"rgu |1|8£|'| ne—b f:ff’sgl att E&gaycg 1‘|if.5|6 bt |3|’096*\.B.

AN1528 (15/21) (20121) | (2121) | (20/20) | (20720)

QS-2v/ 29 221 51 820 2,994

AN1528 (1/22) (13/22) | (4/22) (20/22) (21/22)

PBS plus 75 33 39 37 37

Thimerosal (0/16) (2/16) (4/16) (3/16) | (4/16)

PBS 25 25 25 25 25

(0116) (0/16) (0/15) (0/12) (0/16)
Foot_notes:.



The cortical total AB and AB42 results are simlar. A Mann-Witney
statistical analysis was perforned to determ ne significance between t he
groups with a p value of 0.05 indicating a significant change in AB. 81
Al'l treatment groups significantly lowered total AB | evels as conpared to
the PBS control group (see Table 11). The MPL-SE/ AN1792 group, showed the
greatest change in AB, and it is significantly better than the other
treat nent groups. ﬁheeﬁlﬁeaﬂmm&rabhﬁe&ﬁmmtgﬁwnomjm loar in its

overal | change, of - AB con t ha ved all eight
i nj ecti off¥m™e i NPT éfngpmd l%%eél IPZA }h eg h“ﬁg b%/g}:“gé AT larly
| ower ed QWﬁBQFQg.tl@. Im%b%WﬁMlch)negfaﬁwm] dtabakAf in tﬁocdncgal A13

| evel s PBS MPL-SE | SA Q521 OS-21 (4) . MEDI AN 7, 335 1,236 3,026 2,389
. 2,996 ehbargomh%wé)m%ra@wlwd%é lepgls of & Pgyyere oseived Iymige 210. 11, 167 24

- 16, §34m£t9<96v9hhms9@}ﬂupcmhpg ANﬁsQ A0k ANOARTIE MPORALOS29. 0001 N 38
29 36 34 40 | n_concl usi on, MPL- | SA-51 and 21 adj uvants conbi ned

with AN phgz%}ﬂaz eThegtyagien rqacliqudaeftwgl senfigepceciPeR ) erbifE AN Ponse

signifi CgﬂfsldFA/ﬁAr G Al eel By srfa%%Eianqnesll%& € (ROEFRI of fmmiibdehty Anal ysi's
15 Tissu were collected for histopathol ogi c.exam nation at the

t er m nat iredwcingfARJe el l@soraeswﬁaweaély igFFarx ndyl Teenth andy1 &mgntyt old micgddi t i on,
henmat ol o f ood sarrpl es
%ngﬂégg Qk&aawgma«mm%&s BRI R TR A PL ShaRk 2

from Exa j or organs were eva uat e i ncl udi ng
brai o pUthmﬁ&?-ycorhWhm will aghisve %ﬁﬁb@%ﬂBWéFaﬂce i} tpestmen pHeldsr miggdr enal and

gonads. e}%ghl%ﬁ \}ﬁeﬁ%@?ﬂéfgﬂnsﬁﬁé Q&#M@h%asgay%wea Al a?it]w%;%@r ani mal s,

there wer eren eit In tissues a ecte | esi on
severi t y,abolnehesmes afiiat indze B aeated mind Simtileeswt vemé olidised Wivar e wer e no

uni que hi st O%g%"%%"gg%‘% lweré ceoSIp%rr%%t g’ﬁé glgdlan leAy-o% 2 1%@ cg g_ﬁ%b%yﬁgal S

conpar ed 6™ rea ani mal ere were _
di ff er enci®24 ngfgt Netablyi rlaahc:adl mediemiestls gf @30fh496621®einvl§é41weacqbewmdtin groups and

the PES Lhealed 40k Mal S MoFrRATBER s ANIOUAN WRT ANRLSIRR AL B 1 cant

i ncredses | vera o ogy para animal's treated
AN1792 plus QS-21 respectlvely, with the reduction achieving statistical significance

(p=0.05) for the AN1792 CFA/IFA treatment group. The median level in the AN1792
thimerosal treated mice was 1619 ng/g AB42.
A further therapeutic adjuvant/immunogen efficacy study was performed
20 in9-10.5 month old male and female-hetérozygous PDAPP transgenic mice. The
duration of the study was 25 weeks with 2940 animals per treatment group; therefore the
animals were 15 — 16.5 months old at termination.. The treatment groups are identified in

Table 10 below.

Adjuvant Immunogen Dilution Buffer | Administration
Group1: | MPL-SE ANIT792-GCS (s pa) | PBS TSC@s0m
Group 2: ISA 51 AN1792-GCS (75 ug) PBS 1P (400 p1)
Group 3: QSs21 - AN1792-GCS (75 pg) PBS SC (250 pl)
Group 4: | QS21 abbrev. AN1792-GCS (75 pp) PBS SC (250 pl)
Group.5: PpBS | e e SC (250 pl)

25  Table 10 abbreviations: MAP — multi-antigenic peptide; TT — tetanus toxoid t-cell

epitope (830-844); SQ — subcutaneous; IP — intraperitoneally; PBS — phosphate,

buffercd saline; ISA-51 is a commercially available adjuvant similar to IFA; GCS is a
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with AN 1792 and Freund's adjuvant in Exanple 7 relative to PBS treated
animals, these 82 type of effects are expected from Freund' s adj uvant
treatnent and the acconpanying peritonitis and do not indicate any adverse
effects from AN 1792 treatnent. Al though not part of the toxicol ogical

eval uation, PDAPP nouse brain pathol ogy was extensively exam ned as part
of the efflcacy endpoints. No sign of treatnent rel ated adverse effect on 5
brai n mor pHotiedfs sugrese detmivtption MBk-SEHie MRIubli .esabilFeé seter asiwilt s i ndi cat e
that AN 17Q2usibseatnment is well tolerated and at |east substantially free
of side effects. Xl. Therapeutic Treatnment with Anti-An antibodies This
exanpl es tests the Jépmw%&ﬂmﬁ‘dasvammombﬁalaﬂaﬁﬁhepeityxeht(yﬂ@.ips 10

ant i bodi es, I ral n of

het er o got){cgpt?&aﬁgaﬂégﬁpwﬁlz%ﬁ% ﬁgk&%t&{%}se@&#%&&t Tl% EHAY femal e,

het er oz%go@&eCPQ)APP'eﬁlfséhgg’eﬁl 2, 6,28, 248 vEtht ijectis oﬁwedlﬁ Snﬁ;rﬂ, |h$, 10f213@ﬂ wer e

obt ai ned f3pmgoGhar, bex%c &k ont-RRQG G Y GI P31 cewe re sorted int si x

groups to be treatéd with various antl ‘Fect ed PECRMS ANIHETS wer e
di st ri but etP-week peaeé hf thistudie rérenp 439@QS@b/n‘\éﬂt7a@ebhamhtamah@mlepfecélhai ani mal s

hi h n n e S Il m CC Q n
wi thin the &EQ&&R% Yefd 9964 Ynd é‘ég\?oﬁ'ﬁl gﬁ-&ﬁﬁ% R é-{ﬁe rﬁxglfuggéﬂogse

anti bodi es 1ncluded four miri ne
(direct ed thespfy.riboughdhey wetebled arohs s¢rd¢ bleed @diedume a&(t& 28 ofemsﬁhugso 1- 16)

266 (dig ecfaewh e nmononer. c bu t to
aggr egat ed ANl?ger'%Eca 1%621115%5%%0%25&% R{gﬁ?%gltP%Sres Vﬁlﬁ)se” h group

was treat eRpsitiye mat«i\vﬁo@p@@s fqr@mm@bcl onal antibody fraction (ral sed by
i mruni zation with ontrol group received
agd El%&nge%%%' t(}Z]J Qﬁégﬁ%ﬁﬁgoég tlF f.sszl;?'al

the diluent, PBS, alone wthout ant noc anti bodi es
were inject ed at a d"{TS’E!PéfthaMﬁ!ltsﬁléN%ﬁP?kgmupaslsmwgkgd:catetridrecamtne wei ghed

50 9). | nj erirpssI Web &t AdedR it 849 AN *RBobs %}a&r{qws xl\ﬁﬁx d%,l\éheq%fﬁ;edays on .

average to maintain anti-A(3 titers above 1000 wer e
measur &t f O HiFRFOXms 2spRewhat highsaaic Hgp %Q&’M@Nﬂ?‘ﬂmnm gaog6opapadl AN1792

used as the capt Ur &30 b mspnslt/nmm Yup hedyl e was
mai ntai ned for this b ¥ er gc (\g/‘dlu?] n%}ﬂ&?sona‘?g%a%tl%ody 2H3

was di scontt é?fh\‘/ﬁgtar@ﬁ{%ﬂg@v%lP%?Oogf[ohp@éaﬁﬂé%k Hecstudiie ant i body -was
cleared too r apl dl y Grauy By@e QBRI /ABI 3928 roP 5@, REAR itslpPaERE it §9S 1 ”98‘;”

the measur em:f( t?x C?I\qtflo??g XO()t ! ec”:tgcr tl;[:g]efgﬁ ggerll-tthevrvlaeit SCSQetkL ’l(’]ouf?n?shov\v/l?}{a 2
20 GMT of 8,700. One animal in this group failed to raise a titer over the entire course of
the experiment.

Group 4, the QS21/AN1792 abbreviated injection schedule group,
reached a peak titer of 7,300 at 13 weeks, five weeks after its final injection. The titer
then fell to a GMT of 2,100 at the final bleed (25 weeks). As in the control group, one

25  animal failed to raise a detectable titer, while another animal Jost all titer by the end of the
decay period.

Group 5, the PBS alone group, had no titers.

To evaluate the cortical AB levels, total AB and AB1-42 were measured by ELISA.

Briefly, one brain hemisphere was dissected for cortical, hippocampal, and cerebellar

30 tissue followed by homogenization in SM guanidine buffer and assayed for brain AB.
The cortical total AB and AB42 results are similar. A Mann-Whitney statistical analysis

was performed to determine significance between the groups with a p valué of 0.05

indicating a significant change in AS.
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cabl e c.

mAb: erndxclP@I‘Saionuvltgrdnmd@ee MIQII)mtemfPhiﬁfE/mqm%dﬂ@dﬁma{ed Pegpateat i on of the

Ant i bodi

coll ecte

glﬁafngp% /ﬁ? ahd 1t s si

C yob %tler

ani rra?‘nt khfh o FF%‘P“B%%E‘S;?%E

f

rom bl ood

sisted of 100

femal e SWSETYANBEST drbrmztte}i, grﬁupt oas Sitnildr indaleserall cikgge of AR tHeQS21 NMuni zed on

days
I nj ec

!

I on~ was
wer e exsgrgpi vme adulapy)lw&swrcbfnpmd af the &F AMIF A AP IWRropp.epar ed
sera were pooled to create a total

%c?ﬂtro?‘gr%u g %aWeEelv ]doaﬂfgﬂw nﬁ%txgxhsl %ﬁ%f\fl ?etvﬁfé uhtglg gA E*/gﬁiﬁ ﬁ

en on

of 64 nl.

FA. A fourth
%792, Ani mal s
and the

The second group consi sted of

24 female mce isogenic with the PDAPP mi ce but nontransgenic for the
human APP genﬁﬂﬂﬁlQOmﬁaﬂngQ&ks of age. They were inmmunized on days 0, 14,

28 and 56—wi-th—10 g9 af ANLZQ2 canmbined W rh CEALLEA. _These_animals were
al so exsanQU|nateE up sacrlpﬁggfg¥ day 63; serun1_.§ prepagédaéﬁﬂ bool ed
for a toN™MEDIGIN 14 |01 . 7588 TwWp T Of,33607 [Ser 3,086 € [pOObSEy The amgggody|
fraction gurl i ed using fwo sequentjal rounds| of 84 precipitation{wth
50@6satm#§§%ﬂs niunlsulfate. The final .precipitate was di al yzed

RANGE 550 — 18,358 70 -3,977 23-9,777 210—11,1,67. 24 - 16,834

(ng/g tissue) -

p.value — < 0.0001 < 0.0001 < 0.0001 < 0.0001

[N 38 29 36 34 40
10 In conclusion, MPL-SE, ISA-51 and QS21 ad_]uva.nts combined with -

AN1792 are effective in inducing a sufficient immune response significantly to retard AB
deposition in the cortex.
: X Toxicity Analysis
15 Tissues were collected for histopathologic examination at the téminatién
of studies described in Examples 2, 3 and 7. In addition, hcmétology and clinical
chéinistry were performed on terminal blood samples from Examples 3 and 7. Most of
" the major organs were evaluated, including brain, puimonary, lymphoid, gastrointestinal, -
liver, kidney, adrenal and gbnads. Although sporadic lesions were observed in the stﬁdy'
20  animals, there were no obvious differences, either in tissues affected or lesion severity,
between AN1792 treated and untreated animals. There were no unique histopathological
lesions noted in AN-1528-immunized animals compared to-fBS-treated or untreated
animals. There were also no differences in the clinical chemistry profile between
adjuvant groups and the PBS treated animals in Example 7. Although there were

significant increases in several of the hematology parameters between animals treated

with AN1792 and Freund's adjuvant in Example 7 relative to PBS treated animals, these
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agai nst PBS and tested for endotoxin. The | evel of endotoxin was |ess than
1 EU ng. The anti-AR nonocl onal antibodies were prepared from ascites
fluid. The fluid was first delipidated by the addition of concentrated
sodi um dextran sulfate to ice- 5 cold ascites fluid by stirring onice to a
reach a final concentration of 0.238% Concentrated CaCl2 was then added
with stirring to reach a final concentration of 64nM This solution was
cent ri f ugeee aftetteers srogxpectsd diom Frrendreardivyanyiseatragng and He accompanyirger nat ant

was sti rr&@t&ﬂ@a@l@d%&hn&&t%aahv&% a»f@&ts%ﬁﬁww@éiue{mvmtﬂmgﬁk{b{ ate added
dropwi se.. The solutiaon was céntrifuged ae\%gl n at 10,000 x g and the

super nat afft }fdle taxiselogieab gvaluphan, RP AR meusekuain pebelepevercrtansiacli al yzed
agai-nst 2Q:afiMellak part iEkhe &6 C%/H‘}@;gints P Zlg§ of tdthdent FeiALd ARBrsVRFARP! 1 €d tO a

Phar maci a FPLC Sepharose Q Colunm and eluted with a reverse gradl ent from

0.4 M2 o wrapsorphqlegywas poed inapy pfithe stdics. Jhesz reultyigdicaathayddll 7Pak was

| dent | {1 efediierdhS0NPBRER: A 280 AR ARAIANE LAl Errecy acti onS were pool ed.
The purified antibody preparation was characterized by neasuring 15 the

protein concentration using,the BCA nethod and the purity using SDS-PAGE.
The pool S so tested for endpto The | evel of endotoxin was |ess
than | EUTg. ab'efaé’ H%fauf’%nrtémh n'?‘haaﬁtli G were arbitraril y assigned a

titer value of 25. l?ms&Qna@&eﬁg’%el&ya%k@or&nfob@mﬁﬁ&udm 28 EE Blclofi Ng about

six nmonths of treatnment wth the various anti-A(3 anti bo preparations,

br ai n$0 wepribedisp it Porighbit sreumplation of ABin thebmig 0§ é!ttﬁmygmpﬁnassgsmc One

hem sphergn(%’as prepared for inmunohi stochem cal analysis and the second was
used for e quantitation of AD and APP | evels. To neasure-the
concentrations of various forns of beta amyloid peptide and anyloid
precursor protein (AR)Desthe hem sphere was 25 di ssected and honpgenat es of
t he hi ppocanpal, corti cal and cerebellar regions were prepared in 5M
guani di ne. These V\Eﬂxﬂymtdmﬂlfgmie |hateery gond PDIAPPI temedeniofmiagnglsoiod0sept i de  or

APP q | IS es of | utions of standards of
AD porti ot bRl aiRAAR Sand b Tabfof), The rid VEF e HiRC T evel <
of total mmsufbcm&d%hmraedbd@lyeslﬁﬁrh&ﬁuommOWQnelsateesdlstBButed t he

cortex, us. nd t he | evel,of to al. he G beIIum are
shown .in %%?Emgfggégifg ?L%c Mespect %t\}/le ﬁ‘@thFPe 5“’“8 °r§ Iyatl on of -

total AD fepossibie. Aschdwrsin Tgbl@llﬁ, the lamdwda:ts exdlum:d huﬂBﬁ‘r;meW&B sﬁecﬁ'tcf _OI d hi gher
(1 Lhe I RCESIRYS. HASD, LR o0r X LIR30, 000 300, g ™ ppocaral
cer ebebl umsiduet Ne6); D6H [EREctEO WP resiBudl 13PBGNE biB84H@)mdMdEreric but not to
aggregated AN1792), 21F12 (directed to AP residues 33-42). A fifth group was treated
with an AB-speciﬁc. polyclonal antibody fraction (raised by immuﬁization with .
aggregated AN1792). The negative control group received the diluent, PBS, alone
without antibody.
25 The monoclonal antibodies were injected at a dose of about 10 mg/kg
(assumning that the mice weighed 50 g). Injections were administered intraperitonéally
every seven days on average to maintain anti-Ap titers above 1000. Although lower titers | :
were measured for mAb 266 since it does not bind well to the aggregated AN1792 used
as the capture antigen in the assay, the same dosing schedule was maintained for this
30 group. The group receiving monoclonal antibody 2H3 was discontinued within the first
three weeks since the antibody was cleared too rapidly in vivo. Animals wérc bled prior

to each dosing for the measurement of antibody titers. Treatment was tontinued over a
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nore than 2,000-fold | ower than in the hi ppocanpus.

simlar to those

transgenic mce of this age
one treatnment group had a nedian AR | evel,

that we have previously reported for
(Johnson- Wod et al .,

differed significantly fron1that of the contro

ani mal s rece|V|ng t he
PegiRd foriggto
this treatgxgbsegr oup.

medi an | &Nt

| onal

o

nmeasured as

1997) .

These |l evels are

het er ozygous PDAPP
5 For the cortex,
AD 142, which
group (p < 0.05),
anti-AP anti body as shown in Table 13. The
of Yosdiare dripals Sazre eugmpigedenetweek hiergbmt r ol f or
The nedian levels of API-42 were also significantly

t hose

reduced by 55% conpared to the 10 control in one additional treatnent
group, those animals dosed with the mAb | OD5 (p = 0.0433). 86 y 00 n - -
t7 Nr 'Vvl Ret412NWcnen Cs <+ ++++ - Nh- 0000- Li] Nv a, ©
Cea u e) |BXBERBMENTALQENGE co CLVO N>C'DC |Q+' + ~a O O
NN gy Q00 |O LL1vieO O fV :
Trce;:)r::;nt N® Treatment Antibody Aintitl;ody
. sotype
Antibody Specificity
i 9 none b
(PBS alone) NA NA
2 10 | * Polyclonal AB1-42 “mixed
3 0 mAb°2H3 AB1-12 IgG1
4 8 mAb 10D5 ABl-16 IgGl
5 6 mAb 266 AB13-28 IgGl
6 8 mAb 21F12 AB33-42 IgG2a
5 Footnotes .

a. Number of mice in group at termination of the experiment. All groups started with-10 animals per group.
b. NA: not applicable

¢. mAb: monoclonal anlibody

10
2. Materials and Methods

a. Preparation of the Antibodies
The anti-Ap polyclonal antibody. was prepared from blood collected from
two groﬁps of animals. The first group consisted of 100 female wass Webster mice, 6 to
15 8 weeks of agg. They were immunized on days 0, 15, and 29 with 100 pg of AN1792
combined with CFA/IFA. A fourth injection was given on day 36 with one-half the dose
of AN1792. Animals were exsanguinated upon sacrifice at day 42, serum was prepa:'.ed-
and the sera were podled to create a total of 64 ml. The second group consisted of 24
female mice isogém’c with the PDAPP mice but nontransgenic for the human APP gene, 6
20  to 9 weeks of age. They were immunized on days 0, 14, 28 and 56 with 100 pug of
AN1792 combined with CFA/IFA. These animals were also exsanguinated upon
sacrifice at day 63, serum was prepared and pooled for a total of 14-ml. The two lots of

sera were pooled. The antibody fraction was purified using two sequential rounds of
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precipitation with 50% saturated ammonium sulfate. The final precipitate was dialyzed
against PBS and tested for endotoxin. The level of endofoxir; was less than 1 EU/mg.

The anti-APB monoclonal antibodies were prepared from ascites fluid. The
fluid was first delipidated by the addition of concentrated sodium dextran sulfate to ice-
cold ascites fluid by stirring on ice to a reach a final concentration of 0.238%. _
Concentrated CaCl, was then added with stirring to reach a final concentration of 64mM.
This solution was centrifuged at 10,000 x g and the pellet was discarded. The s;;-)ematant
was stirred on ice with an equal volume of satﬁrated ammonium sulfate added dropwise.
The solution was centrifuged again at 10,000 x g and the supernatant was discar_déd. The
pellet was resuspended and dialyzed against 20 mM Tris-HCl , 0.4 M NaCl, pH 7.5. This
fraction was applied to a Pharmaci-a FPLC Sepharose Q Column and eluted with a reverse
gradient from 0.4 M to 0.275 M NaCl in 20 mM Tris-HCl, pH 7.5. | _

. The antibody peak was identified by absorbance at 280 nm and appropriate
fractior_ls were pooled. The purified antibody preparation was characterized by measuring
the protein concentration using the BCA method and the.purity using SDS-PAGE. Tﬁ_e

pool was also tested for endotoxin. The level of endotoxin was less than 1 EU/mg. titers,

titers less than 100 were arbitrarily assigned a titer value of 25.

3. ApB and APP Levels in the Brain: |

Following about six months of treatment with the various anti-Af antibody
preparations, brains were removed from the animals following saLliﬁe perfusion. One
hemisphere was prepared for immunohistochemical analysis and the second was used for
the quantitation of AP and APP levels. To measure the concentrations of varioﬁs forms
of beta amyloid pcpﬁde and amyloid precursor protein (APP), the hemisphere was 
dissected and homogenates of the hippocainpal, CO"rtical,.a.nd cerebellar ;égions were
prepared in 5M guanidine. These were serially diluted and the le\)el of amyloid peptide
or APP was quantitated by compari.son to a series of dilutions of standards of AB peptide
or APP of known concentrations in an ELiSA format.

The levels of total AB and of AB1-42 measured by ELISA in homo'genate's
of the cortex, and the hippocampus and the level of total Af in the cerebellum are shown
in Tables 11, 12, and 13, respectively. The median concentration of total AP for the
control group, inoculated with PBS, was 3.6-fold higher in the hippéca__mpus than in the
cortex (median of 63,389 ng/g hippocampal tissue compared to 17,818 ng/g for the
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?2, L) Ol ¢cO0O hp'fl cis, ~2CcC %9 ~ pNNI1IN=3t][C ~ C
6/ vv! ~ C1.0.D'" .DOzZzf-. 1-. ZvDCG O'~-QQQoF cs.! EEE
rroci oci 87 In the hippocanpus, the nedian percent reduction of total
AR associated with treatnment with polyclonal anti-An antibody (50% p =
0.0055) was not as great as that observed in the cortex (65% (Table 14).
However, the ahsolu ni t ude f t he reduction was al nost 3-fold

great er |9?“F’F?eqﬁ Mﬁgg&f*ﬁéﬁre %f‘g‘b?ct"@f?l, ErQUE0-& Redg BISPOVas of 31, 683

Ng/ g ti SSii6reitiibnt2(0BDOTolA PSR M2 Sn MR h§pS cakdpub SBhdrg iedelsiasSiiRilirlo tHage COr't ex.
When nea ureézlhas the |l evel of the nore Mdo geni.c formof AR, AP1-42,
r at her th 3V Py iouskyreppted fopRRiCPAEAY BERSEFRIA Migee ﬁ&f 388l onal

anti body @elmssn-Woollecadntog7p = 0. 0025). The median |evels in groups treated
with the mAbs | and 266 were reduced by 33% 10 and 21 % respectively.
88 Nl D0 G ~1 M OBPLUe RPrigx, e epimspt gounbada megian 44 lsphmegsurcdes 00 Oh MO

N N 00 NAB £49Qyhich dlfftl:\le(!l\'s&}uﬁ%ﬂ? frotn that of the control group (p < 0.05), those

animals receiving the polyclonal anti-Ap antibody as shown in Table 13. Thc medlan
level of AB1-42 was reduced by 65%, compared to the control for this treatment group.
The median levels of AB1-42 were also significantly reduced by 55% compared to the

10 contrql in one additional tréatm’ent group, those animals dosed with the mAb 10D5 (p =
0.0433).
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Z 100 100 r CG > i NOaCCOE3- bcoC4\DJ[z. cc CO CO'DYC
C.D A4 C7/np.. a, cCSEEET[i CO.fl ti -ri as kn 89 Total AR was al so
measured in the cerebellum (Table 15). Those groups dosed with the

pol ycl onal anti-An and the 266 anti body showed significant reductions of
the levels of total AR (43% and 46%  p = 0.0033 and p = 0.0184,
respectively) and that group 5 treated with 1 OD5 had a near significant
reduction (29% p = 0.0675). 90 Table 15 CEREBELLUM Treatment N8 Medi ans
Means G oup. Tot al InARe Fippedamiiis, theahedidm mctemredhmogef foldll B8 agslciaed | 1 PBS 9 -

ant - s s e e O e By R SRLYEL BB A0 -Ringd iR el 35 16
0.0184 - AfhatlabSer&in ¢6.cEflex (6H¢5) Z14b1e2143. ROwSEer >Lﬁe 229Rte MBaghdudSofitns. 90
%08 © teaRiigh VAP oS-Il ABacE: R il daiin B Toftx, 5 et eREH ™™ °
of 31,683 ng/g tissue in the hippocampﬁs versus 11,658 ng/g tissue in the cortex. When
measured as the level of the more amyloidogenic form of AB, AB1-42, rather th:?ri as total

AB, the reduction achieved with the polyclonal antibody was significant (p = 0.0025).

The median levels in groups treated w1th the mAbs 10D5 and 266 were reduced by 33%
10 and 21%, respectively. '
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c. Mann Witney analysis d. NA not applicable e. Standard Deviation 10
APP concentration was al so determ ned by ELISA in the cortex and

cerebel lum from anti body-treated and control, PBS-treated mce. Two
different APP assays were utilized. The fi rst, desi gnat ed APP-a/FL,

recogni zes both APP-al pha (a, the secreted formof APP which has been
cleaved within the A3 sequence), and full-length forms (FL) of APP, while
t he second recogni zes. only APP-a. In contrast to the treatnent-associated
15 dimnution of AR in a subset of treatnent groups, the levels of APP were
virtually unchanged in aII of the treated conpared to the control animals.
These resul fsingrcateth ifuni Zat § on ith A(3 antibodies deplete
AP wi t hout ¢epl etfi ng AIPP. @rmry,gA}gI evel s were significantly
reduced in the cdrtex, |hi pgoca g and [ge ;gbﬁl umin aninmals treated with
t he polyclo It i r agsed a:gar‘nst ANLTO2|3 To a | esser extent

monocl onal @nti bqdi es tg tike a ,,,tern‘inalg;r sgijon of AD 1-42, specifically
am no acids|1-16 fand 1:§=r22f£al so%h&\/ved SEgIGf % nt treatnent effects. 5 4.
C

Hi st ochenic 1<l norlshdFogy 48 K23 noreactive plaques in
subsets of braing from[ m[ce 1n[ tHe PBS,] pq

onal AB42, 21F12, 266 and

Iy :
10D5 treatmgnt grjoups was |qual i Eatigvel y |compated to that of previous
studi es i n. wi ard Bm’run:’ aEj on pRo¢RdiZels with A1342 10 were
fol | oned. The |arlgest akt ¢Fati ot i R bot Tt K@ tent and appear ance of
anyl oi d pl aques oz éd £n thi; dBi mal 450 idufit zed with the pol ycl onal AB42
anti body. The redéti or Sofl3 any|i g | oady ngoﬁd pl aque norphol ogy and -
cel | -associ gt ed AB i nml on®act i Vi i cl og&] y senbl ed effects produced by
the standard i i ifon |procedurle. These_!obfser vati ons 15 support the
ELI SA resul s in mhi si gni f&cpant} redudt i dms' inf both total Al13 and AB42
were achi eyed byl adm ni strat_g‘foac ofs t he |pol:y.c Qnpl AB42 antibody. In _
simlar quallitatilve eval ua®i dasiz atfyl oi dpliGlgires{in the | OD5 group were
al so reduced in n land appeprance, with spneg| evi dence of __
cell -associ gted A i mmungreact| vifly. Relatbve.tp control-treated ani mals,
the pol yckona | i on) agdi nstigAB 20Zand d&dej of the nonocl onal
anti bodi e% £ ) reddcedapl g burdenobyc>9@/o and 81% respectively
(p<0.005) g zﬁ D appdargd to havie a rel a'[ll vVery| nodest ‘ef fect on plaque
burden. € |< < '
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M crographs of brain after treatnment wi th pabABl. 42 show di ffuse deposits
and absence of many of the | arger conpacted plaques in the pabABl 2
treated group relative to control treated animals. 25 5. Measurenent of
Antibody Titers: A subset of three randomy chosen mce from each group
were bled just prior to each intraperitoneal inoculation, for a total of
30 bleeds. Antibody titers were neasured as 30 AD | -42-binding anti body
usi ng a sandwi ch EL| SA mﬁth plastic multi-well plates coated with AP1-42 as

descri bed in detai] CGener al terials ang thods. Mean titers for
each bleed are ﬂ%ﬁ%g éﬁbﬁ?ﬁ?“fén 5L3bﬁﬁﬁggkysﬁdﬁ&Feéﬁ?P%ody and the
nmonocl aesddswith @éo@adnalaﬂ&m anB @506 tainM Bl dY -shhivddesi ghi 4RI rRESG oA 1000 over
this tine period for the polyclonal 92 anti body preparation and were

slight| 9%&%8\;@%44? @3f’/w@|46%p The03BEns p ohel 82 espectivebitand thabgrowml s. 6.

Ly nphontdaled W mhaloDs&aRe SRR RBAFicamt r@tﬂxcg&Pg@ pt_ QeFBjoproliferation was
nmeasur ed using spleen cells harveste ays tollow ng the final

ant.i body i nfusion. Freshly harvested_cells, 105 per well, were cultured
for 5 days in the presence of A(31-40 at a concentration of 5 Mfor
stinmulation. As a positive control, additional cells were cultured with
the T cell mtogen, PHA, and, as a negative control, cells were cultured
wi t hout added peptide. 10 Spl enocytes from aged PDAPP mi ce passively

i mmuni zed with various anti- AR antibodies were stinulated in vitro with AN
1792 and proliferative and cytokine responses were neasured. The purpose
of these assays was to determne if passive immunization facilitated
antigen presentation, and thus primng of T cell responses specific for AN
1792.. No AN1792-specific proliferative or cytokine responses were . '
observed in mce passively 15 imunized with the anti-AP anti bodies. Xl I:
FURTHER STUDY OF PASSI VE | MMUNI ZATION I n a second study, treatment with
10D5 was repeated and two additional anti- AB antibodies were tested,
monocl onal s 3D6 (ABLl.5) and 16Cl1 (AB33-42). Control groups 20 received
either PBS or an irrel evant isotype-matched antibody (TM2a). The mice were
ol der (11.5-12 nonth old heterozygotes) than in the previous study,

ot herwi se the experinmental design was the sane. Once again, after six
nonths of treatnent, | OD5 reduced plaque burden by greater than 80%
relative to either the PBS or isotype-matched antibody controls
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(p=0.003). One of the other antibodies against AB, 3D6, was equally
effective, producing an 25 86% reduction (p=0. 003) In contrast,. the third
anti body agai nst the peptide, 16Cll, failed to have any effect on pl aque
burden. Simlar findings were obtained with AB42 ELI SA neasurenents. These
results denonstrate that an anti body response agai nst Al3 peptide, in the
absence of T cell imunity, is sufficient to decrease anyloid deposition in
PDAPP mi ce, but that not all anti-AB antibodi es are efficacious.

Anti bodies directed to epitopes conprising 30 amno acids 1-5 or 3-7 of A(3
are parti cuI arI y effi caC| ous In Mb‘rmﬁsy, we have shown-that passively

adni ni § educed-the extent of plaque deposition
in a mpuse m)del of AIzhel ase. Wien held 93 at|nodest serum
concenfirations (25-70 g/rri) the antl bodi es gai ned access|to the CNS at

| evel s psufficient—to-decora y entry into the
CNS was Taatmehye toNaabnormaI S‘%ﬁ‘g%g of the bl ood-prain barrier since there
was no |iGiedpease ijn vascular p ility as jmeas &% by.Evans Blue in
PDAPP . ddi-tign—the concentration oft 5 antibody {n the brain
parenchyma of aged PDAPP m ce \8%)5 tA@e sanme as| in non tran>geni c mce,
representing 0.11% of ithe anti &”9 oncentratl on TR! 481 um (regardl ess of
isotype). XIIL: |MONI C]%I}lg Bl NDIING To determ ne whet her

anti bodi es agai ngt Al3 cQ é ﬂ)e i% g}hr’ectlyEwsmi/amue 10 the CNS, brains-
taken flrom sal i ne-perfuse “ni ¢e ‘& the the Example| Xl |, were

exam ndepicor the jpr selnc ttheyperip [Ty n re¢l anti bodi es.

unf i xec¢gr5805tat b?alkr; g%gjil ons merei]exfgg‘sed Mﬂ'?f%%rescent reagent
agai nst &Rall nmmogl bulin (goat _apti-mous Pl agues within

br ai ns (i??ﬁf@zl o5 %nd 308! grodP3here st onpl%l%%ééér ated with anti body,

whil e tlhere was no staining in the 16C11 group. To reveal [the full 15
extent |ghapleppie |deposi t bpgs Seligahs sbctigns 0i7.@a¢-ﬁ'9.bi ain were first

i mrunorjeacted - with an ! anti-A%3 antibbdy and w th the secondary
reagent|. mAb 2¥% arld 8D6, fiek$ ovdi nwiper | phesal pgdmsspr ation, gained access
t o nostlplagues—wi-thi-n-the ONS.—TFhe-plagueburden was greatly reduced in

t hese t|rmadb AHHE gro&ps c@?pﬁ@tred><@-@999ha 16811 g32383|&/—9%ese data indicate
that perfgiERat Ty adninistered—anti-bodi-es—can—enter—the—ENS where they can

direct!ly,t, 98856 20 [ WoT Mo Mol W-T-T 5k kely that 16Cll al so had
access to the pl aqurélsg% Ul s‘ltS‘%a ?gﬁ%’gl:’t‘% 5“ 94 XI'V: EX VI VO SCREENI NG

ASSAY FOR PEFHSITY OF AN ANTI BODY AGAI NST AMYLO D DEPCSI TS
¢. Mann Whitney analysis

d. NA: not applicable

e. Standard Deviation

10 . APP concentration was also determined by ELISA in the ébrtcx’ and
_ cerebellum from antibody-treated and control, PBS-treated mice. Two different APP assajs
were utilized. The first, designated APP-a/FL, recognizes both APP-alpha («, the secreted
form of APP which has been cleaved within the AB sequence), and full-length forms (FL) of
APP, while the second recognizes only APP-a. In contrast to the treatment-associated |
15  diminution of AP in a subset of treatment groups the levels of APP were vxrtually unchanged
in all of the treated compared to the control animals. These results indicate that the

immunizations with A[3 anubodles deplete AP without depleting APP.
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To exam ne the effect of antibodies on plaque clearance, we established an
ex vivo assay in which primary mcroglial cells were cultured with unfixed
cryostat sections of 5 either PDAPP. nouse or human AD brains. Mcroglial

cells were obtained fromthe cerebral cortices of neonate DBA/ 2N mice (1-3
days). The cortices were nechanically dissociated in HBSS- (Hanks'

Bal anced Salt Sol utis@AmasSi, AFBdve Wdte SfknGicHiyDASE ih ﬂ(e&o&@@hip(p-ggzﬁnpus

dissociated cells were filtered with a 100 rn cell”strainer (Falcon), and
cent ri f uged cgeellppan amaks frgted With HtﬁrévéycquﬁbarﬁéNYéﬁxswe@aw@sﬁgw&ﬁdB@a in
growt h naglicuy (ehi HbhoBloHA A8 EodEM th%QnﬁQo@Ex%na@Eg}Q{ SHAf 1M feSfrkal@nd the

cells were plated at a density of 2 brains per pl ast’i ¢ culture fl ask.
Af ter 7- mdegacidstlihe anf 33428 alse skowedgtigniBepnbieatmendeffictsal shaker at 200 rpm
for 2h at 37C. The cell suspension was centrifuged at 1000r pm and
resuspended | t he af ﬁ%ﬁ’ 2Hedl m . 10-pm cryostat sections of PDAPP nouse or
human AD br ai ns (pgés 't alé' S nterval < 3hr) were thaw nounted onto

pol y-1ysi ne coat edThauoaghgbgssef Abimmahopstianplapleaedbsetsiof bRlidsFroat 24- wel |

tissue cuIIure e hdtvmce W th medi um
consi sting ot gﬁ%’lpﬂ)fyl@?aelddg% %@HZ?’?‘? ‘gelgég %"e’égﬁoé‘tgsﬁﬁ_?“a@faf é/li% FBS,

gl ut am nesomperei ¢i thitiofips:ioepstodiy<inrwhichn starsiagl immunizéiidnGbbeediReD)vith @Az r ol  or
ant i ﬁ)‘? @erfotff% gs were added at a 2x concentration (5 g/m final) for 1
hour. The mcrogfl ‘al cells 20 were then seeded at a density of 0.8x.106
cells/mM assay rredTbmharg?heltaatmnnmé:@tlv@bextemmnmhm:emelolﬁaxaylderpldm‘es ed

i ncubat oroc(:%z incuhation, the

f.or
cul tures vvere%fmﬁ\%’)z"}atlsﬁmﬁ%?m ara orrnsﬂxgé‘hkmci1 ancf'nf)lgcr)dsrleabl Iredugtaonvﬁth 0.1%
Triton- XleQxIOTh@dm@ctedcplwump@hgtoay ped| celi- aslspctutenthﬁnydrmtrmkaaD&yfotdsblwed by a

strept aV'ﬁ@Lé?n led s gx%ﬂhéég% %e(%ﬁgé%g&dmp&?ﬁ&ﬁ%g%e%%ﬁﬁ e DO

mcroglia s were visuatize a nuc e cultures
- wer e bbsesuppett the ERlSresultsén whithfsignifroastredictionsiic batk eyl AN aNd Kd¥2 WEES00) and

phot om Cro8fR MES%%BEQ%%%Qgﬁgﬁ% 'a%ﬁo@# canera using SPOT software

(Diagnosti c i nstrunent ot analysis, the cultures were
extracted in 8M ur &asimilan quakitgtivie evaluatiprsganylpig Ptanv@nmélesléﬁﬁlgeoumwefr@r and

| oaded onfiq, RddBdn r;umbe;m n?séar&%@wa&) som%fetvﬂ@néero@@aﬂ‘ ggoc%éd% mobi | on,
bl ots were exposed t he 30 pabAB42 fol | owed

i o
HRP- conj u@aﬂww&?ﬂw&ﬂweaqurxsfebgreat%eru@elﬁéhwéxﬂwklﬁ fracgion a(gmétr@han) When

t he asgayaiBshe BEILE HoBTonM 4HibBHAR {l’Ob’S@H&u&@%dq%r&éﬁﬂy@%Htﬁ%@%e of 16C11
(one of the antibodies against All that was not efficacious in

Vi vo), ' B-SMRACHYSl eraqs 21 Figrappeased torftaxe & relatiyely enodrmh §Bec) poBlgue g desbs er ved.
I'n cont r apicrogdisti3 oR BiaMGEBH tréaBfirit With pABAS, ., Fow diffuse deposits and absence of

many of the larger compacted plaques in the pabAB, 4; treated group relative to control
treated animals. '
25

5. Measurement of Antibody Titers: _
A subset of three randomly chosen mice from each group were bled just prior
to each intraperitoneal inoculation, for a total of 30 bleeds. Antibody titers were measured as
30 AP1-42-binding antibody using a sandwich ELISA with plastic multi-well plates coated with
AP1-42 as described in detail in the General Materials and Methods.- Mean titers for each
bleed are shown in Figures 16-18 for the polyclonal antibody and the monoclonals 10D5 and

21F12, respectively. Titers averaged about 1000 over this time period for the polyclonal
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cultured in the presence of 1 OD5, the anyloid deposits were |argely gone

and the mcroglial cells showed nunerous phagocytic vesicles containing
A.B. ldentical results were obtained wth AD brain sections; | OD5 induced
phagocytosis of AD plaques, while 16C 11 was ineffective. In addition, the

assay prayigedy ﬁBMnath%efeesﬁg‘ll)dysaM@ﬂuﬂ@&ﬁ @crrrmdlowst Bn® IM@ltrcateAOUSE OF
human m crogl | aI , and wth nouse, rabbit, primate antibodies

agai nst Animals. TabI e 16 shows whet her bi ndi ng and/or phagocyt osi s was

obt ai ned for several different antibody binding specificities. It can be
seen that antibodies binding to epitopes wthin as 1-7 both bind and cl ear
anyl oi d deposits, ereas,.anti badi es binding to epitopes wthin amno

aci ds 4-10 bi Ad wi P¥eRbePRfi géﬁiﬁvﬁ WG d deposits. Antibodies binding to 10

epi toges C-term nahpldepen@ént %h&&oﬂ&k&tmrwabkd&%u&!drusﬁlb%@recrafﬁﬂkQhrdesﬁkﬂposI ts.

96 Table 16: Anal 5| s of Epitope Specificity Anti body St gi ni ng, Phagocyt osi s
epi t ope. cighpdayséol %—""Tféfrth? fingd ptibgphg infusson). é@?&haﬁ-"ei@%‘t 5. 0 Ipﬁtﬂgi WEIE 0208 3-7

lg&a + - 4118k ©r3-dk ﬂ‘@%re@ence%‘ﬂA l-‘lmjaQa Eéﬂcerltﬂi@én afs pﬂ«ﬁfo?&uﬂ@% ABa 18 rat
lgGlL - - 266 16-24 p:%zt 2D12 18 - Term 2G3 - lgGlL - - 16C11

- 40/ - 42 |pgeitive contrpl priditionglce)lgy@prg cnltureg el the Tseﬁrlhmcrgaw’m(aems al-6 + +
mouse ( CFré%atﬁ"e Zoﬁ'f.rot cel@é@ clifdreddbithont dadtd ﬁepnde. : :

10 Splénocytes from aged PDAPP mice passively immunized with various anti-
AP antibodies were stimulated in vitro with AN1792 and proliferative and éytokine responses
were measured. The purpose of these assays was to determine if passive immunization
facilitated antigen presentation, and thus priming of T cell responses specific for AN1792..
No AN 1792-speciﬁé proliferative or cytokine résponses were observed in mice passively

15  immunized with the anti-Ap antibodies.

X31: FURTHER STUDY OF PASSiVE IMMUNIZATION

In a second study, treatment with 10D5 was repeated and two additional anti-
AB annbodxes were tested, monoclonals 3D6 (AB;.5) and 16C11 (AB3342). Control groups
20  received either PBS or an xrrelevant isotype-matched antibody (TM2a). The mice were older
(11.5-12 month old heterozygotes) than in the previous study, otherwise the experimental
design was the same. Once again, after six months of treatment, 10D5 reduced plaque burden
by greater than 80% relative to either the PBS or isotype-matched antibody controls '
“(p=0.003). One of the other antibodies against AB, 3D6, was equally effective, producing an
25  86% reduction (p=0.003). In contrast, the third antibody agaiﬁst the-péptide, 16C11, fajléd to
have any effect on plaque burden. Similar findings were obtained with AB4.2 ELISA |
measurements. These results. demonstrate that an antibody response against AB peptide, in
the absence of T cell immunity, is sufficient to decrease amyloid df_:position in PDAPP mice,
but that not all anti-AB antibodies are efficacious. Antibodies directed to epitopes comprising
30 ' amino acids 1-5 or 3-7 of AP are particularly efficacious. o
| In summary, we have shown that passively administered antibodies against Af

reduced the extent of plaque deposition in a mouse model of Alzheimer’s disease. When held
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nonkey (Q@S-21) 1-5 + + nouse (MAP1-7) + + Table 17 shows results obtained
with several antibodies against AB, 5 conparing their abilities to induce
phagocytosis in the ex vivo assay and to reduce in vivo plaque burden in
passive transfer studies. Although 16Cl | and 21F12 bound to aggregated
synthetic AB peptide with high avidity, these antibodies were unable to
react W th B¢tewgitsosaum pbaghestions(25A10 ;x@ﬂl)bthahmit&d&-’rs EAIN&] acERsItotheIONS at I'i gger

phagocyt osi v wer,e effi.cacig in vi 10D5;
6 Cand & a5t i o et e B e Plrar RS B0 B Myt e e
measur es. T@n@ﬂ@Bleakmge b6 thy bb:oddbsam’mareerstnta ﬂgquwﬁQoancranaho@s&ﬂn‘rm of
natural 97 AB i h.which as ' tion and is replaced with
i so-asparti &4Acra. ity meast eeglliﬂ' et Hlis m?Wéfiﬁ cffc"g?dlt‘r‘?n\}g?/ﬁmf? tt‘ﬁé“ff
direct arti bmdyodyadua:tbeainqohlem’ramef agcdtPMPfPImqua&s Wietshrh®as ih Aen-EhdSgengnd t hat
the ex vivo assay is predigti.ve in vivo efficac The ' s ass has
been used to testP el ear %b‘%&f\ﬁé g‘ﬁ d?'lfS'&ﬁ?mg‘glﬁf‘h’é?eré‘“@rcﬁarrﬁ ??g’&fsogf’c synucl ei n
referred to as NAC Synucl ei n has been shown to be an-anyl oid
pl aque- assoc i | t C was contacted with a brain
tissue sarrplkIEH %%?Q?@Gﬁﬁgﬁﬁéﬁgﬁﬁéﬁm n mcroglial cells, as before.
Rabbit serum vvas usedTasle&nnmenméuhér anﬁbdﬁﬁquﬂﬂstt APdduldNei aBghgsdneyBdvithinar ked
reduction,in nber Si z ndlc of aring
acti vi ty?of Re ah &ke“%ﬁ gi@aé‘aﬁ’gleéhgafeﬁet or of in
vivo effi cac%anﬁmmfdnohlg/pdemtg/mhéperqlhéryllyf mmﬁswehdr@nbml&x UnifiXéd drybstat VO
aggr egat ed nylqid effica ff cac ?% ues nonocl.onal - 3D6
R ar0 + Palof Bl aB¥ £ G eny e P Ml BRNE SRR R (000 2 500
- - - TMRa | g@-ouselgG- CprOH’lyq)ieewahmbma@orﬁmc 160G ahd 3D6 grdipsivere afronglycr oscopy
was used to g&giakerdru&h%hb&@ Wafe {hnlle%ag gl} %tﬁlﬁmgqg 'El{cnl%ctl pgroup. To reveal the full
15 extent of plaque deposition, serial sections of each brain were first immunoreacted with an

anti-AB antibody, and then with the secondary reagent. 10D5 and 3D6, folldwing peripheral

administration, gained access to most plaques within the CNS. The plaque burden was

greatly reduced in these treatment groups compared to the 16C11 group. These data indicate

‘that peripherally administered antibodies can enter the CNS where they can directly trigger

20  amyloid clearance. Itis likely that 16C11 also had access to the plaques but was unable to
bind.
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course of the ex vivo assay. In the presence of control antibodies, the
exogenous mcroglial 15 cells remained in a confocal plane above the

ti ssue, there were no phagocytic vesicles containing AB, and the plaques
remai ned intact: within the section. In the presence of 10D5, nearly al

pl ague material was contained in vesicles within the exogenous m crogli al
cells. To determne the fate of the internalized peptide, | OD5 treated
cul tures weFé& EXMVINOtSCREENING 88SAY FDRACIAVIOUSFANTBNIBOD Y A@RNEXani ned

by Vestern, Fﬁrﬁ% At the one hour tine 20 point, when no
phagocyt osi {s%ﬁa ye %%I?S‘rred reaction with a polycl onal ant i body agai nst

AB revealed a str orTg edarkiDe Id&mdfe(ttb@amﬁﬁﬁmdn pgqﬁ@clwﬁlcé&&@t@m&sﬂ% an AB

i mrunor eac creased. at .d fas ab by d . . Thus,

ant i body- ne by dX L%Sée/"' g %d’cﬂa@éfnécr%gﬁm%us wééeo%’ "&é b??c“% of

det er mi he cxﬂlephlagBE yxtousn & humah A® exny i Mcmgﬁzﬂ)cemmer%bta‘ﬁéhh@&ﬁﬁme cﬁ(e%ﬁ} ) tz) )
fragnments of ..t h repared. Althou the F(a 2
fragment s go it glf?]ee ate ﬁ%a‘df’/?ﬁﬂﬂ ' @é(ﬁ%\b@s CPRGETWHF Frcipriselliedssosined iner e
uRabI e to HBngéianpﬁaagmnyemltSOhmon mlgxm@md }abiso %@'Hl mNal;em (813eHa).i THY

phagocyt osj cou e blaoc .. reagent agai nst
mari ne Fc (rhgsé’é:'ﬁteg rcglps( ant It ?ltﬁfﬁl%'}tgis?gy hsﬁ%if‘%f ’S’a&“é CTW?aft‘g?drP%\}p%

cl ear ance ofm faB5 ammucss Thiapelly vaFrsuspaniet of grondi ﬁ'&ﬁdmmglggﬁbﬁs@BMEMlo XV:
PASSAGE, OF T I N BARRI ER Thi s exanpl e det erm nes

t he cgﬁ%en% Or%la\tj%r BE éfﬂ’% %%?eé VieEe RIpted A2y W‘Wf%lzlb&msd’ﬁrl Mr avenous
i nj ection plaste calnpeﬂa.ﬂheﬂtfadr 749 dags) eheifasks Wre fotared BRbn 6rbitBRRE: 41206 rpm PDAPP
or control o1 erfused wi.th Brain regions

(hi ppoc arrpug %gﬁ 7cor1[chex°f 5 aogn Wéé&'i%ﬂ*“&ﬁfgat IQP%W“FF‘BE@E““@F%WH 25%8Y e
hoanenlzedwdmnﬂ.19&tr|ton + 15 protease |nh|b|tors Innunoglobulln was -
detected in the extr nti - G were coated
onto an R A plate as%§L§f§¥%§%g§83H#%q*ﬁ% 8Fﬁﬁ¥& ngb OBRTEEL s were
i ncubattéd ingarval f3he) Teee ﬂ@wtnqusdmm@ot}elyaoe echtedi ibtindogliss cdmattﬁﬁs drigGlacklRP or

| g@a- HRP gf LG GRD bR WL CRLhAG) AN URod e e9aLdles s of dsoLype. were

present in the : concen |on in the
bl ood. For“’é%&Wrﬂ°ESIS‘WE@ﬁHrWQBYQ§@ﬂ@éﬁFWﬁ@rmcﬁlumg@bcw@mxwlﬂeb%mms t hat

of 1g&2a i Blutafind) Hm}'stre%@ﬁy&praﬁc?Sﬁ 43 F'(IQ&D§ h@o or ém _léhlgNe I, both

bei ng present at %, of T res ec lve eve s in resul t
was observé‘H‘bPﬁlebHFfﬁ af‘ﬁ“‘ér?é@@ﬁF@cmﬂ%fﬁmaméééﬂ) for mhgg "IhsmlqrcbélaPEMlPP does

not hage Wetéﬂh&%&déd'a%&n@ilt @fd)tﬁrl@'s Ebl%lrds i | C EFFI CACY
OF AN AB PEPTI DE N VA |9O A th%l&é?oeutl chéeof uvant %wm*runogen

ef ficacy SFW gn B gwt’llﬁgdnquﬁatgr @’6 (5 5%CO0;) for 24hr or more.” At the end of the
incubation, the cultures were fixed with 4% paraformaldehyde and permeabilized with 0.1%

Triton-X100. The sections were stained with biotinylated 3D6 followed by a streptavidin /
" Cy3 conjugatc (Jackson ImmunoResearch). The exogenous microglial cells were visualized
25 bya nuclear stain (DAPI). The cultures were observed with an inverted fluorescent
microscope (Nikon, TE300) and photomicrographs were taken with a SPOT digital camera
using SPOT software (Diagnostic instruments). For Western blot analysis, the cultures were
extracted in 8M urea, diluted 1:1 in reducing tricine sample buffer and loaded onto a 16%
tricine gel (Novex). After transfer onto immobilon, blots were exposed to 5 pg/ml of the
- 30 pabAB42 followed by an HRP-conjugated anti-mouse antibody, and developed with ECL
(Amersham) _ : |
When the assay was performed with PDAPP brain sections in the presence of
16C11 (one of the antibodies against AB that was not efficacious in vivo), B-amyloid plaques

remained intact and no phagocytosis was observed. In contrast, when adjacent sections were
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nonth old nmal e and fenal e heterozygous PDAPP transgenic mce to test the

efficacy of a fusion protein conprising AB1-7 in tetrameric MAP '

configuration as descri bed above. The duration of the study was 25 weeks °

with 29 - 40 animals per treatment group; therefore the 30 animals were 15

- 16.5 nmonths old at term nation. The nethodol ogy used in this study is the

sanme as that .in the therapeutic study of different adjuvants in Exanple
cul t

VI 11 above. Sulufgddn thenzesenns of 1004y gheranydeid deptsitg wére d;dgdlmngﬁbhdat}&&ub@gw 99

Tabl e 18 Adi:dlhtaﬁktwddrﬁ’ﬁblﬁfbﬁl? abbd tration

CFA/ | FA NAP(ggE 7:TT) o B)’ ygtékégﬁkﬁ%fé‘%qm@ u gdgnma es“&jéé"fr%;é{{a?‘@"é- GCS

(75 g) PBS (é% aJI“)SCC‘@%& BmdPBSPhagOCytOSISSCADMuéq, w‘h'lla' ablC | was

abbr evi at | ofigffedMAP In dadiibh RN aid.t-cell

epi t ope (830 844% SC - subcu%ag%g%ﬁ%wgpg&]ﬁ}?sghse% @W%?XWI er

phosphat bEPHE 8 quaan mireoglialgels, P%d‘a'ltgh}ﬂ@ﬁmedbblt,tqrabmh&uﬁﬁmﬁi&sfagﬁﬁaﬂmtI on.

The i muni zati on schegylqc Wi he Lrea rou

The 10 nmic dher e i nj ect ed on Swﬂ%%}gﬁhlnggﬁ%ha%fy{oféwaiﬁ }%?ffvﬁrag| eeds

on week 3, § egent aptibody bindng spegificiies. 1raphgseeh the ant@pdiks bindig 6o é;ﬁﬁpd:sVEd

ei ght i nj eckithin®a G7086RSbid / PBS.Le ctl vel Lo, SEr ved

as the positive and, atiﬁ{\z}gl%{)ﬁglﬂi $ rztgt?\?]}?}:geqss it dlesl'ﬁg IPg fosPLongs e

det er mi ned BilipEEngacid S%\Eioz?ﬁldl"ﬂ&?yt learing agybnd depGrisu |Anﬂ1bod1&:s binding to

CFA/ | FA1OVAP esIC-Tdrhin@! 18 WRidud The eak 15 .GMI' reached

was only 1, ZPg%bat 13 weeks, faw:]ér:g]\éét%ﬁxg%rél&\{gngl%i%ﬁovﬁ\ek 25. There were

3 of the 30 mce that did not raise any titer and another 7 mce that did

not exceed a titer of 400 by the end of the study. Goup 2, the

@521/ AN1792 control. group, reached its peak titer at 17 weeks with a GJMr

of 16,000. The titer then fell over the next 8 weeks to finish with a GVl

of 20 8,700. One animal in this group failed to raise a titer over the

entire course of the experinment. Goup 3, the PBS al one group, had no

titers. Both treatnment groups showed a significant lowng in cortical AB

| evel s as conpared to the PBS control group (see Table 19). The

CFA/ | FA: MAP( AB1-7) group, significantly 25 |lowered AB as conpared to the

PBS control group in spite of the relatively lowtiters of anti- AB

ant i bodi es. ' :
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100 Table 19 Corti cal
(ng/ g tissue) RANCGE 550 --
0.0003 < 0.0001 N 38 30 34 5 In conclusion,
i munogen is effective in inducing a sufficient
significantly to retard AB deposition in the cortex.

val ue -

18, 358 240 -

AB | evel s PBS MAP 5-21 MEDI AN 7,335 3,692 2, 389
10, 782 210-11, 167

(ng/g tissue) p
the AB 1- 7VAP

i mrune response

10 XVII. EPI TOPE

MAPPI NG OF | MMUNOGENI C RESPONSE TO AP IN MONKEYS Thi s exanple anal yzes the
response of. ﬁl%“AE#

groups of naneys

bR R Byl

.on with AN1792 (i.

Apt-42). El even

% i muni zed with 15 AN1792 (75 or 300

pg/ dose) in conblnatlon mnth Q@S- 21 adjuvant (50 or 100 g/dose) or 5%
sterile dgxtrose in ﬁ&mw(EELV COTEthiHhg U ARdgEyoza]l  animals received | M
i njectiong on one of| three injection schegdul es as {shown in Table 20 for a
total of 4, .5 or 8 dgs§° Serum.sanpl es {(from 4 nonkeys/sex/ group)
col I ected|on Day 175/ o ¥he| sEW§ and CSF jsanples ([from3
nmonkeys/ s¢x/ group) cpllectefl -on Day 176 of| the study (at the 6 nDnth
necropsy) |werkTé® eval uated|for their abillity to blnd to AR 1-40 peptide
and APP. (101 nfadbl e RPO: G oup Assignnents- and Dosqg Levels G oup Schedul es
# Monkeys ANlZ&g Doseg Q321 Emﬁﬁb pse Routle . (MF) (g/dose) (g/dose) 1b
14400 L 4p Vggi 10 IM 3 114/4 Vehigle 100 IM 4 1 4/4 75 50
IM 514 4 30 50 | M- 4/ 100 IM| 7 174/ 4 {300 100 I'M
% mGZa + + _
6E10’ 5-10 IgG1 + .
14A8 4-10 ratigG1 - + .
13-28
- 18G11 10-18 - rat 1gG1 - -
266 16-24 1gG1 - .
. 22012 18-21 19G2b .
C-Term
2G3 -40 I9G1 - .
16C11 -40/-42 19G1 - .
21F12 42 IgG2a - -
Immune serum .
rabbit (CFA) 1-6 -+ +
mouse (CFA) 37 + +
mouse (QS-21) 3-7 + +
monkey (QS-21) 15 + +
mouse (MAP1.7) + +
- Table 17 shows results obtained with several antibodies against A,
5  comparing their abili;ies to indug‘e phagocytosis in the ex vivo assay and to reduce in vivo
plaque burden in passive transfer studies. Although 16C11 and 21F12 bound to aggregated
synthetic AB peptide with high avidity, these antibodies were unable to react with B-amyloid
plaques in unfixed brain sections, could not trigger phagocytosis in the ex vivo'assay, and
were not efficacious in vivo. 10D5, 3D6, and the polyclonal antibody against A were active
10

by all three measures. Thc 22C8 antibody binds more strongly to an analog form of natural
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8 2 4475 100 IM 9 2 4/4 300 100 IM 10 3 4/4 75 100 IM 11 3 4/4 300 100
IM a. Schedule 1, Dose Days 1, 15, 29, 57, 85, 113,141, 169; Schedule 2,
Dose Days 1, 29, 57, 113, 169; Schedule 3, Dose Days 1, 43, 85, 169 5 h.
D5Wi njection control group c. Vehicle consists of the

gl ycine/citrate/ sucrose buffer which is the excipient for AN1792. The
exact arrayboh WIhiChealart'pwqutd ad @ssiti@sd gnil 7esreplipcadneitiaist-akmadicesidi ﬁ'hed&eesabs um

sanples fr n Fkl SA t hat
roanured 10T RO Gen AT e W e Bk e L FLIL BE S B0 T
cover ed t haheeds, raedmatmeexlﬂtvo sseUs podictiBE of inmpoatiedepept i des wi t h parti al
sequences of AN1792 r r hnoj S35 10 anm no
acid peptides with a%o%@??gs%n%d%%g%d&%‘? ger%:dlgg ?g(%d% §he" Pesi due per
peptide 3 sﬁa@hemmésmgclem@ﬁrrem asm Smdclhkm hassd_ezm)shommm HeianatyB&l pept i des
(fromthe p m t er m nal of AN 1792 :
down to th%Il gé ?S\Es/\lg@rl]{{g)d %{eﬂl er%‘l&dr?g aC| %ﬁ?%afg%mgi; eg ntislsur?ys?rg?ed on the
C-t er mi nal opnthining ahwm(céplaqﬁes d@@Hicrogha clebésbs lidﬁorpeﬂ'abhieaen(m wpsea»edm}a t he
thirty-secq e Vi.QUS ar e ated on the
N-t erm nal ggtf(ﬁ gﬁqsgﬁké{g%ﬁéﬁéﬁ ng?d%f Euc'}llﬂn “’It{/’%ﬁ T Za%ddmeb?otl nyl at ed
pepti des V\miﬂuchlsfbmtwedfeltarmg@omemfmﬂamhodyf 5 mMMin DMSO These peptide
stocks ygre diluted to 5 .iMin TTBS (0.05% Tween 20, 25 nM Tris HCl, 137
mv NaCl, 5.1-20 mM KCl , pH:7 5). 100 | aliquots of-this 5 tM sol utlon wer e
added in du"Eﬂth:h'kate@vrvgtﬂﬁ%ptaamedﬁmr of ig-vooaffedc®6- wel | pl ates (Pierce).

Pl ates were incubated for one hour at room tenperature, then washed four
tinmes. with TTBS. Serum sanples were diluted in specinmen diluent without
aide to normalize titers, and 100 | was added per well. These plates were

i ncubat ed one hour at roomtenperature and then washed four tines with
TTBS. HRP 102 4p¢ivpdigat ed1gate amvidiquforn Rindibpty (Faekson IniwnoResear ch)
was diluted 1:10,000 in speci rmﬁgfhghuent pahield admgayanafidey pl was '

added per well. The plates were InCll_l, gd and washed. To develop the
col or reacti on, ch@a P| erce) was added at | per well and incubated
for 15 mn prlo |on of 30 | of 2NHZSO4to stop the reaction.
5 The opti cal ity vva g sured ‘M 450 nmbn a Vmax or Spett r amax
colorimetric pI r eadef8C) muni Adti on witht AN1792 r*esul ted+| n the
producti on of alrﬁflﬂbodl es I18G1100% 90 -

-21F12 1gG2a 500 - - -

TM2a IgG1 - - - -

polyclonal
1-42 mix - 600 + + +

Confocal microscopy was used to confirm that AB was internalized during the

course of the exvivo assay. In the presence of control antibodies, the exogenous microglial
15  cells remained in a confocal plane above the tissue, there were no phagocytic vesicles

containing Af, and the plaques remained intact within the section. In the presence of 10D5,

nearly all plaque material was contained in vesicles within the exogenous microglial cells.

To determine the fate of the internalized peptide, 10D5 treated cultures were extracted with

8M urea at various time-points, and examined by Westem blot analysis. At the one hour time
20  point, when no phagocytosis had yet occurred, reaction with a polyclonal antibody against A8

revealed a strong 4 kD band (corresponding to the A peptide). AB immunoreactivity
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of the animals in all of the dose groups by Day 175. Mean titers in the
groups ranged from 14596 - 56084. There was a trend for titers to be

hi gher within an inmmunization schedule in 10 the presence of higher antigen
and/ or hi gher adjuvant concentration, but no statistically significant

di fferences coul d be denonstrated due to the hi gh variability in individual

ani mal  r edpuersakatiday 1 hed wasabsin? By d431E . THSS, aativbtiyCe RELHHARSdyvds it r G
anti bodi es, %QS{AI\{SJJQZ were al so positive for antibodies to ARL-40. Mean

titers int rouc%racrlaé‘nged from 36867 - 165991, and as for anti- 15 AN

1792 titers, shovved Todesdrmiriesf phagcbcly;osBILgﬂiefek oadhssy (vherepe@schaionepn groups

at Day 175 to . AN179 h hly sitive _correlation

('Spear man F éh %%E‘%S am"%%mg'zoﬁg’{ 2[3@ Yt pﬁ\?pg”led 458810@1“{‘1’15 (apg2 FFB&TR%SS‘ISS

i mruni z&d m\mvairthauﬁllbxbﬂeyiwlmt with bla@\NﬂﬂtﬂQy w&rzgﬁalﬂéto)&hgé?c@ gosifosiagypl es of
adequate v ayal i qr anal of ‘these 20
nonkeys hac%l posi fé\:/lgs ?l ?ert}s/orl aﬁfﬁyﬁé S"I‘I"‘f&k@%%\‘%éﬂc‘?”ﬂ% bockedbygi th a
mean of 49rekgent a@dinMuri@SFc amprormnammvmemsw@u{awm thfd irkdiveo of  what
was neasur and enonst r at ed a hi ghly. positive correlation
( Spear man ?E: e‘/‘)g%ﬁ})soccmg}ﬁm%“gpdg HEFPEr medigted Rbpgqcgiosisces were seen across
groups or betvveen sexes in the percentage of antibody in the CSF. The

| evel t he paSSI ve transfer of

peri pher aI %%e%@?gﬂe@%d@ggm@@h%éﬁ HRRERarrier into the
central ner vous syst Biis exhepld degrainesths vhikeiradibn aﬂiﬂnbé\cN &719&@%@ b CSF
PPy or EABER B A Binisedon o B R RRY ol b h e B i
correl at i oRD¢SParcomtro! normadm@6 3v)e fecfusddeiith 0.0%0eLN Br@inAbLidkQRiphbdalipss

Testing of ,a e scw thothe highest titers to AN17 2 showed
no bi ndi ng "t %&ggg@ ss%sédfa?)‘?%h L2 PRI MBS dioBosenjisd in éé( TP dm Day 175

was tedfed Pmﬁmsﬂvbamemowbblmmdsdppctn@m]xﬂe esammrbgmﬁnsiespabazmwodl es

fromall of tide whose ence c 103
~amino aci da” Ellhg%lggg@ ﬁregﬁﬁ%ﬁgﬁﬁd@gﬂgﬁca SUEIPEE 6 = B0 8‘?“%&’?}“ I'n
sone ani nale¥Tactsyarg ingpbatadifer dml Yhejeqsyped aveteodarduiediwithi andinngis€ i@ 1dHRP ofreas ur ed
(see Fig. @Za-lllﬂPQ; @2bma§agi)om%dxe?q&%ﬂ'c¥ésgIo?n?ot ould be mmeasyred, but

in all case react| vit pept T de SEqUBHER ! t he
pr edoni nant ac%“%tﬂ’mﬂiaéﬁdl 1006 thattpund ipjthe blood. gfdr exmp)e twiienghoups. First

and noo ceaﬂ&ﬂtx Wwasf | r.
oL o Ceamaady 1§9é2¢ﬁp\ke‘AS%ée‘ﬁ&n%:thﬁ§£igzc%ﬁnﬂﬁ% Q! lwgsﬁ]e%qes&%am

directed t 6*“‘1%“ pEEil-eth tteH\Sé’I“isﬁlj %ot &@irdsspcqws levcl$4®theamd2ifm of the
AN1792 pepirésdR was observed in both transgenic and nontransgenic mice - so the PDAPP does not have

a uniquely leak blood brain barrier.

25 XVI: THERAPEUTIC EFFICACY OF AN AB PEPTIDE IN MAP CONFIGURATION
A therapeutic adjuvant/immunogen efficacy study was performed in 9-10.5
month old male and female heterozygous PDAPP transgenic mice to test the efficacy of a
fusion protein comprising AB1-7 in tetra:ﬁerié MAP configuration as described above. The
duration of the study was 25 weeks with 29 — 40 animals per treatment group; therefore the
30  animals were 15 — 16.5 months old at termination. The methodology used in this study is the
same as that in the therapeutlc study of different adjuvants in Example VIII above The
treatment groups are identified in Table 18 below.
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These reactivities, conbined with that to the 1-10 peptide, represent the
overwhelmng mgjority of reactivity in all animls. Epitope napping of

i ndi vi dual animals over tinme 10 indicates that the antibody reactivity to

“ the 1-10 peptide proceeds the spread to the adjacent peptides . This
denonstrates a strong biasing of the i mune response to. the N-term nus of
the AN 1792 peptide with its free term nal aspartic acid residue. The
second m nor detectable activity in some aninmals was binding to peptides

| ocated C-terninally to the nmajor area and centered around peptides
covering am no aci dslaplell8, 11-20 and 16-25 of the AN1792 15 peptide . These
reactivit res—werge—sgen—in—ony—10-30% ol thgmlnk.pyq Variability in
response between|di AOLY Lt ani male (%0, , wHethutordifiRo |abfmigistationd wer e
t he excl-usiGreupdr |pretfoiAnant MABASHF VWEDAPD tHPE) dIRBSNOt QOT NEta, /5 Wt h

ant i gen/ afj - Tdos dosing m—q—a ar )r obabl y
a reflect (grf]w%fz e=a(‘hes%lndi jidual an mer % gdnet i o ke- Up. SS@% 1 1].
PREVENTI \IGA‘F\'J‘B:*TREATIVERIT Of HUVAN -SUBJECTS A si nge- dosd plsassom trjial is
performed T0 determ ne saf ety I m humans. A therapettte—agert—-S
adm nistered in increasing dosages to different patients starting from25
about 0.01 the level of presuned efficacy, and increasing by a factor of

three usiti Faifle higwekiatdhs: MAPULmdB-ahiip@sc %égﬁdéfﬁgﬁét%ﬁs Uﬁchlt??p%e' IS

reached. A Il . trial is perfornmed t0 determ ne therapeutic 8?.ficacy.
Patients wf@ﬁag%g)ar#gf BPeripRrops: AR o1 RErPesitrallys FBStepiosphitaiuiffard stlkpi mer’ s

di sease anG(Bdl agBeinbich@atedadtse fOgHQ&ioat i on (ADRDA) criteria for probable AD
are selected. Suitable patients score in the 30 12-26 range on the

M ni-Mental State Exam (MVBE). Other selection criteria are that patients

are likely to survi VEnetilgudiktdhiscidalk wataedeiﬁétﬁiyor%n@fhf'é‘i#‘ea&{%ﬁpérr&&@.tﬁ%g
issuesléuch.as use of concon(*)i hapé gjzedi cations that may 1 nterfere. Baseline
I b 2 r ?

eval uat I onIGHVPRIYSITE op Jiveksi b e 44 Rireds on wegks Shd Bt 17 21

nmeasures, suds. drotpyd, MNGE, andBdedehed AihinjeibksGrodps® afdATBKSNERTI¥ ST Cal €
for eval uaghg%_lsgag %ntss wLth Al zhei ner' s Di sease status and function. 104
WO 00/ 7288 UEST7 TR D T BEENS A Resy s rentelsdpilissiudyi de a neasure of

progression of the Ahehigrawere detemiokad byothe antBAB Ay Gurbishpt i ve |ife scal es

can al so be used to i.t0 ] -« DlLsease prpgression can also be
moni tored by MRI. Bl%r}c?))gbéf' g?é{lg’g&%{%ﬁ%&%'?é-ﬁ)[g:{‘)'tpaﬁa@g%’c}“ﬁée‘f?ﬁnin’E)P%‘B

i ncl udﬁlg G Ts%?y@heéfwai; At A 388 At Speks, ifalliagitol GMITas 6andy Weield. TheRSRANSES. 5
Fol | owi ng b3k 0 fnictBiRR Y Erfor @S Me? aREMothel §GRLMEN%L FGELTENL o miEY are

a titer of
400 by the end of the study. E

Group 2, the.QS21/AN1792 control group, reached its peak titer at 17 weeks
with a GMT of 16,000. The titer then fell over the next 8 weeks to finish with a GMT of
20 ~ 8,700. One animal in this group failed to raise a titer over the entire course of the
experiment. | . |
Group 3,_ the PBS alone group, had no titers.
Both treatment groups showed a significant lowing in cortical AB levels as compared
to the PBS control group (see Table 19). The CFA/IFA:MAP(AB1-7) group, significantly
25 lowered AB as compared to the PBS control group in spite of the relatively low titers of anti-
AB antibodies.

- 100



random zed and treated with either therapeutic agent or placebo in a

bl i nded fashion. Patients are nonitored at |east every six nonths.
Efficacy is determ ned by a significant reduction in progression of a
treatment group relative to a placebo group. A second phase Il ‘trial is
perfornmed to eval uate conversion of patients from 10 non- Al zhei ner's

Di sease early nenory | oss, sonetines-referred to as age-associated nenory
i mpairment (AAM) or mld cognitive inpairnent (MCl), to probable

Al zheiner's di sease as defined as by ADRDA criteria. Patients with high
ri sk for coBdaptRitat A8 Avabei mer's Di sease are selected froma
non-clinical paopulation by screening reference populations for early signs
~of nenory| loss or othe d|f€ﬁ§ult|es asstéifat ed [wi t h Q¥a- Al zHei ner' s

. synpt omat [EPBYaNa 15 | qm T y7RgstoryTof ALzt incl'c_ﬁjﬁﬁrﬁh—@enetic risk
factors, age sex, and othe? %atur=s fg%gg'.td predi¢t "high-[risk for
Al zhei mer{ @¢/ Eﬁ@%@be Basellne scores on sui t abl € netrics includihg t he

MVBE and [tiENAPAS togethersowghy gtnulzqstqbw%zu stghgd 4l tate a nore
normal - popul ation are co ecté These patient popdrag g gre divided
into suitdb@%tgﬁehps wil t h placebo ,onparlson agalnst d05|ng alternatives
with the qgﬁmg. These—patt+ent—popt Liu. fe!P“§§T4&—lntervals of
about si x nonfhs, and fhe endpoint fo eaéﬁ patlent T@ ethgr or not he
or she corNerts to probable szhelnpr s Disease |as deéfzgned Dy ADRDA
criteria at—the—end—eot—the—observation— XX General Mteridls and Met hods
25 1. Measurenent of Antibody Titers Mce were bled by naking a small nick
in the it al | vei n anth @atlhdat, i@ AHOMAP 2udoged is tﬂﬁaad/elumnauangm crof uge

t ube. xékﬁﬁm%ﬁ%es o%g b flnﬁt shaé g, the, bacﬁghock area and then
usi ng an 1 JAUGEUREEFROTS Sikhifigath do it %ﬁﬁ“%&ﬁqﬂ 810!l | ecting t he

bl ood into mcrofuge tubes. Blood was allowed to clot for one hr at room
tenperature (RT), 30 vortexed, then centrifuged at 14,000 x g for 10 mn to
separate the clot fromthe serum Serumwas then transferred to a clean

m crof uge tube and stored at 4C until titered. Antibody titers were
measurgfl by ELISA -96-well mcrotiter plates (Costar ElIA plates) were
coated with 100 | of a solution containing either 10 pg/m either A(342 or
105 SAPP or ot her asMljeiRiT@RE MARRINGOE BAMBFOGENIC RESRONSRITO &IVt S i N
Vel | Coatipg\gutyer (0.1 M sodium phosphate, pH 8.5, 0.1% sodi um azi de)
and held overnight at RT. The wells were aspirated and sera were added to
the wells starting a'tlisaxwplloglabizta}w mspénse Spreprimaa toDinueizbtion(Witl014 M sodi um

i mor osal 2 G 808 Tl R, o o P AR S it ey

t he pl &% esANh7921{78er 300 pg/dose) in combination with QS-21 adjuvant (50 or 100 pg/dose) or 5%

sterile dextrose in water (D5W, control group). All animals received IM injections on one of
~ three injection schedules as shown in Table 20 for a total of 4, 5 or 8 doses. Serum samples
(from 4 monkeys/sex/group) collected on Day 175 of the study and CSF samples (from 3
- monkeys/sex/group) collected on-Day 176 of the study (at the 6 month nécropsy) were
20  evaluated for their ability to bind to AB1-40 peptide and APP.
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fold steps to reach a final dilution of 1/218,700. The dilutions were
incubated in the coated- plate wells for one hr at RT. The plates were then
washed four times with PBS containing 0.05% Tween 20. The second anti body,
a goat anti-nouse Ig conjugated to horseradi sh peroxidase (obtained from
Boehri nger Mannheim, was added to the wells as 100 | of a 10 1/3000
dilution in Specinmen D |Teni¢2@&rGlounssdainedisfand Dopeldielsat RT. Pl ates were
agai n shed four times in PBS_Tween 20 __Tq devel'op the chronpbgen, 100 |
of Sl ow TNBroup3| Scheslule® |t Mandeyhy ANIZA2iDsad 61521 Pede f | dPosei Rowte
Cheni cal §) M@s added to jeactMiwl | | angig/daselbdt eud/dose}5 rin at RT. The
reaction {wad®st ppped by |t he 44ddition ofo25 | jof 2 M H2SOA. Tie col or
intensity was then nead jon ag/Wbl e¢ul suenlop#i C€s Viregp at (50 TN - 6550 15
nm. Titers gwerp dejined as fhe TeCTRyGRGL  of tne1gb| uu n of P ET o gi vi ng
one hal f T TBXT T O IVBZ{MHHI .5 Weg gen rat Iy5 akenf uu‘h&u: At ti al

1/ 100 di lfotomTexcept—m—cegses—with—yery—hhgh—t-ters—}ha—which-case a
hi gher i rr{1éJl o u?. on v"vaszqeces SaFy 3()15 estdblistPO t he hmxi W oD I f the
50% poi ntf£& 1 betwden tho Yt i dns. 4500 near exi'P8pol afion Whs 20| made to

calcul atd_the flnal Ttitelr TH4cal ¢ul at 80Qeondtri c 188an aht i body titers,
titers ldss &hapn 180 were a4Mitrarily7assi gned a1bbter yal ueiwf 25| 2.
Lynphocytie ol |ferationf ass&t¢ M ¢e wes® anest hetitped wth 1 spilurane.

Spl eens vier aorepoved and| ringed 25 twzge wi tlh 5 RphoPBS Font ajppii ng 10%
heat - i nadti yat el Tebal Dovi ngsserim (Piyy FBS) andlg e OTTOgp zedjin a
500 Centricon unit (Dako AS, Demmark)y—Tm 5 m—PBSFBSfor—to—see at 100
rpmin a Medi nachi ne. gDako followed by filtration through a 100 m cron
pore size nylon mesReYHs e%?i&?*%'s'hé%g foab1Aeld -3 Ffe eehetule B Dpss Days 1FSSFBS,

t hen pel | eiedopieheddeiPest Py &t4pBh 168 200 x g for 5 min. Red blood cells were
| ysed By resuspendingswigecpalcbdibl grdip 30 5 nL buffer containing 0.15 M NH4AC1,
| MKHCO3, 0.1 M NaER . e e then
washed as above. Fr esﬁﬁ}“?’fgizgf‘gj ;xsi/éeééa%/slépéﬁ tﬁ}f 1 5h '(S:!éﬁjc'p 'cMmﬁNW% wer e
cultured in triplicate sets in 96-well U—bottorred tissue culture-treated

mcrotiter plates THsaxBitagay EhiiHE pdg@des MibgiredRhe éxﬁxﬂ;@dn@@@lkﬂé@em
Bi osci ences ﬂé?ﬂ

106. supp d I ut am ne, 1%
Peni ci | | i nPapPy ep?"dha?/’g}aﬁg’mgw&lzfggphz‘ﬁ%fﬁ’é%\%tmrgg PfBSEq thgigmepsuted 307C
Vari oud Aph@blpdmgiefshesé\pﬂmbfbﬁres A Sibrldiping/ebtidts tiak cd\E’{EQ'the endird £yIR45€ sequence
protein were al S%d% % d ses rangheg?eélromS 0 0.18 mcronmolar in four

steps. Cel TETH Cd\%PtI‘ S Wetp @At el AN 138 B e abined figm con A)

(Si gna, cathirott 'I’éc}ﬁelﬁgiz5as EXardinorhdid pegided wikh anvéviellapibr BrdelacksRAO) @kbplor Cel | s

were pul Sec%efrecsgdute Qg' pepuda (synlhesrs I\fM gB%G No. 5331 and No. 5814). The first 32 peptides -

(from the eight amino acid position upstream of the N-terminal of AN1792 down to the
| 15 twenty—fourth amino acid of AN1792) are biotinylated on the C-terminal with a linker of
GGK. The last 10 peptides (repeating the thi'rty-second peptide from the-previous series) are
biotinylated on the N-terminal with a linker consisting of EGEG). The lyophilized
biotinylated peptides were dissolved at a concentration of 5 mM in DMSO. These peptide .
stocks were diluted to 5 uM in TTBS (O 05% Tween 20, 25 mM Tris HCl, 137 mM NaCl, 5.1
20 mMKC], pH—7 5). 100 pl aliquots of this 5 pM solunon were added in duplicate to '

| streptavidin pre-coated 96-well plates (Pierce). Plates were incubated for one hour at room

temperature then washed four times with TTBS. Serum samples were diluted in specimen
-"diluent w1thout azxde to normahze titers, and 100 ul was added per we]l These plates were

mcubated one hour at room temperature and then washed four times with TTBS HRP-
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3H-thymdine (1 tG/well obtained from Amersham Corp., Arlington Heights
IL). Cells were then harvested onto UniFilter plates and counted in a Top
Count Mcroplate Scintillation Counter (Packard Instruments, Downers
Gove, IL). Results are expressed as counts per mnute (cpm of

radi oactivity incorporated into insoluble macronol ecules. 10 4. Brain

Ti ssue Pr epdlgatel @BarAhdi %m%um@e@ysaﬁ:kssmﬂnﬂaam@&ayzﬁ @F;y cglfage\éq \Aﬂ?‘fbg ipne

hem sphere was prepared for inmmunohi stochem cal aha t hree
brai n r egfRSAECP 4l pgeo wathpigzide aidt 16Q Péﬁ@s addsd ebevtllifhewite vchrswat ed fromthe

ot her he on 1

proteins ng‘%g&%g%n? (()”r2 ?#éaﬁg? é\eg'els g%l E%E %‘As%}?gg)ﬁ%é %t\{g(ll; plope§upra)

Ti ssues dest amkidcdtared Ebid lSAﬁm\pﬁbxetohlm’ﬂ?ﬂgﬁfunZEdo uhoftON \HaSOnﬁ&tdp,fthd eectienl d

guani dine buffer. (5.0 M guani dj ne: mM Trj s- HCl The

- honoge atgﬁ %lo(eﬁ'??'e‘&asav ?‘f{a}tgsg Oé‘tai ﬁa’agﬁ%%ﬁn%a WHtcaPﬂ%? (Fi sher)
for threerdaderf our hr at RT, then stored at -20C prior to quantitation of

AP and APP. Previo s ex e i me sh t hat 0 t he anal yt es” were stabl e

under this storage %IH‘H’? %%Hl?%a‘ie ‘gﬁ\%ﬂt“hg‘FP %P&P@ibﬁg’(&B&cW@/f’) coul d

be quanti badht mahmlsﬁeamuemedose\ghﬁps BpDkyadﬂ M@nh&lﬁ@@@ﬁ@ér&ﬁ;s@ing@@ﬂbﬁlol brain

tissue fr termates,(Jahnson- , supra).

Measur ene %gggfqgﬁéfﬁ_e%fe Wafﬁéreﬂ?gﬂ TS ég"q}d@raﬁ “Bi“f‘ﬂ?”é’d’“fcrféulﬁn“t hice

col d Taseitr phistatent higher2hligencader Iighd?BSuvaht @66t iot BusEd eristielypg/ m

aprotinin, 5.1\ A pH 8.0, |,eupept and. 1 hen entrlfugdat

16, 000 x S‘gf“S‘Fmé59%'%'%%%‘:"&%&‘:]&?%8“?%9ﬁ‘B‘EF ‘Rﬁb‘g%s%‘fagﬂﬁy ingp H’d‘&?‘&gmt

am no aci ds)aoramiotﬂmenﬁﬁﬁlimtiandards were prepared to include 0.5 M 30

guani di ne and 0. 1% bovi ne seru i e fi sition. The
"total " sandwi % F’gfl\ F’z‘écs oﬁﬁ'rﬁ}béoﬁf:?ﬁ q}l‘ghé ”Bﬁﬁlaﬁ%ﬁ?fb‘w)ﬁ ant i body
266, spec laﬁtnb@dfesto Afm -AQ Mamlmlﬁs i]n?.héﬁoo;fs r&:pged(fﬁ&umm r 1&599B,|an)1 as fR$ aithe
capture a a bi,ot i nyl at ant | specific for
am no lgm Eil‘tm?egngs %lgw 38%?%%”?@056@“‘ ‘ianbggfareé{%estbﬁ@’ef"é BPQSe’lI DepF7ant i body.
The 3D6 mBiciidgnaiNIAAR sty addghly pustiive ecngationaSsaanal ©€d0.8FR ) Mithfvildimg! engt h
APP, but Qe%gfz_gté only A[3 species with an ami no-term nal aspartic acid.
Thi s assay lower Iimt of sensitivity of -50 ng/m (11 nM and shows
no cross-reacti VI tyOfmeu&moemj@gemmuseMvaneusﬂdahmumsmm AN1792/B36/d1dedt | ONS
up to | n od, et u he AD1- 42 ci fic sandw ch
ELI SA errp%sys i %ua esvoé%’? alsty?or a’)nﬁlgsﬁcﬁagy 540 9?%1/ %Ppﬁﬁ
(John$6n- \xm_khyséihd absifiye tagrs tdeN t‘@rat mtersamtgle&bﬁdyx.z-ﬁlwtvimy hbeof M&

21.34. CSF anti-AN1792 levels were 0.18 + 0.11% of what was measured in the serum and

demonstrated a highly positive correlation (Speanhan r = 0.7840) with serum titers. No

differences were seen across groups or between sexes in the percentage of antibody in the

CSF. The level of antibody in the CSF is consistent with the passive transfer of peripherally
25  generated antibody across the blood-brain-barrier into the central nervous system.

Testing of a subset of anti-AN1792 positive CSF samples demonstrated that,
like the antibody in serum samples, antibody in the CSF cross-reacts with ABI#O. Titers to
AP1-40 showed a high correlation (Spearman r = 0.9634) to their respective AN1792 titers.

| Testing of a subset of CSF samples with the highest titers to AN1792 showed no binding to '
30  APP, as for the serum antibddies.
- When sera from Day .1 75 was tested against a series of overlapping 10-mer

-peptides, antibodies from all of the monkeys bound to the peptide whose sequence covered



3D6 is also the reporter antibody in this assay which has a lower limt of
sensitivity of about 125 lig/m (28 M Johnson-Wod et al.). For the AR
ELI SAs, 100 gl of either mAp 266 (at 10 g/m) or mAR 21F12 at (5 gg/m)
was coated into the wells of 96-well immnoassay 10 plates (Costar) by
overni ght incubation at RT. The solution was renoved by aspiration and the

wel | s ver gnbbaoied iortiovaridh hiAfle thmdQcits ofs E1225 KBy MBI o L1l buni n

in PBS buffer for at | east RT. Bl ocking sol ution was renoved and
t he pl at eBisesahsedy E%Pud@@swleféablé@nafoﬂé:baﬁrf:rsrlre $§eg FigrA®-pl ates were

rehydrated w th \Wagh oBef {fhall, Ditled rdabi i8EQBu1d3R A Dbdian M Natl the 0. 01 M
Tris-HC, pH-7.5), plus O. 05% Tween 20] prior to use. The 15 sanpl es and

st andar ds reaelietyde ghedN-ferminali pspiidese@uears Yaothe Psfomigantgne.pBhe aiditionaind t hen

i ncubag ed re,@& i BIMntAtvordups. THigst RhAIRSt ORI V\R&NRIbiakink GASDHEdr ee ti nes
‘with Wash Buffer between each step of the assay. The bi ot| nyl ated mA[i

306, di | urentering apowd ghg/Nrferpinalded AN 1493 ayptidpdifigwe 201 Binding akbisiyPepBs, - 0. 05%

Tween 20, gpklids Bhne ﬁ@aﬁde@dsl%ﬁng%nb%w@amd 1L hA 8- Medrluge Aﬁmzlp"pﬁdeat RT. An
avi di n- hor ser adi sh peroxi dase conju atelp Avi'di n-HRP obtai ned from 20
g’B’Obr R

Vect or, B@Fﬁeﬁwﬁwtwmmbleﬂdr%ﬂé&mﬁo entide.apniesanisthy omavhelming\as added
to the Weln'ra?orft? bf re;ctxbfty ﬂ{[all%me;[:h efbe Ha?ﬁﬁé bﬁn@rwaﬁz;l laRin®is-ovePMnd VB- ELI SA

(Pierce), was. ad to reac m nutes at RT, after which
the edfy qu@tﬁé%the@nnw&s re@t:'ewéer theyl H@em'da PtOF%FﬁS thgfspread §9 the adiagepp SO4.

The reactiy @ﬁlcﬁg OB de MBS @R btk dni S5hsthpl dT thedmiohSfedb ke Qeme ﬂﬁ&m\’m&f
measuring the difference in absorbance at 450 rimand 650 nm 25

Measur eneribe SN 1 733peptidratith itsfese derming aspertisppidaesidiss %ff‘ém&ﬂ ‘F‘l"i"&%‘ﬂem’l’h’e

first, desk6naligdoCRiRAIElwas bf@ﬁ@gabé&meb@wedﬁé’%&hrﬁha 1d &,é}naﬁradrefauhd -l ength
(FL) forms of APP. The second, assay -a. The APP-a /FL

assay recGGHFEd arovad peptidss capgsing ﬁE’I“t?o?cr?r‘éf 7t’ﬁ€ %Os%“diré‘%sd’fé}?ﬁ MIE ds of AR

Si nce fishe gehdy.t BleseRhitRaRy wertidadn ihSn0L0-SE@B of fhi enohieyishe a- cl i p- SI te,
occurring between a{;r % acids 612-613 of PP695 sch e tﬁl .Sci ence 248,
1122-1124 (1990)); VeRedity ndssporsedstiyesnd “’i‘éém |(°¥»e &j‘f “RPW“( - FL) .

Prel i m naryi®@wpe thdBxBlusivelsd phgiokiitint fmab.relepmﬂ) &Qﬁommbmﬂs to the
cytoplasmc .tai,l ena of . APP- FL uggest
Chat " appr GRrRGY I yo5 St e RERep ot bR o Ras PRbine BisEion Lty O The
capt ure arihdibiidyl ahimal’s gerdetit mekARP- a/ FL and APP-a assays i s mAb 8E5, ra| sed
agai nsj, am no acids 444 to 592 of the APP695 form (Ganes et al., supr'a) '
The reporter mAb 5. for the APP-cc/FL assay is mAb 2H3, specific for am no
aci ds 597-608 of APP695 (Johnson- Wod et al., supra) and the reporter

anti body fouyt s ARRIAIGRERAY TREArMERY S Lithed depivett ve

A single-dose phase I trial is pcrformcd to determine safety in humans. A
therapeutic agent is administered in increasing dosages to different patients starting from
25 about 0.01 thé level of presumed efficacy, and increasing by a factor of three until a level of
about 10 times the effective mouse dosage is reached. .
A phase I trial 1s performed to determine therapeutic efﬁcacy. Patients with
early to mid Alzheimer's Disease defined using Alzheimer's disease and Related Disorders
Association (ADRDA) criteria for probable AD are selected. Suitable patients score in the
30  12-26 range on the Mini-Mental State Exam (MMSE). Other selection criteria are that
patients are likely to survive the duration of the study and lack complicating issues such as
use of concomitant medications that may 1nterfere Baseline evaluations of patient function
_ are made using classic psychomemc measures, such as the MMSE and the ADAS, whichis a

comprehensive scale for evaluating patients with Alzheimer's Disease status and function.
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of mAb 16H9, raised to am no acids 605 to 611 of APP. The lower limt of
sensitivity of the APP-aFL assay is about 11 ng/m (150 pM (Johnson-Wod
et al.) and that of the APP-a specific assay is 22 nglm (0.3 nM. For
bot h APP assawe,comb 8ES5 was coated onto the 10 wel|ls of 9Gcwisboiél pl at es
as descri bed above for mAb 266. Purified, reconbinant secreted APP-a was"

used as thﬁxeg@;ﬁs@%%&]&wmmdé Dehdi@e A%?oge@&%@yu@mzﬂeb@eré\e&cmédﬂ assay

(Esch et al. ra). The brain honogenate sanples in M guani di_.ne were -
diluted 1: Sfetablﬁ q“%lﬁ‘%ﬁ‘@p"é&%‘"éﬁ 250 |bg Hgd ‘P@‘@“?ﬁﬁmﬂ‘és‘aﬁ%’épﬁﬁ‘feﬁ%?“ pH 7. 4,

0. 6% bovi n@ns&b WA ahisted By MRY. BN pRIfiTey dTpatient$oah al%walomt&ecﬂweém They

were then diluted 1:4 in Specinen 15 Diluent containing 0.5 M guani di ne.
Di | ut ed ho%ﬁéﬁém%%sp@ﬂéﬁawﬁiw Ry EGelitTeamenEs0 x g for 15 seconds at

RT. Thes APP st andar ¢ig)16\Atlg baeRhcSfic@ES, R_Faﬁléiﬂdbetg(h febvify Réalndrd. Uhtplar€at e
aliquots and incubated for 1.5 hr at The bi ot i nyI ated reporter_ antibody

2H3 or 16HRNgRI&izeq e Haebyitheither hSrBFEie qesRt of Plareberin gblinded fashion. Patients
St rept avi diB nihkétkd A9eRhaen vt Asshi Boglhdygaée MRS I gnifiiahttt&Rtidn h000 in

speci nmen diluent, was incubated in the wells for ] hr at RT. 20 The
f I uor escenProgiiaof adreameRt HOWR 1§1H%T 10 1plasch? eBsphat e was added for a

30-m n RT incubati anseam;lhaﬁ: IPLAl BpeiBintedt6 8thl@ite ebnltbith biyRkiedtt ffom350
fluorineter (M| Il.ipore) at 365 rim _excitation and 450 nm em ssjion. 7.

| mrunoh? st B°‘bﬁéz1‘1‘f““’§{5r9‘5%° E57 LY RGN QR 19SS OB ImeHieterd ébasaagzgssa%lat%b@ewrary4%

par af or mal dﬁ;kavxelﬁnﬂ AARBS ol d c&@ﬂwesﬁ@a@@lmﬁr(mm1p&¢prb&bseemeﬁbuel@&%waase4&§ in 1%
par af or nal unti] secti m cron-thi ck coronal sections

were cut o 3%%%8&9%@% é’ﬁaer%% ‘6%818? ﬁ‘s‘¥é ¥ OBEBIWAP AtrcimEnsPiester ol |
30% et hyl eag sglt:Mﬁchroxh a nBﬁl-@ErﬂElﬂtpspLDMfoﬁﬁfy)scx@EnmgQ@r&i’cb @bpulldions for early signs

i mmunohi st ochem ¢ or ea ain X sections at the |evel
of the dor§ °‘§®Wﬁ?55868 Ffﬁﬁfléﬁ&&éﬁ? @%ﬂ%web@%&ng@e&m@a@

i ntervaks, faAﬂryenttmu»bau;ﬁhdmwenmegshtgenmctrﬁskdmcx@;fagth;exfaﬁdi by fezguxaﬂfdubmm es:
(1) ablotlnl An. ( mAb eci.fic for n AP luted to a
concentrat i %fei’ig S&ﬁf"f EIZ&B@ ‘:'fnlg’sTé/: h§?5§ DSEPTR™ 8 ‘Ptaga)‘mé“gsb‘i%%”}%y| at ed
mAb speci f e MMSEhudr&re ADRS td3Efher with athetnéticsadesighaian eyatatonmode ndrmgalml i n
PBS 109 and % hor s r | al illary
acidic pr ot8 ef]’m & ét]—“ ﬁ§§ed %iﬁﬁe%&%gf’&&% s %’%I u‘flééc?citfogbl wi& AP él"glrg% Triton
X-100 and Ip%ﬁthwrcsmpsmouaxmmsndd'mngﬁltbmhﬁmsedth tbakgent, Thesd patient pTRGYtionpare(4) a
mMAb "spegi fi I okl el 4 j cdiluted
T 100" a0t h 513 dirleplst of Mty b Mot AR ROR: Lath SRS MBI P T
speci fic fdwe oMiE chivermtd pyebrble(Hrerimernsdeingasaias defiaerl by, ADBDW ariterd 2p89em¢ i t on

z(bﬁg?mgzger% %&0@’%{9@0 erl(u)(r)n in TBS; or (6) a rat mAb specific for CD 43

XIX. General Materials and Methods
25 1. Measurement of Antibody Titers _
Mice were bled by making a small nick in the tail vein and collecting about
200 pl of blood into a microfuge tube. Guinea pigs were bled by first shaving the back hock
area and then using an 18 gauge needle to nick.the metatarsal vein and collecting the blood
into microfuge tubes. Blood was allowed to clot for one hr at room temperaiure (RT),
30 vortexed, then centrifuged at 14,000 x g for 10 min to separate the clot from the serum.
Serum was then transferred to a clean microfuge tube and stored at 4°C until titered.
Antibody titers were mea_sured by ELISA. 96-well microtiter plates (Costar

EIA plates) wé_re coated w1th 100 pl of a solution containing either 10 Qg/ml either AB42 or-
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with 1% rabbit senun in PBS or (7) a rat mAb specific for CD 45RA
(Pharm ngen) diluted 1:100 with 1 %rabbit serumin PBS; or (8) a rat
nmonocl onal A(3 specific for CD 45RB (Pharm ngen) diluted 1:100 with 1%
rabbit serumin PBS; or (9) a rat nonoclonal AP 10 specific for CD 45
(Pharm ngen) diluted 1: 100 with 1 %rabbit serumin PBS; or (10) a

bi ot i nghap eelothe|aiGicanad ndigmteath M@@@Mdﬁlmeg&{sm&%@ﬁgmw) di | uted
1: 100 with 1% rabbit _serumin PBS or (1 %ﬂa rat "mAb_specific. for CD3

( Ser ot ¥b3edint Ricarhaie: PYS-wPtlfe 3shum agds) andheld oyerigBBERT ol bowvells were) a

sol ut i egpirafed BRSelatdt B@dea t@ﬂiemﬁeﬂ]}! stﬁﬂiﬁlglapﬂl’MWdImﬁﬂoH'irﬂﬂ)ecxlm/éh"mfu%l hor se
serum 15 Sections.reacted with antlbod& solutions listed in 1,2 and 6-12

above 7Y Mpspdivp phesphate, i r410-HaMiaGlof 6% bovine sgumaitnipdr, Of5% per oxi de in

PBSs5 f 0khir@rosdI) %benFéInmcauumedf 1RNERGRIES Rfle %k&ﬁﬁﬁ" the pIRY% iNBf&- next
i ncubat ed overnight _at 4C with :g‘rl mar)ﬁ] antib Sections reacted with 3D6
3]

or 8ES5TYH stepsde rsipbe ‘ﬁ%rdél“??\‘b‘i’f W &l3:408d ﬁll%lﬁés wreartcubq@ wpitheroatefor ser adi sh

per oXi gasewanifshdie bt AET - HRIPAEX WS tHan Kiathed PORURRI Lh PAS ARdinidg 20 diluted
1:75 in PBS (Vector Elite Standard Kit, Vector Labs, Burlingane,

Sect i o957 Biepdh: Wbt Froant ami8ed Yo 8 eep@rt moystlgcotpedsAhossadSRE, CD 45, ' CD3

and t heBRGas Qbiih @ rord E)OhebheRf MaRAHIR wésnéddp@f&ythé"ﬁrélﬁ fisb'g%fead for | hour
at RT with biotinylated anti-rat 1gG °(Vector) ute In PBS or

bi d0i nyI390R diliepiin $ragieen Rityept andtingupaty fq;peqjhrjat RB" PlatedB&re agamspect i vel y.
Sect i ORg, MR Eurlidfel i %tﬁ%eﬁzb ‘?QQeJH ahe Mor}%g}&;} o dﬁ’bgﬁr %dll'ﬁﬁ per oxi dase

25 avidin-biotin-conplex wt onent ed 1:75. in
PBS- ( Vé&8a%.5 Blﬂirqr@cﬂlﬁtbam@mob@ned fv@cftﬁrceLfétbmlcaBmwaxi wigedrts, ealliwdl]l aiBect i ons

15,6, SRR ol A0 A0 G 0 Gl AL 0

( DAB) ect 1 ons e In 101 Wt MAC-| - AND

M—|C I | -F650ei Thecolnintyysiy wes then eeaploetall\eqitoet&r WievibesOV 1684 dry4fi0agen6jder oxi de at
3@yl ock endogenous peroxi dase then incubated overnight with the

prl rrary a?nti body at 4C. Sections reacted with the GFAP anti body were

i ncubat ed for 1 hiteraverRfcimadesithearesiprpbaoéthe didwtidn-ofsersm giga omdelfi n hor se

(Vect Orﬂ’lé‘l@lm{n%%[b elsi’axM?a(j’b@S\;v% ngjafl)t ékﬁﬁ%r#%)mt@l Ile@ﬁlll\J]I oﬁoe ce r¥ h TBS.

The sections were next reacted or one an avi di n- |ot| - per oxi dase
110 corfafeewifverthigh ttanson athgh ese a Neker injtial idiutitin was np@esagy to)estdblishit ed. 1: 1000

with TBge m%%ﬁ:fal@DSIfdx@W)@%Bi%gfeWHcmeExhﬁvMﬁhgnsoﬁhMﬂge)Map&Qﬁ&{ Ja£ monocl onal

anti body as the primary antib }%ﬁ wer e subsequentl reacted for 1 hr at RT
wi t4 bﬂB%qer&?/Faé%"é@ae ‘aﬁﬁpalrtaﬁr |Tgcsa igis seometgp ieen yitibadetifers titory desiihen  TBS,

f ol | owerbobyerd ABURAY a0 de@k R alte o 4. h avi di n- bi oti n- per oxi dase conplex 5
diluted 1:1000 with TBS. Sections incubated with GFAP-, MAC-I- and MHC

I'l-specific
2. Lymphocyte proliferation assay

Mice were anesthetized with-isoﬂurane. Spleens were removed and rinsed

25  twice with 5 ml PBS containing 10% heat-inactivated fetal bovine serum (PBS-FBS) and
then homogenized in a 50° Centricon unit .(Dako' A/S, Denmark) in 1.5 ml PBS—FBS for 10
sec at'100 rpm in a Medimachine (Dako) followed by filtration through a 100 micron pore
size nylon mesh. Splenocytes were washed once with 15 mI.PBS-'FBS, then pelleted by
centrifugation at 200 x g for 5 min. Red blood cells were lysed by resuspending the pellet in

30 5 mL buffer cohtaining 0.15 M NHA4CI, 1 MKHCO3, 0.1 M NaEDTA, pH 7.4 for five min at
RT. Leukocytes were then washed as above. Freshly isolated spleén cells (10° cells per well)
were cultured in triplicate sets in 96-well U-bottomed tissue cﬁlture-treated microtiter plates

(Corning, Cambridge, MA) in RPMI 1640 medium (JRH Biosciences, Lenexa, KS)
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anti bodi es were then visualized by treatment at RT with 0.05% DAB, 0..01%
hydr ogen peroxi de, 0.04% nickel chloride, TBS for 4 and 11 mn,
respectively. |Inmmunol abel ed sections were nounted on gl ass slides (VR
Superfrost slides), air dried overnight, dipped in Propar (Anatech) and
overlaid with coverslips using 10 Pernmount (Fisher) as the nounting
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URRERARLES 305, epnenec s i, GRIIBSYL, v, S0

wer e. per es and i nc I'n"aqueous 1% Thi of [ avi n
S ( Si gneipadtioated FRf for 9ol 2037 g VameundRipspticheiledl APl dfesBl-Agor L4Xi ons

were the r ' . er b Qi ' coverslips
mount ed- W R PEIR PSS Bl o B PRbeiah §5R, DHER Fhikplho £07
Anal ysi sfo8ystmmCelbnioerntrd! nells wazictliared bith ondddyvalih idnied A)dSmmd ¢edr -

M cr ophot.- et 0 i d ( . \i tron
noni t%r &/as?;?ig&eg"?%ggr gﬁlé’tﬁl? i(V?'F%gta ?dc?ggc%% hgglllscn‘?r%%é@%egdcr}t% ] @’é%ﬂ?&é@‘@he i mage
of the 28Hskahidma (WaSi/sebobeinedframAmdeshadouCérer, Aalingtan Idoglos Hanells
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sect i on, Stih€lldiiop foaaeq(BsckamdIngoranitals] Downtrd Grosd, [a0Rdshks drotgirepedkal  ar ea
occupi ed by the hi C s.was cal cul ated. The rcent anyl pid burden was
measur edoaee Per P BRE RS R A Poa S TSRy AR depos! s
i mmunoreactive with mAb 25 3D6) x 100. Simlarly, the percent neuritic
burden was neasur as.. (the fraction of the hippocanpal area containing
dyst r ophi c ne%rit fa‘f‘zfé%?g‘?e’épwf% nonocl onal anti body 8E5) x100. The

g_— I mlagi ngZSés]'E tem (ﬁmmht?u_analsila_cthc; b@m%&mmo?@?@dhhqgherﬂé@he&pemémdt hﬁ

I npl e .90 [.e call.on r was I 1 nked to a N kon crophot - FX
m o oscolt THOTEHC-r AR bk cuRle e Bl Relh Pl et 1

per cent agereodlluth evereatisses@iinera theathet bomisplermpanddis@0o mea@iFARe gosdeniraton
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i m*ruﬂér e_a?if'aéﬁ’u%e tpf%[ﬁnwang &t o‘i”e_’%so‘.%h’*gas” %?lgggﬁ{%gfdeqﬁh%?ﬁlg@ 35%%213%?’ Ghe- based

t hreshol d was det Esduendedtited fordtldSAs aveck Ipalogeriatidn 1 heolneadf ipi-xdll ar ea
occupi ed by .i. I 2d _cal | s ~F )5 4 On, i al
cortex (I§§ él%%mn%ﬁg}vf%/ agﬁfnlei%‘}lceld%aﬁa? ?ﬁgHt% g&’g Q@i @F‘ig{ng Jn%%gl”g%cupi ed by
t he' RSC wmisedclnl grullatgidtionTisemgparisiams NataterdEigharksios thigegto defribnatdRaghen( t he
fraction _ of. RS{. j ) Y e oamlarly,
per cent n%loé?doagtIslgogﬁ’ggggggqmgétﬁ?g}‘gggg%‘!tp ﬁ'ep ?g’%?%’%g%%n%ﬁ;etp%gﬁéﬁgéupi ed by
MAC- 120 orthddalylch-weesstdtilanenden thise@iriga Fonditid) @nd tharsyath¢tid A getdmebagsen, six
sections c%ElldLbrcg%u!an%\t/a%lve:l()){frf:ctc.)t/]cerc:c{:i \9/£f:snas|pikgh Png ﬁ(?rrr;%)g%xsldteseo%%gmrol brain tissue from

‘mouse littermates (Johnson-Wood et al., supra).

25 5. Mcasuremenf of AP Levels
The brain homogenates were diluted 1:10 with ice cold Casein Diluent (0.25%
casein, PBS, 0.05% sodium azide, 20 pg/ml aprotinin, S mM EDTA pH 8.0, IQ pg/ml
| leupeptin) and then cenfrifuged at 16,000 x g for 20 min at 4° C. The s&nthetic AB protein
standards (1-42 amino acids) and the APP standards were prepared to include 0.5 M |
30  guanidine and 0.1% bovine serum albumin (BSA) in the final composition-. The "total" AP
sandwich ELISA utilizes monoclonal antibody monoclonal antibody 266, specific for amino
- acids 13-28 of AP (Seubert, et al.), as the capture antibody, and biotinylated monoclonal

antibody 3D6, specific for amino acids 1-5 of AP (Johnson-Wood, et al), as the reporter
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5 separated by consecutive 240 mi ntervals, were gquantitated for each

animal-. In all cases, the treatnent status of the animals was unknown to -
the observer. Although the foregoing invention has been described in detail
for purposes of clarity of understanding, it will be obvious that certain

rmdific'ations may be practiced within the scope of the appended cl ai ns.
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' (at 10 pg/ml) or mAB 21F12 at (5 pg/ml) was coated into the wells of 96-well immunoassay
10 plates (Costar) by overnight incubation at RT. The solution was removed by aspiration and
the wells were blocked by the addition of 200 pl of 0.25% human serum ‘alburin in PBS
buffer for at least 1 hr at RT. Blocking solution was removed and the plates were stored
- desiccated at 4°C until used. The plates were rehydrated with Wash Buffer [Tris-buffered
saline (0.15 M NaCl, 0.01 M Tris-HCI, pH 7.5), plus 0.05% Tween 20] prior to use. The
15 samples and standards were added in triplicate aliquots of 100 ptl per well and then incubated
ow}cmight at 4° C. The plates were washed at least three times with Wash Buffer between
each step of the assay. The biotinylated mAP 3D6, diluted to 0.5 pg/ml in Casein Assay
Buffer (0.25% caséin, PBS,.0.05% Tween 20, pH 7.4), was added and incubated in the wells
for 1 hr at RT. An avidin-horseradish peroxidase conjugate, (Avidin-H_RP obtained from
20  Vector, Burlingame, CA), diluted 1:4000 in Casein Assay Buffer, was added to the wells for
1-hr at RT. The colorimetric substrate, Slow TMB-ELISA (Pierce), was added and allowed |
to react for 15 minutes at RT, after which the enzymatic reaction was stopped by the addition
of 25 ul 2 N H2SO4. The reaction product was quantified using a Molecular Devices Vmax
measuring the difference in absorbance at 450 nm and 650 nm. |
25 | |
6. Measurement of APP Levels
| Two different APP assays were utilized. The first, designated APP-o/FL,
recognizes both APP-alpha (a) and full-length (FL) forms of APP. The second assay is
specific for APP-a.. The APP-o /FL assay recognizes secreted APP inciuding the first 12
30 amino acids of AB. Since the reporter antibody (2H3) is not specific to the a-clip-sité, '
occurring between amino acids 612-613 of APP695 (Esch et al., Science 248, 1122-1124
(1990)); this assay also recognizes full length APP (APP-FL). P_reliminary experiments using
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immobilized APP antibodies to the cytoplasmic tail of APP-FL to deplete brain homogenates
of APP-FL suggest that approximately 30-40% of the APP-c. /FL APP is FL {(data not
shown). The capture antibody for both the APP-o/FL and APP-a assays is mAb 8ES5, raised

-against amino acids 444 to 592 of the APP695 form (Games et al., supra). The reporter mAb

for the APP-o/FL assay is: mAb 2H3, specific for amino acids 597-608 of APP695 (Johnson-
Wood et al., supra) and the reporter antibody for the APP-c: assay is a biotinylated derivative
of mAb 16H9, raised to amino acids 605 to 611 of APP. The lower limit of sensitivity of the
APP-aFL assay is about 1 1 ng/ml (150 pM) (Johnson-Wood et al.) and that of the APP-a
specific assay is 22 ng/ml (0.3 nM). For both APP assays, mAb 8E5 was coated onto the
wells of 96-well EIA plates as desc_ribcd above for mAb 266. Purified, recombinant secreted
APP-a was used as the reference standard for the APP-a assay and the APP-o/FL assay
(Esch et al., supra). The brain homogenate samples in 5 M guanidine were dituted 1:10 in
ELISA Specimen Diluent (0.014 M phosphate buffer, pH .7.4, 0.6% bovine serum albumin,
0.05% thimerosal, 0.5 M NaCl, 0.1% NP40). They were then diluted 1:4 in Specimen

Dih_lent containing 0.5 M guanidine. Diluted homogenates were then centrifuged at 16,000 x -

g for 15 seconds at RT. The APP standards and samples were added to the plate in duplicate
aliquots and incubated for 1.5 hr at RT.” The biotinylated reporter antibody 2H3 or 16H9 was
incubated with samples for 1 hr at RT. Streptavidin-alkaline phosphatase (Bochringer
Mannheim), diluted 1:1000 in specimen diluent, was incﬁbated in the welils for 1 hr at RT.
The fluorescent substrate 4-methyl-umbellipheryl-phosphate was added for a 30-min RT

incubation and the plates were read on a Cytofluor tm 2350 fluorimeter (Millipore) at 365 nm

excitation and 450 nm emission.

7. Immunohistochemistry _

Brains were fixed for three days at 40C in 4% paraformaldehyde in PBS and
then stored from one to seven days at 4°C in 1% paraformaldehyde, PBS until sectioned.
Forty-micron-thick coronal sections were cut on a vibratome at RT and stored in .-
cryoprotectant (30% glycerol, 30% ethylene glycol in phosphate buffer) at -20°C prior to
immunohistochemical processing. For each brain, six segtions at thé level of the dorsal
hippocampus, each separated by consecutive 240 pum intervals, were incubated overnight
with one of the following antibodies: (1) a biotinylated anti-AB (mAb, 3D6, specific for
human AB) diluted to a conccntratioﬁ of 2 pg/ml in PBS and 1% horse serum; or (2) a-

biotinylated mAb specific for human APP, 8E5, diluted to a.concentration of 3 pg/ml in PBS
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and 1.0% horse serum; or (3) a mAb specific for glial fibrillary acidic protein (GFAP; Sigma
Chemical Co.) diluted 1:500 with 0.25% Tritoﬁ X-100 and 1% ho;'se serum, in Tris-buffered
saline, pH 7.4 (TBS); or (4) a mAb specific for CD11b, MAC-1 antigen, (Chemicon
International) diluted 1:100 with 0.25% Triton X-100 and 1% rabbit serum in TBS; or B)a
mAb specific for MHC II antigen, (Pharmingen) diluted 1:100 with 0.25% Triton X-100 and
1% rabbit serum in TBS; or (6) a rat mAb specific for CD 43 (Pharmingen) diluted 1:100
with 1% rabbit se.rum in PBS or (7) a rat mAb specific for CD 45RA (Pharmingcn) diluted
1:100 w1th 1% rabbit serum in PBS; or (8) a rat monoclonél AB specific for CD 45RB
(Pharmingen) diluted 1:100 with 1% rabbit serum in PBS; or (9) a rat monoclonal AB
specific for CD 45 (Phafmingen) diluted 1:100 with 1% rabbit serum in PBS; or (10)a .
biotinylated polyclonal'hamstcr AB specific for CD3e (Pharmingen) diluted 1:100 with 1%
rabbit serum in PBS or (11) a rat mAb specific for CD3 (Serotec) diluted 1:200 with 1%
rabbit serum in PBS; or with (12) a solution of PBS lacking a primary antibody containing -
1% normal horse serum. '

Sections reacted with antibody solutions listed in 1,2 and 6-12 above were
pretreated with 1.0% Triton X-100, 0.4% hydrogen peroxide in PBS for 20 min at RT to
block endogenous peroxidase. They were next incubated overnight at 4.°C with primary
antibody. Sections reacted with 3D6 or 8E5 or CD3e mAbs were then reacted for one hr at
RT with a Borseradish peroxidase-avidin-biotin-complex with kit components “A” and “B”
diluted 1:75 in PBS (Vector Elite Standard Kit, Vector -Labs, Buriingame, CA.). Sections
reacted with antibodies specific for CD 45RA, CD 45RB, CD 45, CD3 and the PBS solution
devoid of primary antibody were incubated for 1 hour at RT with biotinylated anti-rat IgG
(Vector) diluted 1:75 in PBS or biotinylated anti-mouse IgG (Vector) diluted 1:75'in PBS,
respectively. Sections were then reacted for one hr at RT with a horseradish peroxidase-
avidin-biotin-complex with kit cdmponents “A” and “B” diluted 1:75.in PBS (Vector Elite
Standard Kit', Vector Labs, Burlingame, CA.). _

Sections were developed in 0.01% hydrogen peroxide, 0.05% 3,3°-
diaminobenzidine (DAB) at RT. Sections destined for incubation with the GFAP-, MAC-1-
AND MHC II-speciﬁé antibodies were pretreated with 0.6% hydrogen peroxide at RT to
block endogenous peroxidase then incubated overnight with the primary antibody at 4°C.
Sections reacted with the GFAP antibody were incubated for 1 hr at RT with biotinylated

anti-mouse IgG made in horse (Vector Laboratories; Vectastain Elite ABC Kit) diluted 1:200

~with TBS. The sections were next reacted for one hr with an avidin-biotin-peroxidase
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O m O Q 113 LLOYD WSE CLAIMS: 1. Use of an antibody that
specifically binds to an epitope wwthin amno acids 1-10 of A(3 in the
manuf acture of a reagent for detecting an anyloid deposit. 5 2. The use
according to claim1, wherein the anti body binds to an epitope wthin
resi dues 4-10 of AR 3. The use according to claim11, wherein the antibody

binds to Aan t hi S ccordi ng
to any of° mll)ﬁgrqg oré“ a%ﬁ)/\ﬁteopgl rl\lpef am%'tf?eb‘b‘g lel?teé)gll?éb WI EB% S %8nsuse
accor di ngndubated svitmtld, MARel-ex MHmésmatﬂdmd;ociosallaaﬂmldy eﬂthWIphhla@ anpbascarrragnet i C
| abel . 6. The use ein.th y is
det ect ed " 20° bsequr%fy rea‘Cgerﬁlnqgrne agk{?le‘?glngo% tefi ratel é' ?aB Ehlll?oddany of
‘clains 1- 16200w|vnﬁr"éB$1 fblﬂte«vedrbvudmnd;ndna’cﬂ(@e mm@mW-ﬁxmm-pHﬂm&xsacmhﬁar ance

response o ﬂltelal 1“1‘1’)'08 %&Ofﬁn S oln(s) knq:uga%)ao thl GhRPt IP\?A(E) ellt edr}vIHC]ﬂ' specific
antibodies were then visualized by treatment at RT with 0.05% DAB, 0.01% hydrogcn
peroxide, 0.04% nickel chlonde TBS for 4 and 11 min, respectively.
Immunolabeled sections were mounted on glass slides (VWR, Superfrost
slides), air dried overnight, dipped in Propar (Anatech) and overlaid with coverslips using
10 Permount (Fisher) as the mounting medium. ' |
To counterstain A plaques, a subset of the 'GFAP-positive sections were.
mounted on Superfrost slides and incubated in aqueous 1% Thioflavin S (Sigma) for 7 min
following immunohistochemical processing. Sections were then dehydrated and cleared in
Propar, then overlaid with coverslips mounted with Permount.
15
8. Image Analysis
A Videometric 150 Image Analysis System (Oncor, Inc., Gaithersburg, MD)
linked to a Nikon Microphot-FX microscope through a'CCD video camera and a Sony
Trinitron monitor was used for éuantiﬁcation of .thé irﬁmunoreactive slides. The image of the
20  section was stored in a video buffer and a color-and saturation-based threshold was
determined to select and calculate the total pixel area occupied by the immunolzibeled
structures. For each section, the hippocampus was manually outlined and the total pixel area
occupied by the hippocamplis was calculated. The percent amyloid burden was measured as:
(the fraction of the hippocampal arca containing A deposits immunoreactive with mAb
25  3D6) x 100. Similarly, the percent neuritic burden was measured as: .(the fraction of the
hippocampal area cohtaining dystrophic neurites reactive with monoclonal antibody 8ES)
x100. The C-Imaging System (Compix, Inc., Cranberry Township, PA) operating the Simple
32 Software Application program was linked to a Nikon Microphot-FX microscope through
an Optronics camera and used to quantitate the percentage of the retrospenial cortex occupied
30 by GFAP-positive astrocytes and MAC-1-and MHC II-positive microglia. The image of the
immunoreacted sectioh was stored in a video buffer and a monochrome-based threshold was
determinéd to seléct and calculate the total pixel area occupied by immunolabeled cells. For

each section, the retrosplenial cortex (RSC) was manually outlined and the total pixel area
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occupied by the RSC was calculated. The percent astrocytosis was defined as: (the fraction
of RSC occupied by GFAP-reactive astrocytes) X 100. Similarly, percent microgliosis was
defined as: (the fraction of the RSC occupied by MAC-1- or MHC Ii-reactive microglia) X

-100. For all image analyses, six sections at the level of the dorsal hippocampus, each

separated by consecutive 240 pm intervals, were quantitatcd for each animal. In all cases, the
treatment status of the animals was unknown to the observer.

Although the foregoing invention has been described in detail for purp—c;ses of
clarity of understanding, it will be obvious that certain modifications may be practiced within

the scope of the appended claims. All publications and patent documents cited herein are

_hereby incorporated by reference in their entirety for all purposes to the same extent as if

each were so individually denoted.

From the foregoing it will be apparent that the invention provides for a
number of uses. For example, the invention provides for the use of any of the antibodies to
AP described above in the treatment, prophylaxis-or diaghosis of amyloidogenic disease, or
in the manufacture of a medicament or diagnostic composition for use in the same. Likewise,

the invention provides for the use of any of the epitopic fragments of AP described above for

_the treatment or prophylaxis of amyloidogenic disease or in the manufacture of a medicament

for use in the same. -
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LLOYD WISE
CLAIMS:

1. Use of an antibody that specifically binds to an epitope within amino

acids 1-10 of A in the manufacture of a reagent for detecting an amyloid deposit.

2. The use according to claim 1, wherein the antibody binds to an epitope

within residues 4-10 of Af.

3. The use according to claim 1, wherein the antibody binds to an epitope
within residues 8-10 of A.

4. The use according to any of claims 1-3, wherein the antibody is

labelled.

S. The use according to claim 4, wherein the antibody is labelled with a

paramagnetic label.

6. The use according to claim 5, wherein the labelled antibody is detected

by nuclear magnetic resonance.

7. The use according to any of claims 1-6, wherein the antibody lacks

capacity to induce a clearance response on binding to an amyloid deposit in the patient.
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