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 incor orate reference inits
entirety for all purposes. TECHNI CAL FI ELD mﬂﬁ m& resides in the
technical fields of. inmunol ogy and nedi ci ne. ND OF THE

| NVENTI ON Al zhei ner' s di sease (AD) is a progresskvasstdi sease resulting in
senile denentia. See generally Sel koe, TINS 16, 403-409 (1993); Hardy et
al ., WD 92/13069; Sel koe, J. Neuropathol. Exp. Neurol. 53, 438-447 (1994);
Duff et al. pPRYWENREIGON ANBTRELTMERT(OP XN YLOIDEGENIGDISEASBE ure 373, 523
(1995).. Broadly speaking, the disease falls. 1into tw categories: late
onset, which occurs in old age (65 + years) and early onset, which

devel ops wel | bef @rOSHRESERENEESGI0 RELATER. APHIACAEEONSS and 60 years. 'In
both types of disease, . the patholo i.s the rmalities
tend X0 be nore s&bispRPligawpni B%E’ﬁl"% lpﬁ%agﬁgﬁ(ggg%%gﬁg@q@w earlier
age. Thezsd!%a%ﬁmh%@&b@ﬁ@ﬁ&&&%&%d@yuﬁmé@@&&f&@llbm@owpes of lesions in
the brain, senile plaques and neurofibrillary tangles. Senile plaques are
areas of disorganized neuropil up to 150 macross with extracellul ar
anyloid deposits at the cent %Q}Nﬂd}i}ﬁpmn’n croscopi ¢ anal ysis of sections
of brain tissue. _Neurofjbrillary tangles are ntraceIIuI (ﬂ osits of

m cr ot ubul e assocfrh?@de“t“&ar‘iﬂd&fé’i%e ‘e&‘g‘ﬂfﬁl&ﬁ dng ‘BF“‘{“\R}(S’g?’FP‘gWE f‘g ®tw st ed
aboujg each other in pairs. 25 The princi pal constituent of the plaques is a
peptide ternmed A(3 or P- 0|d eptide. I\P tide is an internal
fragnent of 39-43 ani no é& 5 MWrE EBBIt ein ternmed anyl oi d

precursor protei nAﬁAE’Eﬁefs 5@&@6QAD)’EHE%Engﬁ&v&\ﬁis&Hs@rehhﬁngqﬁaemw otein have
been. correl ated w esence e.g., Coate

o o st cses soneraiboraany 1o P N et 0 D38t Yer tae an
gt al . Ngeg}zﬁee.é ;.53”053@018(%) Iww,%%)ls; /f3\88447r(¢59]4 mmglayczvmz)eislmmtel I ! et ﬁl; g

Ci ence vall he ani. ne a a , ure
Genet? 1477ﬂ%95@: %%l &8st 273 nﬁ%:*a@f)gﬁ %ﬁéﬁ@i ﬁak”}gygﬁc .hi oni ne596
to as par g t%i&égér&wlamgﬁ)wmaumufmh atd acge $65af geatsh @:ugmlytoaseﬁ: ause

g\l,;[] F::LTF \(rg gca_ve o%? Sveff%efjorn eesaérsli?ed I:ot':?'lrodailet ebetweeg ERRGE 6?)' yegrsOfI éﬁﬁ) § 2s AR

of dlscase the patholooy 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 disorganized ne'uropil up to 150 pm acfoss 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 A or B- -
amyloid peptide. AP peptide is an internal fragmént of 39-43 amino acids of a precursor
protein termed amyloid precursor protein (APP). Several mﬁtations 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. Nature 353,

30 844 (15991)) (va.lmeﬂ7 to glycme) Murrcll et al., Science 254, 97 (1991) (valine’"’ to

phenylalanine); Mullan et al., Nature ,Genel. 1, 345 (1992) (a double mutation changing
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lysine”””~methionine’”” to asparaginesgs-leucine ). Such mutations are thought to cause

Alzheimer's disease by increased or altered processing of APP to AP, particularly
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processing of APP to increased anounts of the long formof AD (i.e., AR
1-42. and AD1-43).. Miutations in other genes, such as the presenilin
genes, PSI and PS2, "are thought indirectly to affect processing of APP to
generate increased anmounts of long formAR (see Hardy, TINS 20, 154 .
(1997)). These observations indicate that AR, and 5 particularly its |ong
form is a causative elenent in Al zheiner's disease. MM chael, EP 526,511,

proposes p?&@ismgsc;fﬂ@tﬂ@%&éu@%@ﬂ@foh%lgf%sﬁﬂﬁﬁfAEl(i?e?,sAﬁlh@%rﬁr equal to 10-2
mg/ day) of A(3 to patients with preestablished AD. In'a typical human with
about 5 |4flet33- Mutasionsineothes gengs.tshieh asghepresenintgenss, Phi anddtigagre woul d be

expect ed tﬁ&g%ﬂ&%%%l? X%affe%ﬁ%‘é&%iﬁ% 2ApPfo ;!5%9?5% ﬁr?cr%aF?dEn?ouB%/oﬂon g nor mal

concentration 10 o uman asma | ically 1n the rafge of 50-200
pg/ m ( SeAfbed Hatly,alZIVS 20at5d (9975 Thes32bsBPafio(d @8Ry e thaBABaarsle. EP 526, 511' s

proposed dosage | dbarely alter ;the .l |. of, endogenous circul ating AR
Bnd bacadenpn Heet ot BevealieliFl dtmens inAlengys 853G tvant . as an

i munosti nmul ant, i Mchbficmsl, ERPRGHEL, btopotdi atlmimiyratidresfdpagdpathibémagdst woul d
result. By contrast, 3he pre t invention is directed inter, aliato
treat rrent](gésf 'Y‘a’h‘i’rfﬁ 20 smﬁlﬁlgy )ﬁﬁx@&rto L ARl ‘?ﬂ'@b@‘ﬁ?s@%hf}?gﬁg%sﬂnw pical '
admi ni st matna Withabdut SANEE bSplnaAten Y uppdfirhi 6fistdd s Wodidbeepi t opes wi thin
AR to a pati eoﬁtéounder conditigns that generate a__beneficial inmmne

r esponse SPENEC BEEFatnT conpribralion, o Bere tiie Re(n i The aomnal 6enseRtEtieh ng need

for tiper apaptih GukhBObIERSa & pidIIE AR Hige Bf 50290 JAhRGERGENR  ABHLOPat hol ogy
and, in sone Zgégatlents, the _cognitive inpairnment associated with

Al zhei mer?d% P4 §E92PnBscansipEl 6269 'dr¢ nrepased dosess waldpndy alrgale £ | ed

Novenber : i I
60/ 080, 971%{&] ofch “Apr i 71,%4 9'8%?5%31&5%32%2%)? gg%?ﬂ%%?c%?ﬁ%”éi S ber 30,

1998, each adivaihiae Bu immpupesimplentaitsepniyimpiduaiblerent any thefapaptiohedefiet y for al |
pur poses.,Zh oUMVARY OF THE CLAI MED I NVENTION I n one aspect, the invention
provi des nethods of preventing or treating a disease associated wth

anyl didd deposits oBYy sfatapt, the repeniinyerionds pisgctedrinrer Gigth tgptswasds: 30 i ncl ude

Al zhei mers;s,fh S§A88 oth BV 15 d SRR 2B 2 SRUNRE Mo fpagﬂicr,{;%?gg ,she latter
can occur wth or w thout” other characteristics of an anyl ol dogenic :
di sease. agdbralyietdigiisepitopestvhidin Afy toret pasientemderi donditiorisrihat geeratga an ef f ecti ve
dosage Ofbcfﬁf‘é}i(:?amniugl?r%yregaﬂge in Hl%gagxén?aﬂé/ invention thus fulfills a longstanding need
for therapeutic regimes for preventing or ameliorating the neuropathology and, in some
20 . patients, the cognitive impairiment associated with Alzheimer's disease.
‘ This application is related to WO99/27944, 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. |
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SUMMARY OF THE CLAIMED INVENTION
In one aspect, the invention provides methods of preventing or treating a
disease associated with amyloid deposits of AP in the brain of a patient. Such diseases
30 include Alzheimer’s disease, Down's syndrome and cognitive impairment. The latter can
occur with or without other characteristics of an amyloidogenic disease. Some methods
of the invention entail administering an effective dosage of an antibody that specifically

binds to a component of an amyloid deposit to the patient. Such methods are particularly



binds to a conmponent of an anyloid deposit to the patient. Such nethods are
particularly 2 useful for preventing or treating Al zheiner's disease in
human patients. Sone nethods entail admnistering an effective dosage of
an anti body that binds to AP. Sone nmethods entail adm nistering an
effective dosage of an anti body that specifically binds to an epitope
within residues 1-10 of Al In sone nethods, the antibody specifically

bi nds . t 0 ubef@dfogbveame; ovitichiiny AREtitldeSditeaSe DfhuAfdn phtiens0ISemERictinds, t he

anti body specifically binds t an epitope wthin resjdues 1-5 of AP. In
some net §BEE AARREHAR Ph “%g‘?ﬁ"lﬁ %%P‘Ia?“ dﬁg?tp‘d‘gsﬁnb‘da%mﬁe%dﬁhi n

resi dues ¢dmif a@hinfARring Bn SRRIVEBEARASK anlaREORAN A GsbYifRABCHiAdsGahd Y binds to an
epitope within residues 3-7 of AP. In sone nethods, the antibody

speci f i cabitape Withingrssiduss drl 0cfitPo Ja seing methodse Siednilody speciicallybindsiosone

met hods, Je . if1 I . hi i L E:hhn resi dues
1-4 og Aﬁhgﬁ?1 F\O%gyrlrtg& %ﬁlﬁggg,gétﬁ@'alﬁtsgrg%g{?&g;&sﬁg% a’?lgbogi sb %g?ctal\({)vpign%%r?pri sing a
free ‘Nt anepirpk wittsiredidues i -5A Afl. rinsone methb by te, antibely apdcifizaldfybibdstds t o "an
epitope within resjdues of 1-10 of At3 wherein residue I..and/or, residue 7
of AP i s anSRIRREMitungesidpes |1'r71 %flo“rﬁa et %dﬁ»ég%lﬁ‘t“i%ﬁ‘gydii’e@ﬁ%a@iﬁbiné‘al l'y binds
to A(3 pephi gfopd Wit tresiMieRdiNG AR 1hibhe heGhS) tamiligddd spdcateUmysor protein
(APP). In some nethods, the | sotgpe of ~ 15 the antibody is human.1gd. In
sone net fhinds to anepitepewithba yesisiveroks 3 0bA BN Inesepieanathedeghaativpdy spp@figallyi ent  and

i nduces a.clearing respense. h /| QI e L& X | e, such
LTSS i R SRR R RS Ab A IKC BLBIOATRE ool BhecKAID T oie.
The net hegiopeabmbésingsefiecaN-t&rotitnl asidopbOARL Incsoprinmatinids, tenahtibdiiyéndd0

Can' bo %o RUFHRPS NONRRTEBE: Schl ML b AermUdoai B0t Shf Ban be
monocl onakpaedc ac@!lﬂ%%k&od@ﬂﬁ@ﬂ@odﬁ?%{l&d&allﬁ hadantdgiegidd witpuepar ed from a
human i mmuni zed with AR Io_e tide, which human can be _the patient _to be

treat ed WiRdingdafilbisegth apy cuisor Retrn (e dAseposthrd BaieNPEPEred with a

phar rﬁgcquggﬁbodgﬁsg@ﬁa{rhgmas a pharnmaceutical conposition. In 3one nethods,

anti body is admnistered at a  dosage .of, 0.0001 to 100, r]y/k , . preferably,
By inds Pt geish

at least 1 ng/kg DEFYTGEGREs-ApaEaey. bipds to anrmyIfigidepd tibody is
adni ni st eneehdues Ailehiify Rsphasegamsaieimyoidrdepang&dr gamblegsuch f or exanpl e, of

Sust a; ned FEIEEIE BT DS FTOH DATde SRt BE A ARt i st ered, Tor
exanpl e, 30 i ntrapelid haheBlchy be aedbh Yothasybaubamequattnys andnkasacr ani al |y,
intr %Sccﬂlrgrqt;)%ho&d% Isygrg;l)tlo%k of disease. The antibody used in such methods can be a
human, humanized, chimeric or nonhuman antibody and can be monoclonal or
polyclonal. In some methods, the antibody is prepared from a human immunized with AB‘
peptide, which human can be the patient to be treated with antibody.
| In some methods, the antibody is administered with a pharmaceutical
25  carrier as a pharmaceutical composition. In some methods, antibody is administered at a
dosage of 0.0001 to 100 mg/kg, preferably, at least I mg/kg body weight antibody. In
some methods, the antibody is administered in multiple dosages over a prolonged period,
for example, of at least six months. In some methods, the antibody is administered as a
~ sustained release composition. The antibody can be administered, for example,
-.30 intraperitonéally; orally, subcutaneously, intracranially, intramuscularly, topically,
intranésally or intravenously. - o »
In some fnethods, the antibody is administered by administering a

polynucleotide encoding at least one antibody chain to the patient. The polynucleotide is
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intranasally or intravenously. In sone nethods, the antibody is

adm ni stered by adm nistering a polynucl eotide encoding at |east one
anti body chain to the patient. The polynucleotide is 3 .expressed to
produce the anti body chain in the patient. Optionally, the polynucleotide
encodes heavy and |ight chains of the antibody. The pol ynucl eotide is
expressed to produce the heavy and light chains in the patient. In sone
nmet hods, the patient is nonitored for |evel of adm nistered antibody in
t he bl orsprefsed toeprgite thetantit®dy whain it the patiesp e@ptionalie therppbmilettidpr ovi des
met hods of .preventi i : di | b anyl oi d
deposi tsenfﬂ‘dgf& ai"%%ﬂ%hﬁhﬁl&r{ﬁ%gﬁe%gwogﬁi @ig:g?@%%%&gtgtct gé%c_trrﬂgt hods can be
used t o prodaad thAbzdveiandligly chidissiagles patieDolmsameppiipdsnihe paticdbigni ti ve

i npai rment . Such net hods . i | i, 0 e Epts of AP or anal ogs

t her eof m%ﬂ“lo'éela‘ti?rr%%ve %P%%unnﬁ%%ggﬁ?%%%r g}%)%%gdoggghﬁgt%%grtai n epitopes within
A. Sene net hods 1D aanthai dspedithaning¢ntion prpvidss mepwtls efimrevgntingf dréEetinge dosage of
a pol ypept.ide co i,Si. an N, term . Se t . i dues 1-5 of
A Y P el SRl 3 e eloR RS PR ot Bhuchh REBRmfiE Bl 15 O
pol ypepthdBodsWhehaisad idteeapalzygigpt s deedss of Deen’'sbyrairdind @rcogmigve  segnent  of
A(3. Sonme nethods entajl admnistering to a patient ap effective dosage of
a pol ypepeirgentc eI enafy © (il REPIISROR Ifmﬁ%@?fgﬂ{}ng’r ?i’f@,gs Ihﬁreeoéegmant

begi nni ng; g, bR ANR sdmc fesporRé aAhsBOE BN BEEsHithiesp dSeme frelibdof A(3. Sone

met hods entarl adm nistering to a:- patient an effective dosage of an agent
t hat 10 nceatadlsadministeringrio g eniient reeffrsivedosaen dfepolyrertide COPPRSRE addgnent of A(3,

t he Segr@{;ﬁingg%cn&m Ot Blast B4 AY .51t A Ot he e réhe @R AB RGingkhe N-€Si dues 7-11 of

AR wi thout I'n I'Ng an 1 nmunogeni ¢ response agai nst an epitope within
r esi duesteddlnd 3esifue Af B4 Polypeptide viwmin tie polyeentidelerieedt RdSImipHle N-t er ni nal

segnment of AR i.5.l khked at . | . 1: : | ypepti de.
I some SERERe: AfoverElRieds B SR RLRLE AL A PO B VP e
its N tepoypepsdetcomprikieg e Nhagoud spghypepAibdde ségmentlpgmnil at tesidabove

met hods, the N-term nal segne 0 RJis linked at.,its N and Cternmini -to
firstd antt39668/04 NG BIS ﬁ%ﬁEbP%@ptgloﬁlgé?&l’oﬁs se%zr‘r%a%?lmtsﬁgn%goa\ie net hods,
the N 25pz¥ti@ﬁt%@ﬁ1zcti$’€@6ﬁ@é ofdn 2Aéid thas idduedsed imtmundgenirésponse agrsnst an a :
het er ol ogous _pol ypept i nd at its C-term.nus.,t t lLeast one*additional
copy of ﬁmﬂ?éF%W%Ppggﬁ ?ﬁgfnef’trpa%‘&m?g(ﬁlf repiffae P%\Sg‘\?g anrr%frhdgn(fsa? t he A
het er ol 0gQHS.sA0] 1YITH WiluaihdudifeitRimaoBetielebponespainsenagaimstitihe N-

term nal segnent. In sonme of the above nethods, the pol ypeptide' further

conpr i sesssignes 12-43 of APB43. .

20 In some of the above methods, the N-terminal segment of Af is linked at
its C-terminus to 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
some of the above methods, the N-terminal ségment of AP is linked at its N and C termini
to first and second heterologous polypeptides. In some of the above methods, the N-

25  terminal segment of AP is linked at its N terminus to a heterologous polypeptide, and at
its C-terminus to 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

30 polypeptide comprises from N-terminus to C-terminus, the N-terminal segment of AB, a

plurality of additional copies of the N-terminal segment, and the heterologous amino acid



| east one additional copy of the N-term nal segnent. In sone of the above
nmet hods, the 30 pol ypeptide conprises fromNtermnus to Cterm nus, the
N-term nal segnment of AP, a plurality of additional copies of the

N-term nal segnent, and the heterol ogous amno acid 4 segnent. In sone of
t he above nethods, the N-term nal segnment consists of A(31-7. In sone of

t he above nethods, the N-term nal segrrent consists of Al33-7. In sone

met hods, the fragnent i the C-term nal i n acids in
Ai349. i n Steme T rohs oF whebieahsifis. BB RbrrDRe rgmes oV Rl AGITud am no
acids 5 fEam 6¢ thEhB@RMStRoAR! fcNRIGRa] AR dhsieoedpaly. greater than 10

m crograms per dose per patlent I n sone nethods, the fragnent is

admini stered with annsgmavesthodsHhe fragmentncies Qﬂ?élqasﬁfhméﬁf@spmlsaemno the A(3
peptide. T n t. & dnmini st in either or ler or

t oget her aggg@?on%% &If e %%Iﬁgﬁrse% gn%egg?n 56 TR toelf %ur?'blf &M A hum
hydr oxi fle, frahuap. rﬂtﬁgrﬁé}ﬁ§4&ha$f[ﬁcalllyaldffﬂfhst6§d ailgredit thibih @@Iﬁ@ro@rﬁms ipBCAU¥B et €
Freund' s ad] uvant The invention further provides pharnaceutical

conposi ti oR e@brrprl sing fragnents of A(3 or other agents eliciting

| mTunogeni ¢ r esponselntseme AR ISRTEhE RaLABR s Qfmlnr@{e?edﬁi‘t'ﬁ:ghﬁﬁu\da%?ﬁl%{ bed above,
and an adjuvant. The invention al so provi des pharmaceutical 15 conpositions
conpri si ngesh#pcasfthg INenunerpIpeRtcde t@eﬂgpﬁipbéﬂ Télb@djevailﬁdn@frmmnn%@m ically
accept abl e I | n row de t hods of

scr eeni ng gﬁglﬁlgttggd(f;&ﬂ?eg?“a%g? i @g%’tﬁ& dsaco 51%’8 tfhauadeéas“é C%\%é Pated with
deposi 16 oéxai(pl, |atunuihnmtbnyanomdaf alampm’m ﬁmtsphatee MrLTMAQsml (Semubondisgase) .

Such met hods enLeg% ‘&eaitl n? the antibody with a 20 pol ypepti de

conpri si ng"8PMPEAST P Bt guous ami no acids of an N-termi nal segment of
A(3 beginning at a res 1du@1t1bﬁtﬂ!ﬂ&%ﬂpﬂovﬁi&§ipﬁarﬂlﬁceﬁ€13al cbhBofIfbNsRRRIpigRgbel ng
free of a G term nal ment of A. One then determ nes whether the

anti body sfagnenteal Af oppt g%rsag%s chiqiEngyBIpRe R CeSPOspReeithe wisiepHPReg opr ovi di ng
an indicati Vv I

I n anot her A é%l%g%g dE%@b%%ﬂg&Q%ﬁQ@?O@%ﬂe Tﬁeylfl k&g oh Egi)%:dr}gdeetrsn?’ ﬁ%l%la"f%eu lcﬁ{l body
for act? vi tgmpositaingapmpysiagamynafl the ehtibepies déscrib@imgbovs amid plediibdantiegiyt he

anyl oi d dch?c%i)ttabletcgﬁie’%mti body and phagocytic cells bearing Fc receptors in
a medi um :

In another aspect, the invention provides methods of screening an antibody
for activity in treating a disease associated with deposits of A in the brain of a patient
(e.g., Alzheimer's disease). Such methods entail contacting the antibody with a
20 polypeptide comprising at least five contiguous amino acids of an N-terminal segment of
A beginning at a residue between 1 and 3 of AP, the polypeptide being free of a C-
terminal segment of AB. One then determines whether the antibody specifically binds to
the polypeptide, specific binding providing an indication that the antibody has activity in
treating the disease.
25 In another aspect, the invention provides methods of screening an
antibody for activity in clearing an amyloid deposit, comprising:
combining the amyloid deposit, the antibody and phagocytic cells bearing
Fc receptors in a medium;
monitoring the amount of the amyloid deposit remaining in the medium,
30 areduction in amount of the amyloid deposit indicating the antibody has clearing

activity against the amyloid deposit, and




nonitoring the amount of the anyloid deposit remaining in the nedium 30 a
reduction in anmount of the anyloid deposit indicating the antibody has
clearing activity against the anyloid deposit, and 5 wherein the anti body
specifically binds to an epitope within ARL-10 or to synuclein. In
particular, the anyloid deposit may be fromthe brain of an Al zheiner's

di sease patient or a manmal having Al zheiner's pathology. 5 In particul ar,

t he anti body may specifically bjnd to .an i.tope within 1- 10, In
particul ar, the phag&@ﬁfeﬂlblhéélrl%“&a?%@ﬁﬁ@?% g e@ﬁ??"s‘%ﬁ‘ﬁé\éﬁw ge¥? can
be provi degyragled.t i ssue sanple or in isolated form For exanple, the
antigen can be provided as a tissue sanple fromthe brain of an

Al zhei ner's di sease papiépglantheamyioigdenpsit maniberdiiomhhe brain ol anHdihedmends

pathol 09Y. qiseRe LIRS of 4 Mtifha PRNRL SR AGRLAShiilgh ant bodi es can be 1 est ed
for clearing activity 1nc Ude  c&ncerous tissu sanples, virally infected
ti ssue Sanpl es, ti sslepstdrethe antitpdy siapgpecifivhllabind toaryepitepd sithinoxpml i gnant
abnor nmal C?Q| growt hs, or tissue sanples conprising an abnor nal
extracellular matrix. 5 In another aspect, the invention provides nethods
of detecting an anyl g ghrti€l@R0te bhigdcicRAtE BBY be AUGHIAELNIBhet g can

adm ni stering. to the patient an antibody that specifically binds to an
epi t ope wi PaPVidedms adispupssampigorgn imiaied wway. Het exempley thsransigeiceardfe  t he
ant i body i r.al f [ ] 0, t : he.ant i body bi nds
to an epi P ré)é’g& gm%ts %it{r%&%esm Seeis? -@%B%%n (%F?§1 &%h%%ﬁg?%%?%% gt,le%f[ Re®ant i body is
| abel | @ wintaimmaal bAinpd haniag drhaimbddy@ithdogl. det ect ed by nucl ear magneti c
resonance tonography. The invention further provides diagnhostic kits
suitable for use in the above nmethods. Such a kit conprises an anti body
that specifically binds to an epitope with residues 1-10 of Ap. Sone kits
bear a | abel describing use of the antibody for in vivo diagnhosis or
nonitoring of Al zheiner's disease. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1. Antibody titer after injection of transgenic mce with API-42.
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Fig. 2. Anyloid burden in the hippocanpus. The percentage of the area of

t he hi ppocanpal regi on occupi ed by anyl oid plaques, defined by reactivity
with the 20 An-specific nonocl onal antibody 3D6, was determ ned by
conput er -assi sted quantitative inmage analysis of imunoreacted brain
sections. The values for individual nmice are shown sorted by treatnment
group. - The horizontal line for each grouping indicates the nmedian value of
the di st rObentisgs sapplgs azaingbwhich petibegics cophntested fohdedringpoddpodudeThe

per cent a : : b i i by dystrophic
S e R e R T o

nonoc| onapfl@Enatoycslly aprnatisne abw*meéﬂli&f@ﬁm@r tissnpsamples cagpiisingan i nage
anal ysi s gf o mnararet 6ol ain sections. The val ues for individual mce
are shown for the AN 1792-treated group and the PBS-treated control group.
The horizontal | ineanpther aspedh thy ipupitiog provides atettwds pidetretingan ansyloid of t he

di stribut .00, =t X | S . r spl eni tex. The

per cent agdeﬁg%?t lgggﬁg:?téaﬁcgé&?ﬁgg%%gf %@%’Btreélgg Bontg%é%ﬁgé o §{§/°‘§ﬁf‘%§| fibrillary
aci di c . prsptaiically BEAP-gpapittpewdthas imino \atids 1 A S dB] andrderzetihdyyteguandfi t ati ve

conput er - assi.sted i e _anal ysi.s 6 I oreacted, hr.ain sections. The
valmaes fotgc?nﬁlﬁaeilaﬁhzfl ?ﬁn@g%§¥3tle§ﬁg{&f0%ﬁ% By eW’E&‘{yﬁt@ﬁ‘%ﬂ&F’&up and nedi an
group valdpiepearithin reeidcatset) &y F) dhisdnB htthods, RigSantibodyi iglab8lledc@m@t ri ¢ nmean
ant i bP(P'y titers 'tgﬁ??ﬁﬁ%{q% f ol g?owicgg i mrunj zation wth a range of eight
doses' of PARIAEFUE i9fileied by nuqytay magnejic resonanc fomoggphy00, or 5 300 g.
Fig. 6: gi netics omeaﬂbériﬁeﬁlytxrmfesmf‘ia& di?gn&‘{ﬂcﬁ% ghimmrfbllz@é!i@me aﬂ'[?]\;eers are
expresse egnetric neans of values for the 6 aninmals in each group.
Frg. 7 CHaRd: SIS SRmpESSAa Ry Loy drat psificelbt edHio BApRISPA VRl den i n PBS-

and AN 17%82dues eabefAp] S6me ks bafa 18l d@blghat bV@e hARBEy 8R&] VisbS Of the
neuritic plaque burden in PBS- and AN1792-treated mce. Fig. 9: -

Quant i t at$aEBOTHUGRPHAENS S AlzFmenedissgstent of the retrosplenial  cortex
occupi®d by astrocytosis in PBS- and AN1792-treated mce. Fig. "10:

Lynphocyte Proliferatign Assay on spleen cells from AN1792- 15 treated
(upper panel) or PBS-t %Felaﬁ_%{%&_ﬁaﬂ Ve THE DRAWINGS Total A(3 levels in
the cortex. A scatkigrpl htivafly tifee hvdrthadtioAB transgenic mice with AB1-42.

Fig. 2: Amyloid burden in the hippocampus. The percentage of the area
of the hippocampal region occupied by amyloid plaques, defined by reactivity with the
20 AP-specific monoclonal antibody 3D6, was determined by computer-assisted quantitative
image analysis of immunoreacted brain sections. The values for individual mice are
-shown sorted by treatment group. The horizontal line for each grouping indicates the
median value of the distribution.
Fig 3: Neuritic dystrophy in the hippocampus. The percentage of the aréé
25  of the hippocampal region occupied by dystrophic neutites, defined by their reactivity
with the human APP-specific monoclonal 8ES5, was determined by quantitative computer-
assisted image analysis of immunoreacted brain sections. The values for individual mice
are shown for the AN1792-treated group and the PBS-treated control group. The
horizontal line for each grouping indicates the median value of the distribution.
30 Fig. 4: Astrocytosis in the r'f:;rosplenial cortex. The percentage of the area
of the cortical region occupied by glial fibrillary acidic protein (GFAP)-positive‘ '

astrocytes was determined by quantitative computer-assisted image analysis of



profiles in mce inmunized with AP or APP derivatives conbined with Freund
adjuvant. Fig. 12: Anyloid burden in the cortex was determ ned by
quantitative inage anal ysis of imunoreacted brain sections for nice

i mmuni zed with the A(3 peptide 20 conjugates APl -5, AP 1-12, and AP
13-28; the full length AP aggregates AN1792 (APl - 42) and AN1528 (A(31-40)
and the PBS-treated control group. Fig. 13: Geonetric nean titers of

A 3- speci fhmusitdcRadaid Q&tigHsOURS vAliesTb LB dividiiMiicd 8d sMbvsolel bpr APP
derivatives conbined with Freund' s adjuvant. Fig. 14: Geonetric mean titers

of AP- spelFHPERiERPIEE et oR ggwadﬁ%‘e%ﬁre J@Eaﬁéﬂ’ﬁéa”%ﬁ“@éh{‘mm zed with

AN1792, or a palm tmylsab%@'m&ﬁun\é% hﬁfﬁo&}"ﬁt@ﬁ% P@Qﬁ%lﬂﬁﬂng}%xﬁ%x%ﬂ&ﬁ ous
adj uvants. Fig: 15(A-E): A(3 levels inthe cortex of 12-nonth ol d PDAPP

mce tre&tt@@roizen! ARNKdPpeE 6 ANARPA eerining A-16i (4. dreA{, BUPaVERt Y. Fig. 16:
Mean titeg ;lgm ce treated with polyclonal antibody to A(3. 30 Fig. 17:
Mean t| ter mce treated wi th nonocl onal antibody 10D5 to A(3. Fig. 18:
Mean titer of mce Rig eéaﬂ@'detimisbﬁamibn@crlesmatetamﬂ\ilﬁéﬁimﬁﬁﬂﬁatton Aiters bieg. 19:

Epi t ope N-ter e 5 serum from cynonol gus |
nonkeys vvag rff‘sesdts %mgbgﬁ rpé'?lns iRa&ggrl énsalsdf’)éi%‘%‘f ‘overlapping 7
pepti des covering tfhg 7(;d}mh%@e&fdh@@ﬂuageqwémeeonwmmlomhmt’ﬁafmIPB(SQZOM shows
a repres rm naI restricted response to the pepti de DAEFRHDSGY
whi ch co%%ﬁg%ﬁn%\ga%g 4s1-10 of the AN 1792 pepti de which was used as

i munil@i ng ant i gen Fig 8FiQuan@@tiveipiagopelyvapf thkloauntegtiague badeNntRRSAi nal

response. ,Pay\ 1753 esd%d Jrom cynonol gus nonkeys was tested by ELISA
agai nst a series of over | appi ng peptides covering the conplete

AN1792 sequence. Arfignét Quanhtemveﬁfrﬁge?ﬁﬁlysshms percere pf gseettapleniel

non-restri I 0 S.seen against the two
pepti des kﬁegg%Nﬁég bg]n%}?oc O(E{EE)H"tSlé ean&(?\%ﬁ%%‘lylﬁg e r(’5"Ctehe pepti de DAEFRHDSGY 10 }

whi ch covers am no FgwlldsL&mmocwfeHrbideuAWH%apem!splcba cell{Tfedth NINIZTEINS  The term
"substant [IRYAS St WO ti de sequences, when, ‘15 optimally
§3 lr@elt?]d (gg{%?g.rﬁ? oﬁ%g%etdaat(l&\kg pOaIBng . ; ;

al i gned, suc € prograns ESTFI T using default gap wei ghts,
share at |east 65 p"égdéntro@bq&émcbixiﬁienodt@y;\q:catea‘rﬂbedmwdiaiﬁudlmst 80 or 90

Pgéﬁfln E ysgx(raﬁfreg?nemtcle %%:%hlt %X wQﬂ? é.g F rAﬁ’ %Ex%gltlxes comlbme it%i‘rcgmd’ a Putvarieql’_lence
: Fi 1g 12 Amyloxd burden in the cortex was determined by quantitative '
image analysis of immunoreacted brain sections for mice immunized with the AB peptide
20 conjugates ABI1-5, AB1-12, and AB13-28; the full length AP 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 AB or APP'derivatives combined with Freund’s adjuvant. |
Fig. 14: Geometric rﬁean titers of AB-specific antibody for groups of
25  guinea pigs immunized with AN1792, or a palmitoylated derivative thereof, combined
with various adj uvants.
» Fig: 15(A-E): AP levels in the cortex of 12-month old PDAPP mice
treated with AN1792 or AN1528 with different adjuvants.
Fig. 16: Mean titer of mice tr;ated 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 series of 10~mer overlapping
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sequence identity or higher). Preferably, residue positions. which are not
identical differ by conservative amno acid substitutions. 20 For seguence
conparison, typically one sequence acts as a reference sequence, to which
test sequences are conpared. Wien using a sequence conparison algorithm
test and reference sequences are input into a conputer, subsequence
coordinates are designated, if necessary, and sequence al gorithm program

par amet eggp@gsecov% tﬂ{@&rﬁ%etem7%&ﬂg&%g ASHRALLARY 0 FBheR i then

cal cul at uence entity test sequence(s)
rel ati vere(pmStmameéqueméres@q@é responsh testbel pentide IBeﬂEFd?éﬁiPSﬁféwé&h progr am

paraneter | i nt f conduct ed,
S L A M A R i e S Vo et
Mat h. 2 482 (1981), by the honol ogy alignment al gorithm of Needl eman &
Winsc J. M 48; 44 7, r larity nethod
of Pegr son & Li pmalﬁé 2I9r %@4 %ay&;? IQ%&H%QIC%%I& Qﬁgﬁ\ﬁﬁg%pﬁg D?lg]é y

conput er s@en frompétyamenligas monkeyefvas eeskbuEQSA adainst { AR ofBRSIEE| T, FASTA, ~and
TFASTA in_t n. Genetics f g, Package, n ter

G oup, 5 e BEplE BEREE R Emag WS AGERE pn R B £ IRTRE

gener al | yth&:;Seubﬁiescetratlvdaﬂlorb—resnmplté)\l—te@’;mabnemk&2 Refctizlty Grse¢ntagrinstdite | s

sui tabl e for ni.n r cent lence i de ence

i & ari 00 PEaHe HRLE AR ORI Gt el ' et RAR e ril - et al .
J. MaD. Bﬂﬁdhcoﬂe’k5ar4ﬁ8-ad;iﬂ€)l-(ll)9>§ﬂjeAmﬂwawmief or perform ng BLAST anal yses is
publicly avail able through the National Center for Biotechnol ogy :
Information (http://wwm ncbi.nlmnih.gov/). Typically, default program
paraneters can be used to. 5 performthe sequence conparison, although
custom zed paraneters can al so bﬁ #ﬁﬁg oN@r am no aci d sequences, the
BLASTP program uses as defaults a mordﬁen th (V) of 3, an expectation (E)
of 10, and the BLOSidvE2n Sobstintigl 1datt1t)1"xne(asse’$atl-ﬂ®mpkpﬁdfeS&ms,mﬁ:ﬁ Proc.

Nat | lSAC%d%lmaﬁ alih(gy%b‘s@c% as %2 3» ({gi T sgé)xP Eg%E ifauﬁ%%s\% %n ﬁng am no

aci ds “subs ns’as con e or noncons rvat| 0 acids are
grouped abaré af b3S pe@eoquuen(:hl,ddmommﬁkfm@bls iatleed &P ns90 pererot dequeotne, net,

al a, val , cys ser,
The: S S S SR b SR ER VAL SIR £ BACR ooptel Y-
chai ns) : Sacsﬁncegﬁwtlfymréugheys Prefegghly, f@%wovl‘{%é@lmﬁé@nmﬁﬁqﬂw‘éh@ffﬂ@ cha| n

ori ent at ig9n)nselldve Mo 23D HQHsVI (aromatic side chains): trp, tyr,
phe. Conservatl ve substitutions involve substitutions between -
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 areA
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. 4ppl. Math. 2:482 (1981), by
the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970),
30 Dbythe search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. US4
" $5:2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in thé Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, WI), or by visual inspection (see generally Ausubel ef

al., supra). One example of algorithm that is suitable for determining percent sequence
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15 amino acids in the sanme class. Non-conservative substitutions constitute
exchanging a nenber of one of these classes for a nenber of another.
Therapeutic agents of the invention are typically substantially pure from
undesi red contam nant. This neans that an agent is typically at |east about
50% w w (wei ght/weight) purity, as well as being substantially free from
interfering proteins and 20 contam nants. Soneti nes the agents are at | east

about 80(yd¥\{4t}%' Qrﬂfjse @E@sn%l?rfx g 1581913 ﬁLﬁ%T Jlgoe}ﬁﬁxflg\ghl% lr!'xE)edQS(y }Wll purity.

However, USi Ny conventional protern puri gues, “hommgeneous
pept i des dfdl. af Mad Bjp!l. QWAWWOdWObeSbe&ac freperfSpeng BLASEmmjysaglsbet ween two

entities qoF f f Mg %09 M1, or 1010

M 1. Affiﬁ%% Za%}lrag%tdé@h% %]gkf%?l\f%ﬁ%rr%pgm%er?lgﬁl A€ term "ant i body"
or "i m‘run@@bﬂbww nebinbn.uibedvA. (Typhdﬂmdefauhma@ram amtimnitedicesbaused i ndi ng
fragrrets f ot f wi.th the intact - antibody
from %&ﬁﬁé% e ue}gpego?ljl\}4 aés%nb&ﬁx% quggpdﬁgcf? %Caélna?sé)nbtclua & FTO agrrent

i ncl udi ngarsxepacrléseluhmwhwm&’s? px‘pglghtusrehaa d‘esfatﬂitala woﬁﬁhugtrF(vabf)BZan Fabc, and

Fv. Frag r duc i_nant y enzymatic
or chemica :I °§aeti5’3‘r<§ ‘lg)ff)l;b %‘?ﬁgf)gxor&' Scon mgméfef%gnlk%}sﬁg}’%?ﬁanti body"
al so i ncl BdesNahdcar. SmoUSMSBaMﬁbnglGWDl n chal ns that are chemcally

conjugated to, or ressed usi on. praoteins.w.th other roteins. The
term "anti body" al gsz Heru %Ioeti%ﬁmbme%ﬂ?m agﬁfl‘%éﬁt;u\%’onﬁaﬁf?ﬁ%?t YEC  or

bi f unt® i omakoramtvhtpedsyming agids ae grdupni @&l fotignlog: |(droapl11 (Hydbphdétavsideghiing): di f f er ent
heavy/lig

ant i bodi e%orlggqgeglén %%dﬁ%e@g’qlet éooélp va(]tcnlglrét?gthg?' E}E %%gé}{aﬁ%] lf(?%; rs‘?gr ﬁl’i;: gn of
hybr i done§roep 1 (askdingdothakal' asp,rghg otV Geelr side cltins):Sanggih \hid, s, &
Cach. e 1Pl TRl ol 8 B G080 s 3 K e
respect i vedlachaing): trhaty§9bs. G&tervativel sTEGitutBnaiivolve adisthutesitdnect ong
773" (e r) TprRotEte he ity MR GBS G Al Pt F et a0
Nat ure 3®¢mb&0oreldBBse classenor agiedbemeftdnbthet. he human anyl oi d precur sor
Lokl (A0 e RStV ) U DS, L AT
pept i de -cendesicdicoramimianio ThisireanrDthpteani agarigs typB9lly at-lepot aboutgsD% w2 and 1- 43,
VAN " angied@Bweight) 0n€ s iell dsBeith bt R0a18 kL 0HY 1r§<9fé?1hé bx%?elulsyangl nds.
20  contaminants. Sometimes the agents are at least about 80% w/w and, more.preferably at
least 90 or about 95% w/w purity. However, using conventional protein purification
techniques, homogeneous peptides of at least 99% w/w can be obtaihed.
Specific binding between two entities means an affinity of at least 105, 107,
10% 10° M, or 10'° M. Affinities greater than 108 M are preferréd.
25 The term "antibody" or “immunoglobulin” is used to include intact
‘antibodies and binding fragments thereof. Typically, fragmehts 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. Fragments
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 chernically 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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The term "epitope” or "antigenic determnant” refers to a site on an
antigen to which B and/or T cells respond. B-cell epitopes can be forned
both from contiguous am no acids or nonconti guous am no acids j uxt aposed
by tertiary folding of a protein. 15 Epitopes forned from conti guous am no
acids are typically retained on exposure to .denaturing solvents whereas
epitopes forned by tertiary folding are typically lost on treatment with

denat uri n&rﬁ@'df%b‘ﬁ%ds ﬁem@ gtfmen m,gbl@@JM of R AMOEF B b EREL. See, and nOI €

usual |y, at | east or amno acids in a unique spatial conformation.
Met hods of-8- %I‘é’tgé‘l’"ﬁ"i‘l‘ffhifhé‘ﬁa@»l%" Eonfomiegl 7(9r§16‘f32éb1|99®p5§5ﬁ°hbflﬁlﬁie-/ f or
exanpl e, Miha¥l ¢4y 35281 0ar@pdy. 20 and 2-di mensional nucl ear magnetic

resonance. See, e. p|t e Ma g Protocols in Methods in Ml ecul ar
66, %PE‘“"’E Qﬁ/bafqdlépr’Jé

Bi ol ogy; Vol . nn A2P defer, IQ%VVCMM ih968$ &51t#4rdf’70 r ecogni ze
the s e r&ARN § ermgrg ng the
abili ﬁ/m %if%gne zraér%t ib ei%%g'pgl%édug%f&tc%%dg;l ?& ng anot ?&&a@?gﬂéy to a
target and@rgead25T773419%9); POP@@@glnlwfeém,ﬁﬁ@uﬁ §8)e§ldt1©p€9¢1‘9fetaib6/aturmi ne am no
aci ds for3GD8§; I T cells
that r ECO%HI ze%%éeéégh gggu%:gnhﬁg]tﬁelﬁén ;? | Snofrgllrott ?gﬁﬁ@sage;s t hat :

measur e aﬁﬁlﬂg@nmd‘é’p'éﬁ@@ ingytogh¢ $eep§@P@ﬁtheéa§Pwle¢fﬂmme&rby s@Has hyni di ne

i ncor por a | to B rke et al., J.

Inf. Dis. A%%A@(O gﬁ% @34%@3 y anapoAggse}%p eep%ﬁ nP aﬁ&)fl?l ng (cyt ot oxi c T

| ynphiitytmsidesdyB?, 11'14@,g1e$1 éHzaaH1-43J | mrunol . 156 3901 3910) or by °

cyt oki ne secretion. e,,Ierm i 0 | i response i s the
g?tlggl a aﬂentlt r'Em\J;vr}uch fl)d?:rEchC caﬂ)};‘l Q&%Sd

devel opnment of a (ant’i B0 [or a cellular
(rmedi ated by anti g§he epeCedifopeTor "melgbmcdetemhmnr" rsﬁetsnehlsmﬂoxpa[rﬁdxﬂgérs)

response tg'&’h?&tlﬁ%cﬁcgaﬂ QAL n%mg &I”CLPRE ts'csgng) orme bo&%’r I e(?r}txggatl ent. Such

a response can be an actl Ve response’| qoRis °8f 10
i m’runogenarmno acigrams opneenti @ppoas moiapide Btk phsed bxitcrtmr)sfoﬁchmgofnmbtemntl body or

P! et § gk Tomfbadl Wk L ITHAR L RRBANIRCA R Sl &SGR ie, Pr oent att on

of polype € epitopes associ at1on ass 11 MHC
nmol ecul esdengturieg solugnis vinteagepitoppdoimiaddyCBtary fdrdlhehrpe‘!plczélyllsstamd/ or CD8+

cyt ot oxi Ctrégtrﬁﬁzlt{«vﬁhdylﬁxrfn 3D00RE ARYi hgg?kcgl ykglﬁde%%{fex&%l e 2 MONOCY €S,

macr ophages, NK cel sop ICcce astrotytes, mcroglia
cell's, e‘6§'f‘1h’@E}HFqS§5 @fr8 bQﬁélFlo e@ﬁ’b@r?em@cépaﬂﬁlm@afoeﬂmmnurﬂmwdsme presence,

f |1 ati a 1 ed
of a cel | si@eliAiEgatid BIHA064 68dp tBﬁéEm 191?&&91‘51 g}%&@%ﬁﬁécyt e) assays

proliferation _assays (CD4+ T cell's)” o t Ot OXI
(see Bur kand Zdiperpiony) nyglear magnstiayesomppge. Ssf. &8 F@iloredvieniinabiomaels 6t hunor al

and cel | Ul@hodsas PR ES: BRI VAT 68, @Bdine Miid BB @PeYt hatiBddi@GHat Of

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 CDS cells or about 13-15

25  amino acids for CD4 ceils. 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 a.ésay, 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 (antibody mediated) and/or a cellular (mediated by antigen-speciﬁc 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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10 an i mmunogen can be distingui shed by separately isolating anti bodi es and
T-cells froman immnized syngenei ¢ ani mal and neasuring protective or
therapeutic effect in a second subject. . An "inmunogenic agent" or

"i munogen" is capabl e of inducing an imunol ogical response against
itself on adm nistration to a mammal, optionally in 15 conjunction with an
adj uvant. The term "naked pol ynucl eotide" refers to a pol ynucl eoti de not
conpl exedimnhdoBertdtlalpRéstl@lre dpBisB iddRbad bmgisﬂmdﬁmfﬁht%ﬁy g?ﬁnxﬁédef _Somet | mes
cloned in % plasm d. vector. The term "adjuvant” refers to a conpound that
when- adni $i &t &ceiplirimmane spqusiis clieiedivithe riaseatipyefpoAnsatidepitenss i nmune
response fnQsdobRtiGWitgERss IHCING eNviHdibIRE L a6tivaleon8 dogscifiobpgener at e an

i Mune res%onse to the antigen. Adjuvants can augnen% an 1 nmune response

by sever af PREEIEH @07 CREI exdpagicIyieHhotlr esnoass mpx seminyolverdtivetiontafon of B
and/ ors T g@hdcstes, an@rophigebinat EAR, &Eoﬁmﬁ,r&amus,%cy@g,rﬂﬁié 2lid @éﬁ%},‘f | i ncl udes
pr ophy

human and ot her. manmal i an subjects that 25 'receive either 7y actic or
t her apeut FEIPPPREKREHEr COMPSRRGEH & dpnetrd MR Uity n dhepiceenapofreeehonaslitadbl e,
nononer i Cinfifol PR attBifbise @ bAdet&fn it Qi %@sﬁcmﬂ?@[sbrﬁr B 1S to
dlssolve~lyo§ggllzed peptide in neat O wth sonication. The resulting
sol uti on (ctopesiet T lympbesate) asspxsrenedB ks skargoligpdsesuppar fThe wdlaives.

Aggr egat eghnfftdtibs ot hi¥herh iU cOful @ L GRHRE % b oW H0e 51 lgopinits are
30 hel d to&ethér by nonqofafeﬁi gdﬁas. Cpnpgtffiq% bgﬁ‘ %ﬁggﬁ#?%gdies i's
deter H? netf! 15?‘_’%98%25%&93 Qiptinggtished ltm?arﬁwwﬁdgiramhb@lqmdéff -elsfromahi bits
speci fic PAmehiRE Jhgeeit GhiRlaPARG AR el iR e BRH ic-e%fég:t' igggecoﬁc'imh as A
Nuner ous types of “conpetitive binding assays are known, tor 11 exanple:
solid pha8@cdhrect or indirect radioi munoassay (Rl A), solid phase direct
or indirect enzymaniFHRRAsSeNednl i imSaRAEGH GATREE idd say (see
Stahli et al., thﬁods Pﬁ%Enzf%nlo%g;9;24_-253c%%983$§i g%f?ﬁ phase direct
bi ot i n- avitipyRoloB&a|rewansegriRt il et administration)topygregimal, priogdly de 3619 (1986) ) ;
sol i diphasgj@tiRGhit Ake)Leassay, 5 solid phase direct |abel ed:sandw ch
assay (see Harlow and Lane, "Antibodies, A Laboratory Manual,"™ Cold Spring
Har bor Press (1988Yhe teap[ pafehpixrucifords refegtie p pRIvpucleptidpgot rompkxé¢dabel (see

Morel et alth colivtlaP@atedidRTNMKed p@Shicléofiddsurd d38Bies cRAdd il AR

vector,

The term "adjuvant" refers to a compound that when administered in
20  conjunction with an antigen augments the immune response to the antigen, but when
administered alone does not generate an immune response to the antigen. Adjuvahts 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, monomeric peptide units
of AB. One method to prepare monomeric A is to dissolve lyophilizéd 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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direct biotin-avidin EIA (Cheung et al., Virology 176:546-552 (1990)); and
direct |abeled RIA (Ml denhauer et al., Scand. J. |Imunol. 32:77-82
(1990)). Typically, such an assay 10 involves the use of purified antigen

" bound to a solid surface or cells bearing either of these, an unlabelled
test inmmunogl obulin and a | abelled reference i munogl obulin. Conpetitive
inhibition is neasured by determ ning the anount of |abel bound to the
solid suwxhagke: @dshdthsl.eaiuiea dr hrelispetasdvicemafoassap (RIg9) solidphasedirasbat i n. Usual |y

t he test obullnls ent . Ant| odi.e dntlfled by
conpet i t.%%‘fgggg%‘ﬁgm Sﬁ‘?d%‘g%ll es 3?’88 ud Psee %m‘@o %5 binding to
the sane Mpﬂhbdbp&Eas_/nﬁdi@yr%I@ch(w&a)msoltdqﬂmseadmbcamwrbmddxaflm|(s¢d| ng to an
et or once  BHEREB Ay T B Rl A SR et Py R SRR R &
conpets ngsoﬁalbhzbedyedt &bﬂézes@ﬂﬁnchmsﬁxcsesﬁaﬂbwmuna, hmth:othes,mem fic bi ndi ng
of a reference Q antgd _by.,at |eas 0, 75%
Conposi t |]ro”§’§ra8’ﬁy %%%J%%Wﬁ%“%ogr%ﬁbgggﬂﬁylg ph@& F%Cg]agﬁe}%nt s nay

i ncl ude ofsig- 135%9%& Metel aaeprleeahiéxyurroeaisugd 15R(D98893)X90mﬂ ;ﬂhasea .
conpositi t.hat rises AR tide ot afed AP
pepti de a‘i‘%ﬂ’cﬂ@tﬁ’ei}’f‘ﬁﬁ ‘%1&8%?““%8 gﬂ]f’g%??ég%?%e(ﬁg%& %‘%uence
DETAI LED RESERIPRhEN: e al., me.natmxsﬁﬁwm msg/{lop@ogml@angl@ms@nd
conditions a}re char acgt er esenc tide

ed.b r of _depo .
aggr etfat ed¥e ¥esdhe YSHSEP leé aﬂ‘égfé bPﬁ“‘VHé‘ SBﬁ‘éF‘f{fa(S?g Hlbgﬁﬁnéﬁf‘m%ﬁgh di seases
i ncl ude %Zsﬁedr{mﬂabsndﬂllt&@@ﬁﬁund@ﬁhﬁﬂhﬁa:&yzﬂlibﬂ[m réfefnCOghiunbyleb3f. i mpai r nent .

The latter is a s tom.of Al zhei s. di s ase and dr but can
Moo ot rompeirE Byt S e b ipie BT S o R R Bt BE SR,

exanpl e, &irfaék or@eIGIh theiResenqeaif tHEred immuagdetadia o tisadligdhereqtory | 0SS occurs in
sone patient who

ave not devel.oped.. , or. never..devel op full
Al Zhei rrermgmiﬂ"g]@g@él 1S RIcPt H%ed‘ﬁ?sf‘i é@“l?cﬁbcéil?er?é’ﬁgg %)Qcoé%ﬁ?{%‘g’ T&i ned by score
on thes M (&bmwﬁﬁgahntﬁti&ts)anaxwlbocamﬁmcdﬂglmahmm qphmpeea@thwaferenSuch di seases
are char act z ates of .. AP th ha | eat d sheet structure
and st ai n®Vj ?‘h’ %gﬁa%b%%g%ﬁgwg‘@rﬂ’éa%%sw epéﬁ%e B (Henél?' PE ér%l tHg or treating
Al zhei ner égtopdbamd be therefoteher andihyd ydpdoeranbindrdiedasesr. dysugbnevhat eng an
i mmunogenj ¢ r onse. 1.0 a > g 0 a patient
i s descriBadr ofif %3@'/‘3?&13{“ frf e%%?’pg%{ %}bh%§M4 lge{lr]&e}ln%gﬁ;) r%ﬁehenwr esent :
appl i cat i anibpdyi trercamemnandgeodnfal leas 56 he7¥kf i cacy of the basic -

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 A peptide and A peptide as a

component of a larger polypeptide sequence.

25 | DETAILED DESCRIPTION
I. General ‘
Several amyloidogenic diseases and conditions are characterized by
presence of deposits of A 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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approach. The present application is, however, principally directed to

i nproved reagents and nethods. These inprovenents are prem sed, in part,
on the present inventors having |ocalized the preferred epitopes within AP
agai nst whi ch an i munogeni ¢ response 10 shoul d be directed. The
identification of preferred epitopes within A(3 results in agents and

nmet hods havi ng i ncreased efficacy, reduced potential for side effects,

and/ or gr cat by defmad by edormemnthié MititventalfateBkat iroavcatishcasthrbstenddd. on. 1 1.

Ther apeut i nts. .15 An | nmunogeni c res e can he actiyve, as when an

i munogen Sﬁlgﬁg‘g%ﬁsﬁsnﬁms }gf%gn?eo y%‘gﬁr(%atﬁ%?fipfg[{o]%‘ime}?vF Bl 5ard Sb/\?ef HUAPS n a
patient, andpamsiiteCors Retl@e. alhe basit hfieethios prRUsitnL of ©adg WRAtinet'sel T bi nds
to AR in a. at i ené}. 1. JAgents | nducj ng Act.ive | nmune Response 20

Ther apeut iCECEGERPEEF Y O%?chic,\‘ﬁ‘iﬁﬁ%@é FRCTAHBE Bl HUBUOBEIHE FSRORFG i adi rected to
certal 5 epbinpaeat o thhirmyl4id depgitidepaticRt i lecriBsl in0ROYS/2994 (hsrplRteaept i de
itself angJ %e%m t% t hereof . Variants of iu%%d;e&nents, anal ogs and

m metics o THSFHTA TAPreIsBARPHetphEteatrg gade die eHisagr fdhabagict h

ant i bodi eapproadhh @hpprsat besliceRintiQ Bewe @k, pndipalPeMtdcle tEMpried feabbyised. . 25
AP, also known  a g@harﬁyl oi d peptide, or, A4 peptide (see US 4, 666, 829;

d enner & ﬁ‘ﬁt,h"%?' STHTPED VSRS are REENISSp R, O g presepsipventgg hyving j s a

pepti de OflocaBd4ik pofeRed é}ﬁ!}g\?@symm Kb abSndt MRidA A RGERA g GRIBGARRL. Of
characteristic plaques of Al zheiner s disease. A(3 is genefated by
pr oced8i nghad be dizactsdr The Wertifisaimpipyelervad epiopey vebin Afrovats if Sgeatsd

secretas e%n(( ﬁ@ﬁoéﬂﬁﬁa@%’g iJc!r%gedzdé?ﬁcagéé}ec(lﬂ:g@ggt%)ntlamqm é %t {glnodyosr.g{e%%r I n APP

associated wth Al zheinmer I sease occu roximate to the Stte of (.3 or vy
secr et ase £a§of wiapwpetuaf Rrmylationard afrhimistptisi.t i on 717 is proximate to the
site of y-secretase cleavage of APP in its processing to AP, and positions
670/ 671 are proxinmate to the site of (3- secretase cleavage. It is believed
that the Mutat TbHarceiedeendD by interacting with the 13 cleavage reactions

by whirgh AR 1 Of MelirsQufiediOrd At Lan bbb AR Rinblifodel 43 am no acid

formof Al3 generated. Al3.has the unusual property t can: fix and
activat e BéPmitdresgiiedice amipodiad rewntiva withddiiplagatient, oz asssivdes whemapar t i cul ar,

it binds oGy -Sazﬁgj-lu ' bia:This. 5-association facilitates
binding to Fracgz)p aée%‘gljleea ?iﬁ%lf:og’dg{é’tégé ?%anle%tf B cells. In addition, C3bi
breaks down further and then binds to CR2 on'B cells in a T cell dependent

1. Agents Inducing Active Immune Response

20 Therapeutic agents induce an immunogenic 'respon’sé specifically directed
to certain epitopes within AP peptides. Preferred agents are the A peptide itself and
segments thereof. Variants of such segments, analogs and mimetics of nz;tu:al AB
peptide that induce and/or crossreact with antibodies to the preferred epitopes of AB
peptide can also be used. A

25 AB, also known as B-amyloid peptide, or A4 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. AB is generated by processing of a larger protein APP by two
enzymes, termed B and vy secretases (see Hardy, TINS 20, 154 (1997)). Known mutatio_hs' ’

30  in APP associated with Alzheimer's disease occur proximate to the site of Bory secretase;
or within AP. For example, positibn 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 p-

secretase cleavage. It is believed that the mutations cause AD by interacting with the
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manner | eading to a 10,000 increase in activation of these cells. This
mechani sm causes AD to generate an i mmune response in excess of that of

ot her antigens. A(3 has several natural occurring fornms. The human forns of
AD are 10 referred to as A1339, Ap40, Ac341, A(342 and A(343. The sequences
of these peptides and their relationship to the APP precursor are
illustrated by Fig. | of Hardy et ‘al., TINS 20, 155-158 (1997). For

exanpl e, d¢FaZ iqaationdiey wiacus ceforkhiRNso/as|to iNcrease the amount of the 42/43 :

a- d u-Phe- Arg-Hi,s- Asp-.Ser-dysTyr-Qu-Val -H s-H s-3 n-

Lys- Leu- ﬁlﬁ%ﬁ%é&@_%ﬁ_@ﬁﬁ d'p- Val - d y- Ser- Asn-Lys-d y- Al a- |

| e-11e-d y-Leu- Met AplHas Mahnéduyt frbyeriyahat Vigdan Fik endMoliv&EbotAQdsicaf@40 and
A1339 differ from AR42 b %he om ssion of Ala, Ala-lle, and Al a-Ile-Val
respect i VAP GHP R SAtae RPABRHE A tafrlapaq wimaishi tad3kp BYs t he

preserce fbocttioh FRAMEDbIfdESH 16 Whcedphh it 1éadinB fdAdivation b BURRYERI ¢ fragments of
A(3 are advantagequs re|lative to the intact 20 nolecule in the present

met hods f#51d1t98y it preplsflopmdurther pad thep Bpdy 0CRAANB eclistimp & calbienspdeat wi t hi n

A(3 i nducgarmhetRedibg toia VW00 G HaSe MBSRONDE of BEseLEIBAtIRhePhnidh hBLITEr ' S
di sease, an equal dosage of nmass of a fragnent containing such epitopes

provi des AP i reacwic appmpne reReBEnInIeAedse Al it of pdenasdgans. i nmunogeni ¢ epi t opes
than a dosage of '[&g%ﬁ se'ee]él-naﬁﬁﬁlo&gmnin?&éug' ’i‘hélfﬁ%.g?%% '0?4;5%9@“5 of AD
ol e

generate an i nmunogeni ¢ response agai n any posi‘t's"W t hout =
generk i ngfeared togasi 436 amB40, Afrin duiiliand g pohissseqgaces f thARFheppdeatagd n from

whi ch AR derives. .Third, , f4agnents of, A re.si er, to ture than
intact A" el(rjﬁeea%f) BShfprt}giﬂ}e ‘Aé}{lg r? %‘?S°§ia§ee1§lu$%% ?’H?”%‘:lgg §t ?};’nﬁﬁg not

aggr egat el 55r 58 [{E99S arkar examiple 1A B4 hasthaGéquicd; sinplifying preparation of
phar maceutical co i fions an dm._nistration . thereof. 30 Sone

i nunogeni c fragrrenﬁgﬁ"%ﬁ?‘&ﬁcﬂ'é%é‘e%rg‘éﬁﬁé‘ﬁ%‘gerb&yéﬁyr%é‘é'glﬁj'gfS'%‘?'Cé’," 6, 10 or
20 cont i guekdsuNalPae-Bbd-ARk-GlRoA8paV SlaGyr Str- ARL DY -G8/~ A RANET 4 -BHLNQIRRI- C

f r agngnt ve,.n re. th 0, 9, 8 7, 5 or 3 contiguous residues from
AD. agﬁ%ﬂ{@y%ﬂﬁ'&agﬁ%ﬁ]%ﬁ%&%erm nal half of AP are preferred.. Preferred
i munogeni ¢ f r agmeapsi,iapab usteAPE Bdiffer frdm Ap42 by the olmidkthn 03-ala, Ala-Be, and 1-4.
The desi gngti Oﬂ @pl -5 for exarrgi; e, indicates a fragnent including residues
1-5 of APAEPadR] sEpesvibrirgR hedutemirl o AR A difisrtiopéginby by at

. I esi dueSprdserice@f a Afecand réfidle AgthalC-feggindties 7-11 of AP are particularly

preferred. The 5 fragment Apt-12 can also be used but is less preferred. In
some net hods, the Ifr?xawf,ﬁlc rggments of A} are advantageous relative to the intact

20  molecule in the present methods for several reasons. First, because only certain epitopes
within AP 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 AB. S¢<;ond,
certain immunogenic fragments of AP generate an immunogenic response against

‘25  amyloid deposits without generating a significant immunogenic response against APP
protein from which Af derives. Third, ffagmcnts of AP are simpler to manufacture than
intact AP due to their shorter size. Fourth, fragments of AB do not aggregate in the same
manner as intact AP, 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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an N-term nal fragment other than A01-10. O her less preferred fragnents

i nclude Apl3-28, 17-28, 1-28, 25-35, 35-40 and 35-42. These fragnents
require screening for activity in clearing or preventing anyloid deposits
as described in the Exanples before wuse. Fragnents |acking at |east one,
and sonetinmes at least 5 or. 10 Gtermnal amno acid 10 present in a
naturally occurring forns of AP are used in.sone nethods. For exanple, a .

f r agment N-okinalghalf of AiPrege prefedsd f Pofartef énButogenic fiakmenslinofudApAB-5) el udes t he

first 38 ' [ fr termn d of . her conponents of
anyloid pr ﬁ?ugg?’a?g)’?ﬁle%(ng%{gﬁc glélsﬁﬁ?étl‘%i ‘%bl"gﬁﬂf&ﬁ?@g’d?&q‘t?sﬁfﬁa@%g t her eof
can al so iffuditgedsitws 15064 &1d ladKINELITRGY edidted IR MERymdds BdplnamE a0t her wi se

i ndi cated, .reference to AP incluydes_the natural human am no acid sequences
i ndi cat edesiflysy kr3 98 ARepd eadingptarsdyss T3¢ of AP sir rartiiarly prefeyesdi deand - i nduced
vari ant s.frf0ehQ0s - 1Vdah GRb ¥ uge'dfb?l?irs lésgglr&e!?é&ufﬂo n?e?t?old'é,rdl{'ga\ﬁgﬁem jsdes at
one, two Or a few positions, often virtue of conservati

subst i t uteh dhemidndtaggsnt otlyr cladnl AS ledhinhér lesstpréfersdt frhents iXDesequence

identity w.th_naj l..P Ldes. S nal o al so i nclude 20 unnatural _
am no aci‘%ggg%& ﬁ%%{ ?Tzéa??' g%‘ig%o“ffo aﬂggg"% ﬁ?%?rﬁ%‘i"c’ﬁﬁeﬂ‘&rea?@fed%m&fma one, two
or a fewcipasiih tlestg drpfevexaERhiloid BposiatatalkriBaPaiid Bxaapid béBei due at
position | d/or 7 of AP.  can be replaced with iso-aspartic_acid. Exanples
of _unnat % TR lakingat ot e SnCtaRss dsleast 5 oa 1§ Cotermural pminedcidm no

aci dsp Npadskitlin 27tie1126¢Afringl Gk F ARGIrSlused il AXARIR! FHGxample, a
y-carboxyglutamate, E-N, N, N-trinmethyllysine, E -N-acetyllysine,

0- phosphdempiidackiqe semipe egidssfeam the C-mpioplapt ebARf binklnges tBe fst Iy | hi st i di ne,
5- hydr ox i - 1 Lk Re I i.¢.acid. Fragments and
anal ogs (}:ég%%bde%%ssg? gléﬁtewél?xgl%?%%ﬂéﬁ 'ag%h ?ggcr)ﬁrp% g %gggf:)é&?'ﬁl@p fé‘?‘fefs’ciéf:y in

t r ansgenicsamplé.rriuckebd ehdenitepicdrmgrments teropf ¢dn alsorteuesdtte thdoce 401 acebo control s
as descri; its fragnments, and anal ogs can be synt hesized by
solid phé’?glq?)e !tn?\c{i)éesr)égﬁ synthesi s or reconbi nant expression, or can be

obt ailded from nat WakssatherwissindAatedmefeicoce oy indedes yinthasil heman' ar e

commer ci gl J: i from nuner ous.,,.suppliers uc S |ied

Bi osyst e%lcil%ll%}slafgg!ﬂ&%éet%f,%%éﬁ #S‘r/en?sg‘.’en é(%gal sﬁrédrlllfdslrégxaglrg gcsgi’ %\ﬁegéﬁqﬁ be in

bact eri a,indpsedsgeipntasAmlogsaypicallyalafar fropnsendllyoetbirsing peptidesmbianvael | s.

Pr ocedur } : i i S ropk. et al .,
Vol ecul ae & rp RERRATBROTO! icGH B CRseAM BL BHERST REARISRINGIRE® Tog0)
Sore f or ésleat SAR Wepreaencaidentilyythenpbirdl pbptisles. c¥omreangload 4lyo igdude. , Aneri can
Pept ixdes WGRIMANYnind J&@ds’or‘ﬁ%m’c\é@&f@’of fr Nl f @l UeRis at o one, two or a

few positions. For example, the natural aspartic acid residue at position 1 and/or 7 of AB

can be replaced with iso-aspartic acid. Examples of unnatural amino acids are D-amino
acids, o, o-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-hydroxy1ysine, ®-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 a_vailablé from numerous suppliers, such as

Applied Biosystems, Foster City, California. Recombinant expression can be in bacteria,
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5 Peptide Research, Inc. Napa, CA). Therapeutic agents al so include |onger
pol ypepti des that include, for exanple, an active fragnent of AR peptide,
together with other am no acids. For exanple, preferred agents include
fusion proteins conprising a segnent of A(3 fused to a heterol ogous am no
aci d sequence that induces a helper T-cell response against the 10

het er ol ogous am no aci d sequence and thereby a B-cell response agai nst the

A(3 segnent, . Suc ol.ypeptides can be screeped for prophylactic or -

t §1er apgut Pieh & % ¢ 585" a‘?thlplséer?# ?Fglﬁ or i %6518‘0%5?4“568 rfgrvﬁe{)ﬂ‘?%ﬂﬂﬁ* eated or

pl acebo cexpressibsarasedabat byb Sdmbebbetal., MokzcBaBCigaeRt Hdeborana) Manudct i ve
fragnment of r i c be. admi nj stered i n assqcjated or -

nul ti meri g?%ﬁ%%‘?sg%‘ygggéogg%&%WCJPWSI‘?&@B@& faealsearaladleso incl ude

mul ti ner s cehmébiaMPREVRAh€ridaNPHRRIGE0bEpAFETHcS Sublyvale fCA bAECalMahiAL | ON, an
|mrunogengcp6i§e§tl de[,1 such as a fragnent of A(3, can be presented by a
virus Or A2°RYHEREFREL4RC- 08PE (Gb)- an i nmunogeni ¢ conposition. A -nucleic acid

encodi ng the i mMungyemRpsutie @pdntHBsd ificlhdCIBhRP hallyB&htiiee tRatdn@&ROfFE OF epi sone
of the virus or bacteria. Optionally, the nucleic acid is incorporated in
such a maffEPle fbtctivoiragieent ahR oeptidecopribsr ivdd qtker aupnoasisladFers a secret ed
protei n OL,.a8fn kst ' i: : s tein of a virus or
Bt anemery Biarshar EPaRhabd: b pBRin Wb LA POl Fh R b o L et

Vi ruses ohetralopesiamingsasit Sepuenoe thatieduvesis hdpay(Tl-ctllvespoowepatinogeni ¢ or
attenyate ' | e Vi rus i.nclude ;adepovi rus, HSV. Venezuel an equi ne
encepﬁgl i E?t%réld (lgur%%??né’naél osteﬁ‘zern C%?nbihaersl?yr%s_ecgl,l TR et EFRFYE virus,
and ot her Sudhgbypepride e de s@bernvd feipniphyantit drakdragpatic efStdcy abhemblact eri a

i'nclude Sal ponel la and Shigella., Fusign of an 'mnin' eni c_peptide to HBsSAg
of HBV i s BSPtIEOTRFISgn ?&%’%ﬁ‘ﬁ‘f%d *ﬁ%?%ﬁ’eﬁ???@sﬁﬁé%f% aI%EIBW' 'iTﬁEIAJ}de pepti des
and ot her pgptitiy) anas adthafrag@emnat othecespRpiiddcah dV edrinstgal hiasambicadi Nno  aci d
sequence sim | ar i

Sifi L %tr% wth AP bg:ﬁ nevlleér t hel ess serve as . m tics of AR and
i nduce a "SRG RThESPESSEAYE  TEGTRPERGRgFYS é%ﬁ?glﬁ%’[“i” 8ESHd prot ei ns
form ng | dopdneaic@dmidfbogehieagatcan be screened for suitability. - o
Anti-idiotypic ant '?-bo ingls aagai_ nst nonocl onal t,@nt i hodi es to AR or ot her
anyl oi dogeni ¢ pept i't2E T CEN A ST BEULRPEBLRIP ERtI B 2 HSFBAIIYE ninmic the
anti gen acdl bgereeenaddedyalviiudBtinBadteia e paeof 4 imunsgmidsapatiiiéd. A | mrunol ogy
(Roit ed. huc?licaa%!(\,\ellcldi Scihent ific x'xDiUbI i cat i.ons, Palo tAI to, 6th. ed%é, p. 181).
16 Agent s St WS RRE EPPHIREEME REANYE 'S ‘ReTRUEA MM AETOGE OF PP ¥ bonse -
agai nst oofhoviruswobatenit. Opdoipiliefthe netkis agdBii@nuiatd( i shitsd ashrabove (€. 9.,
1-10, 2& ) 7thc %xix%hnoaggrgc g’e_pZi)dé is expressed as a secreted protein or as a fusion protein with an
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 equine encephalitis
virus and other alpha viruses, vesicular stomatitis virus, and other rhabdo viruses,
25  vaccinia and fowl pox. Suitable bacteria include Salmonella 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 serve as mimetics of AP 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. Such 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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Preferably, such agents induce an inmunogeni c response that is specifically
directed to one of these segnents w thout being directed to other segnents
of A. 5 Random libraries of peptides or other conpounds can al so be

screened for suitability. Conbinatorial libraries can be produced for many

types of conpounds that can be synthesized in a step-by-step fashion. Such

ohouphol PISF U ETRUNE Sepisr g gy iaft e TR hePond SRR e oumas,

hlet er ocyeddrﬁoiu?érpe&ﬂd% seghenZ odagaset las%g ki, gqnmplri/'lpl E{ ahd 3sx;bs]E it ﬁt ed
gl ycines _and ql i gocar banajes. Large conbi natorial i ries of the
conpoundgr%%{ﬁblkses%efb%msa% AP RS R SRS S A in st plpfiEeied o (ESL)

met hod d%ﬁ&éfi@@ésign&n&f&mm%beir)éian%&ea&ﬁ&ﬁers hyiRss AP0 93/ 06121, Col unbi a
University, WO 94/08051, Pharmacopeia, WO 95/35503 and Scripps, WO

95/ 30642 (each of Kandem libsarics plcpsphidas or ethenspmnonadsang else be saagepedior poses) .
Pepti de I iparbﬁ{%éoxﬁﬁﬂatehmb%e%ﬂ%@&faqc f,o#,%ap}h@g@s &'céﬁkﬂmmhhod& See, .
91/ 18980. and ot he

e.g., Devlin, )1/ 1 Conbi natorial Iibrarie d r conpounds are

i nitiall yaskrwathedzaddn a stgpiby4atsp fashipnp puehetomneirdsriacledsaiotypeptiiasi ty t o bi nd
to anti bqgdi,e : . . eCif i AR or ot her
anyt of dogent o pun I GERAS LTI lospbbyiplip inb s oS RREIL Sudlle 0, e wi
any pol y@foomér cempangs, haigreexdlie sempennds. hongpdiagephiies. digomedONF r agnent- t her eof .
Conpguynd : ' L,ndi b f pitope within AR
(e. quJ'5 1%1%&@&%&%%&%& (?L&%% @%g%{%gﬁda%)cg&&ngﬁgaﬁ S cefér??glg tested by the
same pr Gewpennds calds cpndirdted by thawpesidad syatietib bbsariepEShp method destiikidt | es.

Compoundsy hieRkLAEYs/BYoPH mag,rw@rb%/@lgl,tc}mngﬁumn%fsit?{;@?{zed- for

capacity to ce antibodies or’ reactive ocytes 3 or fragments

t her eof . 980X Bhgsmacopaigl PiCh?63 5308 end RamppofW Q&b E 06 &h(chrh afvicids ed on
m crotit gfe, o?gt@dsbytrg%}enb@wa@sﬁgos@g)eq»@etgc%qibmp AR behehLAQHENT T her eof

and a stangJa(d ELI can be perforned test for reactive anti bodies to
AP orl5t hehtgeslmiapmethadsnpesunels Dedin. WHEN/B¥8Pest ed for prophyl agtic and

therapeutic ef fi cagymbiRabfiATSRRR &nd 0B G@fhﬁom@g}la %P@Q@@cx}e@ne@@oranyl oi dogeni ¢

di sease, as _described in the Exanples. Suc ani mal s i'nclude, for exanple,

m ce beartifgitdy Proeterinipe Biir GrpapRodepiapepdisy cohimpbostiessB &), supra, and
m ce beakhfigh @ R ERESToloPWB G ShelBttAdiH O nRIpefiRRs S HEtExas pREStRi bed by -

McConl ogue et al., US 5,612,486 and Hsiao et al., Science 274, 99 (1996);
St auf enbisgeenstcan bg perfoppest witiNeqtyl polystoaal segcdr mqusglond] antit@dg e ABoop (1997) :

St ur ch erﬁaglin%trtﬁetre_o?.t C%mpou#dfsqgn theNB dcrechC@ Ry b§€ﬂn’g t&@'s%e%l‘hc eﬂyi’t)’(%)%% 13292
(1997); Borchelt et al.,” Neuron 19, 939-945 17 ‘
within AP (e.g., 1-10, 1-7, 1-3, 1-4, 1-5 and 3-7). Compounds can be tested by the same
procedures described for mapping antibody epitopc 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 AP or a fragment tﬁereof and a
standard ELISA can be performed to test for reactive antibodies to AB 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 e#amp]e, mice bearing a 717 mutation of APP described by Games et
30  al., supra, and mice bearing a 670/671 Swedish mutation of APP such as described by
Mchonlogue 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., Neuron 19, 939-945
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(1997)). The same screening approach can be used on other potential agents
anal ogs of AP and | onger peptides including fragnents of AR, described
above. 2. Agents I|nducing Passive | mune Response 5 Therapeutic agents of
the invention also include antibodies that specifically bind to AP or

ot her conponent of anyloid plaques. Such anti bodi es can be nonoclonal or
pol yclonal . Some such antibodies bind specifically to the aggregated form

of AL3 Wi {ibons. mergqfnegcr&émg @:@5&#&%@5@4& QS potetE) ?geﬂe ARssidrically to

the dissociated formw thout binding to the aggregated form Sone bind to
bot h aggréBanétnangentolesinglydior Fepdertorindf, dfscsbf—‘ﬁgabweh anti bodies bind to a
naturally occurring short formof AP (i.e., A(339, 40 or 41) w thout
binding to a naturally occurring long formof AP (i.e., A(342 and AP43).
Sone anti bodi es bi 3d toAaedt&)Innguqimansvﬁvthnmnethsmmg to a short form Sone

ant i bo§ll es bind toﬁlé’még Igg%tn fﬂ%‘ R‘gﬁnhgn&%wdﬁ%%%ﬁ‘?%ﬁ' d precursor

protein. Antibodies hera eutirc ne S usua ave an intact
const ant spegificailydrindatb Aﬁeas»theii&mmmhént@lf emyloaf plddues. (S)thmrHodree@mcha to

0T ULARAS, S SRERL S AT SEYBS AT BRI Sab T oo ©

phagocyt i 6f Apvthout Bindp@es fht aisketintdd faghessife biad spekigallao tgatssodiftedhi ch one
armof the antibaqdy has specificity faor AP, and the other for an Fc
r ecept or . oS YRS HIHiRE i3 dheserrEtte [ORp /PR Yind 19, bollpsgeeatediand ty greater t han

or equal dissosRUFork36 SomOduch A¥bhodkdBind @8 a ALAIMbdeurr@ Kok ¥ @RAR Ser a

typically contain m xed popul ations of antibodies binding to several

epi t opes @GroA§3P.HE or 4 Ngyithout binging {dmmaietlly qselrying tmah’orswecrfaﬂb@n BB4%pecific
to a par cqne nocl nti bodi es
bind to agdsp C‘tl%?lg ep%%&ésmﬁ?gg%(@%ﬁgP5Utb%%Bn§N/g g%n orrraoimc?nal or
nonconf or agibbdinaindpi Appehout Pndipb yd ﬁlﬁtliemgtlamlylbildqupswtproteexf fl cacy of

anti bodi e be t.est,ed using . the tr eni ¢ 2 ocedures
Gocor 1 begArieRies Sy iR b Getti Aot wiy D R fuf s R o 185 L o o

epi t opfe vuummfnt pegi doesntrediOn af in(8t ¥ith bl Fé fceepfmrr S{mﬂhhﬁsarypsb ngd1ieesi due of
nat ur al {: cﬂa&gt?‘steeo 1t%21\agg§(%g§espaf? %I; rfequl Tr??s%ﬁ'pes fhe?-'n{'{{ bodi es bind to an

epi t ope V\f am no o e “W RPN PIPT nlO Sone
pr ef erredpfagmybgdﬂéstpmchCtF@b fxegmtrmp@sl akaOtbhmwdamwdoclamedasnbf Gap 1-4, 1-5,

1 6, 1-7 g 1E§d‘.))7has§§)e%ﬁ'd:?%?or (¢ gndd ﬂggt'hg f?i‘ %@Fcbxlfepe% gOSoEnoe aar‘xgbg S bll’%ant arting

resi des reS|dues ferre
ant i bodi eap Mﬁt(hlalhﬂr&ilmg'nfﬁﬁtytgrmd&rmgmto@e@m] tooqbest 10F, tlIO7 ne%uc?ueswimIS 15- 20,
25-30,. 1. 0-20, 20, . r conne de t ch
anti bdli es be scr e£ﬁ§8f°f‘agfer32\ipﬂ"\?}l¥ gontin ﬂ%xeldSpOp“ AP ER o in ing

to several epitopes along the length of AB. However, polyclonal sera can be specific to a
particular segment of AB, such as AB1-10. Monoclpnal antibodies bind to a specific
epitope within A thaf can be a conformational 6r 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 A (with the first N terminal residue of natural
AR désignated 1). Some preferred monoclonal, antibddies 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, 1-4, 1-5, 1-6, 1-7 or 3-7. Some preferred antibodies bind

30  to an 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. Itis recommended that such antibodies be screened for activity in

18



t he mouse nodel described in the Exanpl es before use. For exanple, it has
been found that certain antibodies to epitopes within residues 10-18,
16-24, 18-21 and-33-42 lack activity. In sone nethods, nultiple nonocl onal
ant i bodi es having binding specificities to different epitopes are used.
Such anti bodi es can be adm nistered sequentially or 5 simnultaneously.

Anti bodi es to anyl oid conponents other than AR can al so be used. For
exanpl e, .anti bodi can, b irecte o.the anyl oid asspciate otein
aynuel of HERAHSHmate afe Pty a5 Giplis bl Vis™ P el § Bt PARh "spec 11 ed
r esi dues that &itain aagboliRsle EplfO@ES \emaﬁrﬂsﬁpey\tmm i16-24pE21 ardl 3BkAtlackhe ant i body
speC| fical nds to_ a ti ing th ecifi d residues
(i.e., ti"\{% *Ihsoflﬁlnéeﬂécﬁj ﬁ.@fzngono gt?sgﬁf”i’@ﬂa@“%f%%‘ IH5tS Becessarily
cont act emreyxt efspetes et hBichARtiBodies chipbe ﬁiﬂﬂl&xs&‘d@lrsyql&hﬂzg]yfbr am no acid

substitutjon or del L with in AP 1-5 necessari Si n|f|cantly af f ect
bi ndi Ag SEUERROES)Y %5‘? Roghrs tasripidicempynegts Oél?Frg}ﬂ]IAt%%? 9/ B8d-gE®%er mi ned,

f or examkﬁnplémﬁ&ame&&dlﬁa@@&ﬂe SR B zisk&'ia@é’cb’prbt@m huchigi £ ferent menber s
di spl ay di f ferent subsequences of AR. The phage disp % |ibrary is then °

sel ected for nenbelBe "‘sfti‘ef’élf“P‘i"B’dfF%Pdlﬁ’lbh%ﬁtﬁg'mtea“%ﬂ’?“ﬂﬁ‘l”i%ﬁ edmsidipger test. A

fam |y of,@edUBNCe R bfahfOvaed melyit a2 dhxam%@lpsﬁeci‘fém Mnds@phai ns a
comon core seguence and varying | engths of flanking sequences in

di f f er entolypspti ¢sonwlrﬁhet}shmf@ﬁtreme(lseeﬁﬁehéen Sikroniengngipleciuchenbi nding to
‘'t he ti fines the bound b Antlbo ies can

al soqg ?ngr%édgﬁ Tor Otenpelc 55%@9 5%@%?1: ' FSI 'f X'”}“n Ar%% ?f% °°§§VC§QSWF h an

ant i body aﬂmm&eld&pbilﬁmen$)i3&&ttfdnﬁmthyinMﬂ ﬁlxdc&ﬁdjﬂyb@ﬁfﬁc&@]ydﬂ&ﬁfbmdn%d For

exanpl e, t|b di es that .conpet |bo for inding to AP
bind to taﬁn “%’FS%“F%I‘ EH’SE%C”?‘“ onfRERRE B e‘gi’ﬂ‘ﬂéé A(3 1-5.
Li kew se ph@gratdispmglnle@rytlmabmm@m dniderd digpldy méremhbéa@&k&ﬁcéalomﬁt 0. the same
or simlar epitagp thin residues AR 3-6. Screening antibodies for

epi t ope é‘b‘ée*?arzr—‘éiswyl@ﬁa ‘aé}t-ﬁ‘rf‘éﬁl“ﬁ?defaf REmPers gpecificalinbiadipg to apptikoddy . For

exanpke, vader 83t | DOeyAFLeBAREH iSdlatél. npi/pthnﬁrsu@mfaem? cWhibiRé £ 25 residues
1-7 of A(3is likely to be effective reventin treating Al zheiner's

i-n
- di sease. “ONBABETHAAHF %Ivﬁﬁ’i‘r@r}g‘t’?gdﬁrﬂf AR s‘é‘ éfé’i"f”it AP Shind to a
pr ef er r edhe si@ER Rbre 0¢qubcanhbling spdei Rdiimdng © thé AitibodyedfiaeshOdpitdik have a

nunber o% ant a é‘*’ﬁ e to ocl o anti bodi.es hinding to other
regi ons P"’%\ﬁ}{}%ﬁ %ﬁg‘fd Ibf’ 4 ?ﬁ‘ﬁgo %ﬁ esma?? HORS P U™ frass  dosages,
dosages obmﬁdnmbb@m)emh bﬁhnt&pda;cwﬁose apitopeBparifidity hps ﬂfeedy &dn 30 segnents
cont eof at|b0|e fé el aring anyl oid
pl aqggs %ge%’g d{ Fglr)ﬁ g%n(g%&\a °£1PF§I" "I’S‘lﬁ’nﬁ gg vbﬁ%?oég’tngﬂlgé%grrent s can
i nduce aAﬁcﬂlﬁaﬂbltmmespansler afrapast3 Darie. pivithid egaimkd Ap WSt igktetvidenduci ng a .
clearlngr Sponse. agal nst
antibodies that co pete with the 10D5 antibody bind to the same or similar epitope, i.e,
within residues AP 3-6. Screening antibodies for epitope specificity is a useful predictor
of therapeutic efficacy. For example, an antibody determined to bind to an epitope within
25  residues 1-7 of AP is likely to be effective in preventing and treating Alzheimer's disease.
Monoclonal or polyclonal antibodies that specifically bind to a preferred
segment of AB without binding to other regions of AP have a number of advantages
relative to monoclonal antibodies binding to other regions or polyclonal sera to intact A.
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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i ntact APP pol ypeptide, thereby reducing the potential for side effects. 19
i. General Characteristics of I|Inmunogl obulins The basic antibody structural
unit is known to conprise a tetranmer of subunits. Each tetramer is
conposed of two identical pairs of polypeptide chains, each pair having
one "light" (about 25 kDa) and one "heavy" chain (about 50-70 kDa). The 5
am no-term nal portion of each chain includes a variable region of about
100 to 110 or _nore am no _acids ﬁ)ri marily responsible for antigen

recogni th ifnerpHehagsiepeiey of Brmpraglobuiey ti on of each chain defines a constant
region primarily FRSPANShEIRYSRLctehl @8t RkndWiRidoRDrisdd B m&hal ns are
classified as either kappa of | anbda, Heavy chains are classified as
gama, nivburiispFach teeanes Is compeysdiof B0 idgncalienitsié Pelieeptidh sh3BWyeagh | sot ype as
10 19G L MavingBne 1GR3 ul BRD) 8IPESEL TSHY chth tARbA sbiBDgNhd1eavy chai ns,
the vari‘abl e and constant regions are joined by a "J" region of about 12 or
mor e Jani #einertdrainal Rartiop afisech dhaiagcludeaiaryaatbivregion pfighonyl 09 to b0 pregi on of
about 10,006, R Y00 phfhd -resgmlgﬂ?%a%énxeco o L Alox | faRifa| o9y (Paul ,
W, ed., 2nd ed. Raven Press, NY., 1989), Ch. 7 (incorporated by

r ef er enceoriion ¢ftegcheghain defines p gpnsgank regipnunRasily resmngihle forptieator Ameteagi ons  of
each |ight/heavy | Shabal 1IN FAISKTNat g M eTeTo VAR o T To [} 710 HES)| us, an
intact antibody hgtsk%t vu?ﬂlgla{le(f?ér%ggl s‘lite?. Ex@gptr ?xﬂ (%I H}n\(lz}'gsl&%ﬁglgegr.

bi speci f¢lessidiad porrdiness mut #ipha; deltabdrrapsihen, end ¢afing the antikody'afretypThe chai ns al |
exhi fj t N eng JMeLYr &/;08in fi d r amewor k

regi f)uns %@%@f‘o n’el_gﬁby 'g .r’ree?a{) °ﬁ§62‘r &é?{l% l@ég{] egﬁ%g%cs}%%gﬁgévca-bfeed :
conpl enesndgenstant thatoas are ndingg byeg i oresioprof@ms 12 Phao2emapReidsy with thhe t wo

chai ns ok TH Ny T4 4 et 16 AERMRGK, 180 , ing binding
to a spgifl:eia I C ggﬁoc;rﬁe.&ll—g?%rlr?lr\ll-% g;r?%nfnal tEo -terl}rfnQ ncgﬁ', ?%ggﬁﬁéﬁ?i ht and heavy
chai ns EoWprede Immaneegr(Pas. WRIed., 2mRed. Ragen PrepRy. Y. AR8%), EBRB and FR4. The

assi gnnp@ﬁcorpg]{atﬁ%;gggtgfe@g&% its EntBBGH AR RPosks, | N accordance with the

definitions o , Sequences “of Proteins of |Inmmunol ogical |nterest

(Natonal | nsti t uifesvaskbleeegions of Brohigdteeaviphainmgrfomsthgaatiedg1) , or Chot hia
& Lesk, winaiplite. &h@i an efi g]@i%(‘)(%{]-l?as(l\;g%%)dinggh% mx@ep?xn @functid}ﬁi&r € .
342:878-883 (1989). ii. Production of Nonhuman Anti bodi es The production of
non- huneliSAeEIRG ardhedies. b e oiding sites ge thafiaprndhe gigimah extsbi Brgamer i mat-e,
rabbit Ofenkl stru@ft J78elAfLREBhdctRadraliewotiOfcg R RoinddWRei Ng t he ani mal
with AJ3. Al Qn%;er pol ypeptide caonpri si. n% AP or an i mmno%\enl c fragnent of
AP or hypervariable regions, also called complementarity determining regions or CDRs. The _
20  CDRs from the two chains of each pair are aligned by the framework regions, enabling
binding to a specific 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 Af 01;
anti-idiotypic antibodies to an antibody to A3 can also be used. See Harlow & Lane,

- Antibodies, A Laboratory Manual (CSHP NY, 1988) (incorporated b.y reference for all
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anti-idiotypic antibodies to an.antibody to A(3 can also be used. See

Harl ow & Lane, Antibodies, A Laboratory Manual (CSHP NY, 1988)
(incorporated by reference for all 20 purposes). Such an i mmunogen can be
obtained froma natural source, by peptide synthesis or by reconbi nant
expression. Optionally, the imunogen can be administered fused or

ot herwi se conplexed with a carrier protein, as described below Optionally,
the i mBHBEER- CHith BRIMMEAOBFSEAbE @b fom arftyddAuce S RsPEde t ypes of

adj uvant syefsier bisRebnibiftst S65GEbREOp t?&lagyv m@gmkn%g& &h e @Qmﬁnﬁngant

foll owed by inconmplete adjuvant is_ preferred for i munization of

| abor at ofyedef Oﬁlﬁlr%lse remptieed vith agaiTive Arolig$s deseribedbieloa. | Yrtiopaldd tieor maki ng

pol ycl onghm@HstDOMILR SdmiMieGe b Bh by RjG@ht. ySeuéeﬂyﬁéarom@mm cAnaglonal
anti bodi es. Anti bodies are screened for SfeCI fic binding to AR Optionally,

ant i bddi esdesgibed pelpwhEpmsistedarnnd S adiuvsntiehoredity iecomplats fdievankigi on of A(3.
The Iatts{eféﬁa@&mnﬂﬂnﬁ%n%a%&amQﬁmalss%%gblmerge &@gyera 69' ng of an

antibody to a collection.of deletion nutants pep and
det er ni nP#?é fwm@qmgd@ﬂx@tqnelrﬁnﬁmdemt Migg Wétxmaﬂlheseérf@n Ib@idyg mBnq’Fdhrﬁb can be

assessed,, £st fragnment to
show speC| ?lﬁlg?b ﬁ“res %%S%gﬁete‘g?é}l B%:g@ tﬁé?‘%e;%% e&%ng Ictshegantl body.
Al t er nat ama?inyher wehcxbﬁer bijpemp td £ seyific aegitreofdted. él’hmmeds&ryexﬁxgcambet ition assay
is ch d,reference,. 15.antibo for binding to A-If the
tes\tMP acrcg?"gﬁ%’ﬁ@gy ATy e glgd‘c?%%%ri%m’ f’%ytﬁ "ﬁ%ymbf’fﬁ%ﬁ‘?tt?“%g%sane epi t ope
or ﬁplb t ogm Apipéptide Mdﬁyanﬁl’rmigl widith aehatonbmnghmgn@fo tﬂ@&txb@ﬁi’t [ Bmdﬁgg ij nterferes
W t in e. ot her r rre sot uch antibodies is
nmouse i s§ eaSTeéség’afob‘?xaE‘a[?r \’/ygﬁ'éﬁfml %‘t‘?g& EpHEREREN QBIP¥%e | sot ype

| g&Ra i'55;5ehe~1c beqlwguatrerahnwdylauﬂm messpﬁtyﬁbeofltwnnb&g |A1tema€;h¢1_msrl c and

Humani zed ﬁ Cq1 cglc)i humani zed ant.i bodi es hav he sane or
simlar BYHEF ﬁ%fc‘ §§¥:fﬁnf C&CFW‘EE % FIARFYORBSY i, éc 2dst BRhEFETHSAhunan

ant i bﬁ)dyaﬁthﬁﬂy f)d’rﬁ);)étdiﬁﬁbm&lﬁg fol &F.L If1lige testRbEFefednct @tibeaRs téHsdd, @nof a
chimeric or mani zed anti body, Chinerjc antibodies are 25 anti bodi es whose
li ght ana‘eﬁgﬁ\gy}" @‘ﬁé?‘ﬂe *a%ﬁq@%orwavgpesé\éﬁ?cee%leweeb@af bigdipgal ¢ by genetic

engi neer amtipod§ rmﬁermmmg{me @rdie Taegua&ﬂ*es isbEbO R istich dnfibétiidsfier ent
speci es. For. . 8 gg&% egex var |labl e 155\/%]_l %1 of Stohe gggg)d ‘%r om a nouse
monoc!| onZIPEHETHS S CABEAIFG PP ORETRRC o MR vey At¥fs, such as
| g3 andequ@lent biimeraniiootpgpeGl.gd is preferred. A typical chiner | C
anti Qedy is thus a hybrid protein consisting of the V or .
iii. Chimeric and Humanized Antibodies
— Chimeric and humanized antibodies have the same or similar binding
sneeiﬁcity and affinity as a2 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 'genet’ic
engineering, from immunoglobulin gene segments belonging to different species. For
example, the variable (V) segments of the genes from a mouse monoclonal antibody may
be jo-ined 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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30 antigen-binding domain froma nouse anti body and the C or effector
domain froma human anti body. Humani zed anti bodi es have vari abl e regi on
framewor k residues substantially froma hunman anti body (termed an acceptor
anti body) and conplenentarity 21 determ ning regions substantially froma
nouse- anti body, (referred to as the donor inmunogl obulin). See, Queen et
al., Proc. Nall. Acad. Sci. USA 86:10029-10033 (1989) and WD 90/07861, US

5, 693, 763ctedSnibg &g;@nmﬁestaml@,ﬁ%&@ R8%se- ay&&y%&eafgdlto@g%e d\s\ﬁ&t er, US
5, 225, 539 (mcg}bgjd]rate by reference in their entiret ur poses).

The 5 coMETH4HE orfes Rucsrret gl ép§€ﬁtNa’1a14%"da‘F‘§oU§ﬁ§§tl%ﬁt‘)r‘éﬁ%ﬂ%ﬁenti rely

from a hufwo $00M8eRAIONEY3, 762, THS,608M8N VS, 588X 8D, U8FBI303 08 R Usual |y chosen
from hu 13}5}1,?1}3[{;2 odi es whose framewor K sequences exhibit a hi gh degree of
t

sequence 246 A (inggperatgd Phéefva%qearb@élrre@@?wommwesﬁr whi ch the

CDRs ger eodent igidn(s)I TprdieaVate aIB6!subkiagtiiily @R 8itltely FondPhEnd£9i on framewor k
resi dues . can be derived fromthe sane or different 10 human anti body

sequenceémm'*f"l‘ftg lobuhm nt herhumae ygriabisfleasins ereushallyechosra feamgbieptes of  natural |y

occur r i NgniHeARA waske FRREWES sOduch el embﬁgﬂ%ﬁr&%&ge SEAYERES TRy SaYeral human
anti bodies. See Carter et al. rtain amno acids fromthe

human  vAKmREING vREgleareion dmaipy ko adichiksCiaRe wewe dstives Fheheaytyisad i t ut i on

based on hgllﬂ@hﬁm PafSleltBon rhMERERIRE: GRiSe Q0N ATHIRT ihe RaRNY (e Bitndi Ng to
anth nvestigation of such possible 15 influences is by nodeling,

exanilfat F‘Bfﬁa‘bﬁmtl!’?fhf sedhsnesst &Re Bumancangbodyrequsnsascambs Bs seguenggaett i cul ar

| ocat i ONQatufMly anlg%@ina@%%&% b&ﬁngéc&rﬂgnsﬁ; Jeﬁﬁén%esocff smthhrtn%' on or
nut agenesl § of articular am no acids. For exan when an anm no acid

di ffers BRitRAEh Sperarsims aka¥ PIB2863% dreatin gy fkomé@lbémén and a sel ect ed

hunman vawhml&e%&gfraﬂe&&@%m&&é S5t For SubQinlHbTBAsed2f thdidfRUAEK am no acid
shoul d us e _substituted hy the equivalent franmework ‘am no acid from

the nousé ’E‘ietS’B GPRugrafPrngtiqnaandfon Bisdiag (g andigprn diogestiestion of Fechapssie aci d: (1)

noncayal eiffueiceDismesnoaBltdgdeRnihaiies bf e chatdctdrsti@diraglind &id #DR-regi on, (3)
otherwi se interacts wwth a CDR region s within about 6 A of a 25

CDR r egi (Bﬁ‘}‘°“1?Jrrloc(dﬂﬁnsp%freﬂpé’i‘cﬁh?té%”?‘ff’“ﬂf qﬂ%fe?}ﬂof FhbstitpaRmor neyiagspesisandi dat es
f or subsfbf paHi¢uldn aming agi@e.ept or human framewor k ami no

‘ For example, when an amino acid differs between a murine variable 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:

¢)) noncova.lently binds antigen directly,

2 is adjacent to a CDR region, v

(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 amino
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
candidates 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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acids that are unusual for a human inmunogl obulin at that position. These
am no acids can be substituted with am no acids fromthe equival ent
position of the nouse donor 30 antibody or fromthe equival ent positions of
more typi cal human i munogl obulins. G her candidates for substitution are
acceptor human framework am no acids that are unusual for a human

i mmunogl obulin at that position.. The variable region frameworks of

humani zed i nmunogl obul i ns usual ly show at | east 85% sequence identity to a
human vari abl e regi on framework sequence or consensus of such sequences.
22 iv. Human Anti bddFesapfmiiodint i bodi es agai nst AP are provided by a
variety of techni i : n.antibadies are sel ected
by conpetitive bi ﬁ%ﬁﬁ%ﬂ %ﬁ@g%%g?g%%ngféﬁﬂgrp %%%g:gymgggn © 8%&%%1\?équﬁ1e same

epi t ope Slseeibed bdlew: Semehyeantdantbodies anpgketed aptodiyive biuding as one of the

nouse 5o S ' le. Xl. Huoan anti.bqdies can al so be
screer?edr&?2 g%@%ﬁ@%ﬁﬁérﬁgﬁﬁoﬁ%é llt?pleéfxfc%\}' aﬁ%ipﬁ‘acﬁ?ﬂ’?o“ée fragment of
AP as t hentibadiinogess onanflifhemdye monetmakgearibédiadixenplagdi Hama@ col | ection of
del eti on AUt 3. H ant i. bodi es pref b have .i sotype
specificity htq}srsrrg%rpilﬁo Isér(gfge%?f%a r|l%lrfaﬁeW§{pE8%€8ﬁ)°§¥lb¥Hﬁn%%¥€ appr oach and
an exenplfmgpentalf \pfas sieGmnpadgameind/SBAZerdenidpintibédes dghindtRicsliapeH ach have
been descdrei ped b%n@fzxgek% et al.,. Hybridoma 2;361-367 (1983); CQestberg,
U S. Pat éft RbMU4 55086 703 gntEegice piglieradty Bave 1sotyge mreeidistty munem4, 666 .( each
of 130whilghl.iis incorporated by reference in its entirety for all purposes).
The anti body- produci ng c%l l lines obtained by this nmethod are called
triomas, because they &tk !1TigEadMathpdaloryom three cells--two human and one

mouse. Initially, EherBatiseppry@hQRBad bReipldyPediUS 8 Wribr @pﬂﬂﬂ%rﬁﬂé yrrp?ﬁcyt e
as e :

to obtain_a.non-a tibog - py oduci ng_xenogenei ¢ hybrid cell, "suc
SPAZ- 4 céf ﬁ“ﬁ %Pﬁ@a‘g‘e%ac‘f? %eédfew%&g)?ﬁéﬁi@fg %t&br@br?%@a%ééééﬁ di983)20 cell is
then fuselbsihefghUSnPitenTivg, 2,684, bouTan BrdlanBaRoay U BRnP Bl Bbs @n 3t i body-
pr odulgl nQThticrh' oma cel | hl n Tri.omas ha?\{rgqibeen found to produce anti body
more ‘st ably "t HHPERER éf%crﬁ9ifrlpﬁéﬁ‘ﬁ§e‘ Sl PRPATIIU ENS 28 @had¥-  The i muni zed
B- | ynphooyddesingead! 1ot abiiaed by oms rhdiodaro@ded #10hREMecaukyiiRarfodes or bone
mar r ow of n nor..lf anptibodies against _ a specific antigen 25 or
: deRe AT RO RO Lansl g n g ? ty.é‘]g
epi t ope. are desi radef £eUss T RIRABT 8ng BOse IfRAlY: amergamelomadirt ope
p p . v
t her eof fipfused with a human B-lymphocyte to obtain a non-antibody-producing xenogeneic
hybrid cell, such as the SPAZ-4 cell line described by Oestberg, supra. The xenogeneic
20  cell is then 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 blbod, 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. Immunization can be either in vivo or in vitro. For in vivo imrunization,
B cells are typically isolated from a human immunized with A, 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 patie.nt 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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i mruni zation. | munization can be either in vivo or in vitro. For in vivo
i muni zation, B cells are typically isolated froma human i mmuni zed with
Al,3, a fragnment thereof, |arger polypeptide containing A or fragnent, or
an anti-idiotypic antibody to an antibody to AD. In sone nethods, B cells
are isolated fromthe sane patient who is 30 ultimately to be adm nistered
anti body therapy. For in vitro inmmunization, B- |ynphocytes are typically

(exposed Ito ant i gefhé ﬁmma?m-g@wgcﬂeﬂaﬁe ﬁgy&ﬁiame@ogmlmé Hybirﬂdfz‘cgll %’_{ﬁ:h RPM - 1643
see Engl upr su mented wt % human pl asma. = 23 e i nmuni ze
B- | ynpho ?‘?2‘?’%5% F@%@?ﬁ ‘getﬁ‘r’ge%%@ﬁap@’ IFERLATE BFateditnt0-35% SPAZ- 4 by wel |
klnownl rre;:dnmglenEcgtycemeel,oo%-heooced dbgua}"edagfeeaC?ﬁr wotshs-wrgﬂil)g@eu@ol ytéte Ihly | ene
gl ycol of MW 1000-4000,. at about 37 degrees C, for about 5- m n. S
are sepaﬂfaf%’a’afﬁ%%rﬂ“tﬁiéﬁf%%mm P ﬁta‘?ﬁ’r‘ﬁiﬁéag%?[eéﬂvqfﬁr thedssifedel ecti ve for
the desilybadS(ely,HATS AH).0ClonddAdcreingAlYiboGkReR g $RGEREATinaRE i bodi es havi ng
t he require?.bindkp?. S ecificity are identified by assaying the trionma

cul t ur e FEANTR, FoiicRiednyiaeype ths tBehg chigire medug forghe sbiliGrimbing fer eof .

Triomas m-eﬂmgﬁ@ﬂeqhuﬁmaf.mﬂdnta@?}oﬂﬁcihgm_gn If@odesialng thexRGrddl i City are
subcl oned b¥_the limting dilution technique and grown in vitro in culture
medi um SPRElER Bedbeloned by theEmbisedilneen gekniqusand grewn dnjvitroin ¢liareabi ity to
bi nd AD QL4ifm1@nf LRYNERY iERSHE 4 2~ LR, genelically stable
t hey do nof pr oduce antiﬁodies gta Jé?ﬁ&%?%ﬁg eggﬁ?agé%%ﬁgiéan | evel s can
be i Htr efizgagnpipersboni ng anti body genes fromthe trionma into one or nore

expressi on vectors, : 1.1 I I manmmal i an,
bacterial or, east% lt(}:]e ‘f‘?ﬁ%?g%@?‘%}%%gﬁ% (rgilroé1 oﬂ%ﬁquﬁ%%@ﬂo%ﬁ}gml S Human
antibodi%%yb@é#ﬂgﬁ-E(Ef®aml%k§6mbbﬂbﬁ@ﬂu@éﬁCKMbwmmﬁwdhenEmﬁomnunsgenic

‘mammal s g o bhANSAGEE r&%mw&s%g'ﬁﬂ&&mﬁnﬁg@% hﬁ%ﬁaﬁm[‘“”a”

i mmunogl obul i n | ocus. Lbﬁally,_the endogenous 1 munogl o ocus of such
20 tr ansganmelisphipiaria! pryeqsypitlingpal |y i nactivated. Preferably,. the segnent
of t{we human i munogl obulin I ocus includes unrearranged sequences of heavy
and light chain conponents. Both inactivation of endogenous i'munogl obulin
genes and i ntroduct i on(ofTrasgedeNersiumsmMesghabul i n genes can be achi eved

by targeted homol egous antﬁ&gfam?éaﬂ@f AQ Ran Do pé’prb(ﬂ!céé)g&'ﬁglbrgﬂurggn »YAC

chronosones. The transgeni c manmmal s
transgenic mammals having transgenes encoding at least a segment of the human

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 rearranging 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 capable of functionally rearranging the
i munogl obul i n .conponent sequences, and expressing a repertoire of

anti bodi es of various isotypes encoded by human i mmunogl obul i n genes,

Wi t hout expressing. endogenous i nmunogl obulin genes. The production and
properties of manmal s having these propérties are described in detail by,
e.g., Lonberg et al., W93/12227 (1993); US 30 5,877,397, US 5,874,299, US
S5, 814, 318, ié&rgysZ%l@%tl-,ﬁﬁ aﬁt:g&@eswobtéﬁdﬁnng%ug% MBinsgene33, 425, US
5,625, 12 US 5, 569, 825 S 5, 545,806, Nature 148, toa 71553 (1994),

Nat ur e @W@@hmmawyl suth %Q@C%@@@%)Lonkughemwdapan MO QWith@Pak a( 1991) (each
of which il diSe ¥ al | .purposes).
Tr ansgen?%ér%ngg]gggp%%%g%%t%?% dge:sl e u[5 a%]e bqry A Smg%cealgfr?%osallgs are

obt ai nedmblyxmam’mmltzblnglyalomaan&geqslusmgmommmmmal Wﬁm&i‘%;lst&u&d@hﬂﬂogj’escri bed by
Lonbef g , rrent oL ereof . Monocl onal
ant i b%dl gém?gjg&%{léxﬁpﬁﬁho%gs%glso%#n%v edméhceqrﬁn err%% S h}humall?ﬁn’rral s to

sui t abl emmyehmd&vxtbe.hllmtnun@smusgm Opmhylsoﬂqbolyédﬂnlabmmhd)dlstcen be t echnol ogy.

5 H t b d t h f
P om hurene i OB R PN o g PRt MDY Such

pol ycl onghkgeaant i bod| es can be concent rated by affinity puri f| cation using
AR or other anyloid peptide as an affinity reagent. 10 (3) Phage Di spl ay
Met hods A further approach for obtaining human anti-A(3 antibodies is to
screem a DNA library (Br)mmhgumﬁplaﬁw:ﬁiolds according to the general protocol
outlined by Huse % 246: 1275-1281 (1989).. As descri bed for
tri oma met hodol ogy,ﬁlgge(fﬁp@ b PLODITIAS UM AnE- AR 8PP YRS i5 thIFHEA 2i nruni zed

with A 3DNfArIﬁgif?ﬁbﬁnhubﬁﬂ@%ll@&ﬂcﬁdﬁ@ttb @ngeﬂesalgﬁ&t)ﬁl Bhtngedﬁ‘e(y?;-ggé ef I gg;rent s or
cells are o0Dtal ne roma

antl-idl pi C d t|o uch

pati ent C’F’é“%? % fezlﬁf/(ltgg8 rB’(b?:lS}a PeBadgieny: suchBiebodi es

bi ndi ng &4 bAOBtafied ﬂoxfnra&ﬂﬂﬁﬁl'imﬁlhﬂﬁéiﬂfnﬁ@ﬁsg ﬁ@hﬁﬁttSQGnge§§&y§éﬂﬁ§e% encodi ng such
anti bodies (or a binding fragnents) are then cloned and anpli-fied. The

pr ot bt ol CHERRIPS 6@&r Byemanser pati-idiatyrie pritbodisy eOrtfoply, svrh B ¢lleambi nati on with

phage- di sphiay ﬁ&@gﬂﬁiegg\yho 1§%ﬁuma@e to re AVt g&y%ea@lent Mbg&é;JZ?l and
McCafferty et al., WO 9 1047, US 5,877, 218 US 5,871,907, US 5, 858, 657,

US 5, 837bindipg tas &7 wfzagmntah%m@f asselpcE SeBenqes andeding sydhiaohibddiss (4mcor por at ed
by ref er epggink 'ﬂ'aéﬁ;léﬁtsg etk Yonel 96d AhbrifRur i?f?é;%%?ocol scmg@@ ;g&g_ hods,

|'i braries of ~“phage are produced in which ers displa fer ent
ant i bodi B8desef merecfficingt iBrcombinptiqneyith phage-display technology. See, e.g., Dower

20 etal, WO 91/17271 and McCafferty et al., WO 92/01047, 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 reférence 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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Anti bodi es are usually displayed as Fv or Fab fragnents. Phage displ aying
anti bodies 25 with a desired specificity are selected by affinity
enrichment to an AR peptide or fragnment thereof. In a variation of the
phage-di spl ay nethod, human anti bodi es having the binding specificity of a
sel ected nmurine anti body can be produced. See Wnter, WO 92/20791. In this
nmet hod, either the heavy or light chain variable region of the selected 30

muri ne ang i a starting.mterial. .If, for exapple, a |ight
chain var F%‘%ﬁgyﬁéééﬁgﬁ% %Srgaeriaé]%?dreh maag heme DRRPRIAYC Frgtoar %Pg?g& phage
library i shavomsstrong spedific bindhigdbr Apéndes seash 9P had/preRebsadeabtilghts'shai n

vari abl e ion, (4.e.. the nmurine starti.ng_materi al and a different heav
chai n var gsgsgqegtedr'(eg}eglﬁi.mﬂ'ﬁ%a égﬁl}?vﬁ?&%ﬁe&}a’? ff&%‘i@spg@%)ed% SEV&S B3 obt ai ned Y
fL oma |i Islaraimgnmferial_et”fal_rafoabstg_ &ddpgwﬂ?(mc%g@(/li&’a@l ﬂnwﬁfiitﬁ%,eefggg}&aggs. Af phagle
showi ng stron eci fic ndi ng .f or (e.g., at |east an refera

at | eagt %E‘é@a%%ﬁﬁ?”‘ﬁeée%wb&‘f’éa’? bﬁ'ifg’ﬂﬂﬁ‘eﬁ’rtﬁ%%&?”d@%‘?‘ﬁe%%?m%IfEStlroegi on f rgm
t hi s phagdisplaglibrag) seis differant liphe¢Hain@riaBit edgichl TheligkQhahhagdbing a further
phage libgearo¥‘. I n tthigfl i brl%r , each ph(?lge .5 di splays the same heavy chain
variabl e [€rdFeCPaped fppa fé%? Shrergrged Pmap yarghle diglt dhpingegiongi spl ay
library) assinghdd shewmR istrongiptcifBindinY #dr Ak Esel RO Thesl BEad id%Elta chai n

vari able regions are obtained froma library of r}earrangeé r’r%n vari abl e
light chal'fi VR@RioR&ons okgampletepriugranshiovifraptisedion I hsppeatibodiesisurtyng f or Aar e

sel ecigd. haﬂaer&esaﬂbagﬁmﬁiusegkt% SS%%?%EQ%LE%@}&%W’%@% .gonpl etely human

anti-Ap anti bodies. These a e same or simlar
epi tope specificity as the.nurine starting material. v. Selection of

Const ant Regi on Thg, @@@&yon%@@oh;tg{ghe%ggi n variable regions of chineric,
humani zed, or human anti bodies can be linked to at | east a portion of a

human constant regildahearnend ight chedn wasiable regiorstadphimesgi umadépénds, in part,
whet her  apih80dybsRRRAIENEEE B TR, ?tml#o% rﬁ&'ak Uér%%nﬁ%g'o%%g toxicity is
g

desired. For exanple, isotopes |gGl ar?d 3 have conplenent activity and
i sot ybes FhyEss o repsiapicazian densds, msitcwhastieranidhogpdepadericgopleméritect. passage

of anti bogha/drRbuirhedRididhiciUTBR kS Of HREhHS ilo f Erneh b ht chain
const ant g(g@jl ons can, be Iar}%gg orlkappa. E,iA\nltgi ’Booé?%gpgccgln&gé&e%x}ba'ﬁgssed as

t et r amer sCORPIUBHE ATINIHEN SRSy ReS §E2 anddePheo RetaGhaiseaifisotypasansdear at e heavy
chai ns, | k@&t pa&h&_@i: BSantia&dyHatd, the tFr@xlﬂ' Hﬁfxﬁ!@'isb%npe_ iEﬁefé?'Fed._aﬁigﬁi cﬁxglne_ chain
ant i bodi eg 1n t\/\/m.ch hegvly %nd |ight chain variable” donmains are |inked
t hrough a é’lﬁ AntIfeions can be fambda or kappa. Antibodies 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 antibbdies 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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vi. Expression of Reconbinant Anti bodi es 25 Chineric, humani zed and hunan
anti bodies are typically produced by reconbinant expression. Reconbi nant
pol ynucl eoti de constructs typically include an expression control sequence
operably linked to the codi ng sequences of antibody chains, including

nat ural | y-associ at ed or heterol ogous pronoter regions. Preferably, the
expressi on control sequences are eukaryotic pronoter systens in vectors

capabl e of 30 trarsteretbrResia vetlop et %Idaﬂﬂre%ﬁi‘ﬁl’eﬁgme%ogm%anﬁﬁlsl s. Once the
vect or has, been |nco@porat ed into_the appropriate host he host is

mai nt ai nSWEAYRICTEHY 52 Hiclipra of hepgst c OQWS‘PIE‘%}@NAeS?BW@@EﬁYm of the

nucl eot i eepreseigh @aLRS cortdifl sdldtbok aHRE! &8N aRPildsisiat@ldr @Byt
crossreacti Fgﬂ anti bodi es. 26_These expression_vectors aré typically

repl i cabFESPHCS PeRBE fetentignAf brge cels Fﬁ‘@fo%d@’ﬁil%@“‘érméé an integral part
of the h@aﬁ;e@hgormsorral DNA. Commonly, expression vectors contain

sel ecti on markers, ampici |l | in-resi stance or hygrornycin- resistance,
to pernit detecti cﬁw%’f ‘StOHBB‘@k%P‘FCshOtS‘r%ﬁWlﬂé’éefm forncleniag thediNAd DNA 5

sequencessqubnce£6ilthe fréseRTBvAMIOK KN Db, NOPLs R hieGil akly gseful for cloning
t he DNA sequences of the present invention. M crobes, such as yeast are

al so useftACFGR SerhrUBiEs.2 Poelerhrcrmoes Wit sgtabh@ét@pnsédwy@ast host with

sui t abl e exR6ski0h SorftdY il Genc S BE 638h Qf'reﬁf?&%fn‘? |ter§r%ﬂgﬁ'§eﬁﬁe @pan%rtfejegf lﬁk
replication, term nation sequences and I desire ypi cal

pr omoP er & fe3igedy Jepisal ;ﬂﬁ@@?fﬁfégr%r3aw@sn&°ab(§§atama@tanéuotbgr gloedlytia ¢ enzynes.

| nduci bl enzsyﬁlaéstlnauc@dlpye%g@réxﬂ&laﬂddﬁolu&mﬂ&g%%i fsmnmi&gf?&ﬁ feohgiom al cohol
dehydr og i socytochrone C, and enzymes responsi mal t ose and

ase,
gal act osgq’yﬂfoigf‘}ai%fsio@ﬁo‘mm’ﬁﬁwﬁi and gngyeids sesppnsitie i@r sfabese apd B@sthSﬁor expr essi ng
nucl eot i dglisggirents 15 encodi ng i mmunogl obul ins or fragnents thereof. See
W nnacker, From Genes to d ones, ?VCH Publ i shers, NY, 1987). A nunber of
suitabl e host cel M3TRUENCEAS & P55 er%eéépﬁf?rﬁgpreﬁsvﬁgawlehfedeépmmbus pr ot ei ns

have 1beeBnddeme krﬁrﬁ@xﬁbcvldbuluﬂfbr@xraFrgexgﬂgle}eeg: sbédng;vlggxek&ﬂ:}r?glsd;g}%§ to %nrsg%} Sust ESS

cell Iin a cells, L cel

cells &Cﬁgﬁﬁﬁﬁgﬁ NEISEDs & W%Ef%?%blF Best e¢lblines eatabls of saerdting| ude
expr essi Maccbmrblegouz(@rdiﬁmﬂs B&n cﬁUeQJSbeﬁSn B aﬁrdn%luﬂblﬂfg gd}gfg l:éIPlg&Be'éi)n a d
POt s BRI (een o) ol TRRL 1 B8R, (1R o

are nonhuman. Expression vectors for these cells can include expression control

20  sequences, such as an origin of replication, 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 transcﬁptioﬁal
terminator sequences. Preferred expression control sequences are promoters derived from
endogeﬁous 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 transgenic 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, caleium chloride transfection is commonly utilized for prokaryotic cells,
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ri bosone binding sites, RNA splice sites, polyadenylation sites, and
transcriptional term nator sequences. Preferred expression control
sequences are. pronoters derived from endogenous genes, cyto nega] ovirus,
SV40, adenovirus, bovine papillomavirus, and the 25 like. See Co et al.,
J. Immunol . 148:1149 (1992). Alternatively, antibody codi ng sequences can
be incorporated in transgenes for introduction into the genone of a

t r ansgenivheras caRiun@pisbsphuRsRALRIE, el@¥BpRESIONpd fiktibR&idishids ffvihihe transgenic
ani mal (éee e.%. . US %74%1, 957, US 5, 304, 48%, US 5,849,992). Suitable

t r ansgengs°t HElstrgton ik gs Sdor bz gllylar hasisg fthea matheds ysedipytrasfornai ns i n
oper abl emhinficHgrecalls ifthde He@®sBiolybncheepaRpReT fulibQ ThésoprEMary gl and specific
gene, sug]h as casein or heta. lactogl obul'in. The vectors contai ni ng the DNA

segment sS8TTPRBEPL P RUFOBECn4frsieEnsaly, Sembwok Bl hera)cEel by wel | - known

met hofls, pidepeind onGaBerih@ihUPerafizch@! dal b miiGRfected B0 feﬁﬁﬁg@b&yfeg,al cium
chl ori de tra_tgsfectl on is comonly utilized for prokaryotic cells, 27
[

wher eas 2R PR ACBROGRIARIR therasaeneat emipyenie tepsrlis inskihe nycippEachon,

bi ol i sti edls@ansférfedlintoRas@deiloagéecti on can be used for other cellular
hosts. Qther nethods used to transform manmalian cells include the use of
pol ybrene, pr ot opl YEE CFRIESBhantibodiss eardes purifpdecceigpertastantard and

m cr oi nj getddares b58e a8enet@h) ¥ipL SRR londhn chriiRS Aoy PR 5. production of
tranigeni c anj nal s, trarjsgeénes cgﬁlhble rrincrooi nj cec(?%g ‘?rﬁhg’%rti lized.

oocyl®s, elegioPpoyfsitand the bredene geestelivn Seorehe rawindtreifiadtioartbpryngai-Yegagem cel | s,
and the rNugheg2)of such cells transferred into enucleated oocytes. Once
expressed, antibodies can be purified according to standard procedures of
the art, including HPLC purification, colum chronmatography, gel 10
el ectrophoresi s and t heakiekeofcgge generally, Scopes, Protein Purification
(Springer-Verlag, . Ny, 1982)). 3. Carrier Proteins Sone agents for inducing
an i nmune responséO_EP(‘iﬁﬁ%ﬂtsrlfof W_é%%%fblﬁ}mwéeswseﬁ@rttwé)efaepropmaci ng an
| MU r gsSpREORe iigaing &t indideQbsdoste RS hit amPldid @pBsits 8 BB lsmbf +
i mmunogenic. In ‘thlltnsh‘s"t uation, a peptide i nmunogen can be linked to a
sui t abl e "UBYTORETS TMAIEURT PEFRUCKAMMIHIRERE CrRbprsdio asultttibtasigar i er s
i ncl ude ®eérlpmliait bithmntne kepiel SuitdbldReferd BIREY RRIMNalbhAIRENREEADUl T N
nol ecul eI? gthgr%o | obul in, OV€| bum n, tetanus, toxoid, or a toxoid from
ot her pat RBGERTRER Wpipoeiopih mulechlssniwweloqulinEovallyimin, tetpmiser a, or
toxoid, or a toxoid from other pathogenic bacteria, such as diphtheria, E. 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: HA307.319 PKYVKONTLKLAT

25  PADRE (common residues bolded) AKXVAAWTLKAAA
Malaria CS: T3 epitope EKKIAKMEKASSVENV
Hepatitis B surface antigen: HBsAg;¢.,s FFLLTRILTI
Heat Shock Protein 65: hsp65)s3.177 DQSIGDLIAEAMDKVGNEG
bacille Calmette-Guerin QVHFQPLPPAVVKL

30  Tetanus toxoid: TTg3p.8e¢ QYIKANSKFIGITEL v
Tetanus toxoid: TTes7.067 FNNFTVSFWLRVPKVSASHLE

HIV gpl20 T1: KQIINMWQEVGKAMYA.
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20 H pylori, or an attenuated toxin derivative. Ot her carriers include
T-celt epitopesl that bind to nultiple MHC alleles, e.g., at |east 75% of
all human MHC alleles. Such carriers are sonmetines known in the art as
“universal T-cell epitopes.” Exanples of universal T- cell epitopes

i nclude: Influenza Hemagl uttinin: HA307-319 PKYVKQ\ITLKLAT 25 PADRE (common
resi dues bol ded) AKXVAAWILKAAA Ml aria CS: T3 epitope EKKI AKVEKASSVFNV

Hepatitis B surfacgﬂfép&argépforlgﬁ%eﬁé&g &&nﬁﬂe%@]%u}#& RROGHu & ot ei n 65:
hsp65153. 171 DQSI GDLI AEAMDKVG. N bacille | mett e- Guerl n QVHFQPLPPAVVKL

30 Tet anu@’quéﬁ@éisl&haﬁssdl»@ma@vﬁmﬂmi@n@ﬂﬁéﬂ&nﬁm C@imné TT947- 967

FNNFTVSF IMM[&;;% 8 er carriers
for stimu atl ng %a?é%ngﬂﬁ%d%ng&r espons %ﬁﬁ%ﬁﬁ{ée% cyC{ t(;ékl nes such as
| L-1, | L-linked Hm:tpﬁ@s Peptrihdes, trahtpo,actogd tNBycs) ds-dQrib@MnCEMaharydWa heroki nes,
such as ,I\Q7IZ Q‘ﬂj nlc} BﬁNTES | munogeni ¢ agents can also be |inked to
pepti des that enhance ransport across tissues, as described in O Mahony,

WO 5 97/17613 andind@u@gedic 6dohts darrmlhnigadm canagehysheﬁacnlbﬁ:sslhhnkgd to

carriers h | . crosslinkin Techn e f | i nki n i rmunogen to
a carri erP%é}ﬁ% ‘?65 forqﬁlkm%? rf%rtnu%or%egp adcaguﬁrfrfcg‘ ﬁf ﬂ%ﬁ‘@g t@?‘ﬂg
N- succi ni lirikelgdsuSing El—qnymmidmydﬂ-Bk(aep)lnpylahxmpmpxena(téfﬂbB)P) mdmﬁﬁ@txmm gyl I 4- )

N- mal ei omat exane X e peptide lacks a
(10 sul f hy Iem?%%n)be,wﬁ 5?11“36J Caﬁﬁdﬁ?’féey é%@c)aﬁ I%CBﬁdeolla Kfacysteine -
resi due). suﬁhﬁkﬂ gr@@gthrstcen bepeaided by ﬁdeﬁtldnfdfd@ydt&mH«ag&ud)etfbi&ePeagchﬁsmsel ves and
peptide cyst rotein, and, an am | i nkage through the s

-am no on a #glgur%é&sllr&a%eﬁ?pweef’ %% lme%ad’déff%tﬁiﬁ Y HBY Wé‘lde 8rthds. A
vari et y odnd$uaimddil'&hdgfe|t1deu$@rmde-afnﬁhmmglyaxge,r¢t- sthad Beed@FRE bRl inkyhdr MTUN.

at et HARTRAIE & LR a T SR T Or RO G IFETECENTPER M ng agent s
are comeRai &, 1§5 §58L). axhe bifaneionalcdousiigragétd forts a@ifib@hd rather than a
o ARk S5l POPLOMESEL 6 80 0, and 2o Loddgeet paeid.
can be acndvat e rdmytmm@ﬂarsmfﬂgnimeﬁﬂmﬁrhxc atig -Brofflote1iOkcid, and 2-
1-hydr Oxylloac?acé-“ acx(a f‘ (N-maleimido-methyl)cyclohexane-1-carboxylic acid. The carboxyl
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 p‘roteins with
carriers (i.e., heterologous peptides). The immunogenic peptide can be linked at its
amino terminus, its carboxyl terminus, 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 carrier 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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sul fonic acid, sodiumsalt. 20 Inmmunogenic peptides can al so be expressed
as fusion proteins with carriers (i.e., heterol ogous peptides). The

i mrunogeni ¢ peptide can be linked at its amno termnus, its carboxyl
termnus, or both to a carrier. Optionally, multiple repeats of the

i mrunogeni ¢ peptide can be present in the fusion protein. Optionally, an
i nmunogeni ¢ peptide can be linked to nultiple copies of a heterol ogous
pept i de agénsy oftbe iaxentioh egmprtsedoplhrafityeofiemad o€at Nrtaiminal efgnteheofpddpt | de. Some
carrier i : o _.in e a hel per T-cell .response.agai nst the
carrier lﬁgg‘{t"}tg‘g&.sc %h%éynﬁﬁl%uoggarﬁg%ﬁé)?y -%g %rpleﬁ“det t}lri’ ﬁﬁftﬁxgﬂ%aé a B-cell

r espons draggantres t ftiherparmethingenticfipepipraend sontesichel begil3at Apr-8iagd  pepti de.

~ Sone agents qf .the inv i Qn. compri fusion protein in which an N~ 30
terni na‘len%?aégr%i"}t : @fﬁqﬂ(egtﬁllg }an{;gua’égf?‘f% Pesferedy Hroginplfragment 4l er pepti de.
In sych A'J;Q%Hxﬁz,ﬁlSi&K‘ﬁroNﬁs?Eﬁﬂfk@d}éf?&&it@lu&’:rxﬁifnal_tQﬁmgrﬁ@ in t8fded) FoLONSti tutes
e

the N-termnal residue o usi on protein. Accordingly, such fusion

pr ot ei n$xaprle.cffigen prptein ¢ancordpriseeP lah fallowedd by ABhdtfolldweddytro an epit ope that
require phal residue of ARto be in free form Sonme 29 agents of
t he invzﬁ%ﬁgﬁ%ﬁ%gyges a plurality of repeats of an N-term nal segnent of
AP |inked at thelnGotnefusianypsottios, andN-erminelrsegieapyf AP iafivad atieN-pept i de. The
N-term Qéal inaflgrgdqg%r}lltet of All incor%%gir ag_gd i nto sucg usi,oar} roteins
somet i nee THEG RS C AFCIRTOAECS SHIFT PERIES A0S spReVaqifty oANtemminal seements 1 4 1.5,
and 18- 7 ciA@® cpn bé eved eslwith Catmiind fusionagrdpie fodiodprileins cSpRehuSi on proteins
conprise different N-fermnal_ segments of A(3 in tandem For exanple, a

f usi on 8{%?%9“%%%“6%h*ﬂ?e?é%thi\t‘ﬁwmrsoqﬂaa%k&naylalﬁe@me@0f6i54v6wéus by a

het er ol QE BMSliReRtd 6jrf‘e-orlrr_l'bresﬂlqﬁiof)élﬂ-@?mmap&gjn@ﬁsoﬁﬂﬁ%t&ﬁfem nal segment of Al3
is fused at its NN termnal end to a heterologous carrier peptide. The sane

variety of ‘N-ternidmi exsegleent ision proginsariteiinfdyasais & imeniigntare C- t er ni nal
I O el e R S T ey
~or nidr e tawdl epinpat suRh eedaviribad insléy AdAE.§1HEPARSIBAL taiiiRe4d7, 380 nBorexanpl es of
these ooy o ey oy RE e et Sk Mk o L B W s 15 toxol d
epi t opes-Badh2-aSoreekaterploaats peptidss ¢ 218G esd X -caliRrpBAB;.88 foraavdethiisd 27, 347. Sone
gg:t?:’]bgléé)%gght&%r a%mgt'ra%ﬁﬁ is%ﬁugﬂ?gts&gfgffu&rl proieWﬁ’h énOAlgge%Her%rlinEgc}) tides
to a heterologous segment in linear configuration. In some methods, the agent is
20  multimer of fusion pfoteins 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 bfanched structures are
25  produced by initiating peptide 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
examp.le,zfour 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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5,736, 142. Sone heterol ogous peptides are universal T-cell epitopes. In
sone - net hods, the agent for admnistration is sinply a single fusion
protein with an AR segnent |inked to a heterol ogous segnent in |inear
configuration. In some nethods, the agent is 20 nultimer 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 nost preferred. Wen x is two, such
a nmultinmer has four fusion proteins linked in a preferred configuration
referredwﬁﬁndﬂiJ¥§P4 (see US 5,229,490). Epitopes of Al are underli ned.
The MAP4 configuragtan i s shown bel ow, where branched structures are 25
produced%ﬁﬁ@d'ﬁrfiating tide synthesis at both the N term nal and side
chaig ami nes of |ysine. Dgpending upon the nunber of times lysine is

i ncor porpgpd Lnto the uence and allowed to branch, the resulting
structure will prpgert nmultiple Ntermni. In this exanple, four identical
N terniqu@ﬁye/ﬁéen produced on the branched |ysine-containing core. Such
multiplicity greatly enhances the responsiveness of cognate B cells. 30 30
Peptjipde Peptide KGG 5 KA Peptide KGG Peptide 10 AN90549 (Ap 1-7/ Tetanus
toxoid 830-844 in a MAP4 configuration): DP. EFR HDQYlI KANSKFI G TEL AN90550
(AP 1- 7/AN103A% AR bXOictnoupx@é §30-#4an mARAPE oerifigyation)i on) : 15

DAEFRHOFNNFTYSEVERVRIUSARHLE ANBDS42 (Ap 1-7/ Tetanus toxoi d 830-844 +

947-967 in a l[inear configurafion): :
DAEFRHDQYI KANSKFI G TELFNNFTVSFW.RVPKVSASHLE 20 AN90576: (Ap 3-9)/ Tetanus

t oxoi d B4 (A - bg at:l . | KANSKFI G TEL Pepti de
onor | pasRu3sd £ ?@%ﬁﬁsﬁ%@{l paHESHh Ak ap %%‘E’?ﬁéﬁ?‘% ons): AN90562 (AR 1-7/
peptlidde) AKXVAAYKLE BKEYNDAE FRRRDPKVSASHLE

'AN90542 (AB 1-7/Tetanus toxoid 830-844 + 947-967 in a linear configuration):
DAEFRHDQYIKANSKFIGITELENNFTVSFWLRVPKVSASHLE

20 AN90576: (Ap 3-9)/Tetanus toxoid 830-844 in a MAP4 configuration):
EFRHDSGQYIKANSKE‘IGITEL ’

Peptide described in US 5,736,142 (all in linear configurations):
ANOS0562 (AB 1-7/ peptide) AKXVAAWTLKAAADEEFRHD

25  ANOS0543 (AB1-7 x 3/ peptide): DAEFRHDDAEFRHDGAEFRHDAKXVAAWTLKARA

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

30 DAEFRHD-ISQAVHAAHAEINEAGR
FRHDSGY-ISQAVHAAHAEINEAGR
EFRHDSG-ISQAVHAAHAEINEAGR
PKYVKQNTLKLAT-DAEFRHD-DAEFRHD-DAEFRHD
DAEFRHD-PKYVKONTLKLAT-DAEFRHD

35 DAEFRHD-DAEFRHD-DAEFRHD-PKYVKQNTLKLAT
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25 AN90543 (Af31-7 x 3/ peptide): DAEFRHDDAEFRHDDAEFRHDAKXVAAWI'L_KAAA O her
exanpl es of fusion proteins (inmunogenic epitope of AR bol ded) include
AKXV AA WILKAAA- D AEFRH D- DAEFRHD- DAEFRHD DAEFRHD- AKXVAAWTLKAAA 30
DAEFRHD- | SQAVHAAHAEI NEAGR FRHDSGY- 1 SQAVHAAHAEI NEAGR

EFRHDSG | SQAVHAAHAEI NEAGR  PKYVKONTLKLAT- 1) A. EFRHD- | ) AEFRHD- | ) AEFRI | D
DAEFRH D- PKYVKQ NTLKLAT- DAE FRHD 35 DAEFRHD- DAEFRH D- DAEFRH D- PKYVKQNTLKLAT
31 DAEFRHI) - DAEFWPRMMM-P@AEE@%&EE)&VKW LKLAT- EKKI AKMEKASSVFNV-
DAEFRHD: DAEFRHD. DARERIE VR ASRE| Tk el PR

DAEFRHD- DAEFRHD- DA g Y RSy SASHLE

DAEFRHD- QI KANSKFQ@M}EMSEN&ETEB@WMM%@EYEESAS?&%#AEFRHD ‘
DAEFRHD- QY1 KANSK ElL CF S

DAEFRHD- 8YI KANSKF{)gE‘ B %@EWP @‘(H@"flﬁ%@& Tk Lys ay- Qys

pept isde EQVTNVGGAI SQAVHAAHAEI NEAGR (ﬁymm@mkumeAgggjge; E :j n %LSI NAE 4
configuration) Th or rier_proteins and net hods of |inkage
can bg used 120r §éﬁ§@q ﬁ*ﬁﬁlﬁ FEREHE D TISEG Y e KAk Bn of

ant i bodi es agai nspABRRH- Q%MNBM@S@L@NNPW@FMRWKVERSHEEMW e, AR or
a fragnent linked to a carrier can be admnistered to a | aboratory ani nal

in the production of nmonoclonal antibodies to A 20 4.PAKERBD: Acid
Encodi ng Ther apeupAS-rAgLMyS KANSKFIGITEL on a 2 branched resin

10

peptide ~—
- Lys-Gly-Cys
peptide
EQVTNVGGAISQAVHAAHAEINEAGR. (Synuclem fusion protein m
15  MAP-4 configuration) .

v The same or similar carrier proteins and methods of linkage can be used
for generating immunogens to be used in generation of antibodies égainst AP for use in
‘passive immunization. For example, AB or a fragmeﬁt 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 AP peptide, and fragments thereof,
other peptide immunogens, or antibodies and their component 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 sequénces are often cloned into a
vector. For administration of double-chain antibodies, the two chains can be cloned in the

same or separate vectors.
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| mmune responses agai nst anyl oid deposits can al so be induced by

adm ni stration of nucleic acids encoding segnents of A(3 peptide, and
fragnents thereof, other peptide i munogens, or antibodies and their
conponent chai ns used for passive 25 inmuni zati on. Such nucleic acids can
be DNA or RNA. A nucleic acid segnment encoding an imunogen is typically
linked to regul atory el enents, such as a pronoter and enhancer, that all ow

expression of the mﬂb’%@@ﬁﬁ@lvéﬂoﬁs@ﬁeh@&x@@dﬁﬁbﬁ?ﬁ t!r%v?ralosfyst pati ent.

For expression_in blood cells, as is desirab i'on-of "an i nmune
r esponse fepridrderie 4T wRRafwe Oré Gitnsit Beveiopm, Ilp§~h99 6{9931@@@0@@. n

| unog| ekdibrs e, (g @RSt A, I MRI AW SHRY 8993’%@%@%"%&3% YecBEOTD" €1 and

enhancer are sujtable to direct éxpressioi regul’atory el enments
and codi f§S-Seqddnt el af &xpiieh 129.d864(i0AH viral Yestoroirom ﬁmrpoafhrmlm stration of

doubl g-c h@ldﬂlr@%&&@ﬂhﬁ%:ang hﬁ‘: a%@ﬂ pSJZ'@fruns%s CAR REof fpd?r?g]e a same or

separate vectors. 32 viral Vector systens a e avallable
i ncl udi ngeEFYH thase @Vﬁfbﬁﬁ%’n S(@éé ang SgmikilFavast Birassl(sqa) mgn Dutnsky Opi n.

Conet . e 20yroh7o OG-0 ISV AIEAL ALy BE AL L3R, -0, Bett et

al ., J V'ro 67, V|rus (see, e.g.
Zhou et &643.579) a@(’ba %@USC&?QCII ap BT cylarFod)atitis vmsa(lseewé@%nss:ﬁr)mm t he pox

fani |y 5@%@%@@% G5BT e 34530 POKsVifuses. A ral vectors

fromthe aI ha virus enus such. as eriv and .Senl i ki
For es? \PH/Ls@8 apdiso &eBygndsmmy, Herlsicydcidst Real 24, 2630- :mz@om%)zo 508-519 (1996)),

Venezuel an equi ne Iﬁ\n‘?@r&%‘xlnh%ﬁm\ébﬁ&é% (&g&ﬁl@ °ﬁ§%g§%ﬁ /8) .and,rhabdoviruses,

such as vesicular stomatitrs virus pa i FI onavi ruses
(Che et BackageiifieHrasemes. Fyitablplipigs aBD5laBdan¢l0S0E) glelehedbyUSI , WD 10

94/ 126295 angloK, 806456 18! SOASER anhUCIs811§5 AGLASs 2RPSNA 630-2622 (1996)).

DNA encodi ng an | nmunogen, or a Vector containing the S&ne, can be
packaged MRS 136 2lsprbe adseiped H’dl’reﬂsmcﬁieds*'lélrmnrcelaatcemeanataogks af e descri bed

by UH 5wBQ51rQB:@e p&y@@ﬂyl%acﬁllﬁz 80@%\35%98&%’1%&{%’6}?1’% o}/?ﬁ%u Sco—a nd DNA

encodi ng an |nnunogen can al so be adso 0 Or asst
par t i cul BYePldeYrSER £ &, MoGsast ds JoictE Engarct 99ic| ude pol ynet hyl rret hacryl at e

pol yrrers and pol yl@ﬁéﬂh&l@ﬁyf"d%d)rsp@:lr}é(d:@ENACL%.nGQdehvglleM?rpwl@E‘}s , See, e.g.,
McCGee e da 96) . Gene therapy vectors or naked DNA can

be del i v%r”&ﬂ‘sﬁréﬁ‘o{} %’laéz‘wdagr?f*h?f%,ttqulbrmsmstawc.aﬁrmmﬁtrm (egatient, typically
by syst eimirgveacin iﬂtrS;ieh&inszmaéﬁ hstric, inﬂﬁdeggﬁn%iﬁmuécﬁw ARRELLOREal . nasal,

gast .'Ed ¢ m%rgctrgnél‘g fJJ;a o) o{' Q)E){calrgfl)gﬁgaltlgg (sees leJl 2. USrEBB 99,346). Such vectors can
further include facilitating agents such as bupivacine (US 5,593,970). DNA can also be
administered using a ge’nc 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 explanted from an individual patient (e.g., lymphocytes, bone
marrow aspirates, tissue biopsy) or universal donor hematopoietic stem cells, followed by

reimplantation of the cells into a patient, usually after selection for cells which have

incorporated the vector.
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20 intracranial infusion) or topical application (see e.g., US 5,399, 346).
Such vectors can further include facilitating agents such as bupivaci ne
(US 5,593,970). DNA can also be admnistered using a gene gun. See Xiao &
Brandsma, supra. The DNA encoding an immunogen is precipitated onto the
surface of mcroscopic netal beads. The mcroprojectiles are accel erated
with a shock wave or expandi ng heliumgas, and 25 penetrate tissues to a

depth of Iﬁe‘égrre@rlméfﬁhdlbo!d%?Jr%leaﬁgé P@%lﬁ%l e, The Accel TM Gene Deli very

Devi ce manufactured by Agacetus, ddl eton W is suitable.

Al ternatively, nak&e theanmp’ésssm@tmdm@hcrsmmg anrengbadydoncvoty ist r eam si npl y
by spot ticngrihhe JNAia E}ﬁosn%k ofel Q}t&gﬁmr%@ocﬁ{ed Ifgf‘nocl: a0 &m kfritation (see

WD 95/05853) .  In & further variation,” Vectors en nogens can be
del i ver edvhigh clgging egtivity ésdesirado Toseretn fasaﬁeﬁtvsg@nqmlaamnﬂdxdfdlemtm i ndi vi dual

patient. (gqQ- smblmnp&efrmfagarzﬁt wiPAL szym%gp{i sgagggmtgnﬁé We Ry 0PSy) or

uni ver sal donor” henmat opoi eti ¢ stem ce r el rrpl antation of
t he cel | darving ehaaacmlﬁiwaﬁtzhelmmaﬂyﬁka?nsecronmieé@uﬂmhagaoynmllk Beavihg e have

i ncor por %?Qzeﬁt@? Sl}{&&té%lcro ﬁal aélfs FeSE0L0E, LAL! ROG esac;mfxéx} g{ : C?t C‘C;[ :,]VI ty

The invention provi screeni ng an antib

cl ear i ng Tha pagog) e tllsleqd=i aprioranacwtuston e celahibe, geh, as @V-29380B4, at ®HPbi ol ogi cal
entity, fory i it esi red To activity
agai nst an gsx\{ﬁ th@"é%éﬁge Jtaglp%% SEr sés{)trflg”?gr?ﬁlaem’ %ﬁpaslbﬂ[ 3? ﬁa%‘? A% patient
with A zmpm‘eqops mhngleERS Iorsoranmaﬂmdﬁajnu}tmdﬁieacthas/aragaedhmﬁ(iﬁ paralid i C

Al zhei mer; § X tac hao tic cell.s beari

receptor, sﬁgﬁhgg%ﬁﬁ%g?%g%ﬂ' ?e%u?}g? ? %/mbm%urem HA &R %t é‘{agl n a rredl um
in vitro.can Rhmoyndgfoo yhe sspaetk Msli ana mmnacrpsqopard;tecudxtfumt aucteascel | 1 ne,
such as , met hods, the conponents are

conbi ned%\oiglgpédgn‘lé%%sog% HF 'é’sédt%)re%ea F?fits'%rfeé ofﬁ’cﬁﬁuﬁcﬂ?gtéé %d%r?éﬁﬁ oring. In
sone net hodsnt Oﬂaxlnyiom drpoaannheomsmarr&c@mﬁnbmnfe;:ktdrﬁngaﬁdsmlhbﬁelinei\mldehe wel I's of
a mgroti uch e m ni ature .m croscope slide
can Elg rr[l)%ﬁget é%wﬂ? roﬁ?eg 48 nle gr m8fe tg VSr‘fﬁ? dpgd Fac?nﬁféf@ﬁi on fornmat,
such as aEkgeSAardmmttcmdrbycsfaxrﬁ@ fcanxdne)mszeﬂhaﬂlroeéseemlbllgbgn@i a88ddg 3o Of

measur e unt inthe invitro
react i ogg’ o)%tolﬁhr%é g‘fonrg%tlotrfl loadeaqu Jase |aﬁeb° use @BS‘%%%LP%PQY PH82¥ eacti on has
pr oceedeadot bk swe a@nhemnnbodtyésmg mﬂedlﬁfr ctbaﬁhg\gctivhg AeatitiidntelatVtao anti gen

be d |y | abelled
;ﬁ?l bgdy%%feﬁ;lee er% ﬂ?c%x%&c:ﬁloggfthg gm%l??((i%ngosets fnvc\ﬁc&rc':s%ma huort%ﬂi)gnt {‘i ad; uged

for 0ai Aryieanag agivityaypuch antlbodles are likely to be useful In preventing or treating

Alzheimer's and other amyloidogenic diseases.’

Analogous methods can be used 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 biolog'i‘cal 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 bearing aberrant antigens, and

scar tissue. Examples of isolated biological entities that can be used include AP, viral
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not be the sanme as the antibody being tested for clearing activity. A
reduction relative to baseline during the reaction of the anyloid deposits
i ndi cates that the antibody under test 20 has clearing activity. Such

anti bodies are likely to be useful in preventing or treating Al zheiner's
and ot her anyl oi dogeni ¢ di seases. Anal ogous net hods can be used to screen
anti bodies for activity in clearing other types of biological entities.

The assay can be used to detect clearin activity against virtually any
kind of BPRCBYFOAUSENnPTASPEIYFSi THRER | Ofﬂ%éf PAtksgeRjf Bgroasganismg, Bohas sone

rol e in RAniERAs, @fid &lkkeHBd mdies@as SucH i @Aéﬂaﬁ%b@@t&n@@ﬁrb&x}ﬂatﬁﬂps&?&pr ovided as a
ti ssue sanp in isolated form fg provided as a tissue sanple, the

|
tissue sé‘?‘fﬁﬁ“gmﬁ%t CXHFFF%%BW“‘%FY%W yoeng Sher mearky Hedess sewplesrponent s of

the tissiwlateatnlegiedldndt iPo6Riatted Qﬁﬁbhﬁg@bﬁ& deleneaond o1 099 s@h A he
corrpogents incidental to fjxing | €s of tissue sanples that can be

tested i MPRAPESLE %V%IWJ: F‘ﬂ’dea“é an é’ékbﬁﬁﬁé thegteiiwsd in g éﬂ?@@stlhqu sue, 30

tissue C@ml&lcﬁ'ﬂeE@dQﬁHé Bﬂalcgrc@wnhsym&heﬁ%r%taﬁné% a%kﬁt% ? ue infected
wi th pat hgtgenlc m croorgani sns, tissue infiltrated vvlt anmat ory

cell's, tFe&Yelndhalaneisitaaionohsghiesis o it whetber thfeltlvdeelﬁaleetlﬁb’@ (e.g., fibrinous
pericar d'vfcbﬁc)u,sl yiph8gdéProbeBkiNge ARBER D uaARL YGRS o?&qf %ﬁ?/&% I ssue. Exarrp[ es

of i sol at ed bi oI ogical entities that can be use(il I nc viral 34
ant i gens 2¥togy i“li’ste%loglﬁ?‘lét‘@dé?%&ﬁ@ with ap gepgated andigprorarpedntestpeniith

M CrQor gesthsifer béfb&%ﬂdlﬂ?ﬂ{e'pg%%ytx@&ﬁs &ﬂt}%hpe'ﬂtrMn%?'ﬂle%%l rg?&? b @ptigens can

be obtai ned from natural sources reconmbi nant expressio m cal
synt hesi 8Yibiaysesiatetantgemy. PIEPRIE, IE3iiNg 15 Hpphadivae is tlllﬂ@ollnam@dcdblﬁol ogi cal

entity lsedﬁamha@ﬂedm%hfbre&ﬁ&mbh 6f &bt oRALs DG di 16 61 51%2 such as 5
nonocyt e mcraoglial cells, and an antibody to be te a medi um

The anti dﬂ'fd’“"b’é‘ﬂlcbtésH‘Flaé‘é'%oéﬂh%sc?%IWEHEF%P@@FWSeﬁ?MtggemMr test or to an

antigen assaftdbielbgivhltditityif corfitictiby with tHeap Ry EL 11§ L@ e object is
to tggt \i\%gt her the bi ol 33. ca I? enltl ty |s%3}%cgr| gus Sy p aggé? l(Q)sedeth t he

ant i ual Iy, although not necessarily, the antibody and .bi ol ogi cal
entity (sonetines with an associated antigen) are contacted with 10 each
ot her before adding the phagocytic cells.. The concentration of the

bi ol ogical entity and/or the associated antigen, if present, renmaining in
t he medi v | sPAﬂemmMmmEmmemrmm in the amount or concentration
of antigen or the Passom at ed bi ol 0 i cal t he medi um i ndi cates

in
the an tibody has ‘& ¢1'54PFH *FESP @é‘%b‘&?ﬁ?ﬁv‘?%e aéﬂi‘i‘ﬁé’ﬁe%fﬁé}"br
assoép at eat showihg gymmbment iwel aé patiems piebdikly GRowihi ByifiendhagRcuid g cel s (see,

€.9., EX%%CII‘I]CI‘S glseasc) virtually anyone is at risk of suffering from Alzheimer'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 espeeially useful for individuals who do
25 have a known 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 6711 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, hypercholesterolemia or atherosclerosis.
Individuals presently suffering from Alzheimer's disease 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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| V. PATI ENTS AMENABLE TO TREATMENT Patients anenable to treatnent include
individuals at risk of disease but 20 not show ng synptons, as well as
patients presently showi ng synptons. In the case of Al zheiner's disease,
virtually anyone is at risk of suffering fromAl zheiner's disease if he or
she lives |ong enough. Therefore, the present nethods can be adm ni stered
prophylactically to the general population wthout the need for any.

assessme sk of the j.ect pati.ent e present nethods are
especi al ?‘?/) 'ihg%eggdp%erm?aﬁ vaﬂﬁgﬁﬁﬁﬁ%@&&‘fgqﬁvﬂfe e"l?%&fﬁ’r‘ aé‘éneti c risk of

Al zhei nedéscatidspiddeveblidhifynl prectiad & ADCInddedalResfelavicdlg rel atives who
have exp%(rgi enced . this di e(a?%e, and Itkkgose whose risk is determ ned by _
anal ysi s SeiEhedisEsoranslsg of dhsacied b ARRIRA crigraps disqratekét§e of ri sk t oward
Al zhei meExamplel se@me | ncl ude nmutations in the APP gene, particularly

mut at'gons at position 717 and _positions 670 and 671 referred to as the
Har dy” and Swedi sh TFAPRAIRLCPALHRS (@Yt cea Beginat an e/ (e-2hl IR0, 3Qpra) . O her

mar ker s ofsudllyshovas e, 1Tk itk h@BSahNobbEin BEASER UntiNa BARESeadRS: 4o, s PS2, and
ApoE4, fa&d zphl story of AD, hyperchol esterol ema or atherosclerosis.

| ndi vi du§ BB pically eenilyigultipls fopaes hevera periodmf dises d reatmenbeanr ecogni zed

from chae aehiesrédby SsHapRRtbRAY, dSacwelidd Blell HEB-PHERGRRSsQE ki Sk factors
descri bed above. In_ addition, a nunber of diagnostic tests are avail able

for i dentifapPHity 3 (%& abBPetidaesatme 35 Unpesophestells. abbeste dpsasiar ement  of
CSF tau afactahR4E hevak %fpo@n%!lalt)gwgn'% dfsad pfaqgncfg, %n&%%ﬁéx@vel s signify

the presence of AD. |ndividuals suffering from el mer di sease can
al so be AMERFHYEY 2BpiniRA therapestiq 2gertdo diesneiber@d sliantly #feer bidkanpl es secti on.
5 1In asynptomatic patients, treatnment can begin at any age (e.g., 10, 20,

30). Usually, however, it is not necessary to begin treatnent until a

patient MeachbREABMERY REGIMES 70. Treatnent typically entails nultiple

dosages over a perh@ebpRfladii lichliGR! PRRhat R ' ayi ng

anti body, or acti va?egg{[i‘éé{xﬁp 60_r B E:%HI%I ?espg]n%gnsﬂgtglgb{l%eﬁ%ﬁg?%%ziti c agent

(e.gl? APHEBITUET Gvariet mscentible theorogepins riskibf, ¢ lzhainrss disease tosage i s

10 i ndi ca @dount FuftifientGaSIEniRkie PPLRMe!1Rd RO ] l&%@@n%r Ralyfots, treatnment

can begin an}g}nat ally tfy .adnmi ni stering therapeuti c.ogigent, to the nother or
P e e i |

shortly &F tsfseincladigenbrrpnemri sREA tatepie #ndfsr Sphryiosd sy mptaBpPs cat i ons,
phar maceuteidtsaasepiwaaﬁ@ii&aiﬁemaﬁnteﬁpﬁdﬁmmgiéﬁp}@hﬁrﬁa Brddbihlfichet 0
patient AR o% te}ltbolf%xetd?s’eas%r Ir? t&xre]rea;g\\ﬁxtgezxp;?i%catﬁéni,kco?rlcpbsitionzsré?Imrggircansts acicla Sease I_n
20  administered to a patient subspected of, or already suffering from such a disease in an
amount sufficient to cure, or at least partially arrest, the symptoms of the disease
(biochemical, histologic and/or behavioral), including its complications and inte'nnediéte
pathological phenotypes in development of the disease. In some methods, administration
of agent reduces or eliminates myocognitive impairment in patients that have not yet
25  developed characteristic Alzheimer’s pathology. An z;mount 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 présent ihvcntion, 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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an amount sufficient to elimnate or reduce the risk, lessen the severity,
or delay the outset of the disease, including biochencal, histologic
and/ or behavioral synptoms of the disease, its conplications and

i nternedi ate pathol ogi cal phenotypes presenting during developnment of the
di sease. In therapeutic applications, conpositions or medicants are 20
adm nistered to a patient suspected of, or already suffering fromsuch a

di sease i thegatienaivthuman &‘wfnfahﬁrla@,rb&heﬁ' &eﬁi‘éﬁtﬁms edm@istdr&fatd RRfd: fkloheRf rest, the
synpt ons of t

hi st ol ogi ¢ and/ or behavi ora
i ncl udi ng it ¥ Elagicfol??ﬁﬁpﬁlﬁ gfﬂﬂﬁ{nn PREGH Sradunga bhoioshiat mahealst ypes i n
devel Opﬁenicludﬁlgtrhﬁgdllsmaﬁﬁlalsbﬁh Se5TR: tﬂ@té&oﬁeauﬁgﬁ”'d&ag%srerﬁ%ds Re tf?xfaﬁgggnhot Jet

airment in
25" dovel oS A e 2P LRFE AlLEhET AR OLRTISFbUgpernarhatiat savonuate

acconp$ i sis alsb hémmpresdd, &/ith highérQibye 86ih Ere m%tlmtabke%c&'&fdd Gt
therg?);autl cal mp; pr oph Igactl ?aglkl y- géf ective dose. E‘ofgh prophyl actic

_and ther af)‘B?H“f% "}néﬁ‘FWﬁ%ge“ YJSAnPUIgrREON saRAtimes varthsifiomst- é@Oe;cg pen pgt@aner al
dosages uitidihordusit i 8000 LIRSk ASPRANAG AR BEER ACBEved  Typi cal Iy,

the i mmune response is noni repea dosagedhareayP f the 30
i mune r ebiplmdesesf é'r2trsgmnlwnen1sEfsécbcTychellle@1&ﬁ$1@&0150%&0!79@%&&@”5 of the

t th treat nt of the above descri bed conditions
\l%lref/egepef%l?E{r%{:l]Ih{t}gz(!)nnlfn tlon ‘j‘hg féf ent WpeEsp&lso depruds on the Mressadc of .

adm ni&t rimmgngenicapiete VSllt}tuethe pthnageago malmasst éftifindhodeR@s RahbeNt , whet her

x} aot her nedj cations adm ni st er ed,
ggdl ;[/vhe': Eap(?%wégpnédnlt% 5P]lsilim%rop y? “rl‘f)gg}lé EHEoPS pEISTLIor misTegray of t he pat i ent

i s a huneimniregero dhe tengmdimetions aanwhrudigmgichmmﬁ@ﬁah& d@pTBloacLan al so be

t etltrat to optimze safety and
Ea]t 1? ?E::gy &ﬁg&%ﬁ%ﬁ%%@%ﬁ@%ﬁ?@ dg HEREH R8s P \Aﬂ&“ﬂ%ﬁ‘eg YRpake 5 i s al so

admi ni st efosage lwrt&ierhhagﬁerg/mgage& ubaliygreaeOmin ﬂdp@/@aﬁ&@:f@@ﬁa%}ﬁ% of

n for adm nistration sonetines varies
1? (rjjolrJnVPSnt %Soha%mlmsrme({]a%é)%mggﬁ gQ?é’ﬁ“a‘Ianl‘I?“taB}‘rﬂ”jﬁ%O@a’glQS)e*g/mameetct| on for

human admnnhe@bsmta ddju@t.asitgial l—exg;msil cohiigher a:ﬂ%rﬁm%uén B115We I nj ection

d. ut .10 0 50 0 g js use for each "human
i et on P U8dReibaf B s BB e ndelsonmoibe wesn canst & - 10

I mmunoge rﬁncmepnmm foliawrid by bbKBtdr ﬁlﬂjwaegen 2tagd u henoi®s sat@f aAhfERENOgEN as a
phole.  TAbeALiisahud L 0oA0 8. SLompl 62 of, LTunogent ¢ epi fope are used
f or mcrog%1 4 iMinogeR - THE g ARty Ondoesis injeatip
si gni 35 caan bg/orf ¢nomag)ﬂmé>aas d;alydlcdtcd Wnaeni@dring of immune response.
For 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 admlmstered onmultiple 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 A 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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year, to once a decade. On any given-day that a dosage of inmunogen is
given, the dosage is greater than | jig/patient and usually greater than
10 g/ patient if adjuvant is 15 also adm nistered, and greater than 10

g/ patient and usually greater than 100 jig/patient 1in the absence of
adjuvant. A typical reginmen consists of an i munization followed by
booster injections at tinme intervals, such as 6 week intervals. Another

regi Nen qBRRsdesha fx@iuen@nvdtrﬂﬁbﬁhmg bﬁﬂaﬁ@l'fh@é"&f%@%n@@d}%%{e afingCli ons 1, 2

and 12 nont hs1 | at er men entails an injecti on every two nont hs

for Iife. BN e}?‘}?’aﬁnla{}%li’%ﬁ‘eslﬁb%f}\?rloqgﬁﬁtééﬂ@n@“?fye%hhhwd aribogiedgul ar basi s

as i ndi cahRbribYintiBoAict, Gihi REnHAmah ARk s ESRONR e a'ﬁ@'i’re:ﬁéﬁﬁé’d’fe | muni zat i on
with an a tlbOdéq_nthe dosage.ranges from about 01 °to 100 ny/ kg, and

mor e usudPTIErERqn ¢35 VBT REPRIinegm WhsthepBig trepagyt inpioghitlacticer  exanpl e dosages
can be 1 ﬂ@éﬂé@h@Qdﬁro‘PﬁyEmc #BplichBor¥D4 %%tlb@l?%df\@ésggé is Q&mx‘f‘ﬁs‘ie?édrhtt he range of

1-10 ng/ kq An exe treatnment regime entailS admnistrati on once per
25 every %eWe‘éf{%quSﬁ“ IBﬁEVéISd’V?ﬁﬁ?‘PE Rsriod g€ Bmay Borype prtienss gontipwttes. | n sone

et hods, rédsfie @eatmdR fBr R RQCHQARA} llﬁgtln@%&%ny\‘aﬁﬁcm& %r QIEVCQJ}'H%‘L
specificities are admnistered sinultaneously, e dosage of

each ant i98%85 2R YRS theridatervals issometimpsrenpieed Wnahlgege-‘tswdméé’teé&easﬁ\ntl body is
usual Iy agrlnResbekeednRBd,rHA hx‘e@lrﬁ)lyoﬁff@%c%ﬁcnt L}m“% MAlaPor cpﬁ})i\éﬁen single

dosa es can_be_ weekly, nont or _yearl Interval s can also be i rregul ar
30 ad¥ ndmehtradpngf Sﬂ&@%uOﬁ@S%ﬁ@oﬁiﬁtﬁéﬁ@t Hephtentrern boeiministeia i n t he
patient. pkdphladR regiBkhods, dosage is adjusted to achieve a plasma antibody
concentration of 1 1000 ug/ Ml and in sone nmethods 25 - 300 ug/n.

Al ternatively, antPessdipraiseipacigonnceding impraenogensaangs lﬁ@tneﬁibnlédomelt@ase

f or mul atil?"wdﬁ'gtmt)@ﬁgcﬁﬁgtdﬁﬁﬁ erQ&BG@Pﬁﬁ%F%ﬁ)%& kel ﬁerequ”ed 37

Dosage and. frequency vary depen I ng on anti body in the
pati ent . iMprtiopwYieal ¥ictorh yars froamt G- W¥dérasors omprsiper dlqsngest half life, followed

by humani zed anti bogi,gSror inGli{BH ifinRRL fe@ﬂgmlscecsam b@%ﬁm&%&‘@&f@” antibodi es. The

dosage and frequenc?/ of adm ni'stration can vary dependi hg~-on whet her the
t r eat menPaERER] Rl drEavencys. oxali sybeusgmeensi dntraprterist,optegtagiet.i ¢ appl i cations, a

relati Ve|1Mrab&Mbrda@Bﬁﬁ@nds§l AR S8R Gt aid for ﬁx%bl%tléchglaQ{d/éerer%ath intervals
over a |lon i.nme. Sone atl ents continue to el ve treatnent

peri
for the l“égfn T?‘F\Eioft typigalgoutq pf a@ﬁ‘é’i“%ﬁ&&‘ﬁ Plandpptunegenicaasnt isa r eI at| vel y high

dosage atubcetapdouy ﬂ%uél’h@ﬂhtzr bite£EMABE Squlafly SHOERNVE. MBS deROHbd: ECnH
prog ssion of the disease is reduced or term nated, and pre erably unti |

the pati &N S HSREUSA iRiPctigp: ThiffIPe pEiniegtiomis Mosk tapiFaly Perompait Bas of
di sease. amheriegiusiles. Inompaleditds, Gadhtfe afkRAIdREATEMH0R 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 invention 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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prophyl actic regi ne. Doses for nucleic acids encodi ng i nmunogens range from
about 10 ng to 1 g, 100 ng to 100 ng, | p.g to 10 ny, or 30-300 g DNA per
patient. Doses for infectious viral vectors vary from 10-100, or nore,
virions per dose. 15 Agents for inducing an i mmune response can be
adm ni stered by parenteral, topical, intravenous, oral, subcutaneous,
intraarterial, intracranial, intraperitoneal, intranasal or intramuscular

means for_prophylactic and/qor therapeutic¢c treatment. The st typica

rout e ofmgﬁﬁPﬁ?Zvﬁg?P%W%Bﬁugﬁmf&hﬁﬁgﬁﬁﬁPHnﬁﬁgﬁ?”ng'§ﬁﬁ€ﬁ?§ﬁeous'aIthough
ot her r aidjwsnte augnteat @quﬁdsﬁ r&dpbeetid foﬁimﬂﬂ@gmthdﬁ)%usi(ﬁ@mn 20I Irout e ics g
i ntranmuscular injection, This type i_njection is st typically perforne
in the C&P#?FB?UOI“@@:%%EW&C. ‘WW@SWB tdle quzgeHYsiogp of s Teseese direct |y
into a ﬂaﬁfeilrr&}lddﬁfvaﬁt?s a&uale alREen Qﬁ@é&é@dh%ﬁp@ﬁﬁhﬂ%a@é,@@e-@m exa][rpl e
intracranial ;injectiqgn. | ntramuscy ar injection on intravenous infusion
are prefisyeid ’TTOBPPC}%SEHQHOW pid 4 (INRL o (s&ﬁﬁgoé?&%lll(ﬁl%ldﬁ@%?%ds, particul ar

t her apeutdsearéiTht PRGBS AVIGnthdd] R6k B 6 CRKE). Yorinilih™ las-gr @Rl um I n some 25
met hods, .anti bodi es are adm nistered as a sustained rel ease conposition or
devi ce, EIfEIFNe B¥COSIdHOHFIRIRITRIOHERS fran thadarkiod thsrQuibpa $appasa Maliraan opti onal | y

be adm nictfan@an soutk ARRHEAGEAensiet A1, ff MREinABRALS ThRNubafifaRt | east partly
effective in treatnment of anyl i dogenic di sease he case of

. Int
Al zhei metY&BAPPIRARA (s RewaH Gnidewman. fikgoum Pa?ﬁ;418Ydl9aér5@dé$ Paey™Naur in.the 30

br ai a&)@iﬁﬂogﬁqhh@mo@ﬁﬁﬂkée@ﬂczﬁﬁ,Frﬂiﬁ&ﬁ@mm&E\%E%té $e 600 Unction with
ot her agents hat i ncrease passage of the agents of the invention across

t he bl oo_"tﬂ@‘?fr‘séﬂ“ﬁf‘%’ét(sr”f:%?s. squaleRs o BeeMt D agpiinpalyde comiingtipparith ispwunguch as

pept i desstinflBtsSE bd ABSopASHFhety Bii i BdsdeBi&RORINANI 91 W 104 30s adigvant . A
variety of adjuvants can be used in 38 nbi nation with a peptide, such as

AR to dIPEOL AneUieraiNEntisCpEASKO SBHET Dy difermaaetiy Afcan At el te ho

| NtTi NS HRSRANGEdVEr, %hicm&agg}%ldf\ﬁ& @9&@&9@5@@ HEOh ARG dipal  changes

in the i munogen that affect t qual itative mof the response.

Pr ef &Y r et #rigsio akecs themeuecé thelimwiune respgrde Biricie Adievaalsead bum phosphate, 3
De-O 5 apulighiedds HPQ&%}B%QJ? Of & 'Jhex!a : (t)lg cbin Mﬁhxwlth(ﬁ%@mg%ggx%%g ggnlbc( Rl B

| ntnunoChem_ Research Inc., Ham , .Montana, now part of Corixa).
St i nul orfrritigersd sgparately, befpieegqperreengly wbserddenrdmygipiemtion of hel at ed fromt he
bark of th&epedit hdedi.a Saponaria Molina tree found in South Anerica (see

Kensil et al., in Vaccine Design: The Subunit and
' ‘A preferred class of adjuvants is aluminum salts (alum), such as aluminum

20 - hydroxide, aluminum phosphate, aluminum sulfate. Such adjuvants can be used 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 muramy! peptides (e.g., N-

25  acetylmuramyl-L-threonyl-D-isoglutamine (thr-MDP),-N-acetyl-normu-ramyl-L-alanyl-D-
isoglutamine (nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(1'-
2'dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine (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 amounts 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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Adj uvant Approach (eds. Powell & Newran, Pl enum Press, NY, 1995); US Patent
No. 10 5, 057,540), (Aquil a Bi oPharmaceuti cal s, Fram ngham M. O her
adjuvants are oil in water emulsions (such as squal ene or peanut oil),
optionally in conmbination with inmune stinmulants, such as nonophosphoryl
lipid A (see Stoute et al., N Engl. J. Med. 336, 86-91 (1997)). Another
adjuvant is CpG ( WO 98/40100). Alternatively, AR can be coupled to an

adj uvantplurbitiwbloeked pslyoter E02 lahd girS\iDR eftheroticslibslizzd intak byndtramge t he

conf or matl

to affect the n ture nd JTUNE response
t hereto.® gﬁ?ﬁ\/oafﬁf’ GXE%E %?é‘erﬁgerﬁ IRfest ReF e e eé“” ‘g{f?hg? & {“H%rilapeutl c
conposi tsiyaem\WRAR), anbﬂmlmcagenmmnto@ammnmm@ W st elead, ;separ atel y,
bef ore, oncg@rentl Wit h &%} dm nistratign of the therapeutlc
agent A0 §n29: 28 Broterial ey Lyt ECTPORI 9T AHeAPIRCOPSIRPT such as
al um5nurmox2>9hd1yﬂdrrymplde\(MPMMsshmbateQTDM)wdmémuIsieaét@a Such
adj uvants_can be W t hout ot her stpem fic i nmunostimulating

agents s(GcWS)a%‘CﬁWEIYMPIS“'"WS (Prion')- ‘ﬁ%‘? FRBHAREIRRS Bni no aci ds such
as pol y%,?&n oquvafag qua{asrsqinmla/@w@sz chmg, dprarﬁin Bain %A?gﬂ eﬂmﬁ sis

oil-in-water enul sion formul ati ons. uvats can with or
Wi t hout ggnéreted thewpmisech asiROMs (mmmaSh@ula@mﬂ@mm@ aad nuranyl peptides

(e.0.. Ns@enagrind r@mqyjuv maﬁ.@@&mp el FORLHL aﬁm EA; MeP)

N-acet yl - nor nur any ut'am ne
N- aclét ylineamnigie Fl|§mail Sa‘rﬂ@w\@t Edyl chamdmylantﬁmlugn Fytekipes; quch as

2" di pal nh{A%laRRnd] Ycer &d?uhwi rf muﬁg {Mog{né.a@ﬁ n§ MIP- PE), N-

acetyl gl ucsam nyl - N-acet | mur anyl - u L-"Al 't oxy
pr opy| arHiger neCIgRp 0Py ram deTM or ot her bacterial cell wall

conponents. Ol -i By g, %t%&%mlgﬁd Wﬁw%g@ge gséééﬁ%)ogm 14837),

cont ai ni ng 5% Squal ene, 0.5% Tween. 80, and 5% Span ptionally
cont ai n|W@PO%\WIQe%caahﬁmgllséqfed\mﬁmﬂepmwnwlﬁt@@fﬁemdmmlstmﬁm ofa particles

using a lmnﬁfne énu'qu}nﬁﬁfgcﬁ'a'ﬁchacﬁ@vawpgﬁlb Qck%%d%&glgﬁléﬂﬂ'tﬁee 6“\455 of | ui di cs,

Newt on MA) F, contai ning 10% Squal ene Tween
pl ur oni d:ab%e egeéeﬂ spRERte|vials andamiged baforype; Immunegenend pdifvant it zed i nto a

submi cr AYPa8ia08 \Gikh ¥ RbLI8X ARt ﬂﬁ%ﬁk@ﬁc@&% ?a L@r Lpabt.igl e size
enul si oﬁy lglnld“yrbﬂ(al )ag&!1 Ri_bi TM ad] uvanlt g system ( : Cga%bl I mmunoChem

Hani | torfmrrwyge@&ﬁ@ é‘iﬁh‘raﬁba@%%%éi Sepraately, tmacmtyaeallyaﬁ@iu@ﬁe or more

bact eri ghst&@lidns\eH thixBe BRRAORES The @ARiENSE afl bGUPant MBS ThiRIdPEnd on
nongophosphoryl lipid A (MPL), trehal ose djmcolate (TDM, and ceI | wal l
iR,

skel e SERAEY of B drEreRpesrivermylatapsopmsig g uARb iR ie plass of preferred

adj Uvante&inhﬁstratlon, the dosing schedule, the efficacy of the adjuvant for the species being

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, Coinplete 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 of other
pharmaceutically acceptable components. See Remington's Pharmaceutical Science (15th .

ed., Mack Publishing Company, Easton, Pennsylvania, 1980). The preferred form
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saponi n adj uvants, such as StimulonTM (QS-2 1, Aquila, Fram ngham MA) or
particles generated therefromsuch as |ISCOVs (imunosti mul ati ng conpl exes)
and | SCOVATRI X. O her adjuvants include Conpl ete Freund' s Adjuvant (CFA)
and 10 Inconplete Freund' s Adjuvant (IFA). O her adjuvants include

cytoki nes, such as interleukins (IL-1, IL-2, and IL-12), macrophage col ony
stinulating factor (MCSF), tunor necrosis factor (TNF). An adjuvant can
be adm nigtenesh Mk idterdld § h@@&%ﬂuﬁﬁu% shd@bSp eu%@g}%?%&dno%e or can be

adm ni stered before, concurrent wth or after ad stration of the 15
|nrrunoger?°mP‘Pﬁ‘1‘LPr’i‘é§?§’r’Plsd>ﬁGdaféﬂ; gersnding emthg dorpaddtiag desirahbhamppdutiedlyr n t he same

vial, or cap.be, rRﬁQKﬁQ@anr@ o§§iﬁl%f’§t»€m¥h Qx'e%eﬁ:’fl&'i a'?vé}ﬁgesb&ﬁx{?ﬁo%l tﬁe | mmunogen

and adj uvant are pically packaged with a |abel indicating i nt ended
t her apeutt? éorlab]meupémaéwnchfcommmémnm oablqlrmrmdtnumt@npracmged

separ at e'leuerI;t ﬂesefaae&écgas%t ioya@fe&qhé Mol Qﬁhntﬁqgﬁty e dofo aam X' ng
before use. The choi ce of an adj uvant "and carrier epen 0 t he

stabil i tWféi#ChthéerltPfﬁdf%uﬁ@@}éﬂdlv@ﬁro?ww?glcéw}@m@rwfmgd@ﬂ@ea&ipwant the route
of adm RbkEA! dfose!sBRBPShA Haftl J}%ﬂhﬁ'oﬁ ir{mlt%fnfﬂ)gﬁlg%mgeuﬁéa? adj uvant for

the species being vacci ndted I'n humans maceutical ly
accept ablcema@ﬁltmmfomwla@ﬂ@mhakso ralidp otar CagERyy, @Kbenan@r oi mntpier ovabl e for

human_ ad i 8btakE A0 M BSELECEMLEQUL OGN Dodi es. For  exampl e, Compl ete

Freund's adjuvant is not s uman adm ni stration. Alum '25 MPL
and G@ 21 ar ePhﬁf@fl@mﬁ@diCor@rtsntwnamn;ﬂlSOUMUd?rlarBBrSémdly fotebaized adj uvants can be

used. =y | kARRRURL ¥1ﬁh%§sﬁ%ﬁe§1{s é&%f@ﬂhﬁ%& Sas!cBEHE B0 ?’ia'éln% H4dsh 'XlF’;O al um
| nconpl etPQIYEWéQih‘cPC@Sa@ﬁ Wamneﬁa(ﬁuchbela@psfeibm(t@h@lrxgd @Phabse(TM)jvmwd Dr ug
Delivery c@‘ﬁﬂbs@%d%ld&:i%o%ﬁ@né 1288 )akids, ARk LR %ﬁeﬁlglgl'n?rs %gfq Rﬂlat on with any

of alum Q& conbi nat1 ons t ents of the
i nvent i orseegatesisush aneihfiioplstser dinosamephdrdditiosulty thase cmmﬁmm conpri sing

an agtsi ve ;,ﬁgm@%h&@%@ 8 d a variety of other pharnmaceutically
accept ablcse conponent s ee &emanjaiv%ﬁgs Phar maceuti cal Science (15th ed.

Mack Publ i shi ng CoffsaaynteRhadronistraon gzt ahtha inveg8o)can Phedagnieteesdr ed f or m
40 depends u@databmokagwmlmger QkpaastBh BF Gk dsiaAk laeghysh%gmﬁyt ic

appl i cation. npositions can al so_i nclude, dependi ng on'the

f or mul at |38‘i?p851§ dr‘llé?:l‘t Wﬁh&@ﬁﬁ&@ﬁ?“i“&ﬁlcwm 'é‘étc‘?ébtb%BF‘é"lellfSWdts i WaleFriers or
di | uent s oilRuiak, @ieeréledrefiRfolah MRIINA IV SLEIRTTRINs ¥ndds @6ch dsQvefiRE BHI at e

phar %Celgnlu saflying agen (t)ss L&r agtggtsfpol-lr b%?éngggub%{anpelél ggc? thg(ﬂlq&]a pa!nsbte rp?étseltn(t) Pn The
- compositions. Other components of pharmaceutical compositions are those of petroleum,
animal, vegetable, or synthefic 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
cdnsisting 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

41




5 diluent is selected so as not to affect the biological activity of the
conbi nation. Exanples of such diluents are distilled water, physiol ogical
phosphat e-buffered saline, R nger's solutions, dextrose solution, and
Hank's solution. In addition, the pharmaceutical conposition or

formul ati on may al so include other carriers, adjuvants, or nontoxic,

nont her apeuti c, noni mmnogeni C st abili zers and the |ike. 10 Pharnaceuti cal
conposi ti i i zed nacronolecules
such as 8?21?5 elﬁﬁégn% }"Sgg‘{’:‘ a‘r?eir es seufg gé\ééé nfméccpon%rdWPﬁctl c acids,

pol ygl yc ordperatei Whickaer bedpoivjatalis sichachanasr dsad emnﬁwmttmacabn zed

sephar oSy gI-EMICN: geroq%acng ‘}_‘%rg&grﬁe and the |ike), polyneric am no acids,
am no aci copo yners, nd pI aggregates (such as oil droplets or

| i posones). Addi tlfbtlﬁatlidngll fotrda®ne suitable fer atlam nfodacdfiadminigbragen include

i mmun@st iyl uvant s For areteral adm ni stration,
agentg ofopgtilﬁg&dln%%én %\5 lﬁlggéﬁy mur&ﬁ‘élmﬁl 5P Sztamsa%“qoﬁﬁné%fr%llagplﬂﬁﬁlgﬁl&es of a
sol ution or susperfs:remppoiltohhfebmdbshzamamdmmalupds;yfsn abaglecpdlyaykylaecept abl e

di l uent wi h C rrier that c steril.e liquid such as
wat er :QVC&S g‘aﬁﬁﬁémg %%JéhrsgP P O%%neétc Hahio mﬁﬁ?rfl FB%&TCF gontaiping fh Ciar y
subst ancest;vesmgxd:ﬁlmlmtét tamggofcb)ES%Z(b mulpsaféryblpg%amnmal femtdlaiehant s, pH
bufferin n an.be present ositiogns. O her
corrponent(i’[']s&ugftg gﬁﬁégnﬁ%ié‘gc&%sggﬁmaceugca??‘[afl%s g ’%1 18%t85 ggt“i"‘lﬂ"%%‘fﬁ“ ani mal ,
vegetlﬁlbl sfearate, s@;imdmtqhannr_r, pgiurosele Jfaod m&g(r&ﬁi]nhﬂ;artpﬁ[&BUHh@b bommymanl oi | ] Fmd
m ner a n cals ene or pol yet hyl ene
gl ycol artag(I I[‘)hr(a'ei#ngnr‘fg]éea i |§qﬁ‘fc‘l’ Qary |tazbir{"sS p@érdt% asrulsgyn?%%/e §% ect abl e
sol uti on§onnAht1brbanI|pewdaramdbemaulm0% S bedttive inghdicah pfetirmlphsa-depot
injection or inpl % garrllr\é\h ch cag be (f)rqt J a@ﬂ hvrfe such a manner
as to pernit a sus |ne ease Rh L (A R RSEERBAEVeBh exenpl ary
corrp05| t|T@nxcai@drpmn$resorrmn(bcfa(oﬂlzadtecﬁmqolmddymatatﬁnmsgt’ha‘ageni ofithdhdltad in aqueous
buf f gis Si Sitj : I.std . d.to pH 6
Wit thCI k y%r?%%) IG?E%%?%/:O% f%ﬁiﬁsatgéeopfroédg‘? et mé{gl&l fe‘é%t%% e‘g ‘ei t her as
liquid Senol alt Mohse 31, 8§l 8] cﬁr&adnsoﬂslrdxdh@mce sahletvacbbﬁusﬁnythsol ution in,
or SUSpe@&h%eﬁtQasalxh%gor éé@‘fﬁk&f rgél Eta'fn%d 'bgjcﬁeqhkaqgr ggmkml $@ be prepar ed.
The preparation al so can be enul Sif or apsulate ﬁlposones or
m cro paftirePies asyRpiopsraity| act | de poI ygl ycol i de, or copolyner for

enhanced adj uvant gffe6tely dSndk ce 249,
1527 (1990) and Hanees A%{'/ancedé%lrﬂﬁé |vé§a£ eV| emsgggklngé'k%Q (1997).
The &éent"é‘“&?ﬁéfercﬁﬁm@ Praydenti &ur e’a@?’"b@ohaﬁn&ﬁilh%l(@&ﬂ Gevhe al.orm of a depot

i nj ecti OBiRkerh BHAN dcia 1368, 201-15 (1998)).

VI.  Methods of Diagnosis
The invention provides methods of detecting 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 patiénts and prophylactic treatment on asymptomatic patients. The methods

are useful for monitoring both active immunization (e.g., antibody produced in resp'onsé
30  to administration of irhmunogen) and passive immunization (e.g., measuring level of

administered antibody).
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preparation which can be formulated in such a manner as to permt a
sustained or pulsatile release of the active ingredient. Additional

formul ations suitable for other nodes of administration include 5 oral,
intranasal, and pul monary fornul ations, suppositories, and transderma
applications. For suppositories, binders and carriers include, for

exanpl e, pol yal kyl ene glycols or triglycerides; such supposi tories can be
formed fromm xtures containing the active ingredient in the range of 0.5%
to 10% pref ePabYe/mmgnimgiony al formul ati ons i ncl ude excipients, such as

phar maceut i cal. or asif LBk Rbrerh ARl HiEdor JTAARGS] WPAQ St earat e,

sodi um sacchari ne cel l ul ose, and nmgnési um car bonat ese ‘conposi tions
take t he % pP3HeaYbedest edmisisiering  dpreae piagsnt, mﬁtﬂoemrmaotmwem acvalys fiires,

sust ai nedhe iBInAAS fespdRE %r%étﬁ’l@ﬁ A mEﬂ‘ﬁgﬁﬁ ?hcrel Ca(? & A% t?{)/ xQf active

ingredient, preferably 25% 70% Toprcal app can res
tr ansder mFEiBeT xReRmEerisl pEpT i ’ééme\?@ﬂ?smempfﬁ chthe saind snmter aztplre(md@an be

facili ta%ﬁdm@da%e@ﬂ%rnﬁ%%trh% ?Eudhh g e gxggnt%y![ l?]bahgth&lf Bnuhe toxin or

detoxified derivatives or subunits t er si m ar bacteri al
t Oxi ns ( SEBOTEF &gl Peitive tREMERIEOTPMme (85;Lth(itlafégﬂ)@t‘ratl@ooadmgan@tas ation can be

achi eved abyeWaioPghehdgted QQ{H?[H&EJ}E oﬂs%) A e G0 mritie l’ c%%%e gL &eul es

obt ai ned by chem caI crosslin expressi on as & ThusTon prot ein.
Al t er nat ihe§ sigpifi aﬁ%ldeqf#ﬁﬂmeﬂ,ﬁ@é@@lveamtment@@hpevmnmsatardg Imggkiah pat h or

20 ugpn 3521-24 (1995);
Cove 1o S PRI ARS AL ARTES ol B B o Braumelilin B a2 e s of

Di agnosi sxpeRied Ihhentan drerissoiniiamnatsshonds wisth sebeessive dprgganwhlmnm ne response
agai nst e?eg’mﬁﬁy RaPek Q?Ia'tégu aaRRidieRtios b z%t%{it éggenfexltaﬂchgr{txpﬁ i v?hgfr% hole to

Al zhei ner' s di sease. The nmethods are pa use froni t or | ng a
cour se ofMPHBLICFROATE ip BICTeasiRgd M iriment efithe platequ paamnednctatorﬁvethﬁet hods can be

used to a@rmnts@erremmamﬁtrc«apsya;seontua@atmg&mémn%x;ag%s?%ﬁno atients and

prophyl actic treatnent on as tomat i gm{)atl ents -are useful
for r’rgnl toring botlRoHdet W?@Odsnﬁﬁﬂﬂ@éﬁl LEga gean GﬁtSiabdmg'dpM@dumfd in

responseimmsnd x@spﬁgw DSt ddel @6k aOJonhmeBQQE&) %Qamg ﬁn\éﬁndtmpi'rmh% ation

, nmeasu | evel of admnistered anti body tive
I(ﬁm%nl zaf?'ﬁ’ﬁ’Ii AR PGPSt TEFR I PrigE restmE R N&afe\“ ‘S?éleF ﬂ@ﬂmnae of an i mune

I eSponseresponse in a patient after administering a therapeutic agent are then compared with the

control value. A significant increase 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 contro! value, continued

administration of agent is warranted. If the level in the patient persists below the control
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in a patient before adm nistering a dosage of agent, and conparing this
with a value for the imune response after treatnment. A significant
increase (i.e., greater than the typical 5 margin of experinental error in
repeat neasurenents of the sane sanple, expressed as one standard.
deviation fromthe nean of such nmeasurenents) in value of the inmune
response signals a positive treatnent outcone (i.e., that adm nistration of
t he agen a achi eved or augnented an i mune response). |f the value for
i mune rtélglg%ﬁgeél % 2‘%“ eh“o‘treatrg?fﬁg m ’if@rrﬁxF‘i"Eléﬂ‘stﬁ,fagﬁngfé‘&? wepmaybenegat i ve
t r eat mentindieatedone is indicated. In general, 10 patients undergoi ng an
initial course of Itrglatme t,wth. an }ém"runo eni c agent are expected to show
iR B%?fs%%u%w UE CRFETSTRIIGEAYBS tredtrribut event ual |y

. . . er L
an | ncrease I n | nmune r’gfé

reaches aplrdtigene a phelidusicstusasf waundnt RGMtoled FGaRANAL kdp&RALJ NUed while the
At t ai nment | of e plateau is _an indicator

i mmuneg r onse i S, increasing. h

t hat ? he%§‘§ ﬁ“%?f%et%*gf%GBSB‘F‘P??‘E%&%WF“H%WBE@%@E%ﬂaﬁlﬁa@uﬁlwfﬁ@w@@d in
dosage oreshorsejinahepatiedtzar be eintyRked ®ithOeue T iMRAE Rhpohdé Mevibhsye- . @ nean and
st andar daccll?é/%gt itgn% t.oft i mmune, responss is determned for a control

popul at i SAVCVEY B BEPIGAAE 3 HAYIORTRPATSS Of FeatRent: Astanifanidseierst i on have not

recei vedrgiativero the pavioBstheasMeasti (€6, Madtet@Banaf ty%lim%ginro?gxp&rfﬁ?epiaﬁ a patient
after admni ster%ng a thergg)zlgti c agent are then conpared with the control
val ue. A"SEYRTPESATC s BEPL) futraipfigaiion drat Heatmeptcappe eakoed. (e. g., greater

t han10ne A2emstahd ek daldemieaiut@nn & paiant &8 bER&AYarsd FRRKSoAPOSLL | Ve treat ment
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outcone. A I aik ofd Cg‘%?%ni.fi c i ) )

t r eat nent P EIPLS FR IR ISR} defsrmined diy 2 BRpultion of RpsERss afisryindeseringmied whil e

the i Muperseegpensent] AltMEtH QRS itRtGnEBad tal& iha phli (PP dRlpaialig. AS
ative to control values in an indicator

before, attai nt. of pl at eau rel ] ]

t hat t heglzcao %OE‘F%‘ SR PPRIYFUISRS ?fspé%?}wgaiﬁflcagéﬁeﬁgi RAUERIS Mihp feredin §ee eleduced i n
dosage osyn@forhis efGlisesse yar pblgulatdme btc‘i mieiabéIﬂSgllyageﬁt@?Ibétwng\&ﬂl%p@f di . ][n'ru ne
response_(e. 0., a.mean and standard deviation) is determned froma

cont ?%I %‘éegh é‘tofl8‘%g§efasel Cﬁaﬁa\cﬁcﬂﬁé‘ffs‘s?Wﬁilooc}%%casﬁnﬂé‘ﬁ@‘gﬁ@tldﬁé@?ﬁ%n‘t with a

t her apeutelativagehd coand lnkrbge., imtititen b eSRRABESilay)8s aPindie@dsggd: i N response to

treat meng... Neasun val ues. of i mune response in a patient are 30 conpared
with the caontrolimvaeﬁe.klmle 58 sured level in a patient is not

significantly di fhetisnt safrplglor amayses it typiealpnigosd, anetas,deday imatd@n) from the
o 11 caneryBeran R SRR, BN Rl mfeiPetreac fon of agent
i s W r aimreehe résportsh® dngViaim oA R peptigg tyeatlly persi Thsinhebwedpbeceant rol 43

be determined from the presence of, e.g., antibodies or T-cells that specifically bind to

AD 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 rﬁethods, 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 résponsc 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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val ue, then a change in treatnent reginme, for exanple, use of a different
adj uvant may be indicated. In other methods, a patient who is not
presently receiving treatnent but has undergone a previous course of
treatnment is nonitored for inmune response to 5 determ ne whether a
resunption of treatment is required. The measured value of inmmne response
in the patient can be conpared with a value of immune response previously
achi eved |n the patient after a previous course of treatnment. A significant
decrease? relﬁﬁﬁvéhW@mPﬁémpreV|ous measurenent (i.e., greater than a

typical margin of @repgrdltﬂegﬁpaﬁtesfmoﬁ B vgmxtttﬁzaﬁ 3 I's an
ternati v

i ndication that treat ment can be resuned vaI ue
measur ed ¢ Hogs BWP@W%&WVB@@WWGQCWIPw @Ot@rﬁlwﬁvewwewenbc(dmean pl us

standard Flﬁ‘{'é RULRAY pgﬁt\@rumnﬂﬁgadoﬂ 1&99l§ (@»Lé aQHmﬂfedl @ Et%nt?got(ﬁr under goi ng
e i

a course of treatnent. Alternat asur e patlent can
be coRparcerseniFatian follopsaby an expan@@ah qqc%gmtmu.t @ﬁsth@qusag;pthyumw cally

treated Q%rb&:‘ﬂ&sspr@t‘f@trﬁégxm'vélstv{tﬁﬁa enoc?%ggv%},p@n atil% ongr; hggpul ations of

t herapeutical 'y ‘treat atrents I'sease

char act erllifﬂsqflthﬁsamlbwyadmmﬂaﬁheﬁq cts@stéstheehalfthgmffspmahumdemtxéahes isrelative to
the cont %?hxe'o?dé% nore than a standard deviation) is an indicator
that. treatnent g ‘be resunmed in a patient. The tissue sanpl e for _
anal ysis is typi calhlsymblm@thdds pbasshm: m&BurEmEnt v awtibedy m)rA[B:'mn_E&)psaﬁsml nal fluid

from,,he The e i.s analyzed for i d|c of an 20 i nmmune
resp&%sels?rggdaeﬁ)glroea m;‘fi %?5 bept &R & TS 5\?%“4 ere 59 mmune response

can be detwring the dedkraptibddydevpl, emdam@r afore farther, mamtra:xbmﬂs @6 made at- cel Lsdt hat
specific L thosof t.ect.in nti bodi es
sgem fi c%%t%r;éﬂ%%r}g?@%fjg%ég ﬁan?%ocﬁ‘?%‘ﬁlz V@eng% l«SVC ?ﬁt‘lb%ﬁ' haﬁ/ﬁ?%ﬁ&‘@

det ect i nQaaebmrm\peedﬁeueinb@pdtmagbeﬁme dmdcss beslizheye SQ%eZasl% E)ef(l%yl, t2 |5 ons).. In
sone net istrhde: d o) el ehnine S|n a.cl.eari.n assay,
such as E%@;s}r%ﬁl%. %ect ?%ﬁgﬁ 0%?; rtmétﬁr(?g OWO&’ stho 3St|§<s e sanple
fromla pelstannt fb@ﬁlﬁgd lemdt leeh baskgmmtlamt@thpmtl withmyteehet ld\€e|tn05| ts (e.g., from
a PDAPP mnysg), aagrmlpémg%ystxtu?e a%ktécﬁﬁg?orpt&gﬁc& or thg%pgtﬁl%fu%mS“Pseq“em

clearing of the anyloid osit e existence and
ext ent ofcgép%tﬁ‘rqﬁﬁgpﬁ*ttﬁ@‘ﬁoﬁfst measvicd entibedy Ieﬁdlleagmlﬁmndf les$ban ®xi st ence and

| evel of ré’El’Er'xcléQweﬁ? gEflésg%hYH% rhédn SiRRTonb\ndalt CECQEAUBA SEHERARL € of the
patient 30 under test. . Passive I muni zati on
' value in population of patlents beneﬁtmg 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 A, 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
- foruse 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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I n general, the procedures for nonitoring passive imunization are simlar
to those for nonitoring active inmuni zati on descri bed above. However, the
anti body profile follow ng passive imunization typically shows an

i medi ate peak in antibody 5 concentration followed by an exponenti al
decay. Wthout a further dosage, the decay approaches pretreatnent |evels
within a period of days to nonths depending on the half- life of the

ant i body. adm ni ster.ed. .For exanple the half-life of some human anti bodies
is of tH’é“B?’&B?’aC{ © 9videyrassellss, CHPRMTTiND as Welk apwEing ImetiRedsur enent  of
ant i body directif\ed kits) t he patient 10 is made before adm ni stration, a second

measurenment i s na soon.th reaft%{s erm ne the peak anti body | evel ,
and one or nore furfHYFIHREASIPRENE §‘a<¥|“%St 2o perfoming iy X8 t o noni t or

decay of jrdping) @ihyh kl&\&?ﬁ@ally%ﬁﬂmtah%nﬂxl%ﬁ@lblrgﬁngaaB.h 5}9@ begp 4eati.ngd to

basel ine or a predeterm ned percentage of ess basel i né (e.g.,

50% §5fy“6th1reﬁ36ues 1-48nP rsfesahiva themtibe Ya}Siab?*dqééwr aawa@@r Bbelipstredgonty i s
admi ni st @yigeludeifin GOMR. PREAMS thalGAk 1&%11&@@%&%&4&&%%%?% ahgvels less

background are conpared with reference |evels previ ously termned to
const i t uV¥OAMBEREISFWt al prophyl actic or therapeutic treatment regime in
other patients. If the neasured antibody level is significantly less than a
reference IeveI_ e.g., less than the nean m nus one standard devi ation of
t he ref eM&nd@ Vdma@ng n popul ati on of patients benefiting from treatnent)

adm npstration of 188 ;AdHdniPRRdes ntdhARSAHS,; flm %B%Qfﬂﬂ%xd'd%p AT ted 3.

Di agnostic Kits The invention further provi gnostic kits
per f or i AYfiPheSuchmatadias eseﬁcétm@a@oa@grcqonﬁ@adlawwe of Klgbeimat's v, such kits

contain aﬁe@ﬂ%PEusEJbﬁﬁxl@yﬁh@r%c'FBf &:@:.Hp)'e B kPO ¢4 < d.\@ijérfeas 40, AP, The kit

can al so include a | abél For detection of anti I es to AP, the | abel is
typi cal | Presentingwith symatems eldserenisd 1aheiratient basybnermahamyieididerosits,For  det ect i on

of anti beg@h &g paliieisakeNtsug@hgifons HPRLInREs @Eé@@%nﬁe@ho@s%&l dig mhase, such as
tothe wells of a mcrotiter dish. Kits also typically contain |abeling

pr ovildi ngsedior dSmReRaticpgientss & rﬁﬁnchéakwmalﬂqeospta%mm@dwaéﬁsso i ncl ude a

chart or Smé}ﬂbm@owfasmpﬂgﬁﬁﬁué 9B B LahdRLALANRGsdEVSRl SuRiodgasur ed
| abel with levels of an odies to A(3. The termlabeling refers to any

witten SPePeRERgSPrratar ’ieé‘f‘mf%‘at"e?@e:&f Pdehets Voe haye bernrREsvigusly acconpani es
a kit atiagibged wmeAtiHélmags diteasgranuf acture, transport, sale or use. For
Sggglgie’n gt Pn(:.t é?: Q‘]Ténle%% odsn\gori% gglrﬁsigr?ngaédr\éggregtl g&cg gas Lnetl%];cllﬁ tthsat glrl]lgs brochures,
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 AB. 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 epitop‘és are inaccessible in amyloid deposits. .

Accordingly, such antibodies are less preferred.
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instructions, audio or video cassettes, conputer discs, as well as witing
inprinted directly on kits. The invention also provides diagnhostic kits
for performng in vivo imaging. Such kits typically contain an anti body
binding to an epitope of A(3, preferably 5 within residues 1-10.
Preferably, the antibody is |abelled or a secondary | abeling reagent is
included in the kit. Preferably, the kit is labelled with instructions for
perform ng an in Diapgosiicmeiens cas saydmilistered by iMrarenduvagjediign Ifdo tHae i nvent i on

provi des f in vivo. ing. amyl oid deposits in a, .patjent. Such
et hods 200 R8Eeten, 5 e ok ot p e Ernlal HOSiob or Oyt e

di sease, topughubegpili Bhé ddsyget diesagem.shdudd bewithiplties satagardpes xofds can be used on
a patien resenting-wi.th s tons.qf, depgentia, .If the patient has

abnor nal %5%9138.‘8%%%-05?@‘ a?ly, %Eg%g%éﬁﬁ%%le%r‘?ﬂ&‘?ghl’i‘ R‘gf‘?/mgﬁ‘f’ése ng from

Al zheb e primad] reggaewitiliffinifefohagss Gilibefits thdibsedéndsQsbelifg AsyBLsHamt i C
patients. F’iirn?se ce.of abnorngl deposits of arggl oid indicates

suscept i B PPE P 18 PROMY feeedinh posheiGe! iabekdepends pRdhaaeams akdesscion| so usef ul

for moni Fof éxaghplelh BERERRNAQI B SSitDR BAGHIRA deRIAH) Wselo? phafBABOL 1 N :
pati ents who.have been previously. diagnosed with Al zheiner™s disease. The

met hods WOFK Ib3PHAMA{ Rt QReeraphs dsterdorguitiout syairal daterymitidso Rpdiopdtie bi nds 20
to AG3 t Gatkheapaitd BdetecRBAsihH PETARISPECNY the agent after it has bound.
Pr ef qrred anti bodies bjnd to AP deposits in a patient without binding to

full 'Pength APP pobPiprastsiitReTomptd tygamparing thanngowosizrang(sr inignsitost A(3 wi t hi n
am no acilsslict 136k tatstreRRinting BhRMinY valRELTBIHRL lidk Ra RO BN T LQfSHe T he anti body

bi nds to an ﬁ_:ito e wthin am no acids, 7-10 of A Such "anti bodi es

typi cal | "B 3%1%’ mﬂjﬂflwaefdinﬁkjeaéﬁ%wegﬁdaﬂﬁﬁ Besedineyrlupgcanalsgaepsesent| n 25

ot her metphailss ldvbie desrimiRady tHeisads phtRnfF B RkISNE bilelifeVaRB A beaci ds 1-7 of

A. Such anti.bo(gj es tgﬂ@ cal |y bind and induce a clearing response to Ap.
s

However , SEREMBFERATAY g’ﬁ&%%‘é“’@&ﬁe%@e%ﬁ}ddéﬁs‘ﬁﬁd P tafichody fragnents

| ackiltg a@ompidrbd vith giclbaQms vAlGEs. A @G AR inSHRBs Aftikalbasd neSfyMBIsAEt hods, the
same anti body can serve as both a treatnment and diagnostic reagent. In

gener al , PARPTGHOBE BIFHPAY to epitopes G terminal of residue 30 10 of
A(3do not show as strong signal as antibodies binding to epitopes within
resi dues 1- 10, presunably becauss ‘QE l:C-term' nal epitopes are inaccessible
in anmyloid deposits. Accordingl ﬁé HE3nti bodi es are | ess preferred. 46

I. PROPHYLACTIC EFFICACY OF AB AGAINST AD

200 These examples describe administration of AB42 peptide to transgerﬁc
mice overexpressing APP with a mutation at position 717 (APP317vF) 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. 'Thcse an-imals, in their
heterozygote form, begin to deposit A at six months of age forward. By fifteen months
25  of age they exhibit levels of AP deposition equivalent to that seen in Alzheimer's disease.
PDAPP mice were injected with aggregated AP4> (aggregated APs,) or phosphate
buffered saline. Aggfegated APq2 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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Di agnostic reagents can be adm nistered by intravenous injection into the
body of the patient, or directly into the brain by intracranial injection
or by drilling a hole through the skull. The dosage of reagent should be
within the sane ranges as for treatnent nethods. Typically, the reagent is
| abel | ed, al though in sone nethods, the 5 primary reagent with affinity for
AR is unl abelled and a secondary | abeling agent is used to.bind to.the,

pri mary rBisgirhe injgeed %?B@’a@PVMB@’B%@pg hRignigiscted eonyiokin Fivemieket ect i on.:

For exarph€injediell bitQpesicR e @ gbml B SHhdRDbEshR afPbidGRbeHgs£BL 1 on. Use of
paramagnetic |abels 1s suitable for tonographic detection w thout surgical
intervention. Radioactive |abels can also be detected using PET or SPECT.
10 Diagnosis i3 peEi4ROrAYmGRSRAS i Ng the nunber, size and/or intensity of
| abel l ed | oci to corresponding base |line values. The base |ine val ues can
repr@sent the melmpiretosof aggregatedaiidlatwomilbigramsof 4842 648 Peptilasi dual s. Base
| i ne val r o) rmaaed, i n e sane

pati ent .IHgg?&%i}za?Bﬁ%,s dgsggslgéﬁq?rr?’eg rgg élﬁéersaﬂgglﬁﬁ%gg) §Odgxt%e§ymmﬁién§q)l'fnmgdgat i ent

bef or e beRBSirirkmgwisneatxernd abmnekdne asubadowealigte $7t Geurelaf whkich 15 conpared with

t he base |i.ne values, A decrease in v es relgtive to base line signals a
posi t i ve°°P‘§4§?f’c§ﬁ%eé’eP8deﬁg§§1gﬁﬁ t&@&&ﬁﬁgﬁ%@“’f ?‘%MA@H 2¢F) CACY OF A(3
AGAI NST pldeQut -20hessriekhamplt@ged@acri be adm ni stration of AR42 peptide to
transgenic mce overexpressing APP with a nutation at position 717
(APPP17v_.),F) that predisposes themto devel op Al zheiner's-Iike

neur opat hol ogy.3. PpegutetdntIgedioghar acteri stics of these mce (PDAPP m ce)
is described in Ganes et al., Nature, supra. These animals, in their

het er ozygot e f or nforisag)t inieetrne dfbisg of amgragated AP42 mdMSrer ofousegest or war d. By
fifteen HQNG 2 Mol : RurdE ht4 on equi val ent
to that seer_li]ﬂ:i'%lnl .&w%g? %Elrc}ilﬁ%%ngéggjgﬁm F@A@ﬁﬁ%%gﬁ{/%r e &%%QH ed with

aggr egatesthisipaior the ot byanrizatian Faywadrbyphoepiedthe samefithewnedf sal i ne.
Aggrpgat;egd. : ( ' bt j. & i bodies to
mul t?’?n e ﬁ%‘ﬁli%? %% é’\gﬁg?&g%&%geo&% Q%E%“H%EAS %ﬁ%ﬁ'cﬁ%? dﬁgc;‘g&?’ﬁ?%?{’ y PDAPP

het er ogdfficvaresiuret roathinistesvals ride sibgeqtievt ieehnizatienstweee ddnelel owi ng gr oups:

10 mi ce héheh§ ikt ACHSH0'M bIPEANRINSE defd AfiGertORGaflitshehly GpgNSI 1) 47
PBS injections followed the same schedule and mice were injected with a
1:1 mix of PBS/ Adjuvant at 400 pl 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 AP42 (aggregated
AP42), SAP peptides, or phosphate buffered saline. A group of PDAPP mice were also
left as uninjected, positive controls. The titers of the mice to aggregated Ap42 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 antibody 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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5 mce to be injected wth PBS/ adjuvant or PBS, and 10 uninjected controls.
Five m.ce were injected with peptides derived fromthe sequence of serum
anyloid protein (SAP). 2. Preparation of |Immunogens 5 Preparation of
aggregated A(342: two mlligranms of AR42 (US Peptides 1Inc, |ot K-42-12)
was dissolved in 0.9 ni water and made up to | m by adding 0.1 nl 10 - X

PBS. Thi Lt e ed and o] i ght - 37 nder which.
condi ti o?inse abYeonemtl 96 rae aﬂ,@% (g ﬁﬁ%g%elARg&gg"’g?céﬁdéﬁlc% dry

| yophi | i tieeds ofpd\m{@rto dlBO-OBOchﬂumm:hurtdgen métktonlyy @edl¢ MBuse tlceddinfr epar ati on of
I njecti 018 0f5860 each injection, 100 g of aggregated AR42 in PBS per nouse
was enul'sifred 1:1 with C0an ete Freund's adjuvant (CFA) in a final vol une

of 400 | emul si orimemBSLtla@ta‘dlmlséwbﬂﬁu@bczagamﬂaggfr@ue@mdz Bysia thamat of the
sane grmunt of 15 immunogen i.n I nconplete Freund s adjuvant (IFA) at 2

weeks: T\nﬁel‘é\ed‘a?*ttbinrf*aﬂa‘d dilution the PRS\fpice, whepditered 2aastageipeated 4B4al s. The

subseque@hlylemwaudmtrh&rb%cméﬁd@&?e Bla Jmn&m:rywéentth@)r M@Je%sg fagQ0 | of PBS.
| nj ections were delivered intr (I:Fgerl t oneal | PBS I njections

foll O\A/ed“ﬂfr‘éb@h%‘éu%%ﬁéﬂl&w raids (Frkle hetle $fh¥-émcé§ rodpphseavas pegligitlx of PBS/

Adj uvant agthesd@the o%w@&?&emqgssmwom PBS per nouse. SAP 20 injections
| i kewi se foll owed the sane schedul e using a dose of 100 g per injection.

4. Titration of MsSen @iteéds nintimysaia thy agezeeated dvP 1 sd2dreatedgronphadtochemni st ry

Th [ Vht er | al Met hads. 25
B. eé@%[?%@[%%ﬁ%&@gn\%}grﬁg)%%eg%tk%g a% H%m%s? et?énééndreéaa 831\1%3%2 (aggr egat ed

A(342), $SRP grups tendainedgrumstros pimylad Bedosits mdhskibpavempws, gerlpasof tHeDAPP mi ce
e oy il AR HAREL ofhe AR b UokRBh LAL BmiG ol LELSeREa 1o 11 08 1O

aggregat ed AR42 re 30 nonito ever rom §Urth boost
unti | théoqﬁobsewvhéF@Wsyemvolwmagefwlmrelelcmglg&cmlﬁ agtbeloattr 13 nont hs. At

|10 kDS S a8l 0105 o RAYRARY A5 2 g (vl o0
i nj 635 i oBEPup i :egrgatgwrre@tced amilail bitde@OGBfinedr tmehmh-ippdtmmptus @rhiaslatad | ow, but 48
plaque was identified in another AP 1-42-treated mouse.
Quantitative image analyses of the amyloid burden in the hippocampus
verified the dramatic reduction achieved in the AB42(AN1792)-treated animals (Fig. 2).
The median values of the amyloid burden for the PBS group (2;22%), and for the
20  untreated control group (2.65%) were significantly gfeater than for those immunized with
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 monoclonal
antibody (mAb) 3D6 in the hippocampus, as well as in the retrosplenial cortex. A similar
25  pattem of amylbid 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
vulnerable subregions of the brain classically seen in AD, such as the éuter 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 néuritié 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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measurabl e titer of approximtely 1/1000 (Figure 1, Table 1). SAPP-injected
mce had titers of 1:1,000 to 1:30,000 for this inmnogen with only a

Si ngI e nouse exceeding 1:10,0000. The PBS-treated mice were titered

agai nst aggregated A(342 at six, ten and 5 twelve nonths. At a 1/100
dilution the PBS mce, when titered agai nst aggregated Af342, “only
exceeded 4 tinmes background at one data point, otherw se, they were |ess
than 4 dyhmuch&ﬁk@ﬁ @Wuﬁimdshcoﬁﬁﬂi&mﬁ@héﬂtﬁi WillaNE792) ImigxeansiBesspeci fi ¢

response ne at 1 titers |l ess than
300. Se\Pé\#l\EgHPpog |sh%w'}ﬁ“ggg %‘ﬁ%“%%?ﬁ’ﬁé{%&p%‘ﬁi‘“w“t eated group had
no. 10 d@&@@ﬁlﬂd&heﬂnaﬁm AN d79|2nrehtla&m‘1ccb(lrx&1dm 0.008%) comparedsto,thbPBS N ti ssue from

mce in the SAP a cont ai ned nunerous anyl oid deposits in the
hi ppocarfﬁﬂg‘eméémeéﬂ()g@?’ ‘?ﬁ@&)front al and cingulate cortices. The pattern

of deposition was Asirébytodis ch@adtdiistic efpludmetzeatcﬁd:d infuirmalos, waNiaIsb
characteristic invol venent of wvul nerabl e sqtg ons, such he outer

nol ecul aﬁbs?’é%ﬁhCBP‘rFﬁémﬁ%ﬁ'@éWﬁ%fF FoHP-af & om EiemiCH if ef’ nthe AP
1-42-i nj 86L 84 okAintd Mdﬁ%&&{&é& E¥APSAUGELAERMAQ lmeé@p p]a@;Q@f ined to

t he hi ppocanpus. An iIsolated plaque was identifiedin another. AP
1- 42- t r cnbasiptermlivsis. Qsulprei afahe GRATnergted ghdds yyeroscoptiter-$igingdhyithi d burden in

the hip C

o 342 AGIBITS St BEiel 88 Ao e GG R AR BAE . oyl o1 d
bur dH? fwith Nﬁq;ldaBs igttel§AR, PBR 28¢ unteactdicontrdlh eN@Qich atsodafendvasdodndol  gr oup
(5000, b usud b AR BERES B WO oA BB o e
W th Sﬁﬁeﬁﬁnﬁhﬁi&& h&RPRYatetasittbAN4962. Brai n tissue fromthe unt reat ed,
control mce contained Jlumer ous i d 5|ts Vi sua d with the

Af 3- speci fic nonodPasfAalY st B‘éswﬁgﬁ)ﬂ“%ﬁée?% e RrFHoER a as well as
in the retraspliarnhairoepbiiexas sprificin @ith 2 mepiah valndoff. 563ajdrohade dep05| tion was
al so

nin m.c nlzed t h . SAPP PB 2 tion, in
hootS | oeurt Vi ANt IPES Pt VR ket ba bvat S i bio R | o
vul ner abk &P puftidegiPBSr afitrdatee (1020 7| assi cal |y seen in AD, 'such as the
outer nol ecul ar | r t he . hi ppQqc al, ayJus t hree of
t hese groups. The E%?Icgfl?%g%%ﬁ“ r??gl ﬁ%‘ aﬁé]%ﬁ%én 5% n%écaleflso devoi d of
neuriti cplQuePdsadtites MAatI i&{rﬁlnbyaat&adylwas\abseuahltﬂeeW1ma iRARPmidece Wi th the

~ human APP anti body 8E5 of .brains fromthe remaining groups
( SAP-i nj W@H“t%a%gaﬁrﬁ%e@&“éﬂ HBEPIHEPO " Sumer ous neuritic pl aques

typi ggl of untreatseiddPhPR: FoG&: brdin$Welelalsd Wbl wath ameAls bfetigic with a
" monoclonal antibody specific for MAC-1, a cell surface protein. MAC-1 (CD11b)isan
integrin family member and exists as a heterodimer with CD18. The CD1 lb/CDll 8
complex is present on monocytes, macrophages, neutrophils and natural killer cells (Mak
and Simard).  The resident MAC-1 reactlve cell type in the brain is likely to be microglia
25  based on similar phenotypic morphology in MAC-1 1mmunorcacted 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-inducéd

inflammatory response.

30 C. CONCLUSION
The lack of AB 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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pl aques were present in one nouse treated with AN 1792, and a single
cluster of 49 dystrophic neurites was found in a second nouse treated with
AN1792. | mage anal yses of the hippocanpus, and shown in Fig. 3,
denonstrated the virtual elimnation of dystrophic neurites in.
AN1792-treated mce (nedian 0.00% conpared to the PBS recipients (nedlan
0.28% p = 0. 0005) 5 Astrocytosis characteristic of plaque-associated

|nflarmat |nthe br. the APl -42 injected group.
The brai ﬁ’st%?logla erﬁea rsr'i: Pﬁ%ﬁ % T ng‘r'g@p'gi SoRtesr LBt and

cl ust er edacoAPxINSISHyt ds\eontits bbb RsiciniRé. Chlerdlbre ARB RARAGRoRSSOG AL ed
gliosis. ﬁ subset of the GFAP-reacted slides were counter-stained with
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associ at @Amifriv &ﬂkuﬁd@q@nagémal £hdt Hﬁmééﬁo R n%ﬂ@vé’éﬁaﬂ gﬂuscont rols. No

such assom ation was found 1in the pl aque negati ve AR tfreated mce,

whi | e3mi ﬁﬂwls%1lﬁmfé%3®ééﬁ nddvybith piegentatiye andiémapéutledbemqﬁtone mouse

treat ed #} | mge anal yses, shown in Fig. 4 for the retrosplenial
cortex, erl?le that the reduction in astrocytosis was significant with a
medi an val ue of 1 56%for those 15 treated with AN1792 versus medi an val ues
greater than g9 —ll nized with SAP peptides, PBS or untreated
(p=0. 0017 Evi nce rom a subSet of the Af31-42- and PBS-injected mce

i ndi cat ed pl aque-@reprifdivedvelkiGld, fematrSwior Wabdtérnite/(Nadbpeageept i n t he

APl - 4 ck of. an Af3-related inflammator
response E@gl@ f%ﬁjéthg eqﬁg’%r%oggeg%ﬁgr hg Uk 'S ugof By f8%‘il%t8‘?\ﬁh th a mAb Y
specific GﬁWAaadnmmmddomtadpeawhe@@dWhﬁdaaateE Mérd‘gwchAE‘nJeekl &hté‘rez!ll!s surface

. . . Y
Pt er od ASIENd b E6 Pord e Bt BjoE0he sl B el BB Sdnocyt es,
macr ophadeesemaiging dogws ivlese emwlslﬁai wHtAIF A M;ﬁfals@&lré bled Maklayefallowdingard) . - The
resi dent C%erlun{zgt@o% %]tgrem C ertb r%??ﬂ?o Oéeg epﬁ%elf{s?flmh@él 0 be mcroglia

25 based on sim eno U¥ted sections.
Pl aqué- dssods mtaadbsMMftﬂxreh ghoebs righseiBmbsiverwitt] I, BE JpBed ﬂ@opefnng&rce treated
with AN 17

T e R e LA
| ack of A¢@thpinayoesticrtd moetatthy decapg uf the attibadylregbdned actoss Baggess i n t he
doses of immunogenic formulat_ions. These animals received a final fifth immunization 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
responsev 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.ug of antigen (see Fig. 5). |
Antibody titers rose dfamatically 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 pg recipients. The 1.2 and
- 3.7 pug groups had corhparable 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 vs(ith 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 pg. Again, titers for the

four highest dose groups of 11 to 300 pg clustered together. Thus following two
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brains of the Af31-42-injected mce indicate that no or extrenely little
anyl oi-d was deposited in their brains, -and pathol ogi cal consequences, such
as gliosis and neuritic 50 pathol ogy, were absent. PDAPP nmice treated with
AP 1-42 show essentially the same |ack of pathology as control
nontransgenic mce. Therefore, Affil-42 injections are highly effective in
the prevention of deposition or clearance of human Al13 from brain tissue,

and el i nfHRHIZBHONST the e bedy bist watdependsnt oavibe anifeen Aerseeess tielrepdr at i ve

changes. JSronP0. ddmd 5. M8y the hiRfimARn PSR qg:r?&'?h%%ﬁ:sﬁ@%o@ésevem ative
and therapeutic benefit 1n" prevention of AD. I1. E RESPONSE STUDY

Groups of WerE ¢k coparerabls] and theyramen®itolapeb after anAddsiopi®mpaizatippoup) 10 were

i mmuni zed Wi th 3000,d00n13BHowide tha -k ],-F]ﬁl ug f, AR fornul at ed
in CFAIl FA adm ni stner eﬁ j nt? apge%hi tourfteha y. ﬁ?%gqeé%ggergzmgrﬁfqg\ven at

bi weeld y highegintht 300 fgrovmbdn thpseamedsanad fomddeal drmen fionddys Falowing thihe fir st
dose was %Fy! j.fed. W and. the renmaining doses were.emulsified with
| FA. Ani mal's \?\%?J)en@fgégs'ztl%@)asﬁrsva oéjlﬁu%%ﬁsﬁgﬂ%tgg alf%ﬁfsflﬁtap%tf?ggt arting after
t he secondsmosectoredigeasbaehdays podft-ianuihiaiby. tA meresnode (Aitiatisasen a subset

of three groups, .those.i ized with 11 33, or 300,tg of antigen, were

addi t i onaYg?syse%i dég“%ﬁ‘m%lﬂlptggg? Kagery Mi %qcv"g S8 BIPHP 8t MRSy m%nt hs

f ol | owi ngfollbwing ttausst bosiemmf ' Zé’cﬁin@dlstlgdp_l)fm'ti)ﬁtr7Q°/tle?ﬁla%?th@1fm6m ﬁti body

responise acy.oss range o ses of i mrunogenic_fornul ations. ese.

ani Irorar% r%ﬁé’i‘e\/‘%ﬁq%fs F'Fﬁ%a"ft 41’5%f(§j§0 Fmﬁ?‘%‘é‘f'?%?%ftthe b Itgrfloses: dbter st udy

i nitiati ofe rald\6etIBE &n Sakldihi 68 hoaY Bre¥TBHo Wik 8¢ssiton /¥ AHifzat8n ant i body

responses to ANi)??){ZPé‘and to performtoxicol ogical anal yses. A declining dose
WRETDBE

response B51¢ e Si6eP €55iine the frshmepthfgliowiag peakdesraeset he two | owest
doses. Mefallowad iy0dyre middes Sat@bdedRRadstthekeaRD0 after 3 doses and about

1: 10,000 after 4 dgses of ' 11-300, f antigen (see Fig. 5). Antibody titers
rose dramatically "ra’ﬁ’l?’Pd%‘ﬂl‘Frs %&eg‘\‘/()é‘s“fs‘lf BRI st BVIsHWeRYeR he third
I Ui Z at s ai strfilar foth 6@SE oy Heldiszy 6uis PIDXPH 283 edic rhile Romnfred.in a LOW

ant i body re{;f) nses re th?fn detectabl e for even the 0.4 g recipients. The
1.2 and KT °B‘§“5Fbﬁ%§a%eé& ESHH A BAvGs apiimEee FERORSEIITERs ABout 1000 and

t he hi gheypichltysimitko sedosagdsufe@iveth mizget her wi th GUI's of about 25,000, with
the exception of the 33 p.g dose group with a |lower GUI of 3000. Foll ow ng
the fourth immunization, the titer increase 30 was nore nodest for nost
groups. THEr e SUREEN FORAHERIREUHEENTHRA AT AGAINIIRES TWRILISHED AD

20 This assay is designed to test immunogenic agents for activity in arresting
or reversing neuropathologic characteristics of AD in aged animals. vlmmunizatic'ms with
42 amino acid long AB (AN1792) were begun at a time point when amyloid plaques are
already present in the brains of 'thc,PDAPP mice. '

Over the time course used in this study, untreated PDAPP mice develop a

25 number of neurodegenerative changes that resemble those found in AD (Games et al.,
supra and Johnson-Wood et al., Proc. Natl. Acad. Sci. USA 94, 1550-1555 (1997)). The
deposition of AP 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  plagues. 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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antigen dose groups fromO0.14 pg to 11 jig ranging fromno detectable

anti body for recipients of 0.14 g to a GVl of 36,000 for recipients of 11
g. Again, titers for the four highest dose groups of 11 to 300 g clustered
together. Thus followi ng two 51 i mmuni zations, the antibody titer was
dependent on the antigen dose across the broad range fromO0.4 to 300 g. By
the third i mmuni zation, titers. of the highest four doses were all

conpar abFe@rosvgibleaspsrenentnefmenttcplus fermation nahe BRARR&MI0RE¢ | nmuni zat i on.

One nont Bth@bhx@%Lﬂgnatl B&nﬁdﬂ@ﬁtto?PDmWeﬁﬁtdﬁ?ﬂyueg 1'ste%r11§ v%ﬁl?z,e@mth‘an?’ fold 5
group than those neasured from.b drawn five days

hi gher in the 30
fol | owi ngithedy sﬁ’%‘r‘r‘ﬁﬁ?@éﬂ%ﬁé’ﬁn@m@ﬂ Fpibedy e rang is r@%ﬁll@/m@gwet hat the.

peak anaWQ&Bblﬁe@dﬁﬁbt@&)ﬁlﬂage Ex?agﬂgn %er@ﬁﬁé’ ik &t ALE neh@ilg heQBYSs of
post - i mmuni zati on. A nore increase was seen at this time in

the 33 gAdtiddpon Prﬁylpwlomof%@a%yegmuoreéfheteﬁoctﬁoﬁméreawm Wviheg the | ast

dose, G\/ﬂigveqj(ﬁﬁ{elnﬂﬁq]eﬁﬁt g}g/y about 70% After another nonth, the 10
decline was l'ess steep at 4 (100 g) and about 14%for the 33 and 11 g

doses. Thus, the Agtosyiefandaupiogka armnest-neidnat ¢aily thahtesinod o widireflest f ol | owi ng
cessatl O&eqegiegﬁpﬁgu?&tah ﬁy ?(gpﬂah&ltﬁ\%fap??cg{\ﬁg%?@mwnépgsﬁv&gﬁm nigecl ine the

first nonth | owi ng pea bg est” rate of
decr eas e 2feHemERniverbserverbin A, iapbthpir e¢tivatien lawdmhyltkﬂwépve@gy ofthe he response

O 185 aBUsE S THABSE T ikt e e aSleliphd, drocdliO0 R BlyRg et er 0zygous

PDAPP transgenic m ce | nmunize manner. "Dosages effective to
i nduce afiFRENASE ip BsON82rgatedmicas are typi cal ly simlar to dosages
effective in mce. I11. SCREEN FOR THERAPEUTI C EFFI CACY AGAI NST ESTABLI SHED
AD 20 This assay is designed to -test inmunogenic agents for activity in
arresting or#Ar evelMaichys ardethedshol ogi ¢ characteristics of AD in aged

ani mal s. | nmuni zatmosmgmtﬂatem&;g@mfmlaﬁmﬂpmﬁ& AProl AN Azr%ﬁs)oﬂ&gée begun at

a time pojnt when anyloid plaqués are already present in th rai ns of
t he. PPAPPPIR{nES fm@/%haﬂ%%lvm werecudemly divider inip tizsoupsidymiceigtbecat ed PDAPP

m ce deveh@Rni@ed with mm‘ggemfmv%%e%%&%%& lﬁﬁﬁmﬁ%ﬂ&%%é‘%&cﬂ esenbl e those

found i'n AD (Ganes_et a supra and Johnson-Wod et al., Proc. Natl.
Acad. Scicompiged with Fregnds adimany. g AN1797 aed PRfepresp: &R 2gsin diRidedit o amyl oi d

pl aques '\Aﬂle@&ﬁf’%a@ﬁe@dvm‘rﬁolﬂth@ofif‘%Qe'AQﬁ?-Hoﬁ@ls B?égc%ﬁﬁjoxm{awmegaps' sting of
aberrant axonal and dendritic elenents, cal %Stl‘Ophl C neurites.

Ayl oi d EGEPBSE the ANHP2 w08 P?ér*feaiﬁﬁa@ambweaﬁwt@ome (7r1@yad P-ophi ¢ neuri tes

cal | ed nesspidtively), the remainder continued to receive 1mmumzat10ns_ 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 émimals, one-year old (n=10), 15-month old |
(n=10) and 18-month old (n=10) untreated PDAPP mice wero 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 ~administered_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 jn 200 pl 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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30 plaques. In both AD and the PDAPP nouse, dystrophic neurites have a

distinctive globular structure, are imunoreactive with a panel of

ant i bodi es recogni zing APP and cytoskel etal conponents, and displ ay

conpl ex subcel | ul ar degenerative changes at the ultrastructural |evel.

These characteristics allow for disease-relevant, selective and 52

r epr oduci b% Flgasg{‘]‘enegﬁs of neuritic plaque formation in the PDAPP brains.

The dyst? g‘ﬁ ASRERY © RFHIIR EPRES BETFEhEoPVIHElT A anddbe Bnadfavedoses easily

vi sual i zegth PBShilds widbitiab@dkdfinesd fA Giul1QF niik BAuARRLERERGvRRBerant i body
asur abl e conput er - assi sted i_nmage anal ysi s.

8E5), and is readi| b
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pl aque f egupBletlothtervi® foFeiR k@kRAthgliNectefdse Ths foRf-roRihSreh et ?@aﬁ, on the

devel gprre% of neuritic dystrophy. Astrocytes and microglia are

non- ngur 64AFIZEd[RE D mevths ofepaereived oabhuthe Sfst 6 MpmuRiFiogegr ee of neur onal
injury. GFAP-positive astrocytes and MHC |l -positive mcroglia are
commonly observed in AD, and their activation increases with the severity
of the 10 di sBase Re#flrefore, we al so nonitored the devel opnent of reactive

astrocytosi s and, pHeisQ9WNISOBSTicAtmidAE o ablgaLed mice. A Mterials and
Met hods Forty-eight, heterozygous fenal e PDAPP mce, 11 to 11.5 nonths of

age, 15 obt ai ned PesthefANE Ritrarmenher eorfieah amioid birdandgisttmnined t wo

groups: B¢ qinERtilOinkge aﬁmrﬂr@;ﬁfévmm!ifi%@).omgmgfﬁaﬁb&ld%oﬁﬁql Aafyihce_to be
i muni zed with PBS each " conbined with Freund' s adjuvant. Thé AN 1792 and
PBS gr oupdsevas Gk i aropriefcntinried 12 weapty JA PRAEP mise, gyaluls of age. At 15

nont hs  ofepagentaPRooMk pREs bad B hicoht RGHRy IatRRS Al EembNLS %% and
PBS-t r eat ed}eamnéu%s wer e, eut hani zed %n-- 1}6 and 9, 20 respectively), the -

r emai ndefM¥ Peasednvar YETQIRHA B 7%1n BRS- tgHed micceVhil AN 8- at - 18
mont hs  ( frefledite had a frosBACHLce hityloidbikraddf oafy GoBRindRbS, 162 i /92, 3 PBS)

di ed urig he stgfp . dditlgn to the inmunized ani mal s, one-year old
(n=1dy, ¥ FeB TR 2;{‘&2%0@6 Lrrhne 4 8ripenth PBP ¢repid aroyPuuntheeaw il PDAPP i ce
wer e i ncbudetwhiigrifaRay ted@diifthet A1 b réfiSierdtOatHBASIS (96 ARG APP | evel s in
t he brain; é(ﬂag o(gg- )LE%D ol d .ani E?' § were 25 also included in the
i mrunohi &t &¢he M S CanZryaston pEP R8Iy has as in Exanple 1 unl ess
ot herwi se i ndi cat eRypicalBy, cBieipiliagiasoili dépckRioa IPISAPP hdteThitiaRe pitheles | ot ME0339
of AN1792 .wer anldsreetgostlgnj repar Sewg%e; ?nt i gen for t rt\rel, 15{ X idmni zations :
admi ni stered prior ro the {5 O PHRETHTTS AR @ ventral-lateral direction to
20  involve the temporal and entorhinal 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 profound 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.
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California Peptides |ots MEO339 and MEO439 were used for the three

addi tional 30 inmmuni zations adm nistered between 15 and 18 nonths. For
ismruni zati ons, 100 pg of AN1792 in 200 1 PBS or PBS al one was enulsified
1:1 (vol:vol) with Conplete Freund' s adjuvant (CFA) or Inconplete Freund's
adjuvant (IFA) or PBS in a final volune of 400 |. The first inmmunization
was delivered 53%? CFA as adjuvant, the next four doses were given with

| FA and the fiRal Tastpat-agiorintepaedpmd Mprhdegicehdded adj uvant. A
total of nine i mA%sti ons were given over the seven-nonth period on a

two- week schedul e pepuldiBg of ApSosititd &As 42$ fstnfl & braWeshidh¥ ud yhRMly Week
interval for the remaining injections. The four-nonth treatnment” group, 5

eut hani £efaigemyidAsResits: Bemarkebly.rinsaverpbbrams(fipm AN 1192rreqipients, weryini zat i ons.
B. R8sUlft ordno dxtrh@ftug: Qi lgﬁlﬁ%‘]ﬁ%t\gggtfo&g_ A gk Byrden The results of

AN 1792 treatnment on cortica burden determ ned 10 by quantitative
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representative o%‘%@’%?%g%s Ic%%g)tl |dﬁa%¥rln9ageed1r§fcr‘fgrl1% SPORES i Wi ation. At 18
mont hs, Wekammumpieaitide with dettbodivs reeagedngligands exfressal Hyactiva®d% i n PBS-t r eat ed

m ce, i - 1.C a greatly reduced anyl aj.d, burden of
only O%Jfo‘%yﬂ#%g géll?é%hgzs § haks c?ﬁg?% afg-w fon %asboﬁl? ﬁ%ﬁ%&%ﬁﬂﬂﬁg‘f h the 15-
and 108- maHwhluRBSof blead emsely. dlynsparidnefanyttadjdent Bevtideylabetel viihgap f i cant |y
. A o VALK _

15, ( So0dn Mt eI b G By e Rt ot o PG e iyl bid
deposi t iresgniredPRAPR disses of mitibodite sDétillellrRaming Gui ditheastdl 92kkasp! eni al
cortices_{ 0 es i.n a.ventral -lateral direction to 20 involve
t he ten%gélgﬁgaen g]g’ﬁ{)o? g’lf}g(gﬁ'pcoéﬂnf’? gedis “(eﬁd)e.smﬁﬁeéfq 'Ee B’F‘nﬁbo’[ﬁhﬂ“&tﬁl was found
in the BGybidt@ainpgtinthotechnimade, Udeethafixaton soatiionsagepl@ed W d2hs ANL792 was
depasi 1 or n b rear Oyl Ao BRI oy Rl (018 R s SPtset ve
i nvol ver@eRtSRA, GIMERBLligmds enitikoejty cethinoh astiged (OP4 AN %82 redeti@at nent . The
| atter | ggm - AN onpl etely halted the ogressi on 25

%&%\Agﬁﬂogpré nox?g#%{ﬁ?%lalﬁ‘n (é‘lzdlgi% tvﬁ‘xéc Cross-re wJ.h dng}mgwft?sa&o

of anyloid that woul d nva enporal an cortices, as
wel | as sudircebsvee fopd pomgiobthy PBSvesateddnideposi tion in the RSC. The prof ound

effects of AN 1793 APl anivar My 8¥RL WA DSk bERLIAME & Sher
20 molecular layer of the hippocampal dentate gyrus. The deposition forms a distinct streak
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 AN1792-treated mice this pattern was drastically altered. The hippocampal
amyloid deposition no longer contained diffuse amyloid, and the banded pattern was
completely disrupted. Instead, a number of unusual punctate structures were p.resent that
~ are reactive with anti-Ap antibodies, several of which appéared to be amyloid-containing
cells. | |
30 MHC II-positive cells were frequently observed in the vicinity of
extracellular amyloid in AN1792-treated animals. The pattern of association of AB- \
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 A plaques.
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burden in the PDAPP m ce are further denonstrated by the | 8-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
0 2. ANO92 Treatment-associ ated Cel lul ar and Mrphol ogi cal Changes A

popul ati o f a@ﬂ.— ositive cells was found in brain regions that typically
cont ai n any SPumHESERY 1°6 MK dAdt-ipbelied ssetipas mveddedathatpldque maiNall 792

reci pi entsas cofhimedwittiwntiny BOtheKihaGRlIUar cortical anyloid plaques were
found. Mpst of the AR inmunoreacti'vity appeared to be contained within
cells with large | QB%f}“éPrnVSFm%ﬂe@ﬁﬁéﬂS ofslig. 11 P MGG/ blabaltd sectidiese cel |'s

r esenbl edealc waieReloNagts Atdsde i ; re i mmunor eactive with
ant i badi e *ﬁ%%gni i ng Iigandsdqex rg%gée(%‘g flggﬁ%g&:a\/@d“ppﬁﬁ%‘ﬁt"gs and

mcro Iia(‘fltJ CAted HYCeOmPRIsY toathe PRE ieeoupowliist eacked yigaifisact atitidhani t h t he 10
wal | or |rﬂé§&ﬂ-e@f1\/@](‘ppgay@,§?@}lﬁi &gﬁ;ggison of near-adjacent sections

| abel ed with A(3 and MHC 11 -_‘sB%ci C ‘anti bodies revealed that simlar
patterns of these E&AsFEesylisraee indigatingmif activebyel ot diated dssesre of amyibidoodi es.

Det ai | ed igyRahatblibidh (Ld16nsAN 1792-treated brains revealed that the MHC
Il-positive cells were restricted to the vicinity of the limted anyloid
remaining in these aninmals. Under the fixation conditions enployed, the

cel | 3015 were natpy : [ it ] tibodi es that recognize T cell

(CD3, CD3e) or %%ﬁﬂwwﬁébﬁ?ﬁ%%@gﬁ%%mn%pni eukocyte common antigen
(CD45), but wer da) €eicdl\levelni t h ananti body recogni zi ng | eukosialin (CD43)
whi ch cross-react s; .t ] NP9 es. uch cells were found in any of. the
PBS-treated mice. IB&k%tm ce/g?ﬁ;n%"rei%W%%WF{)#‘%%@/‘“&WF@T% agleposi tion in
t he out erl2 nzothyitae ¢.6P&ng/k aylech intrehdae ths pRREAFBRE 5 HRRMAIBLE U, The
depositiggp .55 L9shaStreak. withip the perforant pathway, a
subre ioggﬁﬁggh c e:”égﬁei‘ta"‘% gfb(():oz?ﬁ/%tiaﬁémé?ﬁf? 8{]‘6’6{)?% during thexmyne qppsse

char det eof teiexpesippetaPRAScteeatd! ahineschad @sIDIidss thial RE& iy gatiedwhic.ge resenbl ed
that preyl I acterized i n _untreated PDAPP nmice. The amyl oid
deposi ti ?r@eg%?st?g’g@ﬁg I SEROGSt 7 S Rl AN AfPakeasd apiremlukast §186 a cont i nuous
band. | nlesetetal AStaf 13 mosthan(Indsenge) AR Y P Enh iR 2 4hRahey M ce this

pattern d ivcal,l |t ered. The hippocanpal anyloid deposition no
| onger cgﬁf%i*@@&‘d?? I egihglnéigb‘,”a%\ 4n¢ Ael perdesoviisattheeh N1 #Rsind PBS

groups were compared (Table 2), representing a 72% reduction in the Ap that would

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 wefe significant at both 15
months (p=0.04) and 18 months (p=0.0001, Table 2).

25  Table 2: Median AB Lévels (ng/g) in Cortex :
UNTREATED PBS AN1792

Age Total "AB42 (n) | Total AB42 (n) | Total AB42 (n)
12 1,600 1,300 (10) '

15 1 8700 8300 (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) Hippocampal Levels
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conpletely disrupted. Instead, a nunmber of unusual punctate structures were
present that are reactive with anti-AR anti bodies, several of which
appeared to be anyloid-containing cells. 30 MAC 11-positive cells were
frequently observed in the vicinity of extracellular anyloid in
AN1792-treated animals. The pattern of association of Ap- positive cells
with anyloid was very simlar in several brains from AN1792-treated m ce.
The distributionhﬁﬁn&bﬁaeDWWBQﬁwih&dﬁﬁMhﬁoMa@mrE%ﬂ§MhbeﬁApa the proxinmty

f th [
devol d 9 ‘%’ﬁ‘ o BB gL, B et tgg??% L e
sect i on%“ﬂi‘eé\% @(g) A&t 1§imepts ﬁﬁ?%?) zﬁ‘mll%\‘/é}’s h‘f‘ﬁﬁ“ﬂ‘éﬁd W“Fﬁli“}’f’efdrany of the
nonocyt vatues of 4G5000QgaNridt (51000 @g/lgrm femainas sl 18 mdéntidespectiestyl MAC | - | abel ed

sect4 on r C i the RSC
ood i p%N(l;éQ@‘iﬁﬁhﬁg:e@aﬁxﬁﬁ%@§%gf{\étﬁrlg§tt6t§ ;ﬂ?%g&%c'amﬂ.ﬂt@%@% a}(délyosdogroup whi ch

0
reached® $ﬁg$)efﬁeéi§ﬁ%‘if \/ﬁ%ﬂ“@ﬁ’éd 18;pgu 15168?“‘?%%@% 5‘88’#‘1 ~in hi ppocanpus.
These riesitedigsouprvaluie rvgis sighificentiyflowatthanghat 06 tHe PBS dicateé dromb é@er @OIS; of anyl oi d

oo BRI 98 B8 o LT SEEl S 1A
| evel of€y %’32?2 Ké? %%grPY%wErﬁrs’tg@ ‘c?ﬁtﬁ' iﬁerﬁgﬁ‘ﬂg‘e&%ggfo%@g}rq ée@g/gvvm ch

i nci@ased51,90081g70 Qespeptiyelyyp-0900apatithes] - Maith evalyatioA(Tableg)nont hs t he val ue was
22,000 ng/g, an increase of over 10-fold during the time course 15 of the

experi 4 P re d 8 600 ng/g total AR at 15 nonths which.
increasnggbfo ?gedfﬂj’og % S%l g?% ’hga BOSAMPYS, Contrast, AN 1792-treat ed
ani mal s had 81% ATERR ay 15 nPBShs (1 600 ARIG2t han t he

PBS- i nmruni|zesgegr J)uDotaIS| Qui4bi cant | otdl eB4bpxp) OFOk) topsd AR [ 5, 200 ng/ g)
was found |at 118 mpskbs whes thie) AN1792 and PBS| groups were cpnpared (Table

2), repregenying| 3, £gds ﬁ@%’&th@g hd‘160h§5%3 b)h? é@ou'fl%’ gfdg““’“ se be

present. $im/lar|r n al vel A(342 were
conpar ed, 1=I=dlllz‘;l._y ‘}885318 it /-\I\I.L(%gl Lrea‘réfg?(? U%Q (.(:)UQ?I)L ar e rIess A 342,

but in th| casg the differences between the AN1792 and PBS groups were
signifi cant 288 15 nonths (p=0.04) and 18 nonths (p=0.0001, Table 2).
25 Table 2: Median AP Levels (n

(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 ngjg 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 Af at 18 months
(25 ng/g) than the corresponding PBS group (Table 4).

Table 4: Median AB Levels (ng/g) in Cerebellum ,
UNTREATED PBS . AN1792

Age Total AR  (n) |Total AR (n) |Total AB (n)
12 15.6 (10)
15 277 (10) 20.8 9) 21.7 (10)
18 35.0 (10) 43.1 (12) 24.8° 9

25 *p=0.0018
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R g/g) in Cortex UNTREATED PBS AN1792 Age Total 'A642 n Total A B42 (n)
Total A D42 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"
(9) p=0.0412 ** p = 0.0001 (b) Hi ppocanpal Levels 56 . it I'n untreated
PDAPP m ce, nedi an hi ppocanpal |evels of total AR at twelve nonths of age
were 15,000 ng/g which increased to 51,000 ng/g at 15 nonths and further
to 81, 000 ng/ g. aEffeS afN 1782 (katrhant &) APBiLevdlar | y, PBS i nmuni zed mi ce showed

val ues of 40, 000 t .1 nt.hs 1

respectively. 5 ‘ﬁtﬁg‘?‘g’?gg}ﬁ%ﬁ 5&'&%%&&1’1@%&% age ﬁ ga!? taffAQP

speci f iss@lehye 228 ﬂQl@Golﬂ@b@pcﬁé‘rdxaﬁ)luﬂ@hﬁted bt g&herhﬂfm dfes mmyﬁaua@edrm nth and
18-nmonth tine oi nt g 18- m)nt AN1792-

. u ue was

si gni f i EHHPF S ﬁsf%de?fe 8f'§ hﬁ&”%‘f‘ﬁ@z’q 91%‘6?? eQ”“’%dci‘so 105; Tabl e
3) . sMVeagufo aﬁabgﬁhcré&éemg@é@mpn@aﬁe Il lcofték, ChfveIFSQStlUieSAPBWLy t hat

| evel s in the AN1792-treated group were significantly Iower than in the

PBS gr dfip! lemsh)eod PRy were@ssertiall3 rngposeddiygreatuesapwith thespgertipathapo2) at the

8-
]I'_ll pggggmuswéﬁggﬁgg§?xﬁ)1§ﬁg&ﬁ %‘egql\rc‘)t aﬁJ %ng@% Iﬁggg?%@%/ %ZLZI ?n) Tot al
§2Dé11(2) OnPBSLﬂealﬁ 5. Tbe 12@10@1&051111‘592%p608xP4?4va11@®we@01)0t Aenificatigs5, (7)0 ( 929 24* 50
p=0.0 10(55&%0&rlt ﬁom ‘éRa?ﬁéRC?the g %h acq;)grlebe?“l(aﬂ mﬁ%gt\%g Flgéamigrhrm nt%o%gt r eag eél
PDARP nincdi ca:{ehéxe eai \amesambeﬂ Wwathin theehgesfthat eteaiormally found in PDAPP ‘

mice.

5. Effects of AN1792 Treatment on Neurodegenerative and
Gliotic Pathology

15 Neuritic plaque burden was significantly reduced in the frontal cortex of
AN1792-treated mice compared to the PBS group at both 15 (84%; p=0.03) and 18 (5’3%;
p=0.01) months of age (Fig. 8). The median value of the neuritic plaque 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 old, hetcrozygous PDAPP mice (N—24)
received a series of 5 immunizations of 100 pg of AN1792 emulsified with Freund's
adjuvant and administered intraperitoneally 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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AP was 15 ng/g (Table 4). At 15-nonths, this nedian increased to 28 ng/g
and by 18 nonths had risen to 35 ng/g. PBS-treated ani mal s displ ayed

medi an total AR values of 21 20 ng/g at 15 nonths and 43 ng/g at 18 nonths.
AN 1792-treated aninmals were found to have 22 ng/g total A(3 at 15 nonths
and significantly | ess (p=0.002) total A(3 at 18 nonths (25 ng/g) than the

0 Tabl e JTabl e 4;. Medi.an. A Level s (ng/g) i»n
oot ebo A OtefatRe HEPHR AR Sechle i Rree B id iR oo B S Re ot 4l
(n) - 12 vmgm tBe fat@)adiSarRyand deliCreéh Be 6pe Rhedld, @m&&ﬁéblgd@ﬁ&kpgil (|12)
57 4. Effects of AN Tr eat nent on evel s
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significantly different fromvalues of the 12-nonth and nonth untreated

and 15- MK T8EEYing tRypwnizatigny 3 abgyt 20, 24254 2F aveplop Fash oftbesednges wasl wi t hi n t he

r angi®s tdhmertﬁlhﬁPBSWBH[:I'e)éloE@Wi\Hodt'FrJDuQ@‘E Edjumn@eMeé'l aﬁ%%t@rs%mﬁl’}é 1792
Tr eat ment _.on geuro ener ative and dijotic Pathology 15 Neuritic plaque

bur den WAE2BRGRVES W%PCP%?}JEéEFtﬂ Ftibofy titprs APReAred de femainftablei Iz 92- t r eat ed

pafoeth foahd dightPBReJER 1B AlInR e B pdiod(B94%inREOR AR B0Eah8 (55%
m ce CO t hs of agﬂet (ng 8)E>p Tﬁg rreg%g)n val unegp'gf 1t he0 neulrnljntl c plaque

bur den |W8°:}83§ed from0.32%to 0.49%in the PBS group between 15 and 18

nmont hs of age. THTSdetéMiteliBHE & %%&ﬁc mﬁ)ogﬂégéﬁél%d by ﬁ%&rﬁgmgg }fal opnent
20 group, th nedi an neuritic plaque

of neg:ill '\[y%fgquéeacga Ef‘rgthle gg%}z ggﬁﬁgﬁ%QtT/ﬁatqdﬁmpﬁ yex:pgﬂsgr@gsoggted with deposxtcd
-brain amyloid, a subset of sections from the AN1792- and PBS-treated rice were reacted
with an antibody specific for mouse IgG. In contrast to the PBS group, AP plaques in
ANI1792-treated brains were coated with endogenous IgG. This difference between the
two groups was seen in both 15-and 18-month groups. Particularly striking was the lack:
20  oflabeling in the PBS group, despite the presehée of a heavy amyloid burden in these

mice. These results show that immunization with a synthetic Ap protein generates

antibodies that recognize and bind in vivo to the AP in amyloid pléques.

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 AB40-1 (reverse
order protein).  The mitogen Con A served as a positive control. Optimum responses
were obtained with >1.7 uM protein. Cells from all nine AN1792-treated animals

30 proliférated 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

AP40-1 reverse protein. Cells from control animals did not respond to any of the Af

proteins (Fig. 10, Lower Panel).
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nont h groups, respectively. Immunizations with AN 1792 seened wel |
tolerated and reactive astrocytosis was also significantly reduced in the
RSC of AN 1792-treated mice when conpared to the PBS group at both 15
(56% p=0.01 1) and 18 (39% p=0. 028) nonths of 25 age (Fig. 9). Median
val ues of the percent of astrocytosis in the PBS group increased between
15 and 18 nmonths from 4.26%to 5.21% AN1792-treatnment. suppressed the
devel opnent of astrocytosis at both tine points to 1.89% and 3. 2%
respectivel y&- Thilnclgsiggests the neuropil was not being damaged by the

ol earance processme 3us ool LReRASROR PAS ARSAIRREDAPO Yhee

el even-nonth ol d, heterozygous 'PDAPP mice (N=24) received a series of 5
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rece ved LAY ARNL NG LERSBUY $10J Skl BRa3ANR A Uvant s and

delivere e’sane sc ni maf s were hree to seven
days f otHeomeutig beaath in thetrsdtmadtiofAlst arti ng after the second dose. Anti body
responses to AN1792 were neasured by ELISA. Ceonetric nean titers (GVIN) for
the 5 aninmals that were immunized with AN1792 were approxi mately 1, 900,

7, 6Q0, avid 4SCRBEBN OFoAp BRAGYENES second, third and | ast (sixth) doses

respectively. No ific ant was .neasur ed. | ntrol animals
foll owi ng the si xf[%\ﬁ ﬁoﬁr{?’fﬁﬁ‘%} 1P éﬁhé cﬁdmwzﬁcﬁ@t}hgﬁgwt the animal s
ver e tr egficd of APP aid ARE ddtenale g itopBtbhitey mee&ﬁcta\iioagrekmmi zations at

about 2 . nd 27 weeks. Each of these doses delivered in PBS
vehi cl eq*a?éﬁé 7t HYBENOBFRS FR 08 Soafal AR eoAdaR- %f%f%é aboys-ethe r ermmi ned

unchang@gdmendend tiSdd folEhuRh i APbeptifle E@SigateaMtinbog, 82-18NSs, appeared to
remsu n stable from the fourth to the_eighth bl eed correspondl ng to a

perildd CeNRMditAGhERANtMPRY 186 Viareeyiiing ink: pnfABR pPigPRRtdergnigeeddsmiTe i f the
An- specighs Gg %ﬁ#dt&ﬂ%rﬁﬁfx & 1.8 faﬁcdag%yega{@aumn%ﬁw o3 35hald a égégawreda@t ected in

the sera of 792-treated m ce were al so associated w th deposited.
brai n afyéi 4gsraesaedoike2 o PBEctarowssd p BeRitsandN et FRonylsl PBS-treated mice

wer e re@&b&ﬂvelw trhh ARe Watd (ROHYer $REG bl Sroli®T TilRPUR e hfFtorkdLsGON ast to the
PBS group, AR plaques in AN 792-treated brains were coated. with

endogen@a%mvcg@erw@nt#ct ftdhegrdeof R enantiesrplinjections. Histochemistry, AB.

20  levels, and toxicology analysis was determined post mortem.

A. Materials and Methods
1. Preparation of Immunogens
Preparation of coupled AP peptides: four human A peptide conjugates

25  (amino 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 crosslinking reagent sulfo-EMCS. The A peptide derivatives were synthesizéd

with the following final amino acid sequehcgs. In each case, the location of the inserted

cysteine residue is indicated by underlining. The AB13-28 peptide derivative also had

30 * two glycine residues added prior to the carboxyl terminal cysteine as indicated.
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two groups was seen in both 15-and 18-nonth groups. Particularly striking
was the lack 20 of labeling in the PBS group, despite the presence of a
heavy anyloid burden in these mce. These results show that i mmunization
with a synthetic Al3 protein generates antibodies that recognize and bind
invivo to the Al3 in anyloid plaques. 7. Cellular-Mdiated | mune

Responseg12% pepiRens wer e Rgiyadr ﬁﬁgﬁﬁ@ ro¥e 2-1i mmuni zed. and 12 PBS-
i mmuni zed 18-nonth ol d PDAPP mice 7 days after the ninth inmunization.

Spl enocytfds replide i sol at edW&EFRﬂr@@OHor 72 h in the presence of AP40,

Ap42, or reverse d e| n erved as a
posi ti véwc?g%tﬂgo#ud%@tl mum ngs 8 élcﬁﬂp%%&%ﬁ\?ﬁ&%@}gM protein.
Cel | s frapt3aBlpeptidae AN 179&cmlea{}e@KBVFFREBV&@I\MGﬂ}QfCQ§@Hed in response to
eit hgr AR1-40 or API-42 protein, with equal |evels.of incorporation for

both“proteins (Fig. 10, Upper Panel). There was no response to the AP40-1

reverse protein. m;brlgﬁaré foPtheGQ ﬁlﬁfé'reééﬂbmllsmc%bﬂsh@éﬁmﬁ@x_?_ﬁ%q%éol ?ny ](c)ft';]he
nclusion The results o is
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retard consequenti % neur opat hol ogi ¢ _changes in the age nouse brain.
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| muni zéﬂf‘f‘%ﬁ% NP tuhes disnimg ufoiM€Rd anyl oi d devel oping in
struotures that [WC(lél-rﬂalERﬁﬁdIB%h abyr%séﬁcsuaé?mmde?(mmhﬁg%&encéﬁﬁéy
Int treatrrent of

admnlstratlon of pepti de t'her apeuti ¢ benefit

AD. 10 FiSONSEREERE PR JRIRMIZRAGNENTS 4060 PrPERIshicel salfe EYIGS wanmtdad wer e

i Muni z eebpwiisevi@ sdidrizas ﬁi’étshcei)%gh-%&s@fg(}bfnet&ﬂ%ﬁ%lﬁtﬁn%&@ﬁﬂmr whi ch
epi topes ¢ t he.efficaci ous respgnse. _The 9 different I mmunogens and
g

one contP8 FPRPEE *Uﬁtedﬁe@&%r’?%ﬁlg@oﬁ@@““ﬁﬁéamh‘iﬁFrﬁogens i ncl ude
four hurmrhaﬁﬁeabp@msagéewemlmatgesm&a%coi&ﬁ@,er&%részo Clrumhn, @l I 15 coupl ed

t t t | i nk APP pol tid d
02 5o BoAEd R B rmirT RSl Beted St Db bt TIMIRE ARECES 35, | and

aggr egamdwdydsembmxn@%%orég@éﬁg&a%ﬂ aWBfphnadd 25’(51%1“@&@ pYsied @8 positive and
negat i ve,cont r ol Sécn resp ggt Ve'g%lt Ten mice were used ré)er treat ment group.

Titers Were monit 1on. ol apgraimately hmgmb, usiag &-4dp8 A D a4that the end of 4
mont hs @ktmctl?re«totcffmrmt. A4stfala hetarskeags of BB peptide was dissolved in 20 mL of

10 mM NaPO4, pH 8.0, with the exception of the AB33-42 peptide for which 10 mg was
20  firstdissolved in 0.5 mL of DMSO and then diluted to 20 mL with the 10 mM NaPO4
buffer. The peptide solutions 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
25  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 'Hy the molecular weight increase of the
conjugated peptides relative to that of the activated sheep anti-mouse IgG. 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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20 |l evel s, and toxicol ogy anal ysis was determ ned post nortem A
Materials and Methods 1. Preparation of | munogens Preparation of coupled
AD peptides: four human AD peptide conjugates 25 (am no acid residues 1-5,
1-12, 13-28, and 33-42, each conjugated to sheep anti-nouse 1gG were
prepared by coupling through an artificial cysteine added to the AD peptide
using the crosslinking reagent sulfo-EMCS. The A(3 peptide derivatives were
synthesized wth the following final am no acid sequences. In each case,
the location of the inserted cysteine residue is indicated by underlining.
The AD13- 28 pepi ge derlvqﬁg ve ga§ggpeﬂ 0 t wo egC|ne resi dues added prior

to the carboxyl 't eFRI N ne a tated. - 60 ARL-12 pepti de

NH2- DAEFRHDSGYEVCHGHEH 1 m((w152m@tlfmawm%5mtmw ih8Bad - pept i de

NH2- C- a 8

Ac- NH-HEéaﬁggﬁﬁég%ggﬂkééﬂﬁﬁgkﬁy 5 prggga@ipgﬁigﬂ%l oup :ﬁg reaction, ten
ng of shaﬁmtanﬂl,’zl(cmfumm H@Gdes(lﬂapkamozmmﬁ%m@&r&:ﬂneshatmmhnmd fos) was

di al yzed,overni ght .a t..10 mvi um, ..borate, buffer H 8.5 The

il Y5 cd B AP RE ARt RS aHh PP B BEL BORenH A pe BRREBIEL | g an

Ani con Cagridchted £ P20°ADBor thepubfibss, v argBYipeptitie wel dddetb@inpercupr oyl oxy)

succi ni m de]. (Mol ecu] ar Sciences Co.) was di ssol ved i n one-nL dei oni zed
water. A fz;em%f-‘émtwdaﬁhc é%té@sW%ﬁfvogtenefiao EeEte s A e p I SRR 0% t h

StirringsisPedsd. SPBERANANTIBUSR tiueg&lﬁﬁétuﬁbﬁﬂuﬁl@ﬁ 8oL Rnoyvas stirred for
an additional ten mn. The activated anti - nouse Q%G was purified and

buf fer a¥eREHJEY DBy (hEFSE 8- 16\ Nagl, Pcﬂlﬁﬂsghmpbqsehaé%lp Y-DoYa3ER( Pi er ce

Preste Chdds wiich MtWSbe%{HtEbﬁEﬁﬁat@m &@pepdio® Gl Ydrkkat fdinM th 0.1 M
NaP04, 5 nM EDTA, pH 6.5 containing fractions, identified by

absorbané@i@ﬁﬁ@®®°W¥m$hW%3€Tb6® &PRXtdati | uted to a concentration of
approxi mately 1 ngfdxl, txgl?bf]? i';Bf&S teﬂ?r @pdéélénrb‘?asgﬁ&dcﬁ%%gﬁx&%e”' cient.

A 40-fold nol ar excéss de was di ssol ve
NaPO4, pHrEs@ngrotgip e9psishies efiche bR ﬁnm@ﬁmflWécthmhag«szd%érpplya@raﬁw-whu ch 10 ng

s 20 1 aieaL5BOLNRHC Py B ol USOSNbslodhbagd 0 20 T Wi th e

10 nM NaP0O4 uffer. The peptide solutions were eac tho 10 nL of
act i Vat egorshHues! aadescripgsieOltersdorf et al., J. Biol. Chem. 265, 4492-4497 (1990). The

plasmid was transfected into E. coli and the protein was expressed after induction of the
promoter. The bacteria were lysed in §M urea and pBx6 was partially purified by
preparétive SDS PAGE. Fractions containing pBx6 were identified by Western blot
using a rabbit anti-prS polyclonal antibody, pooled, concentrated using an Amicon

20 ‘Centriprcp tube and dialysed against PBS. The purity of thé preparation, estimatcd by
Coomassie Blue stained SDS PAGE, was approximately 5 to 10%.

B. Results and Discussion
- L. Study Design
25 One hundred male and female, nine- to eleven-month old héferozygous
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 AB 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 closely as possfble.
30  The immunogens included four AP peptides derived from the human sequence, 1-5, 1-12,
13-28, and 33-42, each conjugated to sheep anti-mouse IgG; four aggregated AB peptides,
" human 1-40 (AN1528), human 1-42 (AN1792), human 25-35, and rodent 1-42; and a
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| gG and rocked at roomtenperature for 4 hr. The resulting conjugates were
concentrated to a final volune of |less than 10 nlL using an Am con
Centriprep tube and then dialyzed against PBS to buffer exchange the
buffer and renove free peptide. The conjugates were 25 passed through 0.22
mpore size filters for sterilization and then aliquoted into fractions of
| mg and stored frozen at -20C. The concentrations of the conjugates were
determ ned using the BCA protein assay (Pierce Chem cals) with horse | gG
for the standard curve. Conjugation was docunented by the nol ecul ar wei ght
i ncr eas éusivh pblypeptid@nietigdi@rhs pBRGL) deginig APP wainbacithaidued SThESSact | vat ed
sheep antj,-mouse 1.gG Th -5 30 sheep.anti-nous onj ugate was a pool
of two &8k %ﬁ%}ﬁ’ﬁ%ﬁ‘g‘?‘ 8§W§é?B\%éP‘@§W%vm“§ggj%gt%Sacporngﬁgr ation. 61 2.
Preparati on of ag@regatifchulzaidepdl hesk dathap pdptie il 20449 28S dabd f or ni a
Peptides Inc., Lot MEO541), human 1- 42 (ANL792; California Peptides Inc.,
Lots MEGS3HthaAGPEtYaaT pBHe idhe negmlumgff PHSRIRS dlongovas eaplsifishni a Pept i des
Inc.  Lgt ithRERh Lk _ Ly ' reparation
of egchq’sle(tb@g%%%)ﬁ}hect|%%§%¥éﬁﬁ;§ngﬁ§gg%:€|{%@ahg%&ge‘égg?ida%?oﬁggﬂgggn stored
desi ccatfied iramuni2@cn, fFhewedtiys: tmoestpd the, satnpemppnt of imremdgdeindesanpeteted to 0.9
m of I ORI t 1 . e a
el at i vary s BEHPER) P el el B S e e Do ¢ he
only pepirdeizaphsibte dativardd igtrageg pnedly @t biweeklly sphodulofor the@xstEBS: ( 1X PBS:

0.15 M %?%gh%éog;an%rgﬁgis&{’é?d&@%e?éelﬁ&?’mﬁﬁa@ wle MaBrol R Rekd dﬁ-gsdeo' at whi ch

poi nt Al recipita he suspensi on was vortekxed again and
i ncufat dollowey eaclyimmunizBipCsfasingager thheecomidosel foy thePneagaremeitofi of t he pBx6
pr ot ein: ‘AL ESS: | ] ' ' Bne Feel US AR RLLILLN consisting
of the fﬁ@gﬁﬁﬁg‘@ﬁlﬁgﬁgéﬁ%%ﬁﬁg%%%%l y%ef%se.l(l— ter rﬁional | eader
sequence followed by am no acids 592-695 of APP ((3APP) was 15 constructed
as described b & al . Biol. Chem 265, 4492-4497 (1990).
The plasmd Mgs%églﬁlésg-gg goflsllﬁtt%e #oli and the protein was:expressed
after induction ofolioléng ghoonfotranontise ibamhizaticn widr the vyrgme APn 8M ur ea and

pBx6, was partiall ri.fi.ed.b reparative SDS PAGE, .Fractions containing
PBX6' Smerpgg?d(’ﬁseﬂliat}l? %(‘le)g%ﬁvw\%%’tbé%rﬁs ‘ETI?) cmayst }rllrﬁmasgr”gb%e%ségn |n-lat658x pol ycl onal
ant i bodyhempppidredras opeeehfor atmdnabtarterainal AmilgHnar@hOeaond waseped fobe and -

0 21 Y22, 805l B0 JUOMHLY oS LERER s PRI >
- of beta amyloid peptide and amyloid precursor protein, the hemisphere was dissected and
homogenates of the hippocarnpal, cortical, and cerebellar regions 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 A peptide or APP of known
concentrations in an ELISA format.
The median concentration of total AR 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 ldwer 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 treétrhent groups had median total Ap and AB1-
30 42 levels which differed significantly from those of the control group (p < 0.05), those
animals receiving AN1792, rodent ABI—42 or the APB1-5 peptide conjugate as shown in
Fig. 1 IV. The median levels of total Ap were reduced by 75%, 79% and 61%,

respectively, compared to the control for these treatment groups. There were no
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B. Results and Discussion 1. Study Design 25 One hundred mal e and fenmal e,
ni ne-.to el even-nonth ol d heterozygous PDAPP transgenic mce were obtained
from Charles River Laboratory and Taconic Laboratory. The mice were sorted
into ten groups to be inmunized with different regions of A(3 or APP
conbined with. Freund' s adjuvant. Aninmals were distributed to match the
gender, age, parentage and source of the animals within the groups as
closely as possible. 30 The irnnmunogens included four AP peptides derived
fromthe human sequence, 1-5, 1-12, 13-28, and 33-42, each conjugated to
sheep anti-nmouse 1 gG four aggregated AP peptides, human 1-40 (AN1528),
human HisgemgbdaozgRfionhateren 26-$5sifla potiyods ¢iters dnda?l legeld irath6orfierdi on

pol-ype cont ai ni ng APP. am no aci d resi dues

592- 692%&?0?@%&%&3%)% O\%EHSC%I rr?runl zed with PBS conbined with adjuvant as a
control . For each therhippecaapipthe rﬁ:@lﬂanpgdlmfioxeaﬁ:thtaMBampitaiethﬁln 200 | PBS or

200 g P dvati Bx6 ip the:sa PBS or PBS al one
was emits] 7? 5%“%54(30I0\6%6ﬁ)wﬁn9ﬂa5&?ﬁ5 8“%’ %g‘ éj‘ea "5ant (CFA) in a
final \a$une=0f00200 Homlevdrothe tlagnifude 1 thi ettt o s, grézﬁérhﬁ)%d by a boost of
t he sane anmpunt of nggen in Freund'.s uvant (I FA) for the
subsequ¥t W%&Mﬂ@%ﬁ? ?43@ n&llﬁ lééﬂg{’%aﬂss’%fdgéhedﬂ‘ﬁ’w ations were
del i veneshui B TBREE ngs@eeah& YorR. Bomird@Rkf Ynishadieivend Ridedt@1f42rst three
doses, then on a_non schedul e thereafter. Animals were bled four to

seven d¥flsd1br ?‘6@’%% ﬁ%éfa’éﬁ Ve sARSEA DY GR%and 26 VnEFSeActidsly t he ‘second dose
for theysRasyeReRMe sRbI gﬁﬂ}) le%de%élﬁ%l?VﬁéBih%ﬁhé"ﬁﬁﬂoﬂﬁeam zed

approxi mately one week a fina 2. AP and ‘APP Levels in the
Br aih FlquISofa\ﬁm@m&BbGtanmﬁbw%&pﬁsgre‘ﬂp% thaspTPQustipRsvaR ot signéficentr i ous AP 15
pept | dewng tnt R ABPAARI) VRldriGourbl B 3 pBEEriEINACL AR BALne- per f used
ani mal s. hem sphere was prepared I noh| st ochem cal anal ysis and
t he secloweé\msluusvedreﬁdred sighiéicgpranihusatieo thﬁfsrwa(llsrﬁlhduwl%dthc/el s. To neasure
LN® coNBRALCALLANR (B Rl bR IR AU BELS. STULOLE: BERL! F and anyl oi d
precur sor prot em sphere was di'ssecte ormgenat es of the

hi ppoc adpedes ircHp tdvelameanma tofeEIeIBAIihmecpegc oasimikr, bupre penddlitn 5 M 20

guayy di L. of arryl oid or APP was
quairﬂlgtlttgf@re3;5{)@%6{\“mua?llfnl(aé%)h[ilnStt C%ergﬂgle glsg h f)w ions of standards of AR
pepti de or APP oflolehdfirwas elemmemxr@dtm trseichelum, Blr¢gSi dyprcmm

minimally affected with AD pathology. None of the medlan Ap concentrations of any of

the groups immunized wnh the various Af peptldes or the APP derivative differed from
. that of the control group in this region of the brain. This result suggests that non-
20 pathologxcal levels of AP are unaffected by treatment.
APP concentration was also determined by ELISA in the cortex and
_cerebellum from treated and control mice. Two different APP assays were utilized. The
first, designated APP-a. /FL, recognizc;.s both APP-alpHa (o, 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-c.. 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 AP peptides are not depleting APP; rather the treatment effect is

specific to AB.

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 AB was significantly reduced only by AN1792 treatment. No other
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The medi an concentration of total AR for the control group inmunized wth
PBS was 5.8-fold higher. in the hippocanpus than in the cortex (nmedi an of
24,318 25 'ng/ g hi ppocanpal tissue conpared to 4,221 ng/g for the cortex).
The nedian level in the cerebellumof the control group (23.4 ng/g tissue)
was about 1,000-fold lower than in the hippocanpus. These |evels are
simlar to those that we have previously reported for heterozygous PDAPP
transgenic mce of this age (Johnson-Wods et al., 1997, supra). For the
cortex, a subset of treatnent groups had nedian total AR and AP 1- 30 42

| evel s which differed significantly fromthose of the control group (p <
0.05), tAyZent aéﬁﬂcﬁéﬁd§hﬁr€@éuwﬁmgrm Eyels in thobippocampk!, dord@l or t he A(31-5

pept i decg,ggyugg,@ggma@ergg%m chft Fig. 11. The nedian levels of total AR were
reduced by 75% 79% and 61% respectively, conpared to the control for

these treatnent groups. There were no 63 discernable correlations between
AR-speci fic anbi bf‘?@%cﬂén‘h?aﬁ%n ]{}QCSAP l evels in the cortical region of the
brain for any of e groups. In the hippocanpus, the nedian reduction of
totaP Al13 associ aBI@dlS\meUWSUANlﬁgszxgmgmwnpre(n%@/&orp 0.0543) was not as

great a Ve cortex. However, the
magni tu?im&]n?&hlﬁge&?%n ﬁlts’vq\grée are Sgli!ré%‘fn zfﬁv%mﬁ% Ag H?%%S%%&ﬁi? Sthan in the
cortex, Aaalrﬁemnedmfqumcn‘s %@8@snmﬂzb@mmemm RagthiABRQRERERES Ver sus
3,171 n 7%3 cﬂgN &ﬁ tex For groups of animals receiving rodent
ADL- 42 aﬁ? Tt coppel ezt d hgessuts S mRasdnBySe36% and 26%

r espect iof e imylodbbWe¥aY in bgiiy@Btiél3erosMkde Bl BreshawSinang 12hgndt gh

vari b|||t of..t he | oi ept.ide 10 levels fromanimal to animal within
bot H gr&fey S*g’t‘%%%fﬁ%aa%%&w g‘é‘ deppin ths oticel regiops of digepfthhie | evel s of

Al 31-42 mn@mweﬂus dontrbieantth4)f OCRIPRekEest RANEALS dfifoldaakARAl - | nduced
reductlo S I ed SI nlflc“gﬁ?%?rzéﬂgr%due to.the smaller AR burden in the

cortex, °CHaf é% F R e F BeURYAlG Vasdequse Rat76r (6Tt r eat ment
ef f ect s.0.0Dhe ng:hﬁamge&dudmoﬂﬁvéxewsb Sbythad Wsrabbsb Ynikal s$Aaled withaNIBDE €X ar e

simlar tic 5 the results fromthe i munohi st ochem cal

anal ysi §9?§é’e gb?% (56tap'!&l'5 mﬁﬁé&%"w@@( ARiT 8% n the cerebel lum a

regitén typically 'I'I’(HrBilﬂBbbt}(m@d beglaganbd §f thR &Qbhﬂbﬂg‘x’by horeg, Qfs the medi an
t he groups inunize th the various AD

A3 Concenimc?% 8 Qlf an%—;éfy iffer e re t h 2
pept i ded™8 ‘5 Haps b f‘T%’FLch fePlomredtmat "6? ANB2&datt ol group in
t hi s r eglgaificadt utnbz&:t bii thie Mevelldti chrifcaisantylloia UGS her Madsud@By déhnRatiMo! 0gi cal
level s Of agAéDan alysis Qtanfo]; gr? &ggont%}:/m;[‘artxgg %fUE)PaE ABin 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 Ap, both soluble anci inséluble,
monorpcric 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 A 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 bram amyloid, a subset of the sections from the
treated animals and the control mice were reacted with an aﬁtibody specific for mouse
30  IgG. Incontrast to the PBS group, AB-containing plaques were coated with endogenous
IgG for animals immunized with the AR peptide conjugates ABl-S; AB1-12,and AB13- .
28; and the full length Ap aggregates AN1792 and AN1528. Brains from animals
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APP concentration was also determ ned by ELISA in the cortex and
cerebellumfromtreated and control mce. Two different APP assays were
utilized. The first, designated APP-a /FL, recogni zes both APP-al pha ((Xx,
the secreted formof APP which has been cleaved within the AR sequence),
and full-length forns (FL) of APP, 25 while the second recognizes only
APP-a. In contrast to the treatnent-associated dimnution of Al3 in a
subset of treatnment groups, the | evels of APP were unchanged in all - of the
treated conpared to the control animals. These results indicate that the

i mmuni zations with AR peptides are not depleting APP;, rather the treatnent
ef f ect FRMUREELYith the otherarp peptidesLrlmival pertidePRKS Wars natrpalapssiibys2 | evel s wer e
si gni fi gandskat, reduced in the cortex by treatnent with AN1792, rodent
Al31-42 or AG31-5 conjugate. In the hippocanpus, total AR was
significantly reduced only by AN 1792 treatnent. No ot her 64

t reat nent - assoagi q@gagurglgg,ng,ggnhgodg&iggs APP | evel s in the hippocanpal,
cortical or cerebellar regions were significant. 2. H stochem cal Anal yses

5 Brains from a disewerededdpur tgseygslayicioboving senhdamuaizatiqnstagiieehi st ochenmi cal

anal ysi Sfertthy @60l QMBS Zkt ALY Y ; ' ' API -5,
Aol 12, e o] il ’g%ﬁ%gai e bRE AR ﬁ&%’_’ﬁggf %fy'ﬁ%%‘t&tgi AP

aggr egatedBl-ARbIG g antiboANLS 28 2 aand widheEINBS - withadestid mobivelbblags oup.  The
results: i JRg I foth | Qi.. rden in.brajn,.sections from
these gr %&Tods ar%ﬁgﬂgv\%?%%wﬁ?%ﬂglg%’ earmélgi Lk\‘/f/%rrs & ‘ﬁ‘lt%{l fl(3,l fWY"Feduct i ons of
anyl oi d thiedfrd€nddsafor thesciont inombnogede fompulafiotshwieeh dicitddrae highaati@ent gr oups

observedt PN PR i rad6F AR P R PSRt as T educed by
97% (p 28,281)088)-12 Ginjipafei(cARIGVEMILL i6)ad ryheApl 8D (reliseMEdoS7e6). t hose
con] ugai e Eresh ol bained semenie [t O R i b goabtha: L on of Lot al
AR or AE&mairﬁn@x]vdatdnﬁAoQand, peakmiilees \dcrthadeﬂ_fmjbv}i@g_e fiehal s isixtidddster ‘to some
cxten oTLBBITRR e SRR B SO SRR RSB e e evel of
not 16n Afd-cmningat (petk GMOR,356), aBxARehlnGMIe 1 986E ABEPLO Borpiaee NMeasur ed by
20 speclREsTbd G PR 2SS ueets R SBImAFPH Asaudiord ol [25nsol bl o A(s
aggr egatsetibodyt tiers were also measured. against the homologous peptides using the same
ELISA sahdwich format for a subéet of the immunogens, those groups immunized with
AB1-5, AB13-28, AB25—35, AB33-42 or rodent AB1-42. These titers were about t};e same
" 20  asthose 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 Ap in the
cortex. ‘
25
4. Lymphoproliferative Responses
AP-dependent lymphoproliferatiqn was measured using spleen cells
harvested approximately one week following the final, sixth, immunization. Freshly
harvested cells, 105 per well, were cultured for 5 days in the presence of AB1—40 at 5
30  concentration of 5 uM for stimulation. Cells from a sﬁbset 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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pl agues. In contrast, the ELISA neasures all fornms of AR, both soluble and
i nsol ubl e, nononeric and aggregated. Since the disease pathology is
t hought to be associated with -the insoluble plaque-associated form of
A(3, the inmage analysis technique nmay have nore. sensitivity to revea
treatnment effects. However since the ELISA is anore rapid and 25 easier
assay, it is very useful for screening purposes. Mreover it nay reveal
that the treatnent-associated reduction of AR is greater for
pl ague- associ ated than total AP. To determne if the A(3-specific
anti bodi es el i ci tLadptyytkdHdtilaZaddrai of the bhiehalsipr@1fé:8€d aNiebFnse toeact ed with
deposited brain any?0|d a subset of the sections fromthe treated aninals
and t hePBonThas Wﬁﬁe@e sigpifisarp gapeenses WithhARM-BFVPBOBRPLHeCHlS o or nouse 30
1gG In [ reqcoated with
endogen e L e R P S A e Ut s
A(31-5, ANQSZB-plcmferatndiroh@stmsuhezsmnambdtdnél ARil-#O Wehgtehlghastaggxnegat es AN1792
and AN1528, Br ani mal s 65 ni zed with,t h AR peptides or
the appepaber oD THE a sk gb R eny s 35 A as  enent o
Ant i bodyonfighte! £513-2¢ CRuMRE EndABTE-3 DpIG lifePat &M 8dpslaY & AP1-hoWRg each _
i mmuni zation starting  after the second i mmuni zation, for & total of five
bl eeds. FemAMNTIEEIGAPS Fecivios il eS spaingatcetiP3hé? ourineas PBKG 81 FRS h#tibody using a
sandwi c [ 42: As
shown |%uEBL§ﬁ&§ﬁkE bﬁ%%?ﬁ %£t3$§%§m&g$%@§ C|te§ﬂ}¥%%%%ﬁﬁg& the fourth
dose for those four immnogenic. fornulations mhlch elicited the hi ghest
titers @db—ef—ANIZO2-—speciiic—antibodi-es—ANLZO2 Loeak—CM—04-—64- h AN1528
88,231), A(31-12 conj ubphleS (peak GMI: 47, 216) and rode t APl -42
(peak mlB&en Tifers égfuihese gﬁogggngﬂghhggd SOREWhALerf O} | owi ng

the fifitr—gnd—srxthdosgs—For_the—Tenammn Ve T MUMogeEnS, pek titers

were re 2d-following the £if ¥R or thel sixtR-Htse ahd th L weré¢ of nmuch
| ower niggnitude than thpse of ¥he four hi ghesl-niei t er groupsi/s15 APl -5
conj ug gggak GV 2, B56), pBxb (peak GVIT: -ﬂ@§6)’ ARL3- 2 conj gate
(peak 183, A(Sgiiqz conugate—(peak Vil 658), HIDLU 35—peak QM.
125). ﬁﬁﬁdy titers twere also neasurked ag%'ﬂ@? the thonol %nnc epti des

t hose

using t

#p33dle  ELI SA sandwi chYtormat fpr a $@bset of |t he DABUNogéns,

groups
These t
except

ApTu zed with

AD 1-5, AD 13-28

A025, 35, AD3:

-42 ogjgrodefft APl -42.

ters—were—about
llphp rodent A

ol laV¥al
tTme——sanme—20—as
D| - 42 inwunngpn

uuac nmeastured
‘n_uhftéfer

agqusﬁ (ST -42

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 Af-specific T cell
response in animals immunized with AB1-5 is not surprising since peptide epitopes
recognized by CD4+ T cells are usually about 15 amino acids in lengm, although shorter

15 peptic'ies'can semetimes function with less efﬁciency. Thus the majority of helper T cell
epitopes for the four conjugate peptides are likely to reside in the IgG conjugate partnér,i
not in the AP region. This h"ypothesis is supported by the very low incidence of
proliferative responses for animals in each of these treatment groups. Since the AB1-5
conjugate was effective at significantly reducing the level of AP in the brain, in the-

20  apparent absence of AfB-specific T cells, the key effector immune response induced by

immunization with this peptide appears to be antibody.

67




case anti body titers agai nst the honol ogous i nmunogen were about two-fold
hi gher. The magnitude of the ANL1792-specific antibody titer of individual
animals or the nean values of treatnment groups did not correlate with -

ef fi cacy measured as the reduction of A(3 in the cortex. 25 4.
Lynphoproliferati ve Responses A(3-dependent |ynphoproliferation was
measured using spleen cells harvested approxi mately one week follomﬁng t he
final,-sixth, immnization. Freshly harvested cells, 105 per well, were
cultured for 5 days in the presence of AD 1-40 at a 30 concentratlon of 5

tMf t | at t of f th
2l so_cul tured | n PSR EQURESP e D Fapdis BRAR TR g 00 T Al e

posi ti Vg c6apikiak APPaghd am@bzrseb [ luaRizellof tHe W Edsididsindyhe diie mel | m t ogen,
PHA, and, as a negative control cells were cultured WIthOU% added

pept i dethe @eonipmIRpRepica of Tl’b%ﬁaﬁchﬁf BRPEHHIBE HREOUAMPEEBIYY iof BFat ed in
res ponSﬁ 5935 ggg%gatthger@exwe% R p%bgay Helrzahd srﬁﬁﬁt@@e Sﬁ&ﬁft@c&n&@n A(340-1

reverse ept| from animals i mmuni zed | ar ger aggr egat ed
AD pZpt gasisT C@NNWQZ: to helgdlrrtindyotion of aayrpeptiboriy ri%Q@%ﬂﬁh’iWé@@tee@r? obustly when

oL1 ™ oL ol ARzt e OGS I ulER, 0l p oniS of ANLTO2

One ani na gr oups FmmuRi zed W th AC31-12 conj ugat e,
A1313-28 conjugate and A1325-35 proliferated in response to A(31-40. The

remai ni 9 gr@?gaat[o%ﬁ)?gﬁfy né‘f‘ﬁln’dgecﬁ?sr%yﬁégﬁe pAtIRG; 42 conj ugate pBx6, or PBS

“had no ‘anima n-stirmula response. These results are
summari zed i n Tabl2é nbnyehsgenic Hadsl werSimmmnirrdgath 0OnguEr42, AusAni no Aci ds

A g e B 5 i B Tl a0 Y
31 42 Avicee rIg@/v@s sehb@ted. fdin dtﬁerrt:écpod&b&ponents Antibody specific for the
immunogen may be partially punﬁed 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 Immunization with Antibodies to Ap
Groups of 7-9 month old PDAPP mice each were injected with 0.5 mg in
PBS of polyclonal anti-Af or specific anti-Af 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 Ap without binding to other nonoverlapping fragments of

AB.
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Bx6 0/8 PBS O-nmer 0/8 10 These results show that AN1792 and AN 1528
stinulate strong T cell responses, nost |likely of the CD4+ phenotype. The
absence of an A(3-specific T cell response in animals inmunized with AD
1-5 is not surprising since peptide epitopes recognized by CD4+ T cells
are usual ly about 15 amno acids in |ength, although shorter 15 peptides
can sonetines function with less efficiency. Thus the majority of helper T
cell epitopes for the four conjugate peptides are likely to. reside in the
| gG conjugate partner, not in the AD region. This hypothesis is supported
by the very | ow incidence of Qt ieé ative responses for animals in each
of these treatnent groups. Since Thde (31-5 conjugate was effective at
significantly reducing the level of Ali in the brain, in the 20 apparent
absencef of AR-specific T cells, [the Key effector 1nune response induced by
i mruni zjpti on wi t ARRPY pepti de dppears to bEPHSREi body. 67 Lack of T-cel
and | owanti body response from ifjusi on.pepti de pBx6, enconpassi ng APP am no
aci ds 5P2-695 incl@dfng all of tlhe AP residdéd-Fay be due t t he poor
i mrunogeni city of this particulgr preparatlon The poor 1 nogeni.city of
the Al1B25-35 aggr¥®ate is likelly due to th&Pgdelti de being foo small to be
likely fo contain % ? good T celjl epltope to helg t he i nduefi on of an
antibodﬁresoonse P$ this peptilde mere dfed to a cafrier protein,

e

it woul @ probably re i mmunqggeni c. tion of Polfycl onal.
AR on- YRS ni ¢ |

Anti bodies for IVe Praotectian 125 naon-t nic mce A:-i i nmuni zed

with 10p 9 Al 314200 pkgﬁg 10 CFA/ I FA ag%ﬁ%ﬁign%éyyj thanizﬁd at 4-5
e

nont hs. | Bl ood was d fromimmunize was Sﬁparated from
ot her bJood conponents. Antibody| specific for the |nnunoge| may be
partial jy puri fatebunp Af42i ni ty chronatography An average o] about 0.5-1
ng of | mronogen-speciiic anttoody s opta f jtving a total of
60--120 ng.. 15 VI. Passive |Imunization with Ant i bodi es to AP Groups of

7-9 nonth ol d PDAﬁPemeceenJeeleﬁlmmeedednpe@tae’dnmtbner@daomgmmﬁn apBS of
pol ycl oeﬁ!:ulmtg'anmdg)eorﬁ@mn%h fheANitdd BT TRR Q5 AR BlesiePBias DAWL DEl oW Al

5  defined by ELISA to AB42 or other immunogen. Titers were monitored as above and

mice were euthanized at the end of 6 months of injections. Histochemistry, AB 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 VIL. 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 I. 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 ora
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, c) MPL, d) squalene, e) MPL/squalene f) low dose alum, or g) high
dose alum (300 pg AN1792). Two groups received 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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anti body preparations were purified to have | ow endotoxin | evels.

Monocl onal s can be 20 prepared against a fragnent by injecting the fragnent
or longer formof AP into a nouse, preparing hybridonmas and screening the
hybri domas for an anti body that specifically binds to a desired fragnent
of AP wi thout binding to other nonoverl apping fragnents of Ap. 68 Table 6
Antibody Epitope  2H3 AP 1-12 10D5 AR 1-12 266 A(3 13-28 21F12 Af3 33-42
Mouse pol ycl onal Anti-Aggregated AP42 anti-human AP42 M ce were injected
ip as needed over a 4 nonth period to maintain a circulati ng ant i body

concentr n rreas d b ELISA titer of t han. 1 defi ned by
ELI SA topagur% anqbts ergﬁ%%%ﬁ’vﬁ(s)ergﬁlsglfdt étlh%}:\?%?‘ré{%ﬁf’iaﬁ?régclfo oxrd éfbgove and

m ce Wer\exﬂeIFtAhaMt@exdwai adntisistered aoi ddse BDBE hg fdfallighfupséicemshe Higist ochemi stry,
A(3 levels t oxi co| ogy. vveredPerfor med post nortem _Ten mce were used .

per gro Se Hﬁ‘l&r?‘l?n‘é( ich 5y Ea00418 HADE 8- Tyemins 2vees sininisteredescri bed i n
Exanpl esin&peﬁmi‘xea?ﬂé:fomﬁwzﬁx A0 MirhmuGRERR L t§9ﬂ1n9f1ml53' c{uﬁ&fc@ﬁ’stalm.a{éﬁam s This

exanpl e conpares A alum_an oil-in_water enulsioh and fo capacity
o SE AT EAEH an A e B e B NERGdFTd1ies dones REeigs 0n35 1 St oy
Desi gn (@ediysiheshid SNBN& tfakbldeYes 3t £ AbRtnS) asfeiﬂo%ﬂk B WAV URGA sPi @S, obtai ned

fromEImHI|, were sorted into ten groups to be inmuni zed-with AN 1792 or
a pal m ¥ Gvebliavimevath wenuniretien sadoaiitnalc sicord dasifoumeaadpmorint s.  Seven
groups #agboaedidrd)j ections of AN1792 (33 .ig unless otherw se specified)
conbined with a) PBS, 20 b) Freund's adjuvant, c) MPL, d) squalene, e)
MPL/ squal ene f) | ow dose alum or g) high dose al um (300 pg AN1792). Two

groups receivedpi megg,tah@,{@l%@ogﬁgm toylated derivative of AN1792 (33 g)
conbl ned with a) PB squalene. A final, tenth group
Two mg A[342 (California Peptide, Lot ME0339) was added to 0.9 m! of

deionized water and the mixture was vortexed to generate a relatively uniform
suspension. A 100 pl-aliquot of 10X PBS (1X PBS, 0.15 M NaCl, 0.01 M sodium
phosphate, pH 7.5) was added. The suspension was vortexed again and incubated

15 ovemight at 37°C for use the next day. Unused AB1-42 was stdred with desiccant as a -
lyophilized powder at -20°C.

A palmitoylated derivative of AN1792 was prepared by coupling palmitic
anhydnde dissolved in dxmethyl formamide, to the amino terminal residue of 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 png of AN1792 in 200 pul 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 S,

33 pg of AN1792 in 16.5 ul PBS, 50 pg of MPL (50. pl) and 162 pl of PBS were mixed
- 30 inaborosilicate 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 in 250 pl (group 6). The mixture was
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recei ved PBS al one wi thout antigen or additional adjuvant. For the group
receiving 69 Freund' s adjuvant, the first dose was emulsified with CFA and
the remaining four doses wth IFA Antigen was adm nistered at a dose of
33 .tg for all groups except the high dose alum group, which received 300
tg of AN 1792. Injections were adm nistered intraperitoneally for CFA/IFA
and intranuscularly in the hind |linb quadriceps alternately 5 on.the right
and left side for all other groups. The first three doses were given on a
bi weekly schedul e foll owed by two doses at a monthly interval). Blood was
drawn six t seven days follow ng each i mmuni zati on, startlnggafter t he

second HB‘élé‘%e‘? By Pateiag tragB At woshambarsdlang-beididsyise 15119 2% unss @84 EE | on of
| mmn()g&ﬂﬁsﬁﬁ\ﬁroﬁﬁts%gﬂ%ﬂ(d@@lbb figubbuaPaPdib&er tball OMEABD cthamnasided to 0.9 m

of deionized water and the nixture was vortexed to generate a relatively
uni f or mategpspbyiasnanewed tmé@ 2 miglaseppst Tof rasdinpBEpqsinn PBSoPakst&tM NaCl, 0. 01
M sodi umiikPRARE MBle@mudibnt vwte HEEI g&@ﬁ%&'ed fEP@ac H&E?Hﬁh%@né@@s pyprtexed again
and i ncubated 15 overni ght at use the next ‘day. Unused A(31-42 was
st ored @§oup3.dBL dr@rte tasthﬂmhyo'@hﬁﬁdqi@dap@wd@trauan of 0@ peAdpsd ti t oyl at ed

. deri vat A aIm anhydr,i de,

di ssol vg%%q‘%e %%%e?%g%rﬁln%%ggg %?ulp?ﬁelogm "o ermr’fcl narghe e X%ylof AN1792
pri or tdem@nm/(gfoupﬂ) BAqgpasdenbf p}épﬁtbgll@!\lﬂ{Wm@sraé&ddno bq/ualerneahdirent with
hydrof | u 0 repare. for at.i,on dases_with Corrpl ete Freund' s
adj uvant rEéE}J\) w‘fe&’g@ﬁﬁg%ﬁgg VETY &CBF%W%VOWXI%SHPSW emul sified 1:1
(vol : vokddeditd PBfeAeadch fial d‘ohmltrawmiswfﬁ‘ym‘quﬂ&& 0.5%0rweleh €0,f0.5% tSpasimuni. zat i on.
For ,gub nlzatl tlgen was simlarly emulsified with
I ncé?rpl §€%¥°§r%ﬁ‘rﬁx \‘}éﬁsed Zda 0¢prepare fornul ati on doses with MPL
for groups 5 and 'Bprbga&plfnrhmbﬁdn d&bs pd)w;lhﬁn (eRiupi 9 kMM OANETA2RAS€ar ch, I nc.

Hami | t o e 2% agquepus |eth final
concentratsl on é({)Ofw’icgio ‘g‘ﬂ-‘lyrﬁoggr@w\}‘bnrufne%ééj ldﬁ%e r‘ﬁ‘%ﬂ% ﬁggurﬁéﬁghg’ to 65 to 70C
for 30 s®chtoconedins 0533ngglbbvldps@@m}m@)kjﬂls(foqrm&ﬂﬂpﬁngﬂoﬁpI(D)f mcelles. The

solutio shl d for e set _of injections. For- each

injecti WEZ g é g‘FalﬂRﬁe"f’ ‘??fzf%“g T}ielsuﬁﬁe‘g"o%ﬁaﬁgeﬁtbf MPL (50 I)
and 1562nhxe(dffoﬂ2%a\t\aﬂ'e m xed 30 in a borosilicate tube inmedi ately before
use. To prepare fornulation doses with the |ow oil-in-water enulsion, AN

1792 |
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
COg. Cerebrospinal fluid was collected and the brains were removed and three brain
25  regions (hippocampus, c'ortek and cerebellum) were dissected and used to measure the

concentration of total ApB protein uéing ELISA.

B. Results _
-1. 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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in PBS was added to 5% squal ene, 0.5% Tween 80, 0.5% Span 85 in PBS to
reach.a final single dose concentration of 33 g AN1792 in 250 | (group 6).
The m xture was 70 enul sified by passing through a two-chanbered hand-held
device 15 to 20 times until the enulsion droplets appeared to be about
equal in dianeter to a 1.0 pmdianeter standard | atex bead when viewed
under a mcroscope. The resulting suspension was opal escent, nilky white.
The emul sions were freshly prepared for each series of injections. For 5

group 81ﬁfﬁﬁosés%@1g%o/ﬁx&ﬁh%MJ@FE‘(@%M&@:@Q%L@ES arfeQPeeRuls@ii on of 50 g per
dose to the squalene and detergent m xture for emulsification as noted

above. Feducedy@mopkst tiems SHowingdhe V’afldld\%ﬁ (@Y 5épS)that v mynigied Howing
pal i t oyl NkAISE éé&w) addarwia M@h 808 (6N 54Y OffheBx §ek a BN 80 and Span

85 were then added wth vortexing. This m Xxture was added to PBS to reach
final contgmdoat iecnessedhr ¥4 B hwiuadh to, 2lgn 3961 BRE e bE0g rr@resmnsp)aaem@ 85 and the

m xt yre errusfle bo are tion,doses with
al umlé( grﬁgmﬁ pglr‘f(f tl?[3(51) 3 “;&N%%bf cgk am%og FREt fOI,&I“ﬁ%rgoge"’lm( al um num
hydr oxi demgmlzandh;wm&feecncmwwtw Mosbowasrzeamhmcmrﬁfmmom of 33 p.g

(1 ow dos roup .9 0Q.jig..(high dose, er5ngof
alumin (23 f‘g)r?éilé 36@%@86155 ?@ “bégégffs?o”lsﬁéo %ﬂ%’gﬁé#%%g% Vy 15 m xed

f or 4hr atdfilarde tHEaaLERIRML aRfosMR tn O Mighlt 4RE 81 AdbAC@oPIgPboaa & bl ed six to
seven days follow ng i munization starting after the _second imrunization
for a tctwm &he addifionigf MEAdo amphw graelsion decssasedthaptigicy D2 20 were neasur ed
by Hlg Sﬁfo?ﬂsmgk?o%@&émﬁgtd HRatGaihaviat, akfak%ate%hﬁvaﬂqy Mehhads 754, All ssue
Preparation After about 14 weeks, all guinea pigs were euthanized by.

adni ni stRAMiRy latederivative b AN pIhwes gomplelelyago-bunnogeie WArRl t he brai ns wer e

renoved afaﬂﬁmgtla{e@% iﬂé%{a gaze‘ims@at GRS vcﬂyn@%&ﬁémain ofPEhEK RRGLCET ebel | um)
wer e di ssected and to nmeasure concentration of total Al3 protein

usi ng EL$MAs of §0 *Réé@l? f°§ the ﬂ“%%‘}dtf%‘?‘ ﬂé@éoﬁé%@g@%t HEPY &S WE™Shi de range in
t he pot enayraRfl vilhGralads %@@Ma@&& @mrbfamsmmaamu& H@ao@m body

response to AN1792 foll owi ng i nmuni zation. in g 14, when AN
1792 nastoldmrraisidhataCMds pHBe npg *\é{ﬁﬂ%w%&émalé&%twww i A% two '
AN1792/alum.

The most promising adjuvants identified in this study are MPL and alum.
Of these two, MPL appears preferable because a 10-fold lower antigen dose was required
to generate the samé 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 ug, 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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or three immunizations and negligi ble responses were detected. follow ng
the fourth and 71 fifth doses with geonetric nean titers (GVIs) of only
about 45. The o/w enul sion induced nodest titers follow ng the third dose
(GMr 255) that were naintained following the fourth dose (GVII 301) and
fell with the final dose (GMI' 54). There was a clear antigen dose response
for AN 1792 bound to alumwi th 300 g being nore i mmunogenic 5 at all tine
points than 33 g. At the peak of the antibody response, follow ng the
fourth imunization, the difference between the two doses was 43% w th

GMITs of about 194 33 and 0 (300 . The antibody response to 33 g
AN1799 B RBE St oty SR AT R TR SR aE SRR 2o R A et en- f ol
hi gher dms @ideframe of gRibolBROp@besao Wpcklicied 3l theke fdhrlatdal. tvMem A5 MPL to an ol w
enul si on decr eased tQF potencg of the 10 fornul atigns r,elﬁtiv_e to that with
MPL. as t FEClsofi aBoUdP Ge/gHsSHsyY & Mepvrrdda thedyppopemmlls 7 RefR Indbe §er i vat i ve of
AN 1792 yyas12GRIh &le@kiebalQi. | THISNGBE BREdh c¥BfI higlaeifuliisd ente@ddy HePBS and gave
nodest titers when presented in an o/w enmul sion with GWIs of 340 and 105
for the ORiforlmerdthresurembyin sens of thers aRinplelid netitrybetPtal Pdre!siBr e

generate b F : h LV i V- efwehiom 00, a val ue
al nost 3 C%Paﬁ%l gﬁggggggfﬂgﬁaﬁgpﬁg%?ﬁ@s ocﬁﬁt%ﬁle ne% two %r%@tz-psgotent

f or mul at Thalack dPArgaeitecho N tPe mmANLZO @l ardvgefibie Afbstlicprestiiasthag adj uvant s

identified inthis study are and .al u t hese two, MPL appears

pref er abF%mB’éecf&%?g"éseés%ﬁgsngﬁp%\{gé\s@?w%rﬁ?Wg]ﬂ’scf’gﬁg'vvas required to generate
the sanme anti body response as obtained with alum The response can be 20

i ncrease y jncreasing the.dose of anti. and /or adjuvant and by

opti nt zi S(éﬁt hfé’mﬁ‘ﬁ%mog‘éeﬁogtﬂgg%ﬂte’g F‘@“&Fﬁﬁﬂ%‘?w enul sion was a very weak

adj uvant for ANL7%x-esek oladandigSaiss Webstenics wert used fvPihiedhdyweairtt 16di m ni shed
Brai n At TABB0P T Mgk PHE LT RO BRYE RS BeZo? Shralefal: zed, the

cer ebr os pimaksterddbubutL8iysiyiaa ddsavatumd el 200 al. NBBSWeacused at siedufférdon ani mal s in

a subset of the groups, tho i.mmuni ze i t.h Freund's, adjuvant (group 2),
VL (or o s bt ARTHS VoGSt Bade Fone G AR5 PGBt 10) and 1 he
PBS i18nuafigaht Lasididote fof map,s{s@if anfibod titys by RLIARaSIheerchtient eyiede off AP

pepti de, one heni sphere | ssected and honogenates of the hippocanpal,
cortical ,eacgrgaoué’é?%“%gﬁnﬁxﬁérgagkﬁé were prepared in 5 M guani di ne.
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These were diluted and quantitated by conparison to a series of dilutions

of AJ3 standard protein of known concentrations in an ELISA format.
| evel s of A(3 protein in the 72 hippocanpus,
were very simlar for all

four groups despite

responses to AD elicited by these fornul ations.

Mean AR

| evel s of

The

the cortex and the cerebellum
the wi de range of anti body

about 25

ng/ g tissue were neasured in the hippocanpus, 21 ng/g in the cortex, and
12 ng/g in the cerebellum Thus, thdapedsence of a high circul ating
ant i body_\wwm%nwmwm s did
not altef the total AR levels in  thelt brains. The levels of AR in the CSF
vere al sgaipte s riidmabetvvgemmmfﬁupgose thebagk—oet—targg eHect of AN
1792 i ni zati on pn endogenpus "AR i ndi cates that the inpune Lespagnse is
focused o¢n pat hol ogi cal fornations of {AR 10 VI|I. |nmmune Res%lgnse to
Oi fferent 1Adjuvant § Tn 1M cCe SUREWEEK Qh@shgmal € [RAN38 VEDSTET 35T TE Wer e
used for {this study with 10-| 13 ani nal{s per groyp. |nmunifations wegre given
on days (2 14, 28, |60, 190 andMED adminsggered $ubgudzaneodsiy3gm a |dose
vol ume off_200 |I. PBS was used as the RQuffer for| all fornulations. jAnimals
were bl ee¢d seven days fl6l | owiMBLeach ijmoppi zati oANST®r ting 153after| t he
second dgse for analysis of lantibody tliters by ELISA The| treatnent| regine
of each{droup is sumdPi zed MRL Tabl e [125 8 Tabl{&N1792Expefi meABal Desi gn
Goup Na Arij uvant : ose Anfig n_Dose ((1) 1. 10 WPL 12.5 gl AN 1792 33 2 10
MPL 25, pd AN 1792]--- 3 W¥PRPL 509 ANE1792 32NIHF213 MpL 139 g AN 1792
33 5 13 MPL—50g—-AN-1782-150 g 13- ML 50 g AN 1528 33 7/ 10 PBS AN 1792 33
8 10 PBS|None 9 10|Squarene B% AN 1793 °3%8 AN1528 33
7 10 PBS AN1792 33
8 10 PBS None ;
9 10 Squalene 5% AN1792 33
emulsified
10 - 10 Squalene | 5% ANI792 33
admixed
Tl -~ 10 Alum 2 mg ANIT792 33
12 13 MPL + Alum | 50 ug/2'mg | AN1792 33
13 10 Qs-21 5ug ANT1792 "33
14 10 QS-21 10 pg ANTT92 33
15 10 Qs-21 25 ANI792 | AN1792 33
16 13 QS-21 25 AN1792° | AN1792 150
17 13 QS-21 25 AN1792 | ANI1528 33
18 13 QS-21 + MPL | 25 ug/SO ug | AN1792 33
19 13 QS-2T+  [25pg2mg | ANIT92 33
Alum .
Footnotes:

* Number of mice in each group at the initiation of the éxperiment.
® The adjuvants are noted. The buffer for all these formulations was PBS. For group 8§,

5

there was no adjuvant and no antigen.

7
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emul sified 10 10 Squal ene 5% AN 1792 33 adm xed 11 10 Alum 2 ng AN 1792 33
12 13 MPL + Alum 50 g/2 ng AN 1792 33 13 10 @S-21 5g AN 1792 33 14 10
@S-21 10g AN 1792 . 33 15 10 @S5-21 25 AN 1792 AN 1792 33 16 13 @S-21 25
AN 1792 AN] 792 150 17 13 @S-21 25 AN 1792 AN 1528 33 18 13 @S-21 + MPL
§I5ng/ 50 ]9 AN1792 33 19 13 S-21 + 25 g/2 ng AN 1792 33 Al um Footnotes: a
unber of mce in each _group at the . initiatjon.of {he expetinment. ‘b The

adj uvants are notetf® EILHgABiS‘Tr?%fra“flg?d‘%f‘lqga‘f‘ﬁéﬁs@zf‘%? WP&FFSSE‘Q\H%“PBS. For
group 8. TablestBRfe Was no adj uvant and no antigen. 74 The ELISA titers of
anti bodi es agai nst AR42 in each gr ug re shown in Table 8 below Table 8.
Geonetric Mean Antibody Titers V‘é&ﬁ 16f- Bl eed 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

A 1907Q 2"'N70A4 1429600 laYaYaYalwi Lo Y mill AX.o Xa ! | 29700 DDA
5953 237h0 b b1 9236 2301 CHIF LN ATaPgRtIgs 072 21d0 s oo T
o Week of Bleed ‘

Treatment V -
Group 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

11 29 708 2618 2165 3666

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 2616 6680 2085 . 1631

17 - 28 201 375 222 1540

18 31699 15544 | 23095 6412 9059

19 63 243 554 299 441

~ The table shows that the highest titers were obtained for groups 4, 5 and 18, in which the
5 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 mi;e
with a set-of adjuvants suitable for use in humans to determine their ability to potentiate
immune responses to AB and to induce the immune-mediated clearance of amyloid

10 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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8 25 25 25 25 25 . 9 25 183 744 952 1823 10 25 89 311 513 817 11 29 708
2618 2165 3666 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 2616 6680 2085 1631
17 28 201 375 222 1540 18 31699 15544 23095 6412 9059 19 63 243 554 299
441 The table shows that the highest titers were obtained for groups 4, 5
and 18, in which the 5 adjuvants were 125 g MPL, 50 p.g MPL and QG- 21 plus
MPL. | X. “NéefBpefYio2geompned Wil voidup ediarantsAdinimals wsredistipytediout i ¢ ef fi cacy
study WasmCeRAMGERM: B RRABE Ak ANGIRMUGm Bk GRthint SRy adj uvants

sui tabl e ?b[ us% in?ﬁgﬁanfgtg eterninemtheiruﬁ%%P$§Z.to(bo entiate inmmune
r espons esPas&iblER Tap adinwntsrsheded ahen, Mithuriad Q54 lacectl cememedmitb both anyl oi d 10
deposi t s .ifiobA\Cald Fbihd’ QUM AS i B0 WiclBIE A8NG03 SRR BiitichaDerol®

8. 5-nont h dﬁd het er oz d%ugw ngPg tpénsgenic %f%e wer e oﬁ?%%ﬁe ?%?om

Char | €5 RMoeimmynzsd ASrANE 92 Tormubdtedan iBSuffspplhethe prrservativaghigernsgs

cont ai ni Ng;lH LG ,ad AR 85 Yyas HLALRZA0BEPH IR 280 ANL792 or
AN1528 cong%ne J&ﬁ%h VQ??%%S gdjuvants?_Aﬁinﬁ?s wer e gF%?&?ﬁi?é "to match:
t he gender, age, arfdeppsatiompbapsraghtet A reptidaml bumit ABH40 KeNHI28ups as cl osel y

as possiple. T juvants inacl L, . -21..each conbi ned
with bot hEa‘.lfgﬁﬂﬁh% ﬁgés 3%8%%%&%@8%@?&1‘%&%“%&@5 WsEe onl y ANL792.
An addi t i Gaiaforriy PapridSs InasLdt MIECH32EpkpitidshwaddiiZ98y Soditilideat@dhd N PBS buf f er

pl us e preservative thinergsal . without adjuyant. A ninth oup was

P i S e P BRSPS eHP L g e ons Gt e tiizas POrters rdBa BBt hgor egat ed
AR pept i dessicchiadran269e). -Fbd tiANEpa8, twoahg 6epiide Waptidiaso 0.nenl of Napa, CA; Lot

'F\)/E gtS |4 é)es aaglpxgllilcﬁiwg %l(a;& -g’élzrﬁl fA\uFNcilglg%\;/%i;e »tiﬁtggrrlerr]aittg a?ggtgvie yeusrﬁfjorrl]'r(m: édluth)%tor ME0439)

suspension. AN1528 was soluble at this step, in contrast to AN1792. A 100 pl aliquot
of 10X PBS (1X PBS: 0.15 M NaCl, 0.01 M:sodium phosphate, pH 7.5) was then ad'éed
15  at which point AN1528 began to precipitate. The suspensions were vortexed again and
incubafed overnight at 37°C for use the next day. .
To prepare forfnulation doses with alum (Groups 1 and 5), AP peptide in
PBS was added to Alhydrogel (two percent aqueous aluminum hydroxide gel, Sargeaﬁt,
Inc., Clifton, NJ) to reach concentrations of 100 pg AP peptide per 1 mg of alum. 10X
20 PBS was added tc; a'ﬁnal dose volume of 200 plin 1X PBS. The suspension was thén :
gently mixed for approximately 4 hr at RT prior to injection. '
| To preparé formulation doses for with MPL (Groups 2 and 6), lyophilized
powder (Ribi ImmunoCheﬁn Research, Inc., Hamilton, MT; Lot 67039-E0896B) was
added to 0.2% aqueous triethylamine to a final concentration of 1 mg/ml and vortexed.
25  The mixture was heated to 65 to 70°C for 30 sec to create a slightly opaque uniform
suspensién of micelles. The sblutioh was stored at 4°C. For each set of injectioné, 100
pg of peptide per dose in 50 pl PBS; 50 pg of MPL per dose (50 pl) and 100 pl of PBS
per dose wére mixed in a borosilicate tube immediately before use. |
To prebar’e 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

76



10 preparation of each set of injections fromlyophilized powders that had
been stored desiccated at -20C. For this purpose, two ng of peptide were
added to 0.9 ml of deionized water and the m xture was vortexed.to
generate a relatively uniformsolution or suspension. AN1528 was sol ubl e
at this step, in contrast to AN1792. A 100 gl aliquot of 1.0X PBS (1X PBS:

0.15 M Na 0. S phosphat e, H 7.5) .was then added 15 at which
poi nt ANT%%SB% éﬁ lé’ggbg(?le‘p%’lof%i”ére Wé?fglcéﬁéu%weg‘éﬁeb&?& agai n and
i ncubat edseover ni ght at 37C for use the next day. To prepare fornulation

doses with al um ( o -1 _and 5), peptide in PBS was added to
Al hydrogel (two p "a&l&‘élblligoﬁﬁ?fﬁ? WUE{FWVH%‘ sRidayéProugd).déang, | nc.

aifton, omlmlaqe@mm@mmmmmoﬁ@@ W ABRERL FE PeRgh A OF a um'

| ox 20 PBS was added to a final dose volung o ,
suspedsi R Akis atﬁmelrvohg@meQO ml ferdhd st mppnmahnmthiryub@e@xenat RT prior to

injectio rrrul ati. doses 2-and 6),
| yophi | i gm(?m V\EP%C%I% YSRGS éféegarc nc‘frﬂwe F%é‘ﬂ‘? It%éﬂ" VaT: Lot
67039- EOSFaR) Fwahe f(ﬁﬁhdhdoﬂs@oﬂtaﬁm%g&ﬂﬂﬁijm\&ntsralm hbIasi 821,008 [ paal -

concentratio nd vortexed 25 The m xture was heated to 65 to
70C for Bsesogé(}\[lgg%?rééﬁbzgvﬁ%‘ﬁ?‘l“ wphaus (e st ApseserdiBh&bHEof nicel | es.

The sol upiam tqresl H6se) 04 f‘ﬁﬁ%lu?rﬁ-t £060 iMpBSLLS
pepti de t|§er 5%’?2% 5(0 T@E’er e% 1 VPL 0er gse EQW%%%%OOI of PBS

per dBse SWRsrinsAuR ngeylation op dhedack P%ta”f’-@ the E@“M?ﬁb‘ﬂd‘ﬁt gpv-hbsrfoep e use. To

fr ifbe R ized 30
poveir - (Age 1 ran fotan i o RGP RGP S e oo 7
i

to a fi nafjuvansentin atindryolmelof 40 p andridlivased lekmstnmﬁhfélysfoﬂ the fiosh was st or ed

PES, 25 o ar e ety MUy e RO B RSB G pRBAIESC ' Soce ere
m xed i n Faewdisedinyantdra) fonthe shvarewtnbfied @OS@efR@r éle guwe rec}'m:‘ggr@pih?% _
for wkat Bhoflan R foflFueHd féa(s ghpas M?ﬁgw@o sal b8 sk Gen@le A1 1792 11

200 p. 1 PB was” enul s ete reun d] uvant 5
(CFA) i n 58 1t PR&knd/delivered mbcmé}ﬁ:ohslfr oThetxhethfmn&bl grdﬁpmd:ez‘&ﬁloﬁly.ZOEqﬂ subsequent

i muni zat SSIm .arly enul sified th | ncompl.ete

Freund' s #jora%{}ver?desu?{]“ﬁ)gousl'—y mt“humzfl & v?/eé? PO G‘{]"ﬁeﬁgﬁjeuvant s

al um MPlirgthreSiaads, thien gmpathly adb@blaiheréaﬂteﬁ@aa}mo ré\28 5588 nas 1aanbi ned with
alum (1 na,; 80 WwiRSR s 10 Wen (ﬂ?}g fgllowmg each immunization startmg after the

20  second dose for the measurement of antibody titers. Animals wer.e euthanized
approximately one Week after the final dose. Outcomes were measured by ELISA: assay
of AP and APP levels in brain and by immunohistochemical evaluatien of the presence of
amyloid plaques in brain sections. In addition, AB-specific antibody titers, and AB-
dependent 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
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per- dose) or S-21 (25 g per dose) in a final volunme of 200 gl PBS. and
delivered by 10 subcutaneous inocul ation on the back between the shoul der
bl ades. For the group receiving FA, . 100 g of AN 1792 was enulsified 1:1
(vol:vol) with Conplete Freund's. adjuvant (CFA) in a final volune of 400
| and delivered intraperitoneally for the first inmunization, followed by
a boost of the _sane anopunt of inununogen_in |Inconplete Freund s adj uvant
(1 FA) f or 8%fi@ted {p SBepBAHn AN B/ 94 ssesm eyl ¥&@at@rrtbﬁrpthﬁ5é@erameﬁgwsh|@8792 15

wi t hout aglj éh\daﬁgnes sdkilicl (8% M@ raTbEet b @elﬁleﬁgxﬁmmtﬁsal in a final
vol ume of %_and del j vered subcut aneously. The nlnth control group

recei ved %‘HPVOSZb@C eqyaney gl Figre BFrS WRRE ek hemersdr yhan thatfpriPBStalenss wer e gi ven
on a bi wegkd a@ﬁ&%igéheraieammmmﬁcmmgﬁ@@akcm@%w fh‘% Shufo-@at hly

schedule thereafter on d%ﬁ 56, 85 and Ani mal s were bl ed

si x t o° selrdist Gagyosorithf @9%a@ﬁ”i l?ﬂﬁ‘ﬁﬁlAi\Hé?%Wa%‘teé}f P‘?‘Wy imfaegepise 20 second
dose for LhpidveasHRARREd of ordidnRQdYhd drfiBA1S - NOR BB SrWRE:stptkhani zed

approxi mat el y -one week after the final dose. Qutcones were measured by

ELI SA ass@Bperved indpe eppdrohppmplsjmmynieef WithPRS alsee-by i mmunohi st ocheni cal

eval uation of the presence of - anyloid plaques in brain sections. In
addition, AP,-specific antibody titers, and Ap- dependent proliferative and
cyt oki ne responses were determ ned. 25 Table 9 shows that the highest
antibody titers to ARL-42 were elicited with FA and AN 1792, titers which
peaked foll.owm ng the fourth imunization (peak GMI: 75,386) and then
declined by 59% after the final, sixth inmunization. The peak nean titer
elicited by MPL with AN1792 was 62% | ower than that generated with FA (peak
GMII: . 28,867) and was al so reached early in the inmunization schene, after
3 doses, 30 followed by a-'decline to 28% of the peak value after. the sixth
i mruni zati on. The peak “nmeantiter generated with QS 21 conbi ned wi t hAN1792
(Gvr: 1,511) was about 5-fold |ower than obtained with MPL. I n addition,
the kinetics of the response-were slower, since an additional inmunization
was required to reach the peak response. Titers 77 generated by al um bound
AN1792 were nmarginally greater than those obtained with &S 21 and the
response kinetics were nmore rapid. For AN 1792 delivered in PBS with

t hi merosal the frequency and size of titers were barely greater than that
for PBS alone. The peak titers generated wwth MPL and AN 1528 (peak GV
3099) were about 9-fold 5 lower than those with AN1792." Al um bound =~
AN1528. was very poorly inmmunogenic wth lowtiters generated in only sone
of the animals. No anti body responses were
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observed in the control animals imunized with PBS alone. it 78 r Table 9
Ceonetric Mean Antibody Titersa Wek of Bleed Treatnent 3.3 5.0 9.0 13.0
17.0 Alum 102 1,081 2,366 1,083 572 AN1792 (12/21)b (17/20) (21/21)
(19/21) (18/21) MPL/ 6241 28,867 1,1242 5,665 8,204 AN1792 (21/21)
(21/21) (21/21) (20/20) (20/20) @s-21/ 30 227 327 1,511. 1,188 AN1792
(1/20) (10/19) (10/19) (17/18) (14/18) CFA/ 10,076 61,279 75,386 41,628
30,574 AN1792 (15/15) (15/15) (15/18le$15/15) (15/15) A um 25 33 39 37
31 AN1528 (0/21) (1/21) (3/20) (1/20) (2/20) MPL/ 184 2,591 1,653 1,156

3, 099. 201 20 G-21)29 221 51
: tb ( )

820 2,994 > 1?%?75%? (21/22) PBS pliis 25 . 33
39 37 47 LTm merosal (0/16) (2/ TByek(efEI6} (3/16) (4/16) PBS 25|25 25 25 25
(0/16) (OLA6) O 15){QL12) {0/ 16) — Foqthotes—azGeonetiie—feat antibody
titers relpSEIE ntaga| nst] 2R01- 42 BS((Nunber % resﬂgﬁ ers pé?'\ogrou; 79 The
results of A/ 1792 or AN02I528 triemtsrent (w,3ds var|ilgoss adjjdrants, jor - ‘
t hi mer os on cortical |anyloid bQurden in 12-nontjh ol d mjice detenfm ned by
ELISA arep xni792 o fazent |ameey @2 |av2l | ase)

MPL/ 6241 28,867 | 1,1242 | 5,665 8,204

AN1792 (21721) 121y {121 | (0/20) | (20120)

QS-21/ 30 227 327 1,511 1,188

AN1792 (1/20) (10/19) (10/19) (17/18) (14/18)

CFA/ 10,076 61,279 75,386 41,628 30,574

AN1792 (15/15) (15/15) | (15/15) | (15/15) | (35/15)

Alum/ 25 . 33 39 37 31

AN1528 | o2 arl (3r20) | (1/20) (2/20)

MPL/ ‘ - 1184 2,591 1,653 1,156 3,099,

AN1528 (15/21) o1y |@irD | 0r20) | (20/20)

QS-21/ : 29 221 51 820 2,994

AN1528 (1/22) (13/22) | (4/22) (20/22) | (21/22)

PBS plus 25 . 33 39 37 . 47

Thimerosal (0/16) (2/16) (4/16) @3/16) | (4/16)

PBS _ ‘ 25 25 25 25 25

(0/16) (0/16) (0/15) (0/12) (0/16)-
Footnotesf

2 Geometric mean antibody titers measured against Af1-42

® Number of responders per group
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shown in Fig. 15. In PBS control PDAPP m ce, the nmedian |evel of total Al3
inthe cortex at 1.2 nonths was 1,817 ng/g. Notably reduced | evels of A(3
were observed in mce 5 treated with AN1792 plus CFAJI FA, AN1792 plus alum
AN1792 plus MPL and Q5-21 plus AN1792. The reduction reached statistical
significance (p<0.05) only for AN1792 plus CFA/ I FA. However, as 'shown in
Exanples | and 111, the effects of immnization in reducing AR |evels
beconme subst ant i diteyespiteaf EN1792 ot NSRS treaament Mathwnibts ofjwants.oe. Thus, it
S expe&t@%’r §18h Bhien 8R3H0id D& AONE 192 BlotiRa Bl Lk 439 RydlR WP and ANL792
10 pl us SN) corrp05|t|3ns WI‘FT achieve sggfls ical signiticance in

t r eat neshovaf in®liglas. m ERS corlBypl BDAPP adde, the me:didN 1dvA0@f tplalsp irhke paregser vat | ve

t hi merosal _ showed a pmedi an | evel of 3 .abhouyt the sane . as.that iin the PBS
t.reat ed aH-?c‘B‘.m%"rWi‘%lagﬁr"@zl%lwgaﬁéf%“@aj]%‘ie}fé’g WHE ORSFEF daMFevel s of ARA2
Ver e sCoRRac&Hith Arg 79 e CFhAYal ANl 79304ds dlin PES1 poilisalipl wasQs2624 ng/ g.

Not abl y reduced nedi an | evels of 403, 1149, 620 and 714 were _observed in 15
the m c@usrdd78d hhe17dyeyon regohadstptisiesehyisiicangPTy §2) UL 4NidY? AN 1792 pl us
MPL and prANEREA . DdisevelS a2 dhoth @SR BLAM 8 Dand W tthe LS FeMafuhiRLioas evi ng
statistical significance p=0.05) for the AN1792 CFA/I FA treatnent group.

The mediredrcing ) leyels hagempspbpgptiallyigrepsr dsky month aad bYmpnideldmise1619 n. g/ g

APA2. At tNSExJBRE AREMLS: AL AMY s ALOTMACKRN7 &S fILOABY, 284 Ushy7ovas per for med
20 in 9 - 10.5 ronth old nale and fenmal e heterozygous PDAPP transgenic

m cel0 Tirbus QRr? hedranpsigions Wil ashiguystolisgca siendiernse i treptmant oholderimmed-s per
treat marﬁy SLRP ;thé Hﬁﬁ %20151@5 t‘xpﬁrcs@cﬂti@hﬁm%ga@ _sl;I&ve'd a,]r@ed%mmi g‘isﬁcxp)l d at

termination.. The treatnment groups are identified in Table 10 bel ow.
Adj uvantabpytrtheragess hiat inttheolB Buredtied miagnimilet reaulisorvere ehteingd when\VPL- SE AN |

792- GCS ( o] - q) PBS 1 P
(400 1) &éééu%)"eg? é@%f 'AE % é1‘%‘33’25‘@{ edh { %?‘d’ga? ﬁﬁgls" @@4%%‘35? % Egig‘” %3‘6?94: Qs21
abbrcv. 1&R¢ 27792 NEEBly(17810gd mPEgn BE:1§ 9H4D3) }149F 28 gndF14 PBS observed-in - - - - - - SC
(250,4) . bai | ; i sant i ides TT -
{ ot abius PopkiyeRed 0N E%E?&%&S%%ﬁ??%&{a@ﬂbéﬁ? RRaunan e
i nt r aperAN b alusyQS-PBSspechyis ptititths rediiioh egéeyinsititisdcal Figpifisance s a
comer ¢l @Lb ys)3ueht AR AL NMRRYreinfih Rbud OHkFibeiddiel & 1fe B702
gl.ycine/TCitrdtel/ sucrose tornulation, L-SE is MPL in a stabilized water
and oi | thimerosal treated mice was 1619 ng/g APp42. : T
‘ A further therapeutic adjuvant/immunogen efﬁcacy study was performed R
20  in9-10.5 month old male and fe'malevhetérozygous PDAPP transgenic mice. The a
duration of the study was 25 weeks with 29-40 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
Group 1T | MPL-SE ANTT9GCS 5| PBS ~SC@om
Group 2: ISA 51 AN1792-GCS (75 pg) PBS 1P (400 pl)
Group3: | QS21 AN1792-GCS (75 pg) PBS SC @50 1)
Group 4. | Q521 abbrev. ANI792-GCS (75pe) | PBS SC (250 ul)
Group 5: PBS | - | - | SC 250 u)

25 Table 10 abbreviations: MAP — rhulti-antigenic peptide; TT — tetanus toxoid t-cell

epitope (830-844); SQ — subcutaneous; IP — intraperitoneally; PBS — phosphate,

buffered saline; ISA-51 is a commercially available adjuvant similar to IFA; GCS is a
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emul si on. The immni zation schedule was identical for all of the treatnent
groups except for Goup 3, the QS21/ AN1792 abbrevi ated schedul e group. The
mce were 5 injected on weeks 0, 2, 4, 8, 12, 16, 20, 24, with bl eeds on
weeks 3, 5, 9, 13, 17, 21 and 25. Goups 1, 2, received eight injections
and Group 3 received four injections during the. 25-week period of the
study. Group 4, the QS21/ AN1792 abbrevi ated schedul e, received injections
on weeks ﬂycize/ciﬁﬁteamw& formduatiofMB LD P Na$n NQibilifsef eateeahd ©r the remai nder
of the study.  although they.were bled on the sane bl eed schedule as the
rest of the study to 10 followtiter decay. Groups 3 and 5, QS21/AN1792
and PBS respect i velThe imenviegtionschddele vposddntivat farl ofegateht@nC@Bgs0l s for

Goup 1 PrB s B A b et S bt BT e
(GVIN) df Hikced@nateels WRek s, 133116) 20y24,0vitlablEME oﬁfwe&ﬁs@@m as, Zo2neeks.
) o Y3 ORL s RS LSS L858 B 3R ML AET FALE oer e
produced Bi-yhek peried of thh lsmdghﬁumpmhthe Q2N r’/@aabbragatad SMIautd, réx¥REd 100, 000
o e | BikodalRSlal, A RES b, (R OHRS el B R O bt oy e
fell overﬁth@dn@k&xo@hmmre bled omﬂshamebreeaschzwewthefes&fmckmd%@ ani mal in
toper FonRIbR SRS, (58 Deh G Ripod U B GO S ldtanre grou.
reached apqa?é;a!lcandn@atiméco?x;raﬁworahisiﬁidyveeks, five weeks after its final .
injection. The ti tef . t&cr

were%etermmec?b C—‘%{I{]; Ofi?é}]’a%qg qat trhe af | nal “bleed (25
weeks). As in the control group ofe 25°4Ri PRYP A ESY-ai se a det ect abl e
titer, while anot h«ﬁroamlnﬁnle MH&SEMNIEETgm‘upbgmsed heeakpdomdtri¢ inean ghecay
Corti cai N boel 2 Oy et AP SN 08 sl Bl By el o Ter 1y,
one bhai nSK @mr%q@h@#t@ sems Wikt :bgéertre@ thaprthe QSR 1/AN 179 heqprolaona(Growdy.
and assayed for br R MFer abt 7 PP S e i e B2 e
similar. #udbaicAchirsa G ofoxer 190006 for st weeknofthpsndyor med to det er m ne
si gni fi cance -bet weQfrdups, fie @423/ AM 1762 RoRrdf %l'otﬁg fens stpeak titer at 17
B weeks with a GMT of 16,000. The titer then fell over the next 8 weeks to finish w1th a 7
20 GMT of 8,700. One animal in this group failed to raise a titer over the entire course of |
the expcnment ' '
Group 4, the Q821/AN 1792 abbrev1ated 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 homog.ehization in SM guanidine buffer and assayed for brain AR.
The cortical total AB and A42 results are similar. A Ménn-Whitney statistical analysis
was performed to determine significance between the groups with a p valué of 0.05

indicating a significant change in AB.
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indicating a significant change in AB. 81 All treatnent 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 treatnent groups. The

Q@S21/ AN1792 abbrevi ated group, was simlar in its overall change of AB to

the @21 5 contr,g| oup that .received all, eig injections., The A13
levels in the | Sﬁ‘qgie%kﬁfggfupsgsr‘%ﬁ%an%f%E)é”e?’idﬁ?tfilaﬁ kﬁivﬁl%ﬁﬁeclp@&arg%fﬁ)ar ed to the
CFA/ | FAOWRBE ABntiol gioup gs@uizbleTid b The MPIGSELAN 2 ABup aievsl thBgeMPit- SE | SA

-21 -21 . AN 7. 3 1.2 3,026 2 389 . 2;996 ngl g tissue) RANGCE
(5??0- 18%98% %n!\%g)l]f S%qca%g’ﬁ?er%%@q’i?%r?ﬁ? %81’@13915 T{’%g/gggt i ssue) )-p

val ue - Q8DI/AB192<atBred D groud, @ Imidarin @O Oteral\-H3BgeAF ABGo B @21 10 I n
conclusjion,, MPL-SE | SA-.51 a 1 j U ts caonbine 1 AN 1792 are
o rett s papl Al e et 3 RO iTRoh RS I8, BRI A BN T Tetard

Al3 deposp,iwennsiiladhiowerd texpared tothx CEANTTAAAP A S) grbupli Ssues wer e
col |l ected for histopathol ogic exam nati.on at the term natioen. of studies

described in Exanples 2, 3 and 7. In addition, hematol ogy and cli nical
chem stry werablepdrCaticabdBdevetser m nal bl bod sanples from Exanples 3 and 7.

Most of—the—ra-or—ergans—were—evaluated—kncluding h"ﬁ-l—n—' W

| ynphoi|d, gastrointe ;Snal , I\TY’%‘ISE Ki dneJ,SAadrenaI:Q% ggnauds = At hpugh
spor adi| (AJHEHANONS [ wer g33PHserived 1,286t he |st udp2£0 gni npB&y t her e2ywese nop
obvious$ ,differenges, either|in tissueg affected |or |esion|severity,
betvveen(%(&%'ietreat ed and untreated animals. There were no uni que
hi st opaRANGH)T cal] 550esi8B38 nofed 3[977 AN 1328,y 10ed idis7 falkg Ciegaar ¢d
t o- PBS—krg;atted ol untreated} animals. [There werg also no differencesjin the
clini cal &Lty profile between adjuvant grdups and tHe PBS treafed

ani mal g pivalukxanplfe 7.-—-Al t hough< ¢ besie %ireoafmosl gni kipoaof 1incrempsmy |

severall_of the hematology paranmeters tween anilmals treatled _with AN1792
and Fre¢dhd' s adj gvant 3¥n” Expnpl %7 rellativé®to HBS tfbated ani f8l's, fhese

10 In conclusion, MPL-SE, ISA-51 and QS21 adjuvants combined with -
AN1792 are effective in inducing a sufficient immune response significantly to retard AB

deposition in the cortex.

X. Toxicity An'alysis

15 . Tissues were collected for histopathologic examination at the términatién
of studies described in Examples 2, 3 and 7. In addition, hcmétology and clinical |
chéfnistry were performed on terminal blood samples from Examples 3 and 7. Most of

' the major organs were evaluated, including brain, puimonary, lymphoid, gastroiritestinal,'.

liver, kidney, adrenal and gbnads. Although sporadic lesions were observed in the sttidy'

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-Ueated 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

25  significant increases in several of the hématology parameters between animals treated

with AN1792 and Freund's adjuvant in Example 7 relative to PBS treated animals, these
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82 type of effects are expected from Freund' s adjuvant treatnent and the
acconpanying peritonitis and do not indicate any adverse effects from AN
1792 treatnment. Although not part of the toxicol ogical eval uation, PDAPP
nouse brain pathol ogy was extensively exam ned as part of the efficacy
endpoints. No sign of treatnent rel ated adverse effect on 5 brain

mor phol ogy was noted in any of the studies. These results indicate that
AN1792 typeatelfests ark sxpweletl froml leatdsadamanetteatneeas indsthibstcampimiidgy free of si de

effects. X . .Th t] reat L V-t ' | [ | xanpl es
tests t 5“%%%5@? (E g&g@ u\l/cgcra?;(f)ug aﬁwé%%)% oeﬁglég\@%%ggﬁ%q E%J%h? Pbodi es to
AP t o i nfarthifthegodcnegdicd eaagbn, ARDARP mloasetiran pathflofieveraxtopgotlyc t ransgeni c
mce. 1. Stud Sj Si mal e. ransgeni c
e Rt f o R e R e S
Laborft deryin midighaldgyevaseoted soaryed thentgliess iThesgroupsintcatoehat hETRY with

vart ous gan rlncbn?cljsl “elesllttgfe{a?e%t e&i att lgas'elsqubsﬁirr}tiqpli%ewgiﬁe gﬂfcchsLl buted to match the
gender, age, parentage and source o he ‘ani nal s W thi n t he._groups as
closely -as possible. As shown in Table 10, the anti bodi es included four
muri neA(i -specific _ nonocl onal antibodies, 2H3 (directed to AR residues
1-12), 1805 (Theragettied reamems Wb ARk 8EPIt6) , 266 (directed to AR residues
(di rected to AP r ddlanarsEnaite ARy B a R SR e R o 7

A( 3- 3pecardtibedipoloy( wristibiamicidodyiod 6B4&p irothe brafi fdetetwyygavivurnggghicon Wit h
aggregated AN1792). The negative control group received the diluent,

PBS, - al of®"® wi t hout anti body. 25 The nonocl onal antibodies-were injected at
a dose of about 10 ng/kg (assumi ng that the mce weighed 50 g). Injections
were admi ni stgred éngcftyrﬁé% itoneally every seven days on average to
maintain anti-A(3 titers above 1000. Although lower titers were nmeasured-

Iﬁr m%t 266 si Ppe Siﬁtym?ehsana%mmmtteﬁ@éygoas@%m t?@%cﬂ%&iai@lél, 8ANo11032 used SS
he capture antigen I n the assay, e s osing schedul e ._ITai nt ai ne
for tAi s ™SOS PHHH. VTP PGP é?:{*é’il?ﬁ fﬁgefﬁgﬁ%ﬁoafnaﬂeéwﬁ B&W"%%énveas

di scont i BgGous tdWetrehfa® with WatioustAAEBEIIMRRKSSioNCE AMMaBldrbadibu@s cl ear ed
too rapidly in vivo, Animals were, bled prior, to each dosing for

the .
measur emdhiia5h thegendsh dge. PRERIPES 278 3T the RRIasORh e " QWa s doselys

as possible. As shown in Table 10, the antibodies included four murine AB-specific
monoclonal antibodies, 2H3 (directed to AP residues 1-12), 10D5 (directed to AB
| 20  residues 1-16), 266 (directed to AP residues 13-28 and binds to monomeric but not to

aggregated AN1792), 21F12 (directed to AP residﬁes 33-42). A fifth group wa$ treated -
with an A[S-Speciﬁc. polyclonal antibody fraction (raised by immu;lizafidn 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 .
(assuming that the mice weighed 50 g). Injections were administered intraperitonéally
every seven days on average to maintain anti-Af titers above 1000. Although lower titers B
were measured for mAb 266 sinc;.e 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 continued over a
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six-nonth period for a total of 196 days. Aninmals were euthani zed one week
after the final dose. Table 12 EXPERI MENTAL DESI GN Treat nent GNa '
Treatment Anti body Antibody p Antibody Specificity typ 1 9 none NAb NA
(PBS alone) 2 10 Polyclonal API-42 nmixed 3 0 mAb'2H3 A31-12 1g@ 4 8 mAb
10D5 A(31-16 1g@d 5.6 mAb 266 APi 13-28 1gG@ 6. 8 mAb 21F12 A(333-42 | gQa
5 Footnotes a. Nunmber of mice in group at term nation of the experinent.

Al | gr oupsixstath paliodiférta ththl afidGelags. perimgls e, cuthanizédonervaek apglthecabl e c.
mAb: rmnogJ 8%%'5 antibody 1.0 2. Materials and Methods a. Preparation of
the Antibodfes *The anti - Afi pol ycl onal anti body was prepared from bl ood
collected from . two groups of animals. The first group consisted of 100
female Swiss VWhigéer nmice, 6 to 15 8 weeks of age. They were i mmuni zed on
days 0, 15, afgxXPERWIERTADDESIGNT ANI792 conbined with CFA/IFA. A fourth
injection was|given on day 36 wth one-half the dose of AN 1792. Aninals
wer e exsangui hated upon sacrifice at day 42, serumwas prepared and the

sera were poofgd to crieate g rotar_ofr o4 i, OTTd—group consi sted of
24 fenmal e m ¢&TPEHFeri ouwi t hTtdagnddDAPP HinEROBut |nofrtiead¥geni ¢ for the
human APP geng, Gsourp tio. 9 weeksitigbdyage ggee%/ﬂ wer e i iiRiRezed on days 0, 14,
28 and 56 with 100 .td of ~AN1792 conbi n8FW4Hh GFA/ I FA. Thiese ani mals were
al so exsangui. nat eq upgn gsagri flncge at gay 63, serjum was prepared and pool ed
for a total of 14°m . (The t/voIl 3 02 ser NAler e pool B4. The anti body
. PP . alone . .

fraction was purified jusing|t sequenti al_rounds| of 84 :

2 10 | ' Polyclonal ABl1-42 -mixed

3 | o mAb® 2H3 ABL-12 IgG1

4 | 8 mAb 10D5 AB1-16 IgGl

5 6 mAb 266 AB13-28 IgGl

6 8 mAb2IF12 | AB33-42 “1gG2a

5 Footnotes .
. a. Number of mice in group at termination of the experiment. All groups started with 10 animals pér group.
b. NA: not applicable
¢. mAb: monoclonal amibod.y

10
2. . Materials and Methods

a. Preparation of the Antibodies .
The anti-Ap polyclonal antibody was prepared from blood collected from
two groups of animals. The first group consisted of 100 female Swiss 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 givén on day 36 with one-half the dose
of AN1792. Animals were exsanguinated upon sacrifice at day 42, serum was prepared
and the sera were podled to create a total of 64 ml. The second group consisted of 24
female mice iéog.e:nic 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 pg 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 ammoni um sulfate. The final precipitate
was di al yzed against PBS and tested for endotoxin. The | evel of endotoxin
was | ess than 1 EU ng. The anti-Al3 nonocl onal .anti bodi es were prepared
fromascites fluid. The fluid was first delipidated by the addition of
concentrated sodiumdextran sulfate to ice 5 cold ascites fluid by stirring
on ice.to a.reach a final concentration of 0.238% Concentrated CaCl2 was

t hen addeHre%P‘Earﬁ“’&ﬂlﬁhrslorfbsaf‘{ﬁat?‘b%ﬁmﬁu?’lSHH?"%%%@M‘P&FW&NCO‘@S éialyged Thi s

sol ution wassceBY hid tgedfontndbxE00rn l&e@@ﬁnﬁgﬁxﬁx%ds@éss‘d@ﬁ l@lﬁxﬁ?r ded. The
supernatant was stirred on ice with an equal volune of saturafed anmoni um
sul fate added dr opwirsanti-APrHeongsiopgliaghbagies vrasn prepiradBdmagadienfleid. The 000 x g
and the sapRrRaEaA el & d and
dialyzed aqal nst 206%&% .@qﬁéc%ﬁq%f“mg"‘m&pﬁu %dyﬂ%éexﬁ,%&%ﬁ%ﬁg%? ion was
appl i ed t 6014 21Hay fd by sEERE oSk aeh @fl@lcemnmn@tfﬂﬂé&%w th & reverse
gradi ent toRdthParéi Ma@l?v@s théradd-Rfth shﬂ‘g%Qo P&(‘c}TQ'f légxcempﬁoz 0?6 rglble ant i body
peak was identified by absorbance at rim an approp actions
wer e pool agis Sq*H%Opr?ﬁ Feneidusa e B Xrﬁ@p‘athamlm“méxsmm&hwmdmy

measur i Ng wad RirteA®nkE i the purity
usi ng SDS-w PAGE. Tﬁg CSI(;%{ &ﬁgﬂg@g%ﬁﬁfss%gg@m ‘Q%’flg‘gﬁﬁyg&fj QQXP@Q' gf of *
endot oxi n Thegolptiognsvasicgpirifuged faaip at 10,080 x g and ﬂheeﬁruserhésts wahdiscatidd. Wbee

ar bi t nar i pylieasal Soagefiecl hiddiayalay gmﬂét 29 IMIF AR tdﬁ' eﬁﬁ!\ilf‘ st he

Brain: 20 Follow ng” about six” non of treatnment” wt arlous anti - AP

ant i body fstiparasepelice to pPharmaciaEPeC Seplaress @ Eolwmntead aluiedutith afretdrawi ng

sal i ne pergfddihOfom M tH85Y S PNGLE d{‘@@n{%ﬁ%@ﬁ—f‘éﬁ {:}9"7 5l mmiunohi st ocheni cal.

anal ysis and the second was used for quantitation of AP and APP

level s. To neasure THeEBIYEPERK WES lé?@lﬁ@fl bs‘i&bﬁi%b@% ©128@ nmaihd pesrepriaty | oi d-

pepti de arfactadasywecbdareacmnes nf&a%@doray(pée%@auomss BeM-RRRET a\%mﬁ ar
ellar

di sseﬁtée and "honogenat es O?It he_hi ppoc cortical, and cere

anpal
weteePropinprbcaniation usinegheR C4i methodrandshe itk usieg SRFPRGE. |Theed and t he

regio

| evel of aoyilvaisdlspegptddder enQétoﬁﬁ’PTH@-l%véllé@@ﬁd&t@glﬁdvapbéssctﬂm)ﬁﬁl}wtl&:?s a series
of dllutlgrgs of ﬂs] agb%ards 3 tide or APP of known concentrations in
an ELI SA fEPHEES Bahel) Wit edmtarn‘aﬂttﬁo AP31- 42 measured by ELISA in

honbgenates 30 of the cortex, and t he hi ppocanpus and the |evel of total
AR in the cerehell u arc? g{;gwn .i bl es 11, 12, and 13, respectively. The
medi an concentratio s Fveﬁﬁ?’“ control group, inoculated with
PBS, vms 3.6-fold hmhmng dbohitiex ﬂbﬂﬁ@@%&ﬁeﬂthﬁﬂﬂ thdWaiBes an(ﬁq&ﬁ grivbapdi an of.

63,389 ng/ ge PE o gpnésllwegel rirsnlélgedcf?orrrnpggeagmgﬁs t%){logv}n% sgl?n/e%ef'ﬁ?gxor;[ Oene
* hemisphere was prepared for 1mmun9hlstochem1ca1 analysis and the second was used for
the quantitation of AB and APP levels. To measure the concentrations of varioﬁs forms
of beta amyloid peptide and amyloid precursor protein (APP), the hemisphere was.A
25  dissected ahd homogenates of the hippocampal, coﬁi-cal, and cerebellar reéions were .
prepared in SM guanidine. These were serially'diluted and the le\'/el of amyloid peptide
or APP was quantitated by. companson to a series of dilutions of standards of AP peptide
or APP of known concentrations in an ELISA format.
The levels of total AR and of AB1-42 measured by ELISA in homdgenate.s
30  of the cortex, and the hippocampus and the level of total AB 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 hippécampus than in the
cortex (median of 63,389 ng/g hippocampal tissue compared to 17,818 ng/g for the
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85 cortex). The median level in the cerebellumof the control group (30.6
ng/ g tissue) was nore than 2,000-fold | ower than in the hippocanpus. These
| evels are simlar to those that we have previously reported for

het er ozygous PDAPP transgenic mce of this age (Johnson-Wod et al.,

1997). 5 For the cortex, one treatnent. group had a nedian AG | evel,
nmeasured as AR 1-42, Wmch differed significantly fromthat of the control
group ( peeeten). OBy mdigdevel irihnesrebelamof thewgntrd @rqol (§&6 og/altissus) wasAn ant | body

as showngof: dhaP? eoolBid 1506r MRMHinaRE hibfMah n‘BQSf 'ﬁx@se]ie\é@s §m{1@gfﬂ>ctﬁ by 65%.

conpared to the control for this treat medi an 1 evel s of
AD31- 42 et we Bpspravioysiyreroaad fof betsenareas B ;aa@@gvpmlde phthistage 10 cont roI
|n one a hﬁgogwodtertglatlmt group, those animals dosed with the mAb | .

433) a~ n 7 MCYl NN.COrn C NNhVentnOOLt?Nv
b r 05 L ON N C7 Hyrt}@@ortmvne(tr@tmwt:gr% hedarr@d@nAB le)/el,Nndfnsu@eda OE" WO

Cs N t OA’%1-4Q W’ucM ilhﬂgx‘ed sxgmf?(:arllltg gox}\xﬂthNat ofv he control group (p g H OIS) O C ol . c
animals receiving the polyclonal anti-Af antlbody as shown in Table 13. The medlan
level of AB1-42 was reduced by 65%, compared to the control for thls treatment group.
The medlan levels of AB1-42 were also significantly reduced by 55% compared to the

10 control in-one additional trcatmcnt group, those animals dosed with the mAb 10D5 (p =
0. 0433)
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5 reduction was al nost 3-fold greater in the hippocanpus than in the
cortex, a net reduction of 31,683 ng/g tissue in the hippocanpus versus
11,658 ng/g tissue in the cortex. Wien neasured as the |evel of the nore
anyl oi dogenic formof A(3, - AP 142, rather than as total AR, the reduction
achieved with the polyclonal antibody was significant (p = 0.0025). The
medi an levels in groups treated with the mAbs | OD5 and 266 were reduced by
33% 10 and 21% respectively. 88y Olt- N C, h NMa%d 00t- ~1 M )

CD 00 00 ~v |rn crinthe lApgAcithyiN, ﬂi&n&&&ﬂe%@ﬂﬂred&hox@@ft@ﬂal.NBVSS@:léJ.t@i* ~v. rl O
N Crl N:O n 00 C1>N~mga n cdcutoOON NO] oMOO
cn v M, Withfjesiment wighpetyclgnaljagti-y ammfrqy (é%wrwomvesm EL@pes O~ al 1

QO &, tRatIvskbred idhOcEEx (65%) (Table 14). However, the absolute magnitude of the
5 reduction was almost 3-fold greater in the hlppocampus than in the cortex, a net reduction’ ~
0f31,683 ng/g tissue in the hlppocampus versus 11,658 ng/g tissue in the cortex. When
measured as the level of the more amyloidogenic form of AB, AB1-42, rather than as total
ApB, the rcduction achieved with the polyclonal antibody was significant (p = O' 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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5 treated with | OD5 had a near significant reduction (29% p = 0.0675).
90 Table 15 CEREBELLUM Treatnent Na Medi ans Means Goup Total Ali Total
AP LI SA P o Eal ueb value' Change ELISA value { PBS 9 30.64 NAd NA '
40. 00+/-31.89" Polyclonal 10 17.61 0.0033 -43 18. 15+1-4.36 -anti-Aad42 mhb
10D5 8 21.68 0.0675 -29 27.29+4/-19.43 mAb 266 ( 6 16.59 0.0184 -46
19.59+/-6.59 rnAb 21F12 8 29.80 >0.9999 -3 32.88+/-9.90 Footnotes: a.
Nunber of aninmals per group at the end of the experinment 5 b. ng/g tissue
c. Mann Witney anal ysis not applicable é. Standard Deviation 10
APP concentr at i oﬁo%gf’ ales 613%I Wﬁ“ﬁﬁdﬁé thepgrebeljugn(Taplet Ity Thase esevgnd

cer ebel r

T or AP B0L LRI 1O A0 00 o RIS B BT

r ecognilgeds dfaothl AQ{PPLB% phiat 608 p t he0Beod pt=edi01§orspeofivedPRudMiat rohps bee n

I d_w t.h 13 , L-1 FL) of APP, “whil
he Secamir BRlgh e aff UARRSk e AR Hora N [T cot mbnt - ascoc ated -

15 diminution of A(3 in a subset of treatnent groups, the levels of APP
were virtually unchanged in all of the treated conpared to the control
animals. These results indicate that the inmmunizations with 'AP antibodies
depl ete AP wi t hout depletlng APP. 91 In sunmary, AD |evels were
significantly reduced in the cortex, hippocanpus
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and cerebellumin animals treated with the pol ycl onal antibody raised

agai nst AN1792. To a |esser extent nonoclonal antibodies to the am no
term nal region of AD 1-42, specifically amno acids 1-16 and 13-28 al so
showed significant treatnment effects. 5 4. Hi stochem cal Analyses: The

nor phol ogy of AB-i mmunoreactive plaques in subsets of brains nmom mnmice in

t he PBS, polyclonal AB42, 21F12, 266 and 10D5 treatnent groups was
qualitatively conpared to that of previous studies in.which standard

i muni zation procedures with AB42 10 were followed. The largest alteration
in both the extent and appearanceﬁﬁm=ﬁhyI0|d pl aques occurred in the

ani mal s—mumit-zed—wth—the REﬁEu] AB42—ant+bedy—7Fheqr educti on of
anyl oil{d | oad, eroded pl aqu& norpnofrogy and cel |l -associ atgd AB
innunoreact|V|ty cIoser resenbled effects produced by tlhe standard

i Muni FatFor—procedure—These—observat-ons—31b—support ELISA results in
whi ch sTmatineitcant geducti ons. We %EAh total AB anlgI AB42 were' achi eved by
admi ni sGroapi on of the pol ycl ona 2 antibody. I'n“Simlar qualitative
eval uattonss—anytort—ptrattes—+a—the—+—E5—greup—were—also reduced in

|
nunberj and appeafance, with sopg_eyxpdence of Ce'ﬁ“%{fﬁ Ci at ed AB
i munofeactivity, Relative to con I -t reated ani ma he pol yclonal Ig

fractipn agai nst| AB 2( ofp th clanal anti bOdI s (10D5) reduced
pl aque| bur den by} 93% cang b 0 £l§§p Ctdh\éf?%tey ( pEISH0osJue 21 F12 appeared to -
have alrelativelly nodest effect on pliaque buriden. M crogfaphs of brain

after [ppatnent [ith pabdik 42 shew di ffyse depesils @rd Absence of . many
of thejlarger co arf d_pl anubq in the pabAB 42 treat ed group relative to

1
cont r ol Poli/die@t ed| a Is sur enegt d -% Tlters: A subset of
three {andapdy ch Egnl 6?lfron? gro’f}g lépfgl’ 6 ust{prior to each

i nt r aperi-toneal noculiation, 'I;nr a Tg:t;aJ of 30 bleeds. Anfibody titers were
measur eohAdsl0D30 AP 81- 42-11i.68di hgoasdﬂ' b’ody-zasi r@7assargas chi ELI SA with

pl ast i ¢—mHt++—wett—ptates—coat-ed—w-+h-ARP 142 as—described{in detail in the

L!\IJL

TToT I.I VA>3 ] '~J| L& UUM\.

Gener a| mAbVR66ri al s Gand Méti’ri?ods ON'b%ﬂn tlt-éﬁs fla9.59a659 bl epd are shown in

Fi gur es—16=18for—the pur ctonat—antitpody—and—the-nonrectehal s i 0D5 and

21F12, P’éé’r?égt% vel B Ti tS80 ayer98d aboui 10@@ &ve?-9@ hi s ti me period for

the pol'VFebebak: 92
a. Number of animals per group at the end of the expcnment

5 b. ng/g tissue

U

c. Mann Whitney analysis
d. NA: not applicable

"e. Standard Deviation

10 APP concentration was also determined by ELISA in the t:'ortex' and
cerebellum from antibody-treated and control, PBS-treated mice. Two different APP assa);s
were utilized. The first, designated APP-o/FL, recognizes both APP-alpha («, the secreted
form of APP which has been cleaved within the AP sequence), and full-length forms (FL) of
APP, while the second reeognizes_ only APP-a. In contrast to the treatment-associated

15  diminution of AP in a subset of treatment groups, the levels of APP were vixtually unchattged
in all of the treated compared to the control animals. These results indicate that the

immunizations with AB antxbodtes deplete AP without depleting APP.
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anti body preparation and.were slightly above this level for the |I OD5- and
21F12-treated animals. 6. Lynphoproliferative Responses: 5 An-dependent

| ynphoproliferation was neasured using spleen cells harvested eight days
followi ng the final antibody infusion. Freshly harvested cells, 105 per
wel}, were cultured for 5 days in the presence of AP 1-40 at a

concentration of ggl ﬁl%’f glfé‘féislv%?e séﬁ\ﬁ@antlypé?ﬁl:éd'x?{&é%@?é{ Rllppo |U£I onal

cells were cultur T cell m'togen; as’'a " negative
cont rol , apéfdrepellemen wln@la Fre%iedl\mfhmtpommel ppridy desed bR2igp K@HGEY T fr om

aged PDA Wi 4 odi es were
sti nmul at gfsépﬁ%\%?t?l?%%%ﬁ]ﬁﬁ %35‘; Oqf%%irl 3%?"6‘3’% cystpoggnegr esponses

wer e neasunmdkcidihd 6pud pBHae alsd sbdx@elals&ammntﬁfedm ermne if passive

i muni_zation facilitated antigen presentation, and thus primng of T cell

respoﬁses speci fi c for, AN1792. No AN1792-specific proliferative or
cyt oki ne responses Wé’F}éenBBas}é‘\?Qaesr n-mce passively 15 inmmuni zed with the

ant i - A(3 ant i bodi efhe ibrbiio G FRHER HSTLINC O SABSLAE LMY BATL B n a second
study, treatpe t wi th 10D5 was r;peated and two, additional anti.-

ant i bodi SRCHERE RS Palyclopg) td¥P otidl S 268and MBS Bsatmety erospyas C(“A’E?%QY&% Cont r ol

groups 2%&@@:@& w&dat@rpﬁa%u%&m@srmwmmJtahaumum&mox@amaa&@shﬁ@h AB42 body
(Tl\/Qa\) The re older (11.5-12 nonth old heterozygotes) thanin the

previ us ‘herwi se the experinmental design was the same. Once
again, after s. X n'pwmegfant&ra@atmammé xR afPpeRshcpboamolayAass by

greater than o.relative to - er the PBS sot ype:- mat che ntlbody
controls® éﬁ TG Wb s P Hq“ﬁbﬁf?‘{&aﬂa g.{’ ¢ IRAUCLIPRP %

eﬂual Ihy g&ﬁmﬂ ldae,,cr@feﬁ)ﬂuqud’hgoﬁvﬂoﬁgy &g%dl%@i&iateﬁ;lﬁ(lﬁm&n&gﬁhgny alogaylt r ??t '
the third an agal, ns ti.de, 16Cl1 a ave, any ef f ect
on pl aqué ﬁ’l‘ﬂe%gﬁgfg%f ‘éﬁgg P?’ﬂﬁ' %@“&éw@“&*&f‘%ﬂﬁéﬁe ﬂhﬁwsﬁ? TGRS

neas ursenesupsart t]EhEBISAr esikls ﬁﬁwﬁﬁhﬁigﬁﬁ?c&rﬁt&cdubﬁdns anbaintotd) 3dund asppRee: agai nst
Al13 peptid C , s sufficient to decrease
any! oi d aaeglgsfidﬁy aﬁm “rﬁ%ﬁ% ?f eBOIYCIO%alfA‘Mgg%{ ROt all anti-AB antibodies are
ef ficacious. Anti bbchuesard;ualaammtvalmateqmslanMQd olamps iirstha g03Dg@op nereaci ds 1-5
O oo vel AR REE R LU AEbLSLL LIRCl ANl SHIBIYIR Lipve shown bl

passi ver adm nrstere I es’again Ke“éxt ent of pl aque
deposi t i ommynogastiyilz. equmrd'eIto @antrAl-tzmdrmm@s dhegehsonal\ drctivelagaingAfat  nodest

Ser UM ONGRNL 3 hORSnd Rl heBbad 1 obSs -k PR AR-HR1) 96206885, 1 0 the ONS

respectively (p<0.005). 21F12 appcared to havea relatwcly modest effect on plague burden.
Mlcrographs of brain after treatment with pabAB, 4> show diffuse deposits and absence of
many of the larger compacted plaques in the pabAB, 4 treated group relative to control
tréated 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 blecds. Antibody. titers were measured as
30 APl 42-bmd1ng antibody using a sandwich ELISA with plastic multi-well plates coated with
AB1-42 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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| evel s sufficient to decorate 13-anyloid plaques. Antibody entry into the
CNS was not due to abnornmal |eakage of the blood-brain barrier since there
was no increase in vascular perneability as neasured by Eva ns Blue in
PDAPP mice. In addition, the concentration of 5 antibody in the brain

par enchy nm@&g%@/ﬁ:d?%&% WL GINRS-2bb&: SATB PR LR 1085 Aa@N§F8RkEeq M CE,
representing of the antibody concentration in-serum (regardless of

i sot ype) . 2URpls . MONI TORI NG OF ANTI BODY BI NDI NG To det er mi ne whet her

anti bodi es agai nst Al3 could be acting directly within 10 the CNS, brains

taken fromsali ne perfused m ce at the end of the Exanple XII, were
exam ned for t reseHce 9 theR heral | y-adm ni st ered antl bodi es.
Unfi xed cryost t B EPROR e ks P “&xposed to a fluorescent reagent

agai ns§ nouse | mm')&[gh@@ﬁﬁehﬂyﬂ'@ﬁ)@irohf@ﬂhbn R4S Eash@GubHS bpleenfde AGINGSesil T hi N
brains of the 10D5 and 3D6h_@9roups were strongly decorated wth antibody,

whi | e t hefightgaes RYowing ths fing! aibedyeinfusions Fegshll arvesied eliedi0” perevetiypere15
extent of cphaQusr S8R5 thi ?ﬁsenla@smﬂné@g%a QRS ®htiGAKS B eMRA Rioh) dgsféy

i mrunoreacted with an Al 3 anti body, and then with the secon
reagent. POsGDS Cahtdolwéltloflailcﬂwﬂgctﬁw@p\m@IsTCaﬂlml'nggt,ﬂ’é% end, agai'ned access

t t h I en was reatl reduced in
0 nost plaguescoftbl msmﬁe a b t‘%aﬁgé@%&d 9 y

t hese treatnent groups corrpare group. These data i ndi cate
that PBripheral |y awnasysesdrostagsa PP @@ce@mwelmtn@munhed eils veliaisant-hey can

directly Il {hﬁﬁl, had
access toiAt haggﬁdé%&ggg%bgh a\?\e/adglkﬁ%og‘plgﬁﬁg 193 ﬂr‘ggé%% }%%6 g@%ﬁ% | NG
ASSAY FORWAGTReasaryd. Grheanrpes oDy agsay NS‘ITO dﬁtmih_l@ DrEEREST®nkatiaxani ne t he
ef fect of aly , HLVO assay
n whi ch Lol f*r%%%; R o e L ek i T o 2t
sections é?ﬂtsa@rﬁq:mlﬁpratlmw%rnehmmemensromged ivodecoRfissiutly cel | s
ver e qbt ain@dhibd ONkt ME aEABRL@ogRQr ti ces of neonate DBA/.2N nice (1-3 days).
The cortices were nmechanically dissociated in HBSS- (Hanks' Bal anced Salt
Solution, Sigma) with 50 g/m DNase | (Sigma). The dissociated cells were

filtered whi mmﬁﬁﬁgmwoﬁbmswmﬁf&ﬁ@mrmﬁnd centrifuged at 1000 rpm
for .5 mnutes. The pellet was resuspended i'n growth nmedi um gh gl ucose.

DVEM ~ 10 | 0%BS, 183 sﬁm&&;%mwmﬂoﬁb@a%ﬁéa&d%a@w@aﬁma%na

density of 2 brajns per T-75 plastic culture fl After 7-9 days, the
fl asks wer® anF‘B?déﬁtséff“’o‘ﬁS‘% monpslenals Wpddh Sh"t“diéﬁnrﬁﬁnﬁbrc%’imégmﬂm The
cel | 90SpeasivedctREPBSBY & ifreges AbtybOARMME Aol PENERENIREmid wheoRES Ay

(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 equal]y effective, producmg an
25  86% reduction (p=0.003). In contrast, the third antibody against the peptide, 16C11, failed to
have any effect on plaque burden. Similar findings were obtained with AB4, ELISA
measurements. These results. demonstrate that an antibody response against AB peptide, in
the absence of T cell immunity, is sufficient to decrease amyloid deposition in PDAPP mice,
but that not all anti-AB antibodies are efficacious. Antibodies directed to epltopes comprising
30 ° amino acids 1-5 or 3-7 of AP are particularly efficacious. 4
In summary, we have shown that passively administered antibodies against AB

reduced the extent of plaque deposition in a mouse model of Alzheimer’s disease. When held
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medi um 10-m cryostat sections of PDAPP nouse or human AD brains
(post-nortem 15 interval < 3hr) were thaw nounted onto poly-lysine coated
round gl ass coverslips and placed in wells of 24-well tissue culture

pl ates. The coverslips were washed twi ce with assay medi um consi sting of

H SFM (Hybri doma-serum free medium Gbco BRL) with 1% FBS, gl utam ne,
peni ci | i n/ st ine@s0sieh BoncantehtiBRGREL 70N EEM GREarl 86 s g&%tae&ks BltheARMs 2AB .

anti bodi es wer e &ded at. a 2x concentration (5 .tg/m: final) for 1 hour .
The ni crogl i‘QElsSaitcEndly ‘%ﬁfeqf%teﬁr?éwl%e’a@maﬁnab%ﬁgwylt%@e§wa§@et B[P s/ nd

assay medi unbnohal letlabsibHe BROE braffbaitdisihesther ashdihdidd gdaidgpbat or (37C,
SUC2) for 24hr 8r nore. At the end of the_ _incubation, the cultures were

fixed with FETREPROCISTRIGRAS B Exeg Bherireabrriniey Wi A ition, tos, compeniraiinef 00
The sect iNSWBddy is Rt pitidhyRh of 42 PBPY 3RO whOhE GWEDashY néh- é&ﬂsg&i@V' di n

/| Cy3 conjugate (Jackson | munoResearch). The_ exogenous mcroglial cells
ver e vi sual iD'Es roBesyting Gk ob e aatibad ﬁC?‘EW”“%“%(‘F%H‘@SSSWE}G@WB@SHved
with an inverted fluorescent mcroscope (N kon, TE300) and

phot om cr ogr hstvere taken with a SPOT digital canmera using SPOT software
(Di agnosti c s tYHREHPRING E5rANERQ KB W]BF‘?%nal ysis, the cultures were

extracted in 8M urea, Tdidbidirfide %ha{héranﬁ&ﬂu@hgegnsk hGLiA béﬁsmig%u@afyf»ﬁﬁu@nd
6% . tricine_gel (Novex). After transfer_onto_i modbil on,

| oaded onto

bl ots wet® éﬁbég’édbt?’as ikgn fpmsplineperfagsd mispahe end of Bisdixample J1, were

HRP- conj ugat @@dmadeli if m&eea,wéfbﬂ@lp@m BasllydevehioRed it daisEChnfikABfsaam Wen

t he assay vva}g erfoorrmed V\:th D,;glf rain sections |rl1 the p?éseﬁ of 16Cl1
e

(one of th SHORPELY e GEPATES toRE ORI aE b REAHTSt MR UK BEYnegiobulin (goat

Vi vo), B- any| gitidnplsa ge@Ey3). eM@jueeithin batds of i 10D5 lah@gpsgmgg WerbaSorlis er ved.
I n contrast, ,when ,adjacent seJ1 ns were 95 cultur n the presence_ of |
oD5, the arryﬁ’%?r&tcﬂé’B{S‘ﬁ“{ °C\X/e?’g ?%Frééﬁa?“‘gﬁ?ﬂé‘“ﬁh‘ammég?d &OB@T%‘ICV“&@F@‘ :
showed nusrer et pﬁ;ﬂgﬁ.ﬁ)ﬁ&:pdmibasmﬁbmcﬁbﬁﬂbﬁsﬁaﬂi BginAvdde ﬁfsdﬁﬂhh&b@éacté@'whhﬁ wer e

obtai ned with ral n s |ontfsqﬂa10D5 i nduced o aao éﬁ) of AD.pl a ues '

ot s6c Tt AR aif b AP EN IeeRy- | aying
results Menaqnemfsumrmd gaintdhaceess Itremost‘,alaqmssethurthh(EMn e lagcH buadenGels| S, and

ith , t l, _Tab 1 h ,
UL TouSe: FERY ka8 REL RS AT LBRLLBRBIRTRE L PG 2 hONE
anti body bi ndliamnglpmdlyfadmlmstesd ahtibodimncdnentethie ANwvhantlicpodt dasctﬂb'r miggerg t o
epi topes ZO\M m dlgld"ﬁem]anZe blﬂshlléefngatq llcélgar{adgggés I QIhed}ggq Sé lgu ’was rbﬁ:%o

anti bodi es bin to e In am no aci ROt
cl earing arryb@iid dep05| ts. Ant| bod| es binding to
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itopes C-terminal to residue 10 neither bind nor clear anyloid
égpggi tsl.o 96 Table 16: Anal ysis of Epitope Specificity Antibody Staining
Phagocytosis epitope isotype NTerm mab 3D6 1-5 Ig&b + + 10D5 3-6 1gGL
+ + 22C8 3-7 I'g&Ra + + 6E10 5-10 1gGlL + - 14A8 4-10 rat 1gGl + 13-28
18Gl1 10-18 rat 1gGl - - 266 16-24 1gGl - 22D12 18-21 Ig&b C Term 2G3
-40 1gGL - 16Cl1 -40/-42 1gGL - - 21 F12 -42 1gQ&a I nmmune serumrabbit
(CFA) 1-6 X\ Emg@ SCBHENDBIGTASSAY FORIAET(VQS2OF AN ANTIBODFKEINGIS- 21)
1-5 + + §T + Table 17 shows results obtained with several
ant i bodi es aga| nst Al § conparing their abilities to induce phagocytosis
in the ex vivo assaifoanﬁnmgﬁm@ﬂ”a@@f amiboidies on plagapicieddaticel et dsAbIRASS hry &

transfer s 1 nd 21F12 d.to regated .synthetic
Arlg pept i d;e% IR%LCH%&. g ; x)?lcé %%escéﬂlsémele cgg g“@é‘“@?g‘%ﬂ%&l HHIBOL with
13- any| i deithsr %ﬁ%&mnsmhmwAﬂrtamns s dMitroglied celtOwdre oft@ihed frérg @fRIcerebral

t ass pher e not efficacjous, in'viva. 10D5,
G5, and. tha. pol e SRaP At BT B R g st
HBS

anks’ Balanced Salt Solunon Sigma) with 50 pg/ml DNase I (Sigma). The
dissociated cells were filtered with a 100 pm cell stramer (Falcon), and centrifuged at 1000
‘ pm for 5 minutes. The pellet was resuspended in growth medium (high glucose DMEM,
10 10%FBS, 25ng/ml rmGM-CSF), and the cells were plated at a density of 2 brains per T-75
- plastic culture flask. After 7-9 days, the flasks were rotated on an orbital shaker at 200 rpm
for 2h at 37°C The cell suspension was centrifuged at lOOOrpm and resuspended in the assay
medium. .
10-pum cryostat sections of PDAPP mouse or human AD brains (post-mortem |
15  interval <3hr) were tlxaw mounted onto poly-lysine coated round glass coverslips and placed
- in wells of 24-well tissue culture plates. The coverslips were washed twice with assay
medium consisting of H-SFM (Hybridoma-serum free medium, Gibco BRL) with 1% FBS,
glutamine, penicillin/streptomycin, and 5ng/ml rmGM-CSF (R&D). Control or anti-Af
| antibodies were added at a 2x concentration (5 pg/ml final) for 1 hour. The microglial cells
20 were then seeded at a dénsity of 0.8x 10° cells/ml assay medium. The cultures were
maintained in a humidified incubator (37°C, 5%CO0y,) for 24hr or more. At the end of the
incubation, the cultures were fixed with 4% paraformaldehyde and permeabilized with 0. l%
Triton-X100. The sections were stained with biotinylated 3D6 followed by a streptavidin /
"~ Cy3 conjugate (Jackson ImmunoResearch). The exogenous microglial cells were visualized
25 byanuclear stéin (DAPI). The cultures were observed with an inverted fluorescent .
micr'oscobe (Nikon, TE300) and photomicrographs were taken with a SPOT digital camera
wusing SPOT software (Diagnostic instruments). For Western blot analysis, the cultures were
extracted in 8M urea, diluted 1:1 in redllcing 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 pabABA42 followed by an HRP-conjugated anti-mouse antibody, and developed with ECL
(Amersham)
When the assay was performed with PDAPP brain sections in tl’xe presence of
16C11 (one of the antibodies against AB that was not efficacious in vivo), -amyloid plaques

remained intact ahd no phagocytosis was observed. In contrast, when adjacent séctions were
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10 by all three neasures. The 22C8 anti body binds nore strongly to an

anal og formof natural 97 Al in which aspartic acid at positions 1 and 7
is replaced with iso-aspartic acid. These results show that efficacy in
vivo is due to direct antibody nedi ated cl earance of the plaques within
the CNS, and that the ex vivo assay is predictive of in vivo efficacy. The

sane assay sed t t clearj ng of an anti body against a 5
fragment of plg%%gﬁ%e 'Pe rfc&;)?b(ﬁpf G dergpiere e dingoiseed tsiminngtisl be

ann anyl oi deellslshayed- rasnsmus pﬁagdcym%mles cobthi@ng A@oﬁ%mgégl NAGNaS, &9% ea ted
vmthabral{;?t}l@&%gsg Ié nta| in a lmdé%m gues, an m crog
cells, as before b ép sig of ASrRlaayes, @dbéé@hbwas

moni t ori ng Bhbeatice. aInrmmkxeﬁl thiemiwjztpr@»ridédrbofrd}ﬁr BRTRS s & | ues
i ndi cati ye o % S‘cel KoL 1cr by tﬁsf,Of the anti baod ts Hgbpfe%%e gpexgw VO

assay as predictor o Wi} monsg, T%erlpgmasﬂwenmmaggmﬁm
Bi nding to Ex vivo | rTaVlle\leshoaggﬂ&gﬂt Bﬂdﬁg%ﬂ%%ﬂ@y{ds&%o AR @&%CVCAR (pM

pl agues non &b 470 .+ + +

- - - 21|:12‘9 g‘g?’l"gf}%‘mm‘g"g SPRpcIfigiglt can be seen tbﬁlay@bodwabmmmgzo apmopeeoo + + +
Conf ocal mwmseawmasbmmaﬁmaaomﬁ Bfdl dePbdifd Alvhed \Aﬁfoo Lized during
the course,gf. ta%exld\s/l v§ a ﬂg thgb resedrﬁéc?é lf;i%%] ﬁganeflt%%f I es,
the exogenous m crogl 2 e‘?" ou ??éinﬁé‘ﬁlyll%déepeéiﬁf d@aboqg¢sdn$iwg)mve t he
tissue, 19 hetmtomr(étmmnplhag@IﬁyiéwnMﬂ;‘ét&h@%or QoR LA Bkcﬂ& and the plaques
remai ned intact within the section. In the presenceo D5 nearly all

pl ague material was contained in vesicles wthin the exogenous m crogli al
cells. To determne the fate of the internalized peptide, | OD5 treated
cultures were extracted with 8Murea at vari-ous time-points, and exam ned
by Western blot analysis.. At the one hour tine 20 point, when no
phagocytosis had yet occurred, reaction with a pol yclonal antibody agai nst
AB '
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reveal ed a strong 4 kD band (corresponding to the Al3 peptide).
i mmunoreactivity 98 decreased at day |
ant i body- nmedi at ed phagocytosis of A -B

and was absent by day 3
| eads to its degradation.

AB
Thus,
To

determ ne if phagocytosis in the ex vivo assay was Fc-nedi ated, F(ab')?2
fragnents of the anti-AB anti body 3D6 were prepared. Although the F(ab')2

fragnments 5 retained their . ful
unabl e tojtgkgg
phagocyt05|s W
murine Fc receptors (anti-CD 16/ 32).
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Table 17 shows results obtained with several antibodies against AB,

comparing their abilities to induce 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 invivo. 10D5, 3D6, and the polyclonal antibody against AB were active
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by all three measures. The 22C8 antibody binds more strongly to an analog form of natural




99 Tabl e 18 Adjuvant |nmmunogen Dilution Buffer Adm nistration Goup 1:
CFAJ1FA MAP(AB 1-7:TT) (100 g) PBS IP (400 i) Goup 2: Q@21 AN1792-CCS (75
g) PBS SC (250 11) Goup 3: PBS --- --- SC (250 jI T 5 Tabl e abbreviations:
MAP - multi-antigenic peptide; TT -tetanus toxoid t-cell epitope

(830-844); SC - subcutaneous; IP _ intraperitoneally; PBS - phosphate
buffered s alsnmezhlch eXgarticcill 4 byﬁmdie/u‘ama 7ad lef)lsmrvﬁﬂﬂscﬂ-@fﬁmic&'&ido MheséR&ults

|mmn|zat| e was identjcal for. treat nt rou The
10 e e T GRS BSRE et ol megla ety e R e RS o
week 3, 5, tl&,CN.SS,and.fhaQtﬂ:eeJaﬂdo 2f3ay x@pfﬂdpﬁlvél.ofxﬁwv&cff{hac}and 6 recei ved ei ght
injections Goups 2.and 3, SSZé/ ABN1792 and ecténgll ,. served as the
positive and, negat iV SEBREFAY RashsPn piA L0 et gl?lé&t PHEY AREPY 2det er.mi ned
E\ydt Ihe ant ifraéillgnt@ﬂlt)inbﬂdiﬁ réﬂefrecll(toaﬁw Q’rﬂblﬁtnélas &%ﬁlshdl?vén Mod%(aﬁaﬂnﬂm&l' T grkoup,
ad low tit evel.s. The ched was .on 200 at 13wees
falling toPFIEus ‘E)cf‘at%dOUO‘rWP vfg‘é g’@%%&@%?@m@ th yraigisiHesampPifiat di d
Bot L ai Sedaﬁfgta"&dﬁgeﬁlyw{tﬁpladf&& I"@rmlzro@héle:elﬂshﬁ}lke(ﬂdlrglgg@&bues)éﬁﬁhﬁd'aﬁus%dEEH of h480
y the end o st ud contro Qup,. reached
its peak tlcP’é?"tlag“ Rt gé"ﬁ"%@ﬁ“ g f ‘ﬁB@“‘“ﬁh‘énW‘PeéP“‘{ﬂ?rPfell over
t he next 8m@e&ﬁndlaatifvtafa&ngtabnﬂty@ﬂﬁxéﬁnu%yS 700. One animal in this group
failed © raise a titer over the entire course of the experinent. . .

G oup the PBS al one group, had no titers. Both treatnment groups-showed a
signifi CantTdmﬂmelelﬁvﬁval’aislajzai préBcloeueinvivagffizagpared to the PBS control
group (see Table 19). The CFA/ I FA: MAP(AB 1 -7) group, significantly 25

| onered AB as conpared to the PBS control group in spite of the relatively

low titers of anti- AB antibodies. 100 Table 19 Cortical AB | evels PBS MAP
QS-21 MEDI AN 7, 335 3,692 2,389 (ng/g tissue) .

Antibody Isotype . Avidity for Bindingto Exvive In vivo
aggregated B-amyloid efficacy efficacy
AB (pM) plaques '

monoclonal
3D6 - IgG2b 470 + + +
10D5 IgGl 43 + + +
16C11 - IgG1 90 - - -
-21F12 1gG2a 500 - - -
T™M2a 1gGl. - . - -
polyclonal .
1-42 mix - 600 + + +

Confocal microscopy was used to confirm that AB was internalized during the

course of the ex vivo assay. In the presence of control antibodies, the éxogenous microglial
15  cellsremained 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 10DS5,

nearly all plaque material was contained in vesicles within the exogenous microglial cells.

To determine the fate of the internalized peptide, A]ODS treated cultures were extracted with

8M urea at various time-points, and examined by Westemrn 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 Af peptide). Afl immunoreactivity
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RANCGE 550- 18, 358 240-10, 782 210 -11,167 (ng/g tissue) p value --- 0.0003
< 0.0001 N 38 30 34 5 In conclusion, the AB | -7MAP inmmunogen is
effective in inducing a sufficient imune response significantly to retard
AB deposition in the cortex. - 10 XVII. EPI TOPE MAPPI NG OF | MMUNOGENI C
RESPONSE TO AR I N MONKEYS Thi s exanpl e anal yzes the response of a primate
to i muni zatdremedrtiday 1 ANLTE2absént By dayAR1FIAR) antibbdM ﬁéﬁx&é&{a&&%o@iosm%@ys
(4/sex/gr0l1|,iglz1 18 nized with 15 AN1792 (75 or 300 g/dose) in

conbi nati on V\ﬂws%gr 581 uvant (50 or 100 g/ dose) or 5% sterile dextrose

in water, (D5W contTodetgrmingif phafbdytaniiitlesx e abmpedal M-iRlieeh i lgas)on one

th t ownlnTbI 20 for_a total of 4 .5 or
gf dose;eel %g%tgg eam"?‘# tﬁ? %y Hkvégfsl?f E’ﬁ)‘glstFF@ét)%&'a@ﬁe%y 175 of

the study aﬂaﬁn@@lﬂels arnidbilgy (d resomm@h prﬁqaésgmsf s/epghgmlbl&)mggér ﬁsgtoe on‘ngyl 1t76
of the stud ? th nec wereg eval uated for eir ity
to-bind to nﬁﬂ%a]tﬁﬂ cgg ¥ %dntéor?d&}ﬂg )J%S G‘i‘t 0126“‘1@861?)‘11%%\”@?#?@@7 ¢ and
Dose Level Se@mmgmﬁﬂ hﬁﬁiﬂnb Ee reéeptbrs Kzﬁa}i&l]ﬁﬁ/?‘?jgz’h@%a%%ge asgvipse Route
1b 1 44 001IM 21 4/4 Vehiclee 50 dM 3 1
No. (MF).(p. do%legﬁéc?[ %He%‘%‘%b ¢ ‘
4/ 4 Vehi cl e"'f%ﬁ 4 TeCCRtqr By 13911/12{1%036 (bl-- 6 1 4/4 75 100
IM 7 1 4/4 300 100 1M 8 2 4/4 75 100 IM 9 2 4/4 300 100 . IM 10 3 4/4
75 100 JM 5. PadsRcEYF ARTHdbiEs THROUGH BLOOD BRAIN BARRIER |
This example defermines the concentration of antibody delivered to the brain:
following intravenous injection into a peripheral tissue of either normal or PDAPP mice.
PDAPP or control normal mice were perfused with 0.9% NaCl. Brain regions (hippocampus
or cortex) were dissected and rapidly frozen. Brain were homogenized in 0.1% triton +
15 protease inhibitors. Immunoglobulin was detected in the extracts by ELISA. Fab2 Goat
- Anti-mouse IgG were coated onto an RIA plate as capture reagent. The serum or the brain
extracts were incubated for 1hr. The isotypes were detected with anti-mouse I gG1-HRP or
IgG2a-HRP or IgG2b-HRP (Caltag). Antibodies, regardless of isotype, were present in the
CNS at a concentration that is 1:1000 that found in the blood. For example, when the
20 concentration of IgG1 was three times that of IgG2a in the blood, it was three times IgG2a in
the brain as well, both being present at 0.1% of their respective levels in the blood. This
result 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 ABI1-7 in tetraxﬁeric’ 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 thcrapeutlc study of different adjuvants in Example VIII above The
treatment groups are identified in Table 18 below.
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a. Schedule 1, Dose Days 1, 15, 29, 57, 85, 113, 141, 169; Schedul e 2, Dose
Days 1, 29, 57, 113, 169; Schedule 3, Dose Days 1, 43, 85, 169 5 b. D5W
i njection control group c. Vehicle consists of the glycine/citrate/sucrose
buffer which is the excipient forAN1792. The exact array of linear -

pepti des recogni zed by the antibodies in the serum sanples from ani mals

i muni zed with AN 1792 was determ ned by an ELI SA that neasured 10 the

bi ndi ng of these antibodies to overlapping peptides that covered the entire
APl -42 sequence. Biotinylated peptides with partial sequences of AN1792
wer e obtai ned from I@hlerl8n Technol ogi es as 10 ami no aci d peptides with an
overlap of—9—res uuﬁ U\f%nd A—-St \cI-l'rﬁ\ of one-residue per ptide (synthesis
No. 5366, | No. 5381 aAd No. 5814) PTHIEY | v st (320 b‘é‘ﬁﬁ“%s {ernigaTatipe |ei ght
ani no aci dOf¥BIlY orFW?t’tr earMSF(AERT Do i rjal  oPBANI 797 TTPMasy t1)e 15

t went y- f oiGrdap aim N0 @&i;dof A bi-gt4 ny'. ated-on-the C-terri nal
with ali r of @ The Iaé\&tqﬁfggocesggsr(ﬁ)es (r ep&&ei n ng fhe Sty - decond
peptide ff FRUP e preWBus qkerl es) are bioti nyI at-—ed on tthesSkksemmnal wth
a linker consisting of ECEQ . Tne ryophitTzed—brotinytated—peptides were
di ssolved at a concentration of 5 nMin DVBO. These peptide stocks were
diluted to 5 Min TTBS (0.05% Tween 20, 25 mM Tris HCl, 137 MM NaCl, 5.1 20
M KCl ,5 pHEgb @bbreal&ao@ MAPGURIS-aBfigehit Bp@ o} 8. pdded in

dupl i cate 8%%? §ﬁ:taw din pre- coatged gp%p deoM.ls ael%%g?%ﬁlx\@rt'geel PiP%t es wer e
i ncubat ed - & SrGusubEEtte8tN] réﬁ‘p@catou?aély n- Rhasihett Hufored salimes Wi t h
TTBS. Seru@CSwmglgénMa[retc,dudrch&Tﬂuﬂhtﬁﬁem men diluent without azide to
normal i-ze titers, and 100 | was added per well. These plates were

i ncubat ed one hour at roomtenperature and then washed four times with

TTBS. HRP 102 COnj Ugat éfimgeiattion Sihedily WaBid@RdaPRAYI CAREKSAR AR RO C" ch)

por ol g AiRBte B w50 A% prllSob e hsieon Wik GERNapA BE col or

reaction, ﬁﬁN’BS( Pramps ¢) 2, 3Wa,sanadde>dwacﬂ eiéﬁﬁmebthoxﬁ@rouﬁé@lalnd @“QsiIORNPﬁZQanf or 15
mn prior ggx g\% tlcrggda%fe % to stop thé reaction. 5 The
opti cal denS|t asuredha?os‘zi‘gﬁa? ﬂegéﬁveacWFfﬁlif%r‘mSﬁ‘ééXranax .
colorinetric pi at e Theatstesrwer¢ derrmiiedttyahe aitt AR &Nﬂb%@ﬁn{eﬁﬁd&} ed in the
production of antib 1l % |rral iin all of the dose groups
by Day 175. Mean ti te'gjfj E| néﬁ'%l%o’ﬂr\%ﬁ; AElhgﬂg%O“F’r low yiteydevelss Ehgpeak Ther e was
at ren’olS f dPMlireashed was endy hﬂ%@rnwetkn fallirg tb mﬁmu“zasmamj wedreU ek ek t he

presence of ofth¥EhiR M d ARMARSL Ay mexgg}\%ranggl:ruygge that gcent LAl PN e LUt no

st at i sticall % 1d not exceed a fiter of
400'by the end of the study.

Group 2, the QS21/AN1792 control group, reached its peak titer at 17 weeks
with a GMT of 16 OOO The titer then fell over the next 8 weeks to finish with a GMT of
20 v' 8,700. One animal in t,h1.s group failed to raise a titer over the entire course of the
experiment. - ,
Group 3, the PBS alone group, had no titers. ,
Both treatment groupé 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. '
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AN1792 (i.e., AB1—42). Eleven groups of monkeys (4/sex/group) were immunized with

AN1792 (75 or 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

20

(from 4 monkeys/sex/group) collected on Day 175 of the study and CSF samples (from 3
monkeys/sex/group) collected onDay 176 of the study (at the 6 month nécropsy) were
evaluated for their ability to bind to AB1-40 peptide and APP.
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Chiron Technologies as 10 amino acid peptxdes with an overlap of 9 residues and a'step of

on.

one residue per peptide (synthesis No. 5366, 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-fc;urth 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 consxstmg of EGEG). The lyophlhzed

biotinylated pcptldes were dlssolved at a concentration of 5 mM in DMSO. These peptide

stocks were diluted to 5 p.M in TTBS (0.05% Tween 20, 25 mM Tris HCL, 137 mM NaCl, 5.1

20

mM KCl, 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 dilutéd in specimen

diluent without azide to normalize titers, and 100 pl was added per well. These plates were

incubated one hour at room temperature and then washed four times with TTBS. HRP-
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are nonitored at |east every six nonths. Efficacy is determ ned by a
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conpari son agai nst% “?‘r%g{‘a ‘?’er nat f vergsu\}\ﬁc?ﬁn ?‘ﬁg ogﬁgtf?ﬂ"f‘i‘ﬂ'@gg‘eﬁ’é‘tﬁgﬁ%

popul at i opSthaprémal irf dl bfirhedosagroups ey Day $750Meab dittrs inithe grouts hsgedndmt he

endpoi nt e p ar, she conver 0

pr obabl e f&@ﬁe?ﬁ@r‘i %E%S’Seagsﬁre\g@?defm e eq“ygLh ﬁbﬁ%ﬂné’f‘f‘fl’é’}lﬁ“é‘a }}‘?gulér‘fﬂ of

t he ob8er thaprasence Xf Mghd@antgealand/at Iaghcmlad;;uaannl cMB:teht@d&nZﬁxt flo stMsasaererrent of

Ant i body r I e t in and
I'gltuglr:zﬁ)t Mf%geéxx\% ?ulla bgqFrggras A9 tﬁm #1 a%H%gl m%u’idﬁ%

col | ecti ng about ) oamcr S were
bl ed by f rspanssstatticigpmunizatiersk hock area and then using an 18 gauge needl e

to nick the metataraalieh fand.go #o?grgdeaqlegtbemh% bert BiPpdlilegfy9° | DO

Bl ood was all owed to 6) om t'enper at ur e vortexed,
t hen cent Pliltfbaéleﬁma‘tﬂllﬂﬂ OGN itegs indhe grGupsiranged f®6p3ﬁ‘8&7 e163961,zhdts for amri-t he

Se s SARITYY B8] 80ch b8 G ELAG i BnfliBRR I SLOIUIRHHOE PR 21 O 0 &

4C unt|I titere nt i re neasur 64

mcroti teBlrﬁﬂrmttefo(l@%ﬁlaYWeElanghm Rosiigy cwecrlmomc(ap@dnm 1-h0.860 ) Withfoimlirgol ut i on
cont ai ni ngoglﬁlltjk? 10 g/m either AP42 or 105 SAPP or other antigens as
noted in eac the individual reports in. Wll Coating Buffer (0.1 M

sodi um phosphat e, P tBe 48 m@nKeyybrzodtizat cmiade)s shaliutve MathANL7a2 FH3tyiddedRT. The

Gl ution C Spanr e Ao s TR RIS bt Pt Wbt 9% T Ts T
NaC1, 20. 6%oplkyuis had pesitinntisrbtemdiil 799. DBets Banghd frem@s246) withe wenan eB49.4 +
dilutions 2?§4t E§F mmlbﬁ%9y\ﬁ:v§s were% 1%' r(?ﬁ% ofw?xat vba% elagt}rg mlt}?c ;[epLIrr?gﬂd
demonstrated a highly positive correlation (Spearman 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 CASF samples demonstrated that,
like the antibody in serum samples, antibody in the CSF cross-reacts with ABI;40. 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 -l 75 was tested against a series of overlapping 10-mer

peptides, antibodies from all of the monkeys bound to the peptide whose sequence covered
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fold steps to reach a final dilution of 1/218,700. The dilutions were

i ncubated in the coated- plate wells for one hr at RT. The plates were then
washed four tines with PBS contai ni ng 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 LRinsRerk Tefb Hidueat7oa tld&“(%%%@xd@@ﬁ Q%fIAP théI cRhilfS were

again vvashed four times in PBS, Tween ) elop the chi ronmogen, 100 I
of Slow T Wessthsonlwspttdﬁ&w@ﬁbblﬁwngtsewéubemesumﬂt(meﬁe@ 1¥.om Pi er ce

Cheni cal s) was addelqo%rﬁ%ﬁ!lsvmérr@a@gvmbﬁ&ﬂ%%’eagﬂgd bo iff} s BL:  The
reacti on was stopped by the addition of of 2 M H2S04. The col or

i ntensi t y "RasvipHa theh-damisgl repigd sseuange “@@w@e@ow cae. Thsglditionel 650 15°
nm . Tist erSMRES HeTHO86 g?éu;;s h?1r§t%ﬁ& R RE@mnn k@m%h%&@@@&a&er um gi vi ng

one half the nmaxi mum OD.” Maxi mal OD was generally take man initial
1/ 100 di | GEMeRNE assund phe N#mé%béom}?%meyn%@mu@ﬂ@br&mdmgowh:sc,thpecwa@e a

hi gher i ni i t t h If the
g Idhrb@bd @ithdiicpQfles MBS SRTSHMsL P25 ghlniyohy 1 5#1&{&'&?7%&%

50% poi nt -fell between two diTutions, a |inear extra made to
cal cul at e These reacfsities, icprabinedryithe thptcta Ithe b-lﬁ@eméiemenremhfhe avarivbelmyjng i t er's,

titers | egg; 5rh?8frel§9qt¥'\§{£l Ak, r@;;lwpx nBPping BEH 1Rk Irodf \}é?ng.]fc 25. 2.

Lynphocyt e iferation assay M ce were anéstheti ze I sof | ur ane.
Spl eend wardcatesa gt aatbpdy irepsieity to the Inil@ @entide iprageads ﬁPBSfeé@JFﬂt‘éF adimegntl 0%

heat - i nactgeydesd mﬁt&hok&\acggs@&{g%wﬁ%ﬁ&m@%s% 5 nHQﬁqu%ﬁh&%% in a 50

Centricon unit (Dako A/'S,. Denmark) in sec at 100
rpmin a NBUANRET Reetidauiktolys Fes|teravpad agsartic alqdrra%qu\@nmmqsggmmaxomgcqﬁtéer on -

pore  si Zciityon s58s himdk! %mﬁ&&o%ﬁﬁem&@@cqmamwme% SHard2BRa FBS,
then pelleted hy centrjifugation at 200 n [‘ood cells were

| ysed by rERGEpernhpcAtifes aFIngrmine %d%7'r1rg 160?9‘ @dr?éo%ﬁ%f thg AY1215 M NH4CL,

1 M KHG3, pegud]e WNaEEIAthHerAe&% ol )-89 ofithe nidhkeys€Ukocyt es were then
washed as above. shlbxé(1 i sol ated spleen_cells (105 cells per wel |<3 wer e
cultured in triplicdPBaly & respogts REby Fem g irent Spad!sis- §sM’§°‘BEﬂaFHP%a°c‘ Seat ed

mcrotiteri-pd '&Ex&&he dxClaging &ggrecﬁﬁ:ﬂibi’nt ftgetiveMpitofen dikiiM cokBr wiaeli um (JRH

Bi osci ences exa, enment d Wi th . | ut am % '

pen o 11 iPSEFER A ASR cdine SHOB kot Shopha by aicuamieRoy p BtomAr oA a7c

Vari ous ARn@&ﬂnmdﬁBnal’A(g&ﬂeﬁaﬁzakeAB;i 40, API-42 or AP40-. 1 reverse sequence

pr ot elibce re al so added at doses ranging from5 to 0.18 mcronolar i-n° four
I

st eps I's in control wells were cultured with Concanavalin A (Con A)
(Sigma, cat. # -

XVIIIL. PREVENTION AND TREATMENT OF HUMAN SUBJECTS

A single-dose phase I trial is pcrformed to determine safety in humans. A

therapeutic agent is administered in increasing dosages to diffe;ent patients starting from
25  about 0.01 thé level of presumed efficacy, and increasing b);_ a factor of three until a level of
aBout 10 times the effective mouse dosage is reached.

A phase Il trial is 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 selectéd. 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 interfere. Baseline evaluations of patient function
are made using classic psychometric 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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5 CG5275, at 1 microgranminm) w thout added protein. Cells were pul sed for
the final 24 hr wth 3Hthymdine (1 p.C/well obtained from Anersham
Corp., Arlington Heights IL). Cells were then harvested onto UniFilter

pl ates and coyRtyeshskyy a Top Count M croplate Scintillati opceRidilRE10
(Packard Instruments, Downers Grove, IL). Results are expressed as counts

per m nut %g%cr%tne % rb‘yxhé ¥ ke 800! BYrfrEdioh BE Be ISR Gondition,

macr onol e 10 4 Ti ssue Preparation After euthanasia, the brains
were r ermvsewtablnduairﬁewhefﬂ %ﬁihecrae algade p‘ﬁ@r}awtoﬂma@wlé?ﬁ%?@éwft al

anal ysi s, uhi JGFL moﬁr?orpcf@)! r)mre roga r&fhém%@émten aGObL Bxnidth incgagbe! | UM

were di ssecte rom t he ot her phere and used to neasure the
concent r at#seays 951rrgﬁmx¢a¢n-m@ﬁm®bpﬁm andhE-celisresmPmses.or ns usi ng specific

ELI SAs { Johnson- WJO%Pﬁ&mﬁgb seﬁrb%@azmes Bﬁéﬁ%ﬁ%&%&%&@&@t%ﬁf e

honogeni zed in 10 vol unes™of 1 ce-col uani di'ne bufft
guani di ne-1HGlomiza! anuFrted wiiCrithep Fhesipe‘-)tlc appet on pleethenme blindgd fashiop; Retientsy

gentle agi &@Ho orHé!itri %ﬁom aﬁﬁfcac( i §Q§r'h')mécdq; as%%a}xﬂemHBnm at

RT, then st ore uant | tatr on of APP. Previous
exper i rrentBYOErmFlcsmfer@mm Q@l}tm@l&mw%/mlwb%roépst abI e under this storage

condition, and that A?é"@&l?leﬁh%% If\aaprsgt ﬁbﬂneﬁfé@emc co‘aoaélgn BEpRLRD Fbkat | vel y

recovered, when spi ke I nt'o honbgenates of control brain tissue from npuse
litterh@t eson( Sheimers Mgerde earlyahemory igss sspmetipesyrefeed t as @geatsoGiicq\memane| s

The brain hoopaen ?}mﬁwmé#ﬁw u:l'lp;iQtht(IbIdIfﬁ) &%ﬂre%aeuae@d&ew (0.25%

casein, PBS, 0.05% sodrum azi aprotinin, 10
g/m | eupé?ﬁqeﬁ)as ndDRPrerivein rﬂaflﬂ‘g%ﬂlthi“gk@sbﬁv CRm@rst@r‘O Mﬁmﬁ&@lsﬁ-‘@ The
synthetic Ale3eR&ed ﬁbrﬂ a ngﬁ %ﬂﬂ@iﬁﬁ§%\ﬁ§troﬁ%y@me&ﬁn@&'féj§)c /ﬁ&gﬂitﬂaﬁs AP Barif ﬁ%‘l@ar ds

wer e prepared to i1 nclude. uani di ne and bovi ne serum bum n
(BSA) in t REmemaglos ORpHE qlffehltleWéOOI%t%ﬁ with PrRpA lZRSHARRISYRPIRMASNY 7| | zes

nonocl gal samty Rady ommemer@bwa&&l e AkFactSRaGE L sh@bthaMeffares a&mds
13-28 of AP (Seubert, et al.), as_the capture antibod

and . hi rofg at ed
monoc! onal t© BiegiFBelyriskier A’szb"éﬁ‘iefﬁlels?aé'r: Qﬁ%eh’be sgeregen im%fﬂarneﬂrssc ‘I‘ﬂﬁ%&)n Wood,
et al), asmaMSERaARBRADAT t@ememmothImetamea@mbevaarhauammomymdroes not
recogni ze secret ed AP [

r.f th APP; bu tect S, eci es
o Ch an anPRBUR IR e Se diererSRtaor e st by SES e Rl o
sensitivi t)plaaébodiﬁrpﬁhgdoﬁhga(lﬂxst &ldSlsMg Athatihawaththe edens SPrremhemrpbyulhtmnbhs

Z? dglger}(auag nig eqeat f?l% a of %{)out SIX mo %egxgc{ tgé Ien%?)gmy R)r each pan t 1S wh(efllexh (r)]rsr%rt] Vood

he or she converts to probable Alzheimer’s Disease as defined by ADRDA criteria at the end

of the observation.

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 p! 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 colleicting the blood
into microfuge tubes. Blood was allowed to clot for one hr at room temperafure 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 measured by ELISA. 96-well microtiter plates (Costar
EIA plates) were coated with 100 pl of a solution containing either 10 pg/ml either AB42 or
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5 The A(31-42 specific sandwi ch ELI SA enpl oys mA(3 21F12, specific for .
am no acids 33-42 of A3 (Johnson-Wod, et al.), as the capture anti body.
Biotinylated mA3 3D6 is also the reporter antibody in this assay which has
alower limt of sensitivity of about 125 [ig/m (28 M Johnson-Wod et
al.). For the AP ELI SAs, 100 p.1 of either mA3 266 (at 10 g/m) or mA3

21F12 QAPK & @Meahatlg@@sas%@ueﬂeadmto@tﬂehﬁdmw &lgghs gbwae lCoadidaiaragspy 10

pl ates  (Costar) by overni i ncubation at he sol ution was renoved by

aspi r &% SAUERIosphale, %ﬁpsg?f\é’rsédﬁpb%@é awe{drfé’cﬁ’d%htﬁ Bh The vl werpf 0. 25%

human s@fratea aldkeivierd UdRBS thb wfeﬁsegm{@g atat1/] ®ashutidn Brspatindd DilBkACKI Ng
sol ution vvas renoved and the plates were stored desjiccated at 4C until

used. EH4Pf sediun prgsebate RGRAtleld MiNat IR beips esrup #bpaunL 006%r ed  sal i ne
(0.45 Mihablan. @e\Q:ilx sMaTHll&Idﬂ@bf t’rEHaerlég werP hni4Se QirQaYod We el @l thilel OF t O use.

The 15 sarrples and standards wer ded in triplicate aliquots of 100 jil

per wefqld siFRs te wath 3 %B‘é‘fté’é} Ofd(?élgﬂ p%h@%ﬁ’luﬂo@ W¢FF| Ecpbairdds #edrashed at.

| east phte8Ik ) fd?%ﬁe WaTtR'IV\ﬁ?nQ Bidshedre Bheh WBSRG fRRGRS AR PBK cBBﬁlnﬁésay The
bi otlnxl ated mA[ 3 , diluted to 0.5 pg/m in Casein Assay Buffer (0.25%

casei n0-OpBg wegn %%thr‘é‘éﬁ‘ 2ptibosh), 7 208 antiymaussdg eeriugrrditpbowseredish in the wells

for | Béroﬁaas%bmd%ndgaem?&%mg& £s°a?&BQﬁ%%&»9&lslég%@ 1 dpavi di n- HRP
obtained from 20 Vect.or, Burlin dm)o di luted 1:4000 |n Casei n Assay

ane,

Bufifer 13R8%digenin Snscimse Rikspntean ipcubage rafte hat RThBIaé‘équ %mrl c substrate,

Sl ow T%ﬁhk&ﬁtl&\% ﬁrm) Tﬁé@ézﬁdﬁ@%v@fag W?t%entl Olst‘f'@f:%l S mnutes at
was st yot a

RT, after which the enZzymatic reactio ppe rtion of 25
p. 12 N(ms‘(ﬁ-mﬂﬁﬁ@ﬂwéb d@mqht%mﬂlofrormﬁlsrcqL@‘émmwfakbwaugidn@toecaﬂbvvétm@r Devi ces

Viex  ReasiLd ffaglstﬁgg AR 9&@@@?@@@@;@& aadlﬁa%f@sgh%gmo run. 25 6.

Measur enment Levef assays wer zed. The
first : H80i. ghiwrtceldr iNRRsiy Wis then med gmi Medechlat BCARFB Nahpded (48)nman@b0f ul | - | engt h
(Fl f s of APP. The second assay is specific for APP-a. The APP-a /FL
assay recogni zes secreted APP including the first 12 30 ami no acids of AR
Si nce the repor tEierssware Befthed @9 H@)redigrogrd bf tbpédmtfqncpfsmmmeﬂag orleibglfsi t e,

occur 1 ifomRELWRID. AN AfaPEDASasGtgeril3alin eﬁJﬁPﬁ%t(aEfﬁ @aﬁm excilir?nce 248,
1122-1124 (1990)). this assay also recognizes ftul engt h APP “( APP- FL) .

Prel i mca%s yméxwz‘liahémrg, iy ¥hisg cape higher inigpb Bilytionarhs Appswpt foisetablesd to t he

cyt opl agdtngifdl OD.Off ¥k boint R11 B6Rle8! ArdifiRlifhN R TRAEBALBSI06n HRP- FL suggest
tha?:tO approxi mately 30-40% of ‘the APP-a /FL APP is FL (data not

made to calculate the final titer. To calculate geometric mean antibody titers, titers less than

"100 were arbitrarily assigned a titer value of 25.

2. Lymphocyte proliferation assay
Mice were anesthetized with isoflurane. Spleens were removed and rinsed
25  twice with 5 ml PBS containing l.Q% heat-inactivated fetal bovine serum (PBS-FBS) and
then homogenized in a 50° Centricon unit’.(Dakol A/S,.Denniark) 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 ml 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 NH4CL 1 M KHCO3, 0.1 M NaEDTA, pH 7.4 for five min at
RT. Leukocytes were then washed as above. Freshly isolated spleen cells (1 0° cells per well)
were cultured in triplicate sets in 96-well U-bottomed tissue culture-treated microtiter plates
(Corning, Cambddge, MA) in RPMI 1640 medium (JRH Biosciences, Lenexa, KS)
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shown). The capture anti body for both the APP-a/FL and APP-a assays is mAb
8E5, raised against amno acids 444 to 592 of the APP695 form (Ganes et
al., supra). The reporter mAb 5 for the APP-a/FL assay is mAb 2113,
specific for am no acids 597-608 of APP695 (Johnson- Wod et al., supra)
and the reporter antibody for the APP-a assay is a biotinylated derivative

of mAb i e i m an A rlimt of
sensiti \%QI%_P@ f‘%ﬁgq‘%fép@%?%@ﬁlg@g nt(l)éé;lt1 %%reﬂggfﬂ? 1ae Héme(\]ohnson Wod

et al. 1xaa¢dvatt¢daRBSoffort%é1rAF37°§ V@p@@u’i@ pepsidesah Bl 4 6280 rﬂBI(‘t'\Q o ANP-  For
bot h APP f i, EI A pl at es
BIERS Vg?%)ggééw@g%%%%“ a&engl e 0%, G m QB lin p!

as deScrl e reco |nant secreted APP-a was
used as folrestepef @qutsriceorgitoawd]é?r‘derﬁleﬁlr%WNPﬁO@Faaas@hlyAe(ﬁén £AhESigpp-cal EL assay

(Esch et u “é ' t Migiyanindipg were

di | u?’ed Clglg?é aiol R %% pe‘?{ﬂ?rdélgacgg%g)%é gelg%%@lﬁspelﬁgorﬁﬁat e buffer, pH 7.4,
0. 6% bO\B}nmyﬁﬁcthmap@m‘mlhobtaxﬁcd)ﬁ@mmmemhams@drp BrimgtonNEe(phts 10).108R40) . They
were then diluted 1:4 i imen 15 nt ain M™guani di ne.
Di | ut ed KSREGR %{V%séec\/%‘rloguf%ﬁg% Bléﬁf AR “gygéﬁ i % twgo&?t% 15 seconds at
RT. The gfillktanCants (%duﬁ&ﬁﬂﬂi@ﬁn&@mm&dvt dL): I’}quﬂtsealreexpmsshdpﬂsl cate

al i quots and i ncubat ed f t| ny|l ate orter antibody
e or . TR R P b aree S Ay b RR LR

St repg avi di n-al kal i ne phosphat ase (Boehringer Mannhei n), diluted 1:1000 in
speci men di | uent S.ll ul{p glolnn the wells for | hr at RT. 20 The

fl uorescent subst PAPR TEsHREREA R bel | i pheryl - phosphat e was added for a
30-m n RT i ncubatifenewhahatihghpbraine sewermovedadd one lanﬁ;nh@ﬁlmrpr@meQSSO

f1uori ”Efﬂ%& ohks'taocg )cagg xg??% ﬁgxgi,,%gt,agg?sa(ﬂgp u 058 S8 on.

| mmunoh e °2f | X€ da s at 40C i n- 4%
par af or nedreteliydewemn dmtqylrfdnm the etheshamispheferapchusrddo ma@eﬁiﬂéﬂ ceRpgRUAIENAC in 1%

deh S t,i .l t t
P B RO PR el BRI R oL gpal sect | ons
30% et hyl ene gl ycdhssna; eltirep it RLIBAS vere)homibger@BCip G volumes of ice-cold
| munonhi Stoe{" g;d&ﬁ g%%%af%dfag - 1d1%o0 mpﬂléﬂﬁgl B ss%xﬁgﬁ&rhé’é'éﬁa@éw%%e | evel

of the dérsal each separate nsecut i ve
i nt'er val sixeddy@enttragbatiadisngan didgins NulgitariiFishes) iof thrdedo fasr hoatiRg thent | bodi es:

; d
(1) 201 Ghtddud 3088 AR, olhifior RPBha APECbIcfoul OloeriiBRARL it ed 10 2

rse seruni. or (2) a biotinylated
mAb gpecitfd aalfes wlattrmrblet\mlaq:r tBE!S;ora@c conditibrt mdah&cymbﬁtcrﬁd?c proweirofBaghegind i n

Z(I?Isdll ggpl%g‘ﬂg %ﬁ 8;%&%%§§§?egc§;e@d whcn sp?kec'fi1 into g%gelxtt];sl oq' cgrgrol gxlaﬁrwxssilé Q&hl lary

mouse littermates (Johnson-Wood et al., supra)

25 5. Measurement 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, 5 mM EDTA pH 8.0, 10 pg/ml
| leupeptin) and then centﬁfuged at 16,000 x g for 20 min‘at 4° C. The synthetic Af protein
standards (1-42 amino acids) and the APP standards were prepared to inclgde 05M
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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Chem cal Co.) diluted 1:500 with 0.25% Triton X-100 and 1% horse serum in
Tris-buffered saline, pH 7.4 (TBS); or (4) a mAb specific.for CD 1 | b,
MAC-1 antigen, (Chemicon International) diluted 1:100 with 0.25% Triton
X-100 and 1% rabbit serumin TBS; or (5) a 5 mAb specific for MHC I
antigen; (Pharm ngen) diIuted 1: 100 with O. 25%Triton X-100 and 1 % rabbit

serumin TBS;  or bxl)qa'rat pecific for Parmn(% 513 il uted
1:100 wi ¥ibedy. (B 6‘@%&?{‘#@%%’@5(%“%?0&%# ted sl & qriteli-teagthcp 45RA
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rabbit selowef ILWItPéSmS’é‘P”t?( 9§~58 nedpl (Fhrde rashrlipwane CrotsTsprde ity ixthf or D 45
( Phar m nggpy, glohﬁn%ﬂnéﬂé%%té% moﬂxc@n%a@&istup&i@ﬁ HEd ng%%%n-wsoé Q). Rpra).

bi oti nyl at ed poI ycl onal  hanster AR specific har m ngen) d| | ut ed
1:100 %ith 1% rabbite Pslﬁr‘timpmﬁPB@dmch(EM;?Aammsm&ﬁ@ﬁéaaﬂpmﬁfﬁﬁx CD3

(Ser ot e0) aflinardel a b2 00 AR Lo LWL EPRL 4y S BTl bifiddihal
S g:’)\l}l;n Wé?gﬁe ¢d ellﬂﬂﬁie fdpaﬁér%dhb/ﬂdp H%?}WTE:'SW 1&0}|1aI§TaI1®JVES llkﬂlSdf&dndltWét?]( 02 alﬁ:ﬁlgl ge 1|2 i
Poe. Tor ba2imient CR o BTt B To L i gp A0 LS e PR 36

i ncubat ed (v er /ahtor afa g3 b iYsP Was cafted Ree weBCHS ISl Raflmeksyy t h 3D6
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to react for 15 minutes at RT, after which the enzymatic reaction was stopped by the addition
of 25 pl 2 N H2S04. The reaction product was quantified using a Molecular Dcyices 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 (o) and full-length (FL) forms of APP. The second assay is
specific for APP-a. The APP-a /FL assay recognizes secreted APP inciuding the first 12

30 anﬁno acids of AB. Since the reporte.r 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). Preliminary experiments using
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measur ed BA3SA Spédiaerd DAgdnt (01aM blireplhut@ﬁﬁre@rﬁmv 490.6% beviNt sdnith ABuMAR, deposi t's
I"mmunor e b th o 0..Simlarly,. t ercent neuritic
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m cr oscopdqedis msighcuba(tnd fq:)tl rsomiatRT.c Bimebiatimiade drspattar entihodyn 2HI at BHNeas

percent a I %3 itive
astrocyt gxgcuggta&%ﬁg %ﬁﬁl?sngw IRqogtglg gg%tn%?%a?ge %QOSBP{ ﬁoegp&egeof t he .

i mrunor eddamdicigdodijutsd lvslei)ﬁosrtme@mem duhamumdemcbbaftefden ﬂacmbllafcrrﬁdmamﬁrre based
thr e%m drh\é@ﬁmrescent 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 _

25 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

30  hippocampus, each separated by consecutive 240 pm intervals, were incubated overnight
with one of the following antibodies: (1) a biotinylated anti-Af (mAb, 3D6, specific for
human AP) diluted to a concentration of 2 pg/ml in PBS and 1% horse serum; or (2) a:
biotinylated mADb specific for human APP, 8E5, diluted to a concentration qf 3 pg/mlin PBS
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determ ned to select and calculate the total pixel area occupied by

i munel abel ed cells. For each section, the retrosplenial cortex (RSC) was
manual |y outlined and the total pixel area 111 occupi ed by the RSC was

cal cul ated. The percent astrocytosis was defined as: (the fraction of RSC
occupi ed by GFAP-reactive astrocytes) X 100. Si mlarly, percent
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1% normal horse serum. _

15 Sections reacted with antibody solutions listed in 1,2 and 6- 12 above were
preueated with 1.0% Triton X-1 00, 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. Sectxons reacted with 3D6 or 8E5 or CD3e mAbs were then reacted for one hr at
RT with a horseradxsh peroxidase-avidin-biotin-complex with kit componcnts “A™ and “B”

20  diluted 1:75 in PBS (Vector Elite Standard Kit, Vector Labs, Burlingame, 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 1gG (Vector) diluted 1:75'in PBS,
respectively. Sections were then reacted for one hr at RT with a horseradish peroxidase-

25 avidin-biotin—complex with kit cbmponents “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-spcciﬁé antibodies were pretreated with 0.6% hydrogen peroxide at RT to
30  block endogenous peroxidase then incubéted 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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complex (Vector Laboratories; Vectastain Elite ABC Kit) diluted 1:1000 with TBS. Sections
incubated with the MAC-1-or MHC Il-specific monoclonal antibody as the bﬁmary_ antibody
were subsequently reacted for 1 hr at RT with biotinylated anti-rat IgG made in rabbit diluted
1:200 with TBS, followed by incubation for one hr with avidin-biotin-peroxidase complex
diluted 1:1000 with TBS. Sections incubated with GFAP-, MAC-1- and MHC II-specific
antibodies were then visualized by treatment at RT with 0.05% DAB, 0.01% hydrogen
peroxide, 0.04% nickel chloride, TBS for 4 and 11 min, respectively. o
Immunolabeled sections were mounted on glass slides (VWR, Superfrost

slides), air dried overnight, dipped in Propar (Anatech) and ovc_:rlaid with coverslips using

Permount (Fisher) as the mounting medium.

To counterstain AP 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.

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 quantification of the immunoreactive slides. The image of the

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 immunolabeled

structures. For each section, the hippocampus was manually outlined and the total pixel area

occupied by the hippocarnpaé was calculated. The percent amyloid burden was measured as:

(the fraction of the hippocampal afea containing AP deposits immunoreactive with mAb
3D6) x 100. Similarly, the percent neuritic burden was measured as: (the fraction of the

hippocampal area cohtaining dystrophic neurites reactive with monoclonal antibody 8E5)

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

ari Optronics camera and used to quantitate the percentage of the retrospenial cortex occupied

by GFAP-positive astrocytes and MAC-1-and MHC Il-positive microglia. The image of the
immunoreacted section was stored in a video buffer and a monochrome-based threshold was
determmed to select and calculate the total plxel 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
6f 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 Il-reactive microglia) X
100. For all image analyses, six sections at the level of the dorsal hippocampus, each
separafed by consecutive 240 pm intervals, were quantitated 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 pur;:éses 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 iricorporated 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 diagﬁosis of amyloidogenic disease, or
in the manufacture of a medic.amcnt or diagnostic compbsition 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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4. The nmethod of any one of clains 1-3, wherein the phagocytic cells 20
are mcroglial cells. 114

LLOYD WISE
CLAIMS:
1. A method of screening an antibody for activity in clearing an
amyloid deposit, comprising:
5 combining the amyloid deposit, the antibody and phagocytic cells bearing

Fc receptors in a medium;
monitoring the amount of the amyloid deposit remaining in the medium, a
reduction in amount of the amyloid deposit indicating the antibody has clearing activity
against the amyloid deposit, and
10 wherein the antibody specifically binds to an epitope within AB1-10 or to

synuclein.

2. The method of claim 1, wherein the amyloid deposit is from the
brain of an Alzheimer’s disease patient or a mammal having Alzheimer’s pathology.
15
3. The method of claim 1 or 2, wherein the _antibody specifically
binds to an epitope within AB1-10.

4. The method of any one of claims 1-3, wherein the phagocytic cells

20  are microglial cells.
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