podbiiii i vl TH O H 1L H IMill *166166* PREVENTI ON AND TREATNMENT
OF AMYLO DOGENI C DI SEASE CROSS- REFERENCES TO RELATED APPLI CATIONS 5 Thi s
application is a continuation in part of USSN 09/322,289, filed May 28,

1999, which is incorporated by reference inits entir ur poses.
TECHNI CAL FI ELD The invention resides in the technicaﬁmmmeNMWWWMWnnunology
and nedi cine. 10 BACKGROUND OF THE | NVENTI ON Alzheiner's*gh§§ase (AD) is a
progressive disease resulting in senile denentia. See generally Sel koe,

TINS 16, 403-409 (1993): Hardy et al., WO 92/13069; Sel koe, J.

Neur opat hol . pRENFENYSONANDTREABMENT AHLAMYLOMOGENICIDISEASE ure 373, 476
15 477 (1995); Ganes et al., Nature 373, 523 (1995). Broadly speaking, the

di sease falls. into two categories: |late onset, which occurs in old age

(65 +dyear s) agd e@begqméaEéﬂom rbmyﬂ%psﬁmldfxmﬁhq edt he seni lﬁ
period, i.e., between 35 and, years. |n both t Q LS e, the
pathoPogy is the sHrearBlitations %ﬁ%?%PPtqlggquw@? ’%r%le‘g@f%re and

wi despr eag 1igho GAESis RREIpBRALADy MfeRAcERsicRlie§UBr alllfigpsiesease is

2

characterized by at least 20 fwo types of lesions in the brain, senile

pl aques and neurofibrillary-tangles. Senile plaques are areas of

di sorgani zed neuropil up to 15¢ppmaAachreISEVHLh extracel lular anyloid
deposits at the center visible by mcroscopic anal ysis of sections of brain
tissue. Neurof i brThelimyoptieramggiesdn ghedeghny 45 ErupRpSEIIINGHCIRG: cr ot ubul e

. assogpated tau protein consisting of two filanments tw sted about each

other in pairs. 25 The principal constituent of. the plaques is a peptide
terned AG3 or P- anyl oi @%@Eﬁ'ﬁ@@q%@f PEBINTYENTION nternal fragnent of

39-43 am no acids lem@}mpfst%ﬁéeﬁs_%qm%w%@gﬂassﬁwm&emhmgdn@&ﬂeur sor protein

(APP). Several nutations within the P ein have been correlated with

r ot
t he presdapentisf Spt ganeiaffe Selkosy TPk 40B4QY 88.9@} Hady gt d-» YO 9213009 @at ure 349,

704) (1991 ok VONLRETHiort Bpl BAKEMSE, 483440104 DR Hal, N, B78l476-Nat ur e 353,
30 844 (1991 (val'ine717 to %Y%CIHG}' Miurrell et al. ?glené®,254, 97
4 > thg fisrase &l

(1991 (¥ (W71 Pames etgheMrivai g i e X199 Preadigspegiing et. 1, 345
(1992) ( antd oWOELdPHLAA1EBneh) M@ curk #Ed10 LGS FBiekts ) dhid AP bnskn

G Sonce. BYRT Sy SSBVHFIGHTAE DEFEU G BRbaer R e RPOCD YAEs. TYRT Bt ar ly.
* of disease, the pathology 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 um across with extracellular amyloid
deposits at the center visible by microscopic analysis of sections of brain tissue. |
Neurofibrillary tangles are intracellular deposits of microtubule associated tau protein
consisting of two filaments twisted about each other in pairs.

25 The principal constituent of the plaques is a peptide termed Ap or f-
amyloid peptide. AP peptide is an internal ﬁagmént of 39-43 amino acids of a precursor
protein termed amyloid precursor protein (APP). Several rﬁutations 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 (1991)) (valine”"” to glycine); Murrell et al., Science 254, 97 (1991) (valine”"” to

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

9 596

lysine® 5_methionine®® to asparagine595-leucine ). Such mutations are thought to cause

Alzheimer's disease by increased or altered processing of APP to AB, particularly

WAL
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L0 rrrerer reer verr vt viert vt el *000002* processi ng of APP
to increased anobunts of the long formof A(3 (i.e., A(31-42 and AD 1-43)..
Mut ati.ons in other genes, such as the presenilin genes, PSI and PS2, are
thought indirectly to affect processing of APP to generate increased
anounts of long formAR (see Hardy, TINS 20, 154 (1997)). These
observations indicate that AD, and 5 particularly its long form is a
causat i VeprgtediRnbs AFP @ 2848 EmSurnd TRRSIBng MrM dtagelic., EF1-3260H11, proposes
adm ni stration of honeopat hic dosages (less than or equal to 10"2 ng/day)
of A13 t cAphktilediuatgns in phercasnesb$ich Aridie ARserilin genegFiSé ahd PRumen wit h about 5
liters of ; |l @ L.S; pected to
gener at o B g o A b B o at 1 o
10 of AR AP (deebarlypl S50, 1 54 (1§P1)L dlteye obsenvirdons amatahatF (B, 260 pg/ M ( Seubert
et al., Natur 35 5-327 (1992)). Bec e.EP, 526,51 |'s proposed dosage
woul d joar%ﬂcuaalﬂtyétf??r}%eon?’é%f"a(ug?%wg %@é&félﬁﬁﬁlrp%rﬂ%éste?sﬁg A(3 and because EP
526,511 does not r dtudickaud, HPS¥ 645 1, propoach adutrAmittratias oAlomavpathiosbsaged ant, it

seens inpj ausi bl e that apy therapeutic benefjt | esult. 15 By

cont rast UehbeppEetonft B shor S8 ructan b arssradished A5 InanbRant of

Al zhei mer psnaRathabbers Rl ThAagE Rvé HE 68RS Bmitf tasladsatshéudd bon of fragments
of AP, or antibody to certain epitopes within ARto a patient_ under

condi t i onEPEHeL 1O GERFEHEREORCPERIPBION BT BTG thifLhBe/ s PyrRemilifopdsaigioni ent . The
_invenig onoft ARS: HukHah blak$ia & thHBASLARMAIRGLRe86L200 fE/mll (ekBREM L V&Yl Mes for

preventing or aneliorating the neuropat hol ogré and, in sone 20 patients, the
cogni ti ve3i%mpa-+ATeh?o%ls Recree EF P Ohl sprepescaddpsage wowld darely atpiithe appl i cati on

i 5 rel at el 40 WIS 2794 41 diik 8B NOVEARETER 6, HIWes n W SHAUPEL ,f40, il ed
Decenber 2, ;997,gussN°66’/6‘3%,g7Q, Tiled April 7, 1568 and REel

09/ 201, 438 adjyvartgasNovembyepst3nilant,gogeme weiHausiblevthiteny itwripaetisrgoafat ed by
reference, R dshig entirety for all purposes. 25 SUMARY OF THE CLAI MED

| N\VENTION I'n one aspect, the invention provides nethods of preventing or
treatlhg a di seas®&ysonwest.dvericsintinveatyn bidiredep s aga gt reamndnhof he brain of
8 pat i ent 51 8le n GARE Smy BRIk AL M0 A AR a0 b B85 or SR S Sy NI O

and cogni tive inpairnment. e latter can

antibody to certain epitopes within A to a patient under conditions that generate a

beneficial immune response in the patient. The invention thus fulfills a longstanding need
for therapeutic regimes for preventing or ameliorating the neuropathology and, in some
20 patients, the cognitive impairment associated with Alzheimer's disease.
This application is related to W099/27944, 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.
25

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



occur with or without other characteri sties of an anyl oi dogeni c di sease.
Sonme nethods of the invention entail adm nistering an effective dosage of
an anti body that specifically binds to a conponent 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 nmethods entail

adm ni stering an effective dosage of an anti body that binds to AP. Sone
~met hods 8efubfiot pRddmiting 6t edsainngAazrhcmfef ‘e disease irdmsag@adémsarSoamtxildmhnﬁy t hat

specifically hinds to an |to thin res es, 1- n sone
met hods, Y LRTETHP a§’|§g8?t Ve aﬂ%/ é‘b?cg' tggir‘f’déb(f ‘%@ gorffﬁ’ ‘%‘ﬁm% % esi dues
1-6 of Aenta'il aﬁ&ﬁfﬁﬂf@fg@@fsctld&@oﬁ@& bm%tls&gﬂhitlsﬁﬁﬁﬁcyll)bblﬁﬁ&tofaﬁ an epitope
within residues 1-5 of A(3. In sone nethods,, the antlgzé'd E@é%flcall

bi nds to epaﬁp%\mfhleﬁéld\nﬁlhf%O%%u Iajawe mepnods, thentiparlysp 10 t he
anti bady gﬁb '»&aff%s@h%aQSsompamsem fn%ﬁ)dwtwmbsoeyssb%m@@b&dgfo . In

sone net ho he ant | y specifically binds to an epitope wthi
resi dues dh-cpitafe vAthis residoesd ﬁefhﬁ)dhl somheneafmds bsza}ntkbpfb'(ﬂpfmﬁfally Vmﬁ@tobl nds. to

an epitope within reS| 4 d t|b dy binds to
an epi t GPEPLARFPTIG Fg! Hesflri«gf’i\f?t &3 ?ﬁ”?fe rlnelg‘r&%r qfoa%f ’ﬁ‘czg r‘?et hods, the
anti body {QiaAdsitopt Yidih KRIdLELET ¥ AR I SofRinthiess Qhe dmibélyd Eed?ﬁ:amerel n residue
| and/or residue 7 of AP is_ aspartic acid. In_some nethods, the anti body

speci fi cabinds thpmepitope witbingesies i3y Ao 4 SO meteds e astbopy srerigedvany | oi d

. precujsor tWhodg, nti body
i's hu!rO;n ?gﬁqgg‘?% é@%@mm r%ocg'\%g?t he ?n?&ggﬁp%ﬁﬁﬁggY}{%eedng%dékgjdgpgargepos| t in

the pati eﬂﬁtope&mdfpin&ldgaésehl eingazliresifue @f ﬁ@nérescageamﬂbcndsnhearaﬂvyd)oblddsjepos| t.

For exanple, such a earing. res se can b eff ted ecept or

o o oo BRAGHLPE Shis e AEL TG ACR R enR s e b A REAB TR | c

patients apghit AOS EIn20me wieiidat, e &h@&ﬂy&gecﬁﬂd’my(bﬂﬁs of AplpgEaseithobiie ant i body

used in such nmethods can be a , humani zed, chineric qQr non unan :

ant i body @ﬁ@n&@rfulbéenﬁﬁlmlﬁﬂafecwﬁm Pﬁ%?*{)&ﬁ%f’?al In spe S5 hedtdehngee

ant i bpsly 1h§a,mbg@,arselquaﬂgma human i muni zed wth AP pept| de, whi ch human
can be the patient to be t dvmt @ébody lg maghodstthe
antibody is adm ni §¥¥d" ? PP REET P AR IFTES! P?ﬁ“é? dayer

phar mac e uiridGaduc&gdesing raponst agasrﬁnme mphﬂﬂ&poantﬂobadmpiess@ﬁm nistered at a

dosage of 0.0001 to 10 fer east ng/ kg body wei ght
ant i body. C?W“gé%ﬁ@sﬁﬁ%og‘%cc‘?%gy ’fec? ’Xéidéaq% %chﬁfotsélfsed in multiple

dosages over a prolfaagethopetandd psedfooroo&wayupbtemaocf paitnth @aigthossi X nont hs. In

. sone Er(?t hguCJrSehtly sqfomnrétslyr%%g#ns of dlsgaipe mI‘lsuté Gt COidyalSJSCg 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 intraperitoneally; orally, subcutaneously, intracranially, intramuscularly, topically,
intranésally or intravenously. _

In some methods, the antibody is administered by administering a

polynucleotide encoding at least one antibody chain to the patient. The polynucleotide is

3



sust ai ned rel ease conposition. The anti body can be adm ni stered, for
.exanple, 30 intraperitoneally, orally, subcutaneously, intracranially,
intranuscularly, topically, intranasally or intravenously. In sone

met hods, the antibody is adm nistered by adm nistering a polynucleotide
encodi ng at | east one antibody chain to the patient. The pol ynucleotide is
3 expressed to produce the anti body chain in the patient. Optionally, the
pol ynucl eotide encodes heavy and |ight chains of the antibody. The

pol ynuc| egptdsskd th srodxgsrtesasiiodyochapyip digcratiene Apeanallyathe PPYEIE8A%i ns in the

patient. “Icg%gg’gi?‘fyb%g hgxq%haihm R4 RR3Hy | $he PENHUERERR i§ Sipréstaaab of

adni ni st ére ody”in the blood of the patient. 5 In another aspect, the
i nvent i opropuce\thafesvinandiigtischoins it e @ati¢nigInoomeresatqdnghe palighidease associ at ed

wi th any] oi g%gfﬁgge Elt%cf) Qéxpfgm‘gttér% &Zzﬁ%oaf ﬂlitﬂe QboP&ithetient0r exanpl e, the

met hods €an zhel rer' s di sease or Down's syndrone or
cogni§ive i npai r feaotheBagctribe hogstiempravidesmpheodsof eraverfinBCaYRBREs of A(3

or anal ogs. t her eof. | i.clt] [: i . : i tain

opi t opestaistant Roncre S PR AL AR i R RIER, TR St an

ef f ecti veethiesage bofisad tpaka pépteinde’ sabisrasd o DngvmdnsyNdrotmgromcegalitiveegnent  of  at

| east residues 1-5 of A(3, the first .residue. of bein h t er m nal

resi due avpaefﬁﬁnboﬁ%‘b@ﬁ?‘ég%%“%%i“ﬁ“f‘ﬂ SISt S al“%logs r%eér%%fi\l- a C-term nal

Segment  ofcidhg AAFBABEARASs Bk Ahinadatiih ShRIpefIithia AB. pasmhentthads ef f ecti ve

. dosage of a polypeptide conprising an N-term nal .segnent. of , the -
segmeft beigil peminiteans oaspaiar apstigctye gosage o5 A ROIMRRRNAGCMPTESAA0Es 7- 11 of A

ek l?lz‘?ﬂﬁqé?&%ﬁaim‘u AN 2LiRGdNGs bPAB! the Pt kst dMuEhéigciewe dosage of an
agent that 1 nduces an i munogenic response against an N-term nal segnent

of A(3, tdmirsbrgsidwt offegpatypeptideawheraisi the polypeplids is Are ahiCapdi®) at  resi dues
7-11 of AR Wi ' | HLNA9 e Lo L GRRAN LAYl adsa@Ibr@Pi t Ope
Wit hin F?é“?ea‘hgfg Zé@gtqg!ftﬂ%(sg ?Fl% I'n slog(r:rtlgagf the %bo_ve_ me% ods, the

N-t er mi ngblypagide némmpfsingRniNstekhinkle degatent pf 4B,Ch¢ sememlpseinning atretiddeol ogous

pol ypeptide. I n sone of the abave rrg{h ds. the N . ternm.nal -qugént of ADis
li nkéd at'-3 ?fé%ﬁdémﬁﬁgﬁ@ueégﬁéto&p‘ '058’?}% 50 §1/Spe(=flpatl g F‘ﬁn gsome of the
above netphesan tffetiN -dosigriofiah agegtenindofes ADngurogerketspanst agzinst and C .
term ni o fjrst and ond het er ol ogous_nol. Ei@&ﬁd/? daggne of the
above ne 'f?&?{“a'[sﬁe@”ﬁf"ég%t%e ﬁisﬁ%\we%g%ﬁn‘f‘g %tfrgﬁl‘% is 1 @ﬁ%d at %i ts N terninus
to a het g&ahegeus opAp yRE@Pitisticingd idtnunbieicCedpensaiapaisst ko epitopk edbin
one' addi ti onal copy of the N-term nal segnent. In sone of the
residues 12-43 of A343. oo
20 In some of the above methods, the N-terminal segment of AB is linked at
its C-terminus to a heterologous polypeptide. In some of the above methods, the N-
terminal segment of AP is linked at its N-terminus to a heterologous polypeptide. In
some of the above methods, the N-terminal segment 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-termninal 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



above net hods, the heterol ogous pol ypeptide and thereby a B-cell response
against the N- term nal segnent. In sone of the above nethods, the

pol ypeptide further conprises at |east one additional copy of the
N-term nal segnent. In sone of the above nethods, the 30 pol ypeptide
conprises fromNtermnus to CGtermnus, the N-term nal segnent of AR a
plurality of additional copies of the Nterm nal segnent, and the

het er ol ogoussgaentntn sanalof the sbgvremttho{im tisxoNg efiing heegmisove nestshdds 1 -7 him
N-term nal segnent conS|st f In some of th %Bove met hods, the
N-t er mi nal SSEGREARE 2rsh |”§ett§ ‘g‘fth& r’?““"‘}]ﬁe%rBﬁ‘E Cﬁﬁi‘ﬁéﬂg he fragment is

free of at |east thq,3ofet@itibdiatheadMoaRnt %%&%Mw%@rﬁésd@elﬁﬁﬂa anﬁBQOdS
the fragnent conprises up to 10 contiguous amno 5 acids from A(3

Fragnment s acelstiypifeld] Inysoatnmpihstg tedragmenteatmprist¢shigntol® cmm:ugoguwmnper

dose per pat| ent. In sone nethods, the fragnent is admnistered with an

adj uvant t R&tds feaim Aviic E5agniats %ﬁwﬁ%caﬂkysa&aﬂg@t%i 3tigEcargr thapt § pecrogmaEsasf uvant
and fragnment.. ﬁ-ﬁé}ﬁpﬂel 2dm nistered in either order or together as a

conposi tion. e adjuvant can be, for 10 exanple, alum num hydroxide,

al um num phosphat e, IVBhicMetts2 the(fBtgnmnk onifinstered watbapladjueakirtaand' s

adj uvant. The invention further prov phar maceuti cal  conpositions

i
conpri si ng SPHEGRHEITHEmYME Agspopse t8tth‘Fe‘f\gé’§%ﬁ’1‘ies Tar pdryamgnd faemeyeander esponse
to the Sarr%dﬁﬁmfsgp&s.nceflthefﬁdeﬁ&%%aﬁexdssacadng%qltmwﬁe aB0daRRaRPE Wypnt . The

. invention also provides 15 pharmacCeuti cal nmposi t i ons “conpri si ng any of

t he antlDbochxemptbeahmmbeld fa{ldmxedfaladmanurpnﬂuomdtam;ﬂ\ilhlaﬂ yQa&d eStiatllen ¥aorier.
| n anot her .aspe V. ntion provi des nethods of screening an anti body
for acti vNPVﬁ? efte 8‘3‘? u‘&“gease associated with anyloid deposits of A(3

in the brain of a ppid 1ﬁ0éntﬁ)@rﬂ?fth§*&Qv@@@ﬁl@&ﬁq‘aé@ltﬁcﬁ‘leco%ﬂidsh%ycM\ﬂn?hsﬁg
pol ypeptide conprising at |east five 20 contiguous am no acids o

N-term nal fogmetiofatp AF@tbelgag@nismrgcwmg ammaispghnec tsspansetp the samel e@itaples Af 3,

t he pol ypept de bei of a Gterm nal ment. of A(3, .determ ning
whet hor” hek b gugsHBES #1745 M i TR BEMISpE RARACT esi dues 1- 7
of thegol mﬁ%é&%ncal%Bﬁfbb@n'n%n@&&ﬁﬁ@n@é@%ﬂh@Qn@ﬁbdnéb%e‘s‘@%e%%b%b@%né he
anti body has activity intreating Al zheinmer's disease, and formng a

humani zed ahaghigertitalyacceptablesiriche anti body, the humani zed or chimeric 25

version having hy ?thelg%%pe(él glggly\}% tlo O@ﬁ/p&e%gq}egqe JELFLNE mr‘é\é1 i an LbOEiy

anti body specifica ,  Specl I'ng p? ovi di ng
an indicat la@ﬂvfftflaitréahﬂoamﬁdebﬁchés&b@éied with amyloid deposits of Af in the brain of a
patient comprising contacting the antibody with a polypeptide comprising at least five
20 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 AP, determining
whether the antibody specifically binds to an epitope within residues 1-7 of the polypeptide,
specific binding providing an indication that the antibody has activity in treating Alzheimer’s
disease, and forming a humanized or chimeric version of the antibody, the humanized or chimeric
25  version having human IgG1 isotype. 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. In particular, the disease is Alzheimer’s disease. More in
particular, the method may further comprise screening the antibody for ability to reduce
levels of Af3 in the brain of a transgenic mouse model of Alzheimer’s disease.
30 In another aspect, the invention provides methods of screening an

antibody for activity in clearing an antigen-associated biological entity. Such methods



activity in treating the disease. In particular, the disease is Al zheiner's
di sease. More in particular, the nethod may further conprise screening the
anti body for ability to reduce levels of A(3 in the brain of a transgenic
nmouse nodel of Al zheiner's disease. 30 In another aspect, the invention
provi des net hods of screening an antibody for activity in clearing an
antigen-associ ated biol ogical entity. Such nethods 5 entail conbining the

ant i gen- as soikeoatinng thegind a¢n-esse¢ietpd hindogierd cality bd e anhbodtragebggdcaticcel | s
bearing Fc i

bi ol og?cal eﬁgﬁga%nosr"c rece%lcggml %Fﬂeﬂggle gg%%ilnpéftﬂgﬁln%% ags%gcifflesA §fé> &5 i on
in the arTDLblﬂtlt)Qferrtahﬂng athe gedhas Sahemneditdred| D giduatioreintthe ymbmdtiof atiees the

anti body has .clearin tivit ainst 5 the ssoci at ed bi ol ogi ca
entity. ThéMHAE @%ﬁug@ﬁ%ﬂéow%wgwn igatgs fhe Gufio @3&5@6&6% Gty Iy a8piapled
form Fer examm|Rn-a50RiA0 BigRBicEAhPE TRE Qﬁ(ﬁ&%‘iaﬁ"-ﬁe obiRa4ea BTREmpIOM t he

brain of an Al zheinmer's di seaSe patient or manmmal ani mal havi ng
Al zhei ner' sn1$mﬂhbﬁmqumBaa®mheMutnﬁggmcgdwphesﬂa@asmss&mmmnhhéhnmﬁ@dies

can be tested f ctivit ancerous tissue sanpl es,
Viralty nitgiesd o LGRS B bdeol S BERmLENEEI B Ted KR nrmt ory
cells, nonmatiogsignt abnormal cell growths, or tissue sanples conprising an
abnornal extracellular matrix. 5 In another aspect, the invention provides
met hods of detecting an anyloid deposit in a patient. Such nethods entai
adm nistering to the patient an anti body that specifically binds to an
epitope within amno acids 1-10 of A(3, and detecting presence of the
antibody in the brain of the patient. In sone nethods, the antibody binds
to an epitope within residues 4-10 of A(3. In sonme nethods, the antibody
is labelled with a 10 paramagnetic | abel and detected by nucl ear nagnetic
resonance tonography. The invention further provides diagnostic kits
suitable for use in the above nethods. Such a kit conprises an anti body
that specifically binds to an epitope with residues 1-10 of A(3. Sone kits
bear a | abel describing use of the antibody for in vivo diagnosis or

nmoni toring of Al zheinmer's disease. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1. Antibody titer after injection of transgenic mce with AJ31-42.

5a



Fig. 2. Anyloid burden in the hippocanpus. The percentage of the area of

t he hi ppocanpal region occupied by anyl oid plaques, defined by reactivity
with the 20 AP-specific nonoclonal antibody 3D6, was determn ned by

conput er -assi sted quantitative inmge analysis of imunoreacted brain
sections. The values for individual mce are shown sorted by treatnent
group. The horizontal |ine for each grouping indicates the nedian value of
the di strPiet tissve safiplys 3aing whichisotiehylstscapbytestad (diglehiippodaimpusiuddhe

per cent agg;mgg ogstggsu@ 1e§5/ rglfly h@&téaltgggggﬁﬁgg e R%J %,@}ﬁ%%ﬁ@é%ﬁ“ y dystrophic

neurites, d fine ?/ herr reactivit t’he fic
monocl onalnﬂng@,atom I eoampdignant morquémli grawihgeorgiosnssareples emgirisingdni nage

anal ysi s '! t;grhmpd ain sections. The values for individual mce
are shovaJf]gr tI e E\ﬁ%%-ggattgéat ed group and the PBS-treated control group.
The hdrizontal |i hreardodirerespett, G dnypitivg ironddesab@bodsioé derenting an sraylosl of t he
di stribut] h%?xt figé)';ﬂeglt §uc§ff§%ﬁl cﬁ)éhtgﬁ Iaém mstgn% tcl; Slt rotstpr!t gnglargﬁbo Otﬁnt ex. The

percentage o e cortica regron occup | P4 fibrillary
aci di ¢ .pr geeifically GraP)o @oqjitbpwmtmstahmmﬁs IV\BUSofdm eﬁdfﬁdﬂ&dn@yrewﬂaenbﬂ tative

conput er - ass d. i si.s o0 6 i npr eact ain sections. The
val ues fo& Fﬁg’oal&ﬁgagr cgal?i tl?ﬁog%soér&%‘gy eﬁ?‘%@)ﬁéﬁfis ¥8up and nedi an
group val gfspawienih Ridaad £40 byAbom sbetrdthdds MBS antfHoby isTabeFRONRE 41 C Mean
antlb(i)gy titers tﬁ?-heg?)l 42 fol | ow ng i muni zation wth a range of eight

 doses 'Of paamagsetedehehrnd drdectrd Py, “ue‘e%fma.gﬂzﬂcrssoran%lmm%ﬂp*woo or 5 300 g.

Fig. 6: Kinetics offhamvtRAuMESBRIVERs Hidg AN R dultiiniZ atd iRkhe abbters are
expr essed g‘?si?‘%t gt’ tri.c means of values for the 6 aninals in each group.

Fig. 72 (& i CRIgRISEHA) aj%*?%dyabattsﬂ@lwwwéf tOHNFPBIRE VBl den in PBS-

and AN 17R2dkdseatoed AP GRmells Bbd a 18bel &éﬁlhé%'&ﬁne'aﬂﬁ%y%ﬁhy%s of the
neuritic plaque burden in PBS- and AN1792-treated mce. Fig. 9:

Quant i t at igEROPIRBIGEOMRERY 8f 4lbFimenadiserseent of the retrospl eni aI cortex
occuphed by astrocytosis in PBS- and AN1792-treated mce. Fig. 10:

Lynphocyte Proliferation Assay on spleen cells from AN1792- 15 treated
(upper panel) or PBS-t BEAEEPESCHRHOPRAEITHE PRGWINGS Total AP levels in the

cortex. A scatterpkgt1.0fantipshy\iteuat: iffRction of 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 areé
25  of the hippocampal region occupied by dystrophic neurites, 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 rét_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 A(3 or APP derivatives conbined with
Freund' adjuvant. Fig. 12: Anyloid burden in the cortex was determ ned by
guantitative inmage anal ysis of inmunoreacted brain sections for mce

i mmuni zed with the A(3 peptide 20 conjugates A(il-5, Apt-12, and A(313-28;
the full length A(3 aggregates AN1792 (A(31- 42) and AN1528 (A131-40) and
the PBS-treated control group. Fig. 13: CGeonetric nean titers of

A( 3- speci fj i : u i q i : i APP

derivati ve@%{r%agtgggﬁgrﬁsﬁngm mgghéeg}fﬁr\%#tv m%?ﬁdgg%ﬁgoéﬁ)ogr%r\g% (rP{))f: mean titers
of AJ3- spettatient grivpodipeflion synpupsescie indatgdbnberigongklinemmuni zed with
AN1792, or a palmt t r-lvativ r.eof ined. W th-various

adj uvants. Fig: 15(%%)%:' %g?rgﬁ ée{/ng sanl?lﬁ&jtﬂﬁéterésé? @g'qgfﬁoq%y}nn%lrrﬂ%mb éorbDAPP

m ce treatvéblawnghofdght 02sof ANNIB2&®ntsidihg 0Ol #,foet, aret 3.80] W8ARM0S, orFi g. 16:
Mean ti%er3@$ mce treated wth polyclonal antibody to A(3. 30 Fig. 17:
Mean titer offdrice treated with nonocl onal antibody 10D5 to A(3. Fig. 18:

Mean titer of mce tRig®t adnaMct Bf 4B roghsean ANIGaY indfrddzation Atiders arfkl 9. 19:
Epi tope Map: Restricted . N-term_nal Restgonse,. Day 175 serum from cynonol gus
monkeys waSPFEEE BRMETT TR PAYHLE for 188 prREabD feshEEtPover | apping 7

peptides covering t ¥y gomagtieti AN s Bald 8 NG cofiil ARlylJWIBhes ifPB820M shows
a representative-N-term nal restricted response to the pepti de DAEFRHDSGY

which covdRRAPRdreaefducer- 10 of the AN 1792 peptide which was used as
. imuni 26 ng anti gen. Fig Bt Quad@ativeRink @08 aIVeI8 of N8 RedrRRtpldqGe Bidtad hepdL nal
response. %M?% sergm.from cynonol gus nonkeys was tested by ELISA
agai nst a EPGTIepte@ DHES:  over | appi ng pepti des covering the conpl ete

AN1792 sequence. Aniri@lo: muah@ktielR0xednalysid 0N\e Berc &R b EGE RdtkHIVEal
hon-restricted N-term nal response, aggactl vity is seen against the two

pepti des NEYEF AFHRIS BK astEnsetopia Bt iRt 2ed fHidr filiFal¢™che pepti de DAEFRI - | DSGY
10 which covers ami g, a0j Q?mﬁhdb@!c(ﬂolifh@timgsg}zorpgﬂéchd@lls rdAEENYWIH.ONS  The
term™ ﬁjbstanti al iden itf" msani that two peptide sequences, when. 15

opti mafiy BfY per BER ca8BEy L (RYYH*afs GAP or BESTFI T using default gap
wei ghts, share at IFgast: G5.pep ceat irstguanse A dendhibyor iRniaien apl y at | east
80 or 90 perﬁent sequence | more preferably at | east 95 percent

dent j t
sequence | Y8 les fymise 1rﬂzﬁplélz¢(devy1&1_ Ab Q%A‘B%Fl% ives combined with Freund’ adjuvant.
Fig. 12: Amyloid burden in the cortex was determined by quantitative

image analysis of immunoreacted brain sections for mice immunized with the AP peptide
20  conjugates AB1-5, AB1-12, and AP13-28; the full length AP aggregates AN1792 (AB1-
42) and AN1528 (APB1-40) and the PBS-treated control group. |
Fig. 13: Geometric mean titers of AB-specific antibody for groups of mice
immunized with A or APP.dcrivatives combined with Freund’s adjuvant.
Fig. 14: Geometric rﬁcan titers of AP-specific antibody for groups of
25  guinea pigs immunized with AN1792, or a palmitoylated derivative thereof, combined
with various adjuvants.
| Fig: 15(A-E): AB levels in the cortex of 12-month old PDAPP mic.e
treated with AN1792 or AN1528 with different adjuvants.
Fig. 16: Mean titer of mice treated with polyclonal antibody to Ap.
30 Fig. 17: Mean titer of mice treated with monoclonal antibody 10D5 to Ap.

Fig. 18: Mcan titer of mice treated with monoclonal antibody 2F12 to Ap.

aQ

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

coor di nat es are designated, if necessary, and sequence al gorithm program

par anet er s e __design r | hdudhen
cal cul at &5PY s 2°PEr'c 9,[ 3 glﬁtecnce”%gqélﬁ’gntl fy ¥%Au?ﬁgr}?eog?6ﬂgequesnce( s)
relative rtmcichtauveelﬂemanod resemreirrcwoniyage‘d: mntlttCHéAEHeléDQﬁé’tVedefpr ogram

par amet er S t : ;g conduct ed,
AN i e e

Mat h. 2 482 (1981) by the honol ogy al i gnment al gorithm of Needl eman &
Winsc | . 443 97 h r ari ty met hod
of Pe rson & L| pmaﬁ rocpltoﬂi%li\’{L W h—gg{“@éﬁm %giﬂgégiﬁé%ﬂ)?g é

conput er iszreh frmnlcemulgislmﬁiepfwash:esed byl i 08 A tpaiest ¢ @Afes oBEBTE] T FASTA, and
TFASTA in the Wsconsin CGene t Rac e, er

Goup, 575 ERPEIREEPTFS COYRAP ghc fom K ,X‘ﬁﬁbz / C@/l g%alAnlCﬁ%pe %?o}ﬁ%g see

gener al | ysh&uealEh(plresettatwalnon—rssnﬁmai)N—tanenﬂxammse Rﬂacta.htgox scehpgairsathei s

suitable for dete nln rcent .seguence |de ence

si mi | ari t§OPEPY4TR BE’K%‘? §8P??ef]i’|1h &/ﬁtemﬁnal to%l’egﬁpr e@ﬁrﬁﬁﬁ%hul et al.,
J. Mojo Biigth c2t5E 403 414 1C1080he ANOT920papedd.or perform ng BLAST anal yses is
publicly avail abl e through the National Center for Biotechnol ogy :
Information (http://w-w ncbhi.nlmnih.gov/). Typically, default program
paranmeters can be used to 5 performthe sequence canparison, although
custom zed paraneters can al so b§$§g&rloﬁgr am no acid sequences, the
BLASTP program uses as defaults ength (W of 3, an expectation (E)
of 10, and the BLOSub/EZmSeostiamizl itehtity’ X messehdtent papfife &qk@mwkwfléng Proc.

Nat | . cad USA 89 1989 ng am no
aci ds sub%&‘l“laﬁf'laggf’fd Sé’dé%slb et%?/ r\?/”éls)c(;)rA 08%1?@@?\52 C\E/)eaft%u?tv%g%r#lﬁo acids are
grouped ashafect leantss pGratipeduefdeyidimophpiefecatdy ddecaedors PO pemortisequeiase, net,

ala, val, l Ei.‘l{% Imc&rggrcgr'é)otllyat&éast(S?}g:l&ge@ segyeq{::é)lFaFrldltfy br n%rg%e %r@é ﬁéent cys S?I’ d

thr; Grou basi c side
chai ns): a:sunncgldqntlthloshxghgrb Prefarably, @s@u@pwn(onegil@he@ ﬂPhlﬁF@Jéh‘cﬁ“‘rﬁg chain

orientatig e’mon G Mive RiaSho. a@{g@u@hgmgn VI (aromatic side chains): trp, tyr,
phe. Cons f7Ve substitutions i nvoI ve substitutions between
For sequence comparison, typically one sequence acts as a reference

sequence, to which test sequences are compared. When using a sequence comparison
algorithm, test and reference sequences are inpﬁt into a computer, subsequence .
coordinates are designated, if necessary, and sequence algorithm program parameters are
designated. The sequence comparison algorithm then calculates the percent sequence
25 identity for the test sequence(s) relative to the reference sequence, based on the
designated program parameters.
- Optimal alignment of sequences for comparison can be conducted, e.g., by
the local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by
the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970),
30 by the search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA
- 85:2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, 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 (weight/weight) purity, as well as being substantially free from
interfering proteins and 20 contam nants. Sonetines the agents are at | east

about 80%.w w_an nor e pr.ef.erahl toleast 90, or .about. 95% W w .purity.
Covmver . derity B0 sERLE SRHG SR AR 1ER ke Sheh B D geneous
pepti des efalat. Melasiol. 299%108-Wl C@a9He Sofrtvare fecherBpemipHLA I adiysg ibet ween t wo
VL AT Rl ek B R B e P P algey DROTHEOR e m * ant i body”
or "i mun@bttpaMwsbivatbiindm uiegb w)oTy pied ly die fiulitpacdram @atanzatd @s banstdhbé ndi ng
fragments thereof. Typicall fragments conpete with the intac ant i body
r o wil o REHEY PATs FrRiispr R P E P L O RS E0 P E a4 e T agnont

i ncl udi ng agRadchl RqlvReasythe BRIASIP pkdggdit uediab Bfaliah, wéraRngth(Bho) §.anFabe, and
o chem o rPeii G PERC.60% G B ALEVoF tHidRe GPOBUF AR CL Pl ant | body”
al so i ncl wes Manedqar Smes4 souonglodzghi . chains that are chemcally
conjugated to, or expressed as, fusion proteins with other proteins. The
term "anti body" al s%or PH‘(?PEF&@?‘?IB"I%QS‘@%F‘F‘P‘P 2GS PBTHIFHUORS 35 SOPBERT YO or

_ lﬁi f “”?Pi og@hcoamﬁahxoe!wiﬁo RMsard drbiged as oMyl draiptii(hRiypHisiisRecHag): di f-f er ent
eavy/ i ght

chain pairs and. t dI{/Iifere t B;Oggj_n . Si Fes.' Bi specific
ant i bodi eé’OE}%tﬁ"’fﬁem_ﬁr ﬂd@%geubk;e’g’g@“ F‘?Céfrgr\ Iy YRS © %Eﬁ)u&snﬁ"fﬂ%i on of
hybr i domasG:eip il (@éiigidekhdiad): adp! AGNBRIS IV Be:ic sid Bains)SABEYFinyhibabs, &
Lachmann, Cl.lGn. E‘*?F ,é}grrur]%gll . . 79:315-321 ,S(&é_gg , Kost&l ng t al., J.
| munol . £48 57994 58S (riyeanne Raipegigalatioppelyy proy §oBh Y0 (rupdie,
respect i veldy chdigs)ithe o Fhe. Codsenatitk shibGitutord MvidDreatbdititidas Bitedhong
pol ypelgt i des encdode‘[dh g%;nt r]e hﬁman APP gene, See Kano, et al., . Nature 325,
773 ( 1987 PMIBGASHYS et sfme clpgye fpacansivagrssups SRENs ot T RE2et al . -
Nat ure 33demtedéf dn 88@}se Akl GoraGhdsbeniof fiothet.he human anyl oi d precursor
protein (APP) are ssi gned nunbers. according to,.the sequence .of the APP770
i soform Ternms suc hflhac?pg‘&(%@',ﬂs ﬁf‘%ﬁﬁﬂvef&@ﬂf gﬁicglily ”gﬁa“t%ﬁéﬁge f8f%r to an
A(3 pepti dedsbdet @nmirtiginaniiomaaisthal Bn sgsi dugscally 3bleast aédiyt 50% 41w 1-42 and
1-43. An " BLLASHh Surfdl 28RN bbet G BLENAD B0 EL RO RREG kGakly binds.
20  contaminants. Somctimes 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 obtained.
Specific binding between two entities means an affinity of at least 106, 107,
10% 10° M, or 10" M. Affinities greater than 10 M™! are preferréd.
25 The term "antibody" or “immunoglobulin” is used to include intact
antibodies and binding fragments thereof. Typically, fragments compete with the intact
antibody from which they were derived for specific binding to an antigen fragment
including separate heavy chains, light chains Fab, Fab' F(ab")2, Fabc, and Fv. 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 chemically conjugated to, or expressed as, fusion proteins with other
proteins. The term “antibody” also includes bispecific antibody. A bispecific 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 noncontiguous am no aci ds j uxtaposed
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 treatnent with
denaturing solvents., An,epitope typi.cally include t.least 3, and nore
usual |y, gfm ﬁ?ye%s'fle déﬁncé‘fdgﬁ %ﬁ‘f’%y&ﬁn gm OTAI"EW?QEE%SWW%‘I& §1f or mat i on.
Met hods of.g.,Setgivithing fgctapain] @lin. dopflemmmbl o3 K-3H[(1 fWP,ESostat etdle,J. f or
exanple, x-ra rystall 20 and 2-di nensi onal nucl ear magnetic
resonance?jm 5%‘7,['0%&31.5,%%%?{ @Eg%l\/appi ng Protocols in Methods in Ml ecul ar

Bi ol ogy, Vol. 66, @Rafti, EPP¥heand appEtrefef, ¥996)tiveBintoi thooglisess 1t halt770r ecogni ze
the sapge epitope can he identified i sinple i noassay,, show ng t he
RISy R o R S R s e
t ar get antNagen325]713e(1087); PetOg.Z a3 NEsyYso88piho Resguehi @bloWamene amni no
acids for I r .about 13-1 5 amn cids for CH4 |1s. T cells

t hat recoaﬂj’gégﬁﬁéé@e 'bopaec‘%a"ﬁﬁlﬁ‘égﬁcg}élﬁﬁw ﬁﬁwciuﬁowr?‘reﬁ‘ (Aggé%[ﬁs t hat
measur e aatsiggedmaependenting@ltefsequahde®T theaSPIad eoberne defys sabk 4shym di ne

i ncorporation b i s in response to an epitope (Burke et al.,.I.

primed T cell [
Inf. Dis. Aﬁ?&,f*%ﬂ%‘lhg\ﬁé%@h&?@ FHET $hen QB RERYSp ePIERPS RIINOI2HY (cytotoxic T
| ynphooyt eesamsaly39, 1iapges1 et-42 #ld 343. | munol . 156, 3901-3910) or by -
cytoki ne secretion. 30 The_ term "i nmmunol ogical"™ or "immune" response is the

devel opment of a Behéplgsnals Humbpale Yhisk fbdyodredrately bidel/ or a cel | ul ar

(medi ated by anti geme$@RCiehitdpeT or ‘GolidedicUetdrhiBhit" $8GE Bld 9R RLOSHGES)
response directed against an anyloid peptide in a recipient patient. Such
a respons& WhiRh Bandpr Letlisvesrped fonebeninatices boipraeshinh fomaentgioet 10

| MTUNOgen a@inodciRasSionortigENRASENd &@h&g@daﬁwed&gﬁmh@tf@aing@ma9ifote%nt i body or
primed_T- cells, A cellular inmune response is elicited by the presentation
of polypefPiitRss EFPELHYER COMBUGUSHRIPART ST QPP E&Cf OBFXRIWEL 11 MHC
mol ecul es détmanaeh kolodn®s \aRdrég @ pitEHRe GirheC byl inry bldned petypelly Bstand/ or CD3+
cytotoxic T cells. The response y al sq i.nyol.ve activatjon of 5 nonocytes,
ac ophag BEKK "B FR BT s A TSR T LB $d5F Gt FRE8On cr ogl | a
cells, easialpphickssSor 8-00hatincCeitsone tiiguddpatidh Baifemniativi NMethodd B pr esence.
of a cell- Q{grgrilir?it ed ati‘jﬂn’rm ol ogi cz%l I esgggﬁi& ¢an be 1de_t ermned b
prol i feraf oA NI (C&Eﬁmal‘ Q& FRYOPEY INEPLS ' ESHBR ORTTEY §F Yt e) assays
(see BOr kend Zdipreasionhi ggdsy mayipnia)esoddnee.r $dead.¢.y Epitope Mapp g tPronsisah hunor al
and cel | u%yho&sez%%oqesc% artlj?oltog/?\/%[.%%,e&terlu\l/g I\%Errits,r}:ed’. ?ﬁg%l)t I&nt%%éigsc atOf

recognize the same epitope can be identified in a simple immunoassay showing the ability

of one antibody to block the binding of another antibody to a target antigen. T-cells

recognize continuous epitopes of about nine amino acids for CD8 cells or about 13-15

25  amino acids for CD4 cells. T cells that recognize the epitope can be identified by in vitro

assays that measure antigen-dependent proliferation, as détermined by >H-thymidine

incorporation by primed T cells in response to an epitope (Burke et al., .J. Inf. Dis. 170,

1110-19 (1994)), by antigen-dependent killing (cytotoxic T lymphocyte aésay, Tigges et

al., J. Immunol. 156, 3901-3910) or by cytokine secretion.

30 The term "immunological” or "immune" response is the development of a
beneficial humoral (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

t herapeutic effect in a second subject. An "imrunogenic agent" or

"i mmunogen” is capabl e of inducing an inmunol ogi cal response agai nst
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 exedmnwinbgenowlalpassdalresparise indaksd meJdisp@tﬁqmnfehtémﬁy deprimteTsomnmet i mes

cl oned In effs p}\.%glgll;lgrlj]mmggéggponse 1§ef1(:e1(e@b Hé%rl;c]sa y a CorTcpound t hat

ers to
when adni il St'ére nceIon wt tlo“%npoéﬂﬁﬁ%% QRS i mune
response ihessphietiantitlg€lass IbthlamﬁrIvIHa?drmlracﬁtsabedmatmegdﬂgﬁcxﬁoC[x}éner ate an

i mrune r nse to ti Ls. can mune response
by sever :f% SR sfir}ér C%gl °‘ﬁ’§‘°ﬁ§ér‘%§ﬁa? esyﬁ"é‘&‘?'ﬂf’f% Vglv%f“it% f%5%on of B
and/or5 T meidcgst,es amlro@ha:mmﬁ{ tale, ehophils) dapbdgese!ls, Bueocl s Mmicpglih edlls; | ncl udes

human and ot h n su cts that .25 receive eith 0 yI actic or
t her apeut ¥°%¢"f ﬁglétoﬁg%ar COEHPS%@’@J gﬁﬁ?&d”ﬁ?”%ngﬁﬁp’ieée“ﬁﬁ:? rfb%ﬁsm‘g‘{‘ﬂ

monomer i Qnmamblo@&amgﬁoSseoaﬁbéﬁe?nemﬁ]m byBirbiofdration @gs@paca4hmmambt GTE\R isto
di ssol ve | yophi | ide in neaf DVMSQ W th so qn, The resulting
sol ution dcg‘og’é‘r‘ftmzy B‘gd%ﬁssf”@rﬁf\?gﬁﬁ%? SHiSol 18BF% S”pf)‘g ﬁ-? 4ives. Aggr egat ed
AP i-s a ndostribhgorafof Bhhgan@kselinarwiipohsds RethaPRAEBERNE 6: thethpsiak@ect 30 hel d

t oget her by. noncoval ent bonds etition between antibodies is determ ned
by an'‘ass W"W“%‘i“ccﬁ“gﬁg’s“ri%‘ﬁloc%r%Bﬁﬁe ‘ﬁﬂ@l‘é’"rgatnégctd‘qsﬁﬁ Hreeds Ep@enti c

bi ndi ng Gitnnauni28 esyBfEBEic anikdabadymdadurin CHBTBVe R MerPeitic FRetinaseddhd. Nunmerous
t ypes of cgngtretltive bi ndi ng assays are known, for |1 exanple: solid phase
direct or®™idirect radioi munoassay (R A), solid phase direct or indirect

enzyne i rmunoassay A(nEer)xm@a:ﬁidmge@xh GOimRLhddeANisagRaY of sRRciS anl | et al .
Met hods iin Enz /ol o e2}14% s2t53 198 I)n)n sol i d phase di rect hi oti n-avi di n
El A (see ”WLF’Q?%H:& g%/poéﬁ g2 ?ﬂa isy3tiopde 2 "%’T@al (°PH883Y M sol i d phase
di r ects | advgjuacticanssgidyan ﬁj@’@xﬁtl d phase di rect | abel ed sandwi ch assay (see
o on and Lone, AR LERL 5%, o bRDBLD Lt MU G RGN
et al., Miteellioldrimntetials. 28¢e) pFlyiércl¢olid883ry sorsained cjphabia a plasmid
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. Adjuvants can
augment an immune response by several mechanisms including lymphocyte recruitment,
stimulation of B and/or T cells, and stimulation of macrophages.
" Theterm "patient” includes human and other mammalian subjects that
25  receive either prophylactic or therapeutic treatment.
Disaggregated or monomeric AP means soluble, monoméric peptide units
of AB. One method to prepare monomeric AP is to dissolve lyophilized peptide in neat
DMSO with sonication. The resulting solution is centrifuged to remove any insoluble
particulates. Aggregated A 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 Af. 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. |munol. 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 sugfape: Gbliclabsditedt drigdipteadintemadoatdag (RESS sdlifphasegiredol i n.  Usual |y

the test _immunoglobulinis Qﬁ ent .in excess. @ggi?gg%g%uiggntified by
conpet i t i BATER €Y EAMPRBHSEY | @‘aﬁ?9388f8?f FREPTEE “SRtr i €8 binding to
the sane gppitoapr Msyhilegy @ber-psic@os ) isblidpsaditecabivtibadiasElbi(sdi ng to an
adj acent epitope sufficiently i th epi t.o und by the

refer enceKé{H’laP‘EB‘d‘?p ir&ﬂ“"‘?t‘ r]i3>é'3ﬁi5§'ép E@ggﬁb SB@%BW?C Eg???g‘aggleglﬁﬁa@% a

conpet § ngs@tghbRdcitIatola SafdtvidhhseyqagHarlotv atidllané,MAnbbddicspaci fi ¢ bi ndi ng
of areference antibody to a c ant | _by.at | east 50 75% 20
Conposi t i bﬁ@fﬁ?w%%éds‘“y"“%%h’fﬂgi @%@rﬁé%ﬁ%nﬁ%@ ﬂslés(ﬁd?réﬁf l%eéﬁébht s may

i ncl ude ofLfigs 1- 8} BEBRNEsSe MRt $PES Mdl&alrhitui R Cis{ Bel-15Q08B )30 ghas@t CONPOSi ti on
that conprises AR pepti

! AR e de enconpasses bath Lsol d AR peptide and AP
pept i de adirest bieBAPBABHRIACEIEE 5 Yer’ "ﬁ?ﬂgy dégé?&égiéa%ﬁ@@d §§§°t %ééilﬂ(FLED
,DESCFU le R éﬂqgldgﬂ{agér%l A1S8VAIIA). 1AMthel 8DYRAR ¢199D) easHsalpNshch @nelisiyi ons ar e
characteri ze

| presence of deposits of. A(3 pepti aggregated to an

nol ABI einralves fig utes PR Bgdrngeenboupd fq ggplid Sé‘%‘tﬁﬁ G F?gigﬁg’%i it X

lAl zhei ner 't}§s<g.h§@ﬁ%lle&!ﬁ?hﬁmﬁ&@gﬁ@ﬂ?n@ﬁ%b@ﬂ@fﬁgfcg}gee Bﬂn{u’(‘dggdbnmfen';) . The

atter is a synptom.of Al zheiner's, disease, an ' ndr one can
B d LRl Ol S,

al S0 wi t hGamPEHtEAN i AeHE MerTHetd Rysdeirmaing,iBF agpugt apdyiodhe so
exampl e, Ghkde o£QURIHhY SreiBRbMARRE iRMAGLoBIROWsailpdharsDry | oss occurs in

sone patient who have not  yet devel oped,. or.ﬁng¥ never. devel op full
Al zhei mer TBMYRQERLUHEN isrgsEt A EHFELS: \fé’“gg‘%ﬁsl idpRti{ied DY CRBRCUNEN ¥ ned by score
on thesM pdondyRihPdnti S Bés§ideki@auitibodies Bindidpeetheisirhe eginpen thorefererstich di seases

are characterized by %ggr egates of AP that havg a tf_ | eat ﬁd heét structure
and st ai namoﬁyewgéb o Rinrane 918 2HAeSNE CRYORF SHERCY y‘%?’é% Yithy or treating
Al zhei Mer ‘efitopd ibSGRTS tRY refidhet aaitplipicd eganhnddhseasesrbijsgdiyewianiang an
i mmunogeni ¢ response .to a 5 conponent .of .the amyl oi .ge osit in a patient
i s descri GEPFITEARRH8) FREFA(H g%CSFSpgr“ﬁﬁé’H“b‘gs ec[we' glrng'rrll é’? LS esent
appl i cat i antivody ted ainttsoraantlgeranf dt laust I0hve 76¥%£ | cacy of the basic o
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 AP peptide and A peptide as a

component of a larger polypeptide sequence.

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

yet developed, or may never develop full Alzheimer’s disease. Mild cognitive impairment
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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 eah ée defgmd by eforerantit dititivientalf uterikah ioaccarddncadiihosden@dr. on. 11 .
Ther apeut i ents 15 An i nmunogeni c res e can he active, as when an

i munogen S::usd?\glas mesn%r%f}éaf?é:(kf “F%c{]}i)’%%ﬁeéatﬁmtip‘gggﬁa&avf 3%&1?‘\%1 FHUERT n a
patient, aindpassiiteCond Rudelfe alhe BBt kpRoichios padBithiz ot fERide WAtinicsel f bi nds
to AR In a.Pati ent,. 1. Agents |.nduci ng Active | nmune Response 20

Ther apeut i B AT LLES FHRYR: O%ﬁﬁl“i‘h%sr‘?ébé FRET4188 B HEBURISEHF FGSBAFI P 2di rected  to
certairs epotppast of thfiadlylAR depaiitiflepatieRt BidedcriBel MOR0S/2208 (dispoRiRept i de
itself ang} FsifgfgmentﬁL t hereof. Variants of such segnents, anal ogs and
monetics of TRIETOFAl TAg Bresepbappligplion Faterqtsidnd eondivars Bie célkcaexeidkecasigi t h

ant i bodi esiph@a¢therngy Qafs@ftraFﬂ_ic@@dntiQp@&e%fr, ARcipRBPEIEEdGa I AbRA rdBegised. - 25
A(3, also 3580 gfs 3-anyl oid peptide, or A4 peptide (see US 4,666, 829;

d eaner & A58 oCIFETATREP SBIYS AremEEnisesy HRfgL on thg presam inventgghying | s a
pepti de OfjocafifedtBe AoTcHOd @ﬁkﬁ@smmh AR 2l SindtRid AN RAb SRITRARRAE. Of
characteristic plaques of Alzheiner’'s disease. AP is Qgenerated by

pr oces¥i ngheld be flizctydr The istentifirajirofipyefemgst epéinpepathin ABravelts if eatsd y

secret ase : )i das: tiops 30 in APP
associ at edsané\ﬁ%ﬁmg\%i Ig gr{gﬁgérr'b%egd%ggégée%%gﬁgg%Jl}tgﬁ% (r?ra 8@{7‘%&{"% ﬁne%srigfeélgéf (3 or vy
secr et ase cagrofyaphfagtuy Brmplgtionssnd @pninistigbei-t i on 717 is proximate to the
site ofy-secretase cleavage of APP in its processing to A3, and positions
670/ 671 are proximate to the site of p- secretase cleavage. It is believed
that the flt at (Tb¢rapeetiadeemd by interacting with the 13 cleavage reactions
by whijgh Af3 is for 4.0, g t 42/ 43 am no
acid flgrm of Af&geﬁgggl?lgﬁ%%x%%ﬁggs}g% %ﬁﬁ@%&?’g@r@pﬁ&?‘{“? ﬁsﬁ? %{t_ﬁ can fix and
activat e Béminig¢regwiiediice aptibodigh teestivamathedhiplsamtimit, c@ssades whemapar t i cul ar,
it binds : '?th' ' DL S: association facilitates

bi ndi ng t tggtrlr@g?(l)p aé@g&{ eacii?lr%elftbgndgg%ﬁ}é? ?%nISS 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 response specifically directed
to certain epitopes within AP peptides. Preferred agents are the AP peptide itself and
segments thereof. Variants of such segments, analogs and mimetics of nétural AP
peptide that induce and/or crossreact with antibodies to the preferred epitopes of AR
peptide can also be used.

25 AP, also known as B-amyloid peptide, or Ad peptide (see US 4,666,829;
Glenner & Wong, Biochem. Biophys. Res. Commun. 120, 1131 (1984)), is a peptide of
39-43 amino acids, which is the principal component of characteristic plaques of
Alzheimer's disease. AP is generated by processing of a larger protein APP by two
enzymes, termed P and vy secretases (see Hardy, TINS 20, 154 (1997)). Known mutations

30  in APP associated with Alzheimer's disease occur proximate to the site of B or y secretase,
or within AP. For example, position 717 is proximate to the site of y-secretase cleavage -
of APP in its processing to AP, and positions 670/671 are proximate to the site of 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 Af3 to generate an immune response in excess of that of
ot her antigens. Af3 has several natural occurring fornms. The human forns of
Af3 are 10 referred to as Af339, Af340, Af341, Af342 and A(343. The
sequences of these peptides and their relationship to the APP precursor
are illustrated by Fig. 1 of Hardy et al., TINS 20, 155-158 (1997). For
exanpl e, Aka42e hastidnkby s@dherfcie formed so as to increase the amount of the 42/43 :

H2N- Asp- Al a- d u.—dghe-g -Hi s- Asp-Ser-Q@y-Tyr-A@ u-Val -H s-H s-d n-

Lys- Leu- VA BHEPRE ‘g@ &5 K- Val - G y- Ser- Asn-Lys-Q y-Ala-11e-11e-d y- Leu
-Met- 15 Val -G y- G ap MalthMalusdl 8rophy @k it MnidandAEBAR RafIAGRA%di ffer from
Af 342 by the om ssion of Ala, Ala-l1le, and Al a-IIe-Val resgecti vely from

t he C-ter Ait5adte eqaplengnaascafies f narticulsgn inpindsto 5q ardanltimately emedbiofThig

t hr eong ne aiseahsbiradlitalcd Sinding 88 MhHshact MEMGRAOERE S b AGEALR. Bf A(3 are
advant ageous relative to thé intact 20 molecule in the present nethods for

several reddtns O3 brapks dowehutber apdithendéndsae RREpn Boplsin alf ¢dideparentnduce a
usef ul i NANQY Bl tES POOGE N s b gc@iﬁlﬁrt‘?d?ltof‘ﬂﬂesﬂeﬁgem%e&ag!s &38&s an equal

dosage of mass of a fragnment containing such epitopes provides a greater
mol ar  coABdaeensritorn igimunheesparet i excayned dgeof aheepitigepes t han a dosage of

i ntact Af3. Second,A gaesrs'g:ve}?ir rli rrmgné) eni cffra nts o A% Sf gﬁnerate an

i munogeni ¢ responsd Agar vt PRI RGTEITE 9o SiE LR 19050t OlgBREFat i ng a

si gni 110 candfertednol BOGBIN, & fAEATMN S LB EDAIANSB43ARRe s@fuekced &F theése mpMakSindAD
derives. Thi rg, .fragrrelﬁltg 8f .AD are sj rrg%er to manufacture than intact Af3
due to thEiIHF "SNP \ths PP pEresAr art flhﬁ At Y e S el agiftefat e in the
same  Manmsy-18S(169) agbr AbdpleSA P hk Yid@qRinepar ati on of pharmaceuti cal
conposi tions and admnistration there,o?. 30 Sone i mmunogenic fragments of
A(3 have a sequencédfAsh-AlagiyPhe-Arg-His-Asg-Ser-Giy-gyr-Oly-adAiis-Hirodtn- ani no

aci ds fronyaraavHLRle-IneRih-Gfu-ASONVRI-GIHUA0L8NI - ¢ 20BRES GiIDaKe MQ. mor e than
10, 9,.8, .7, 5 8r \; %ontlguous resi dues fromAf3. Fragnents fromthe 14
N-t er if nalV RGOkt Vak At MEFbrred. . Preferred i munogenic fragnents

include AD1-5, 1- @p4l; ApaclandQyp3d-differ krom ABMbylindomitien §E8I.INALION A(31-5
for exanple, indicates a fragnent including residues 1-5 of AR and | acking
ot her r esfifla-TistVahrespechively fopthe Gagimmnglifgd-of 843 ¢ifer fomsr i2Pyshe AD and

endi ng at prastdomsiniodic RlidADuakecRafiheul arly preferred. The 5 fragnent
APl -12 can al so be used but is |less preferred. In sone nethods, the
fragnent is Immunogenic fragments 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 Ap. Sec.ond,
certain immunogenic fragments of AB generate an immunogenic response against

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

30 Some immunogenic fragments of Af 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



an N-termnal fragment other than API-10. O her less preferred fragnents

i nclude A(313-28, 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
natural |y occurrln? forms of A(3 are used in sone nethods. For exanple, a
fragment Naewringhhal ot here aedfaedt Porieradd moneganinfementy mﬁluc}qusl $.Acl udes the -

f'rst_38 am ﬁ'qoa§7d§3f5mthﬁm'&eglﬁae mesng ﬂ%amd S5 shepmpnent s of

anyl oi d aques exanpl e, syn opi ¢ tragne ther eof
can al so ibdudisgdksidoesi InflufAp and lal:kmgmtngemxduaseﬁp@n§mgn&5tslngx&sSg at herw se

i ndi cated, .ref renc to AR incl udes .t he ura h m no_acid sequences

i ndi cat ed® %i%‘lﬁg OL} cpding ﬁ%\ﬁe88‘§esl7n£il ‘Undﬂ\‘aéﬁeﬁimlé‘l‘ n?y pr§%€c‘? efPand induced
vari arg s. frRah0gs1 ﬂy&r&.ﬂid Be Wbd fiRfis [BEPRBRALNAbH: REGBES, RG-pERLiides at -
one, two or a few positions, often by virtue of conservative

substit ut%@mmhﬁ@@?sem 9ffbr~‘rcth4u1 HBEAR Oihter less preécarst i8PMeonts POMsIsequence
| dentity 1t3h28n(iu7 ggal 28Rt Sd?‘:os 0 1’% allhogesfra entslrpq%xlrggc?ra%rgrﬁjpnat ur al

am no aci ds “or PfiCdrTons termn am n rélone t wo
or a fevmcpmy mcdmsng &qrre‘&namgjdreylottdrdepmt aﬂ’catlscrﬂjed)aftht Exanples fegst due at

p03|t|on1a A e wi th isgsaspartic aci

Exanpl es of° Err? afrbt? 5‘0}"” gﬁ a%rfed%ndasrogelﬂn r]i‘(')aSt adi I?i)s,"teé'?’"‘é}ﬁ?‘gﬁﬁ% i tuted
am nol@ci ;dSsenNﬂahkmirall&nSbﬂﬁnﬁg:fodﬁs oﬂ/amncmsanmdoméniamdn@)ﬁbp&ﬁdnm@a

y-car boxggl ut amat e, trimet hgl lysin e-N-acety

N N-
0- phosphoS& Ak acwgz%ar&ti‘é?taﬁ‘ldégf’?’ﬁ]ée K?WWIPdn%(ﬁﬁ“dﬁ‘i’%‘é’es Qle %‘ﬁ§| hi sti di ne,

5- hydr oxyimsé a@dsﬁ:&nNrem}ﬁlaﬁ&gldm@e,Otﬁa@ofnﬁmg%mn oaﬁsl&*c*uefrf&g"ents and
anal ogs can be screened for prophylactic or therapeu ic efficacy in

t r ansgcni @BplCRENIHYBeInd epiorioipamingshcropfican alsnbe esad tdndecephacebo control s

as descrifginBelesHRse.i ts fragments, and anal ogs can be synthesized by
sol id phase peptlde 30 synthesis or r econbi nant expression, or. can be

obt ai Ked from nat ubalessethpress indigatasineefdrence pepB inféudss/ihe hatsiak byrganar e

comer ci aldiyo fYatdoablces b RINMIRE QU elP HPRLI B Belutig 8
Bi osyst ens, cI):osterq Sy“ California. 1 ec%n%lg%glnlt ﬁ’é’lxg?%%sf@g@c%% be in

bact eri a, indused yutpnks AEafOébwplcaI;lpe%zéfﬁr frorh gaurally eFqueringrpepidamal tnsntwoel | s.

Procedur e affok pbaGaRI Ay wrapép;fe&:ssmatws@bsd@ﬁ%s bechify tﬁﬁ&‘ﬂg@%bl gt al.,
Mol ecul ar C oni ng: A Laboratory Manual (C. . S.H P. Press d ed., 1989).

Some for n& Gt 8,&(‘!‘3 9%@6’?‘3‘&@"@&?%’“& wih ayuial pgptides. Somgeralossialsp igdudg. . Aneri can
Peptiges &8RN Y¥minbRCids oxSHBd]ﬁ&’an'oﬁs of o PO Gerfadal £R1HhAds at a one, two or a :

few positions. For example, the natural aspartic acid residue at position 1 and/or 7 of A
can be replaced with iso-aspartic acid. Examples of unnatural amino acids are D-amino
acids, o, a-disubstituted amino acids, N-alkyl amino acids, lactic acid, 4-hydroxyproline,
y-carboxyglutamate, £-N,N,N-trimethyllysine, £-N-acetyllysine, O-phosphoserine, N-
25  acetylserine, N-formylmc_:thionine, 3-methylhistidine, 5—hydroxylysine, ®-N-
methylarginine, and isoaspartic acid. Fragments and analogs can be séreened for
prophylactic or therapeutic efficacy in transgenic animal models in comparison with
untreated or placebo controls as described below.
Ap, 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 available from numerous suppliers, such as

Applied Biosystems, Foster City, California. Recombinant expression can be in bactcria,
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5 Peptide Research, Inc. Napa, CA). Therapeutic agents al so include |onger
pol ypeptides that include, for exanple, an active fragnent of A(3 peptide,
together with other am no acids. For exanple, preferred agents include
“fusion proteins conprising a segnent of AP 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 against the

A(3 segnent.p .&ni,9945y%Q&icgﬁssor%gnﬁgia%%gﬁe%chwes %&9@“%&%%& c or
t her apeutic e Icacy 1'n aninma nodel's 1 n conparison-w RTUntreated or
pl acebo conrpresin sasdedaied bpethniiedadvet allhdo/aR/argdpringled Lawadiog Mactki ve

f ragnent e pt.i aR be_.adm ni,stered in associ.ated or -

nul ti mer i gbfsgl% %1 l(E)rF PS%W@% segdgis%@'ego?grf%mfﬁg‘f‘gﬁgﬂtf |ecmaa§%?v§ﬁ%ﬁ %0 incl ude

mul ti ner s comnikkigfiyiageAnencanRepddertenageiis, Sunnyald, OA {RrCayssmiat i on, an

i mrunogeni i de u as fragnent of A(3, can be presented by a

Vi rus %r fccﬁtg%t ers?aédhaﬁwglg?}fa’-g?‘)'an i munogeni ¢ conposition. A nucleic acid

encodi ng t he i nmunogeripeutxepiehd@lsb $ncluie dongexr il g plidtls thal igRIAOIE: Or epi sone
of the virus or bacterja. Optionally, the nucleic acid is incorporated in
such a nafAdPPIEREECHE ffaﬁ@ei“rﬁﬂﬁfb%eé’ﬂg% t?ﬁég‘ﬁiﬁﬁhi’@c%fl%égéﬂ I95 a secreted

protein Olex@fpld frdt&kAhoPhi9trRiuvde Wistdh RBtein® rBirisidf REQe MR WBidk.Qf, 2 Virus or
a transmenbrane protein of a bacteria so that the peptide is displayed.
Vi ruses orelsedesars dnige a¢ld senuseretihardtdyecss hslpsuT ¢elbeespompagdiogdni ¢ or

att enyat eq.i.Sil fab N ' I} - ezyel an _equine
encephal i ?Ilmse \;ito r ués_lﬁgﬁé&g? Tﬁ@;h%ﬁ%ﬁgn‘%\rﬁ% Es%;és/%“ r\g é)lnga\%lrn tg{}%ég%gtn}cggvi rus,
- and ot her Suhlapdypepiideaasashbe REeveatior pioahdmuic bothkerapaxic eikatabl aidpdct eri a

i ncl ude Sal el nd Shi.gel.l a. .Fusion of a i muno ic peptide to HBsAg
of HBV i sa}'ﬁ)oglg(#g {gil%%q%apgfgons%t atfeéted%@?%ﬁgﬁ?'}ug?saaégﬁ & %%C?E‘gow'i ﬂlﬁp‘%%e pepti des
and ot her peptideparnidg, dctied frabnanotr cibaesbatptidy clrabweadmisis@redfin &asiat@drno  aci d

sequence sim.lari wi.th. AP.hut .nevert hel ess serve .a i metics of A(3 and
i nduce a _r%‘imrlrrln ?”acrfto%énmqrru'Hlegi1Sr‘°’°ecs'at|§‘(:)&r1f§)é’?1 oF fg?rf)?regg ags'ﬁymi‘é‘%{’fq@%@e*aﬁg pr ot ei ns
form ng a-npinemtedinBfuneopedt sgcecan be screened for suitability. Anti-idiotypic

anti bodi es agai nst m | onal .. anti.bodi es to AR or other. a Io“‘% genic
pepti des can al so blé] Bﬁs)éeEhcf.rvﬁljaéﬁnaaﬁ’tlmuﬁogcé]}ftpleg&gd |’éus°%r?lsﬁiﬂ€g’g%“et°g ?i gen and
gener at e aan bayresseted by poirgeortadacterif separtsd se htunahogehineumebdsixgpy. (ARoi t ed. ,

L i
or nore of thehouperdkeriedgegabntis ofleARcldisingdpattden fehg.manherkyt 1- 7,
1-3, apd %ﬁcﬁ)ﬁmunogenic peptide is expressed as a secreted prétein 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 equihe encephalitis

virus and other alpha viruses, vesicular stomatitis virus, and other rhabdo viruses,

25  vaccinia and fowl pox. Suitable bacteria include Sdﬁonella 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 Af but nevertheless serve as fnimetics of AP and induce a
similar immune response. For ex‘ample, any peptides and proteins forming p-pleated

30  sheets can be screened for suitability. Anti-idiotypic antibodies against monoclonal
antibodies to A 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(3. 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

conpounds,inclu ept.i beta-turn m netics, polysacchari des,
phosphol i BEHYES © T‘ﬁ%fru%ﬁn%[gp ‘P%Sssfﬁﬂflérmf%aé‘ mgli‘”élroé?ra%resl’%‘[‘rs%ﬁ%‘i tc"“c‘?é’ﬁpounds
het er oCy Chbfe F@HEQLMOAS] scpRBAOET AR EPtNSSove O ¢ gPNBS1-¢, N3 B@d sypsti t ut ed

gl yci nes and Ql i gocar bamat es. Large conbinatorial Ii braries of the

conpoundsPrEeimbbe Sedreents idaer animpRBogsRicdawaney httiesnceific yrdiiertedto ESL)

met hod deggrdried. se'aﬂlcﬁfsfv\)fm@ﬁ't b dHRbd PO Ueher grﬂ/e'ﬁ?s)%fA\g) 93/ 06121, Col unbi a
Uni versity, WD 94/08051, Pharnacopeia, WO 95/ 35503 and Scripps, WO

95/ 30642 (each of \B@n@ﬁn|11§ranﬁ$mfm€pt¢ﬁﬁapwhw0mb@r®ﬁ@lealﬁfobe steengdfeposes) .

S N i R s P A R T T el

initiall yC@dqeeEmé@mfcd)rn a sfep-babicd fasiobySupbtcempbyridagnditeipplypgpides ty t o bi nd
to anti bogé ERirPhi I'Llé/t gb%? Bgcﬁargo%dg{ho&olrﬁi{l] m&o%ep rospa%f:alnghlnc stfer%rdsAP or ot her

anyl oi dogenl C pept scr ens can erfor med with
any pol ychromatic gemmums h@ﬂoc:yICbnacbmmtldi;)bmmdl@zcﬁﬁle@,rohaorﬁ@ddNagnent t her eof .

Co d b jf t t-hin AR
oo 107 g §RREDER;E: A FEOGRN e 1 S Bt BB SABRLI 08P, obed by the
sarre pr ommhwe@s e be eirisactéciry thre pyrodegl %{nﬁucmu\yrae@;l (ESpbmstpectdldsudxd i es.

Conpounds,| { WRSlos RYs LA R6L 009 REE1 p%mn;ﬁ;b Rkrs zed for

capacity 10 induée anti ies or reac nphocy es” d A 3 or fragments
t her eof . %98%&mcowht\h’ﬁl9é/3dﬁ®wd@qspm \%93/3@@62 (beh25whigkised on

mcrotite nt thereof
and - a stg]ﬁﬂjgglﬁ%a gigcan g@_ﬁ%&%?&ﬁ%@ 1\6‘421}1@? or a?%ac f%/eéaqan bodies to
A(3 ot5t hphage égnlentnethotibrﬁﬁ@mm@@ém WRen/1888¢ est ed for prophyl actic and
therapeutic effi ca@egmnnatt&ﬁnﬁ%gﬂés d B RE RS RARAY £.0:.801 ny! oi dogeni ¢

di sease, as described int Suc ani ma or exanpl e,
m ce bearf%‘@b‘&WeF?m‘aW&)‘h”lbfaDﬁPP ‘@Ié@ér“? pEpopips (&almh@qytcsoB aiT), supra, and

m ce bear i vy 6i Qe e bed by
McConl ogue et 6}8@29;4 oEt f@"@%bi&é}(}s an t()ll-clg)lgargggéHa §uﬁ%§?§%}gg%%% 99 (1996);

St auf enbi esfreeas cangje perf@mﬂ@i witeenl polielanhl s&e ior migSc! k) A BR&Tto YING 2 (1997);

St ur C?&) er fr JnlE ﬁ)tere§F ?l)m’pmg 4 €an tllxglﬁ;egsgg'b}geﬁgor t?ﬁhmg H)Sébkp%mﬁc g‘ 1%%2- 13292

(1997 Borc elt et uron
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 tliereof and a
standard ELISA can be performed to test for reactive antibodies to Ap ér the fragment.
Compounds can then be tested for prophylactic and therapeutic efficacy in transgenic
animals predisposed to an amyloidogenic disease, as described in the Examples. Such
animals include, for example, mice bearing a 717 mutation of APP described by Games et
30  al., supra, and mice bearing a 670/671 Swedish mutation of APP such as described by
McConlogue et al., US 5,612,486 and Hsiao et al., Science 274, 99 (1996); Staufenbie] et
al., Proc. Nalll. 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 A(3 and |onger peptides including fragnents of A(3, described
above. 2. Agents I|nducing Passive | mune Response 5 Therapeutic agents of
the invention also include antibodies that .specifically bind to AD or

ot her conponent of anyloid plaques. Such anti bodi es can be nonoclonal or
polycl onal . Sone such antibodies bind specifically to the aggregated form
of A(3 w ding iat le cally to
t he di ssog%t%d%gormﬁet %%pgdaﬁg?nbaet%gct] Igg%r O%HF ’éen?oarng bind to
bot h aggr é@aamédbrmnubejaodqs|1r$$@mga&aed1eﬁtslom13 &amﬁ:eﬁuﬁdveantl bodi es b| nd to a
naturally occurring short formof AD (i.e., A(339, 40 or 41) w thout
binding to a naturally occurring long formof A(3 (i.e., A(342 and Al1343).

Some anti bodi es bi nd t o Agehtohglutiog mw\’(chtmﬁuan&ﬁ)bﬁﬁg to a short for-n. Sone
anti bodies bind to to | .- 1 engt rnyl oi d precursor
pr ot ei % Ant i bodi ejséheﬂaé’g&w aﬁc'}t%%ﬂgep’élu?rit héd 3%@33 hve an intact

const ant gegifieallobindto A;eaxsdm&sorﬁpﬁnfehmmﬂtyl&a pItal&\;lfés C%ﬁ%ﬁﬁﬁodie‘é‘g% to
interact with an Fc recﬁrzﬂept Qr. Human jsoty preferred because of

it havi ng™ergH oraycianel Some ﬁuﬁmnb%fw&spsaﬁcqllméo fie Rregregsgedfoor  on
phagocyti GfﬁgI\Jl@xout%ﬁﬂ%bftﬂe(alsl:&?at&fﬁgﬂe@Bx%e%ﬁa'a sﬂécﬁﬁ %etolfﬁeezﬂs &th}fml ch one

armof the antibody has specificity fo 3, an Fc
r ecept or . fospithent bipdas stheragerepted fonp. \ﬂom"ifba'ldbphdtlhmmregaﬁqdmnﬁy gr eater than

or eqygl HQSO@Q&'{!&OJ‘&QSO%@ smchjaggbod%eg%i anhgépadly dsﬁ Cl OQ’% Sera

typically contain mxed popul ations of ver al

epi t opes 6leordd3Ph® drénpwhhaof biadisg td—dmvmmerly oq:mi'ryxgllcmgéi&)rnsﬁr/a[} @anAlpez specific
to a partl e f AR S nocl onal antl bodi es bi nd
to a specm? é&gp§% eqvt?no?ﬁs%n Li %Erﬁﬁwg’«gmob‘% T 1B A BT ORI Sagpe

nonconf or Eﬁ’atbbdhlabm&m App&houtBrnep@ycb Al leGgta Ry lohesaRavt heigf f i cacy of
ant i bodi ei be tested usj ?g @I}e transgeni ¢ 25 ani mal nodel procedures
descri bed™Pi° H:é UESE e eutsrsthads usraliy Aaw Brarct SpRsBbEE®S Of HileRdt t o an

epi t ope V\A;dmctléhtl'oeﬂiedblﬁs‘o“anlreéﬁn(ﬂf in@kat (Whtah Ft RReftbr Hundnti &k rﬂe 1 {sesi due of

natural AD degkgcnat ec} 3 pPgﬁfe”ﬁ% nonocl onal anti bo ies bind to an
epi t ope WERTRS PRI HPyas HisBest offipiy Shi it 1S RERIOf Bisd o ERFARTHN10. Some
pr ef erredplaﬂgbctylmodhldsthpmﬁ’dIQb ﬁa@xinéxﬁp&& Abd Bl Be A WillctagHedSmbr e 1-4, 1-5,

1-6, 1-7 or 3 ntlbog)les bi nd 30to an g)ltope startlng

at reside¥ 0 %y%ﬁ?dp‘ecﬂfbﬁﬁ Orzft &g athsT *pr #7 Ferecqpr Sameanybeiesrhinsto

ant i bodi eABmﬁ@xlaudﬂhﬁd”lﬂﬁ&t)bérediérﬁ&nt&e@iﬁ&lft@ﬂ%ﬁt Wt nesheues olOxd5, 15- 20,
25-30, 1.0-20, 20, or 10-25 of A(3. It is recomended that such

ant i bdli es be scr eé’ﬁévﬂlof’ﬁrseré&ﬁlﬂi‘?lt’ §ontfin fgxed populations of antibodies binding

to several epitopes along the length of AB. However, polyclonal sera can be specific to a
particular segment of A, such as AB1-10. Monoclonal antibodies bind to a specific
epitope within A that can be a conformational or nonconformational epitope. |
Prophylactic and therapeutic efficacy of antibodies can be tested using the transgenic

25  animal model procedures described in the Examples. Preferred monoclonal antibodies
bind to an epitope within residues 1-10 of AB (with the first N terminal residue of natural
Ap designated 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, 14, 1-5, 1-6, 1-7 or 3-7. Some preferred antibodies bind

30 toan epitope starting at resides 1-3 and ending at residues 7-11 of AB. Less preferred
antibodics include those binding to epitopes with residues 10-15, 15-20, 25-30, 10-20, 20,

30, or 10-25 of AB. Itisrecommended that such antibodies be screened for activity in
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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 nmethods, mnultiple nonocl onal
ant i bodi es having binding specificities to different epitopes are used.
Such anti bodi es can be adm ni stered sequentially or 5 sinmultaneously.
Ant i bodi es to anyl oi d conponents ot her than A3 can al so be used. For
exanpl e, nt|b0d| an b cted to.the amyloid ciate notein
synucl ei ¢ WRES "X f‘?rlr%gi}’%%g g S BF HeF {pérexm? ft% g5 (P(fﬁ%n speci fi ed
r esi dues,thatsercdin aﬁlbéﬁes'l.to&pft@‘cs exhimptiduenhal 8j - :meam1 asd 3m1atlhe ant i body
speC|f|caI bi.nds PO tide cont n the eC|f| Fes i dues
(i.e., hyg Ilﬂ SQTR§ xge%ﬂd wgﬁgr onoglj)éxol an?!) es%a¥1n% Cr'I Ing Speet r%t esnecessarI ly
cont act ejlﬁérymre@m;ﬂuaemédh|S|ncm4rﬁlbaxdxss cahNdr admeﬁstevescy;ummagya am no acid
substltutlo or deleti nW|th| (31-5 neces n|f|c te“J af f ect
bi ndi Ry S4FY PﬁF‘f‘S?ly Ay 8?3%5%5@5{2’]* CMRYGS ARC a{'ﬁ rPeb’éeadd to\érn‘i ned,

f or exaﬁmx@mpllayanfuedscmsnﬂneednpda&geodie&myaddhgsb&aéd/pﬂo&lmn@&]mdlfferent rrerrber_s _
di splay different subsequences  of A._. The phage display library is then

sel ected for rrenbe?"@"%ﬁ%é‘i“fbio%lslsi’/‘db‘?Pl’ﬂijl"fbmtﬁmaﬂcWPBEFGWCﬂSCStﬁﬁ‘B%r test. A

famly ofSEQUeNE8Tol SanBR! SRR mdPisGRlthive anBBEd s Eecmrmwmepfataal ns a
comon core sequence, and varying | engths of flanking sequences in

di f f er entpotrpétesonaining tshopetibst residres (seqbAcen $hos agmefsecStéheanbi nding to
t he t I bog&a c{olegr?o ncta Qgsaggll ctorcx)tac:t eve OliI'QS(%idUCXVlh’Im A qté q@ocbéocs er‘]/EII'yl%Q eﬁsaﬁan

al so be t& eprtope’specificrt etrtion assay w

ant i body Ma@&x@mb&mp@oﬁ@ﬁﬁlefmmmtymasl-alnre@aﬂyil)m@ﬁnﬁczﬁm@ﬂr@r Ib‘ihdi‘lﬁgl For
exanpl e, aptibqdies tha ete wi.th the 3D6 anJ Lfor i ndi ng to AP
bi nd to tHEMEar®!Gpe BF F‘éyr é‘BF’E‘bbp?QYQ%“ bl teringd, fogf PELTTIRET A3 1- 5.

Li kew se prapd dibnsl marph@uhﬁ@mt@t WietnBerls hgpiaymr@mubbaﬁyndas oag.o the sane
or simlar eltec‘ip Wi thin residues AP 3‘2 reeni ng antlgodlesfor
epi t ope spEdrs W‘ayl1?‘%{yu%‘€‘?ﬂﬂeleﬁﬁe€6‘?rd‘ﬁed‘?be%sﬂ°e°t‘ ‘@l”é%é’l?ﬂgéoé? 0%y, For
exanpis£, @ReAbdtl Boeyilfet &HnbRds is@la@ﬁanyﬁleal@nsﬁplatfﬁﬁh@ Mntdtisa 25 r esi dues
1-7 of A(3|s likely to be effecL Lg F%&feventln %g”etat' Al zhei ner's
di sease. CONBHISCGTEH P 5B VAT BREPEEMPT B sse‘i”ﬁ ‘fePdgT’T‘n%mm nd to a
preferr edrhe':‘segrmmor@ieqé&cwsﬁohmg spatinei bimgmtgoo mtetaemboﬂggefﬁm tefepidpd have a

nunber of, adyantages 'relative to X bi nding to other
regi ons of° uﬂ%? I%Odéeﬁami’ogle’sﬁ?ré% OnlfF; Sqeﬁor %‘flh)p? oDECI GUBI" drass dosages,
dosages odomepatxmd}oﬁsa@wt}fﬁtanmpmlg|»¢ho€caédu¢pd9smciﬁt:my }msefr&dyédeﬁo segnment s

contakn 2, gher, golar dosade BT, AILLBOOL E8 o LBG Leod Muchigar 10 anyl of d

pl aq I bin ng to pr flerre egnents can
i nduce a Ap brdns g smﬁe@maearaglmpmt 3B6)ileqivdthitepgsuds A Pai-5 hbiktwisaduci ng a
clearing z[n%%gc?es tﬁat cgr?ii)c?te with the 10D5 antibody bind to the same or similar epitope, i.e,
within residues AB 3-6. Screening antibodies for epitope specificity is a useful predictor
of therapeutic efficacy. For example, an antibody dete_rmincd 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 AP wuhout 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 | ;10 or . nore aning_acids primrily responsible for antigen -
recogni t oA EPURIBIXS- A APAURGEICOHEF L i on of each chain defines a constant

region primarily %@B%Mb@dﬂmc&frmﬁ&wmwﬂ% E&fprisk b Hanehaf Ns are
cIaSS|f|ed as elther kappa or ‘| anpda. Heavy are. classified as

a
gamma, nubuBithHEech BERPSE 1S eamRased plgio “é‘ﬁ‘él‘cﬂ@f“ir%%gﬁo @eplifeichaag e<hi sot ype as
10 196G bﬁ%adu%nebwgﬂte@sbuk gEkDEESReAE Nl chwnt(atbdms@ G@m@n%@eavy chai ns,

the vari abl e and const ant aﬁPns are joined "J" 8|on of about 12 or
nore an ABIRCEEEnal gprtipn 9@‘Fé°h gy ciFes %Vaé‘la'élér‘?gh‘?ﬂ Qf(flbﬂ‘@ ]9 tq)'1008gi on of

about 10 194 £,iAFhA@ RSB ref %ﬁbgqaﬁm by ssarmRtabodyungliogy (Paul,
W, ed., 2nd é . Rann P§g§§§ § mugﬁ. |nco?porated by

referencéoﬂﬁ“Pf@mkﬁﬁﬂﬂkﬁyﬂﬁﬁwnaﬂmrﬂﬂ?%é%@%ﬁwr%%o ¢ {pa eifegyrduncégh.ons of

each |ight/heavy cmg{t'ahméeéx@gsmetdaeemﬁgrlkpﬁgmr 1YAd] NGavS] dhing ABUS, an
intact antibody has two bind |n9 sites. Except in bifunctional or.
%

bi speci f ictessafindia games, my, Rphaws!tiongpignind 8fingrtae eHdodansoymRs chains al |
exhi hpt ﬁ%%lgﬁf”%/n N régpwwew ewmlmrlgh%amemcmﬂwev\%a&é amewor k

regions ( joinéed by three hypervari abl'e regi ons al’'so cal | ed
conpl enesbdedrsyntdesiens#aipingd Peai Brstior oDRY. 1 2 ppaTpREciHs, bt t wo

chai ns thc;@@%nalpeagémam@mggl"gn?& &yoftabeutfmmmmoraaqg oagé Spapling  binding
to a specific epitope. From N-termnal to Cterm nal otﬁ l'i ght and heavy

chains éungamesis! invematomafiagl, By od- Gored. Rren PeprN YRR3R and FR4. The

assi gnneralmcorﬁéra@mmfe@&kdﬁllts%a?&ﬁfoqgﬁgh@oseg in accordance with the
definitions of Kabat, Sequences ‘of Protelns of I mmunol ogi cal | nterest

(Nat ildnal | nsti t ut’ s vemeblsoagions ofsesihighcawshainggy fom thaantbod1), or Chot hi a

& Lesk,  dinal¥lsite Biiok.. anlx%@et Wriscd] had AR NdindhRE. hE)’?ceEttm@lﬁmcthﬁfh gre
342: 878-883 989% Producti on of Nonhu Btlb dk%? The production of
non- hunaﬁ‘sﬁfﬁﬁ%‘c"}nﬂ %ﬁ’esathf MRORIpgae sigesgre thisame, ol he grpinsall exBpitihesamsy i mat e,

rabbit Olgefeadl straite bﬁelaﬁfcq)ﬁwrﬂsabaﬂfrwew&ﬁ&egaasampk)eyoxnbmnirezel ng the ani mal
\(I)Mrt h A hy}lae?\r/]%agle egx a S0 cgl?ed comp elrrizlnp tﬁztemm%rrl]g }eg?glﬂlsr]grgf?lgf{s 'lt agment _ of AP
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).

il. 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 AP or an immunogenic fragment of Af or
anti-idiotypic antibodies to an antibody to AP 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 AR can al so be used. See Harl ow
& Lane, Antibodies, A Laboratory Manual (CSHP NY, 1988) (i ncorporated 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 adm nistered fused or otherw se conpl exed
with a carrier protein, as described below. Optionally, the imunogen can
be admi nipstpesesil Bidhirnammadpgeunamt be Seainedafror ppesrabfouadt) by peptidcan be used 5

as descrl ﬁgesg%f?gFerCéﬁ%L&tCQ gS?Ol{ln%pilgﬁgiarﬁ% x%xm %ggg\é\gndbc a\émvmgtgrﬁal e.t e

adj uvant 1s pre Fritn zat bbits or
gui nea pifgsd ar ethtrye cainplgxedsighda taam“rrra¢<t¢mg85pbbqrrbtd)bm¢wa@pudmdy,ese Mce are

typi cal | i ( t t.i bodi es are, screened
for spec?{?‘ﬁﬁg‘% Bg W&f%&a%p{h%g%g’lulv%{,? g%’?l )s f'so aduw‘”qu‘:ur%er screened
for bﬁndlaﬂgestobeal tsb&ci@dnqalcrtegiegmd s)ﬁdjmanﬂ'foélotvad byemccsnpleteradjmgam&n be 10
acconpl i Sh Qiforl?r;[ ed’nrlga gflbbor (9] Of a %%tégro%neto a %q'H) gtl on of

del eti on Fhutant's "ot an Al He etermmng: w8t Heteri on nutants
bind to tulsel hnmahogiyolyﬁoan@odxeaane asastsexssled;sed fmrnﬂkagm{oapclbr)al Western

bl ot or ELJ S% The srcrla est fr qma . ow |c“b| nd!)ncg to the

ant i body 2099 e s AP R IS AT E e TP hped f B‘ A t PH%Rai Vet™PoRHi t ope

speci fi Ciata/fufiRst sbreerd@ reomdato laxépanmrépi%hbmgnm@ﬁayr seReMibi €A R test and
reference 15 anti bod% corrpete for_ binding If the test and reference

ant i B8di escarphipeddy defsemininghaiding Qf&“%m{oﬁé t%%t?ﬁél-e%‘tﬁli“t"éﬁéletéﬁ“ BERMDpes

suf fi ci enfrhy AB _FQﬁfddE%hd bhatibhpdihng dolfemn@,maﬂ@tbmaqg%elam@ordperaﬁ@mw th bindi ng
of the other. The preferred isSotype such antibodies i5 nouse isotype

| g&a or cagbe %Séqséq‘i’t for seanyple bWW@tqﬁ@blosﬁ?fe%M@é Thpersdlestergpgnt tbg@a is the
equi val enpe®fic mumgnouﬁ@mg@dy &ﬁnes Lgpe;hlo;pe of iRk TR oGy amerhymg' zed Antibodi es

Chi meric and humani zed anti bodi es have the same or sim |l ar bindi ng
speci fi ciePyoRErfacHIF Y irt he eaiermingg by e compoitivarsyip ez wpitd odsrendeat

provides thg S anb rebalg, | NSkl I, C..0r humani zed
ant i bl%dy Cﬁ?dr%}erar:h% tg%trlbggg%ég%ar éﬂg%&gntl bgg%e}é%rh&g%%%&%g?g LE%’ heavy chain

genes haveeydtrehtodnrsme apitend or enjjspeseduffici 4y gearéndl ghat blmglnaeémeng from

i mmunog! QRbdd lﬁa@@emn&ﬁg Qﬁhqoemerngrﬁegrg&rfréd%&yrﬁe £SPEEH §§1'bocll:9§13 exanpl e,
the variabl e segnents of the genes from a nouse nonocl onal anti body may

be' j oi ned"{u§e HorBhICBA ST %h‘ﬂ‘a(e@) isqreprmiAlT sRegich Meusedotypedpfdlaigths. Human
i sotype legfdvdientios hidh&f 86t £GA typi cal chi mer ic antibody is .thus a hybrid
pr ot e2|0n consi sting of the Vor _
iii. Chimeric and Humanized Antibodies
Chimeric and humanized antibodies have the same or similar binding
specificity and affinity as a mouse or other nonhuman antibody that provides the starting
material for construction of a chimeric or humanized antibody. ‘Chimeric antibodies are
~ 25  antibodies whose light and heavy chain genes have been constructed, typically by.gcnctic
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 joined to human constant (C) segments, such as IgG1 and IgG4. Human isotype IgG1
is preferréd. 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 antibodiés 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 human 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. ]Vail. Acad. Sci. USA 86:10029-10033 (1989) and WD 90/07861, US

5, 693, 762ctetdSning 8&Ponb BlbstddFalfy BHR o AR Use-biRibad P e fekld indne Winat er, US

5,225,539 (incorporated by reference in their enti retﬁ for all 8ur poses).
The 5 con@MAAEIPRYNLAES)Queet il eBrgt Vathriad |56 UsdiSet Qe d-209%) (6¥%ntirel y
froma hugawo boyorseaobbs M2, Tes,susnmy, ¥ Kisgbhes,damsns1@raqusual Iy chosen
from hurman, anti bodi es whose framework sequences exhibit a hi gh degree of
sequence YiaEmt¥e 920137 (nchr@omisdibnac sl it @greoniogatrmesee) ofewhi ch t he

CDRs  wer @ofkedrk ¥ fhn(s] NEpAQAY Yreald subsk Bkl EHanRrek AR hemaRTI On framework
resi dues can be derived fromthe sane or different 10 human anti body

sequencedmmpReeiohilian Thhburradiprisde dendiasace 412l chasen Segbemées of naturally

occurr i ngnm whild Pesiuesk QbudndEs &ﬁib@%ﬁ%ﬂé&éﬁee%%&%.ﬁdmuﬁwr al human
anti bodies. See Carter et al., WO 92/ 22653. rtain am no acids fromthe

human vakd mplie vaggiloreefondamans komeshishytis CAils veest éartved Tl hegyibadi t ut i on

based on 1L ReiHhinRARHIOLeBion A HEMAGEsi ARk s R LQRELAT 1B AR GlreRihndi ng to
antigen. I'nvestigation of such possible 15 influences is by nodeling;

exam IRat ihgmapaotitedy sdauenaes dhie Spmer atbo heequericavcaadr dhe saquenpaofi cul ar

| ocat i On%atﬂlly%mﬁé:ﬁhnﬁ%%}ﬂ%siop&n% Jonﬁenﬁfsfsgﬁfexﬁce?t)f&péfﬂ&%! on or.
mut agenesi s Of particular amno acids. For exanple, when an anmino acid

di ffers Fatibgsias aenfarienet alaMhdl/ 260 dglemain pnmemgids komdbt Biyeanand a sel ect ed

human varj,afl|e b Reiramhe b ATEMALK afe 88l dbe for kIR RUPRBase 26n THERFBEWRIK am no acid
shoul d usual ly be substituted b%qt he equi valent framework am no acid from

t he nouséeniepraridyDRserfomatips apdderdinthing ip 2akigsac ingstigation efrechapasaibleaci d: (1)
noncopal gpfidetcdiidslsmaditihg @Rafinh@mtdfYhe dhddactestRIbAGERhidoQcRs GDR  egion, (3)
ot herwi se interacts with a CDR region ée.g. is within about 6 A of a 25
CDR r egi dnyticulg logationp gF enpiripa pbseryagor pethyelieas efisplstifusion or mpiesnegiandi dat es
for substdfiprtic@ar afigo agaept or human framework 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:

(1) noncovalently binds antigen directly,

2) is adjacent to a CDR region,

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

25  CDR region), or '

€)) 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 immunoglobuiin 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
nore typi cal human i mmunogl obulins. QG her candidates for substitution are
acceptor human framework am no acids that are unusual for a hunman

i munogl obuiin at that position.. The variable region frameworks of

humani zed i nmunogl obul i-ns usually 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 bddiunaqmibodisti bodi es agai nst AG3 are provided by a

variety of techni i -hel tibodi.es are sel ected
y 0YRshan 3RFH[L ggaups? A@"X(r)er ﬁgﬂ%{%@%ﬁ‘%ﬁo& l?ecgmg

by conpetitive binding 5 experinents, e have ‘the same

epi t ope s¢reeitcdbplpy. §smahpman iibbdies arosdeteddiytcompenjtjvesiratingas one of t he
mouse 4rongelenals d i hed i Xl . Hupah antibodies can al so be
screened ?%r a part ?‘?ﬁf"é@ tgg{la?%?é@%g%a%l%‘)ﬁpte?ﬁg& TSI RGBSR P8 fragnent  of
A(3 as t hantibpdi s enoncafdicomolyy ngwpdemlydysaived bobhaaplakhi Miahana col | ection

of deletign Human _ant.i bodi es prefer.ably have isotype

speci fi ci %%%%ggi %&e.ny{%r a%?%hg@r% W&"ﬁ%ﬁ%ﬁ’gﬁs HE 528D appr oach and

an exenpl fgmeapediAfF asshoimmarogae rnd/GRAZckeniigintbseies hdhidsha Solleppheach have
da

been descrihed by Oestherg et al.,. Hybridoma 2: 361-367 (1983); COestberg,
U S. Pat e%‘ilg%.m%“égfi,@fs : “éﬁﬁ‘c?“ﬁh‘bq“’éﬁ’éﬁ”g]?YQ?YC,‘SQFB’CIﬁQF gitypugsm 666 (each

of 151mhi&lis incorporated by reference in its entirety for all purposes).

The anti body- producing | line tained by this nethod are called
triomas, because they a?lgell é%ac'gﬁ‘g%ﬁ’?‘?gtyomthree cells--two human and one

mouse. Initially, @habiiseppabiDmR dicR@nplhS cEVARGNWalihkr e BRI Bk Y TPhOCYt €
to obtai n. g .non- anébboq%égg oduci régltgéeno eneic hybrid cell, such as the :
SPAZ- 4 celI™F FRRECHR IR GBE/”@ FHCTESIR Ao B ARSI 8320 cel | is
then fusedcstberd) UaS) Paftnii. 26534 /66 0Rdnd Bnb ¥ARDAGY L ©S Pare R, QY468 (atiNb# DOy -
pr odup ng, t.rioma cel | Jnl ne. Triomas have been found _to produce antibody
more st abl'y o PRAR TOFUT A 76T INdGraL e heae? kReRAsSFUmaRe 881P4Y- The i muni zed
B- | ynphocybésirarcell tibésabratd bl ot iagobheotiedspdRaNbecal ¥Ry Rodes or bone
mar r ow of nor. ..l f antibodiges against..a specific antigen 25 or
| A LAY Lo IR ,
epi tope are des red, Troells TP Spamp ’é%rfdgonfeﬁﬁ%ce%f“ﬁ’g]t‘y’ﬁﬁ’f‘?”é%ﬁ"g?m% % ope
t her eof figrfused 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 biood, 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 immunization,
B cells are typically isolated from a human immunized with AB, a fragment thereof,
larger polypeptide containing AP or fragment, or an anti-idiotypic antibody to an
antibody to AB. In some methods, B cells are isolated from the same patient who is
30 ultimately to be administered antibody therapy. For in vitro immunization, B-
lymphocytes are typically exposed to antigen for a period of 7-14 days in a media such as

RPMI-1640 (see Engleman, supra) supplemented with 10% human plasma.
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i mruni zation. I 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
AD, a fragnment thereof, |arger polypeptide containing AG3 or fragnent, or
an anti-idiotypic antibody to an antibody to A(3. In sone nethods, B cells
are isolated fromthe sane patient who is 30 uItirrater to be adm ni stered
anti body therapy. For in vitro inmunization, B- hOC{teS are typically
exposed to anti gehh¥igimypizd B-ympspcyies pre fé}ggyistoiaﬁerg)gwm stheH Weh RPM - 1640

(see EnglepRn.4 au@aa}lnmét%nmdex%m &1@%1@%%;1%%@1940 6%, The i muni zed
B-| ynphocytes ar'e fused a xenogenei c éiy such as SPAZ-4 by well
€

known me¥® G%ICHF%C@%%\WOOQ ﬁ@)océtlalbgma’ﬂ Erte@';a@’écﬂf %}W‘t‘thS Horso%s!ipol yet hyl ene
gl ycol Qﬁ‘esMp é@%nﬂ@pﬁmxoﬁ%lﬁg%d%YOﬁ%éﬁﬁ%egia stQEtxv%t?%e &3 mn. Cells

are separated fromthe fusion m xture and propagated in nmedia selective for
t he desilvbdds(emybiiToer 418) dClongsiagerging apgibodiysdneas Y8 saairehpinéing i bodi es havi ng

the reql&'pé&ﬁc Q‘a‘}‘éjﬁd&gxﬁeﬁ% %sfaylﬁg tné tﬁ&rﬁa LARRE dnfdi8d fOYn B3Ry I nd e triona
culture nmediumfor the ability to bind to AR or a fragnent thereof.

Tri omas Ppﬁ@tﬁﬁ?&ﬁgﬂh@mnf allhto!rrb@d{@scxfmwrn@ ahgodiesdiavipglthegipariificity are
subc! oned Bitcikng: Lbbhiag, fl il @Dl EENBLANE, BRA QoI DNIGe [0 oul ture

medi um ioma ce i nes obfai ned are e ability to
bi nd AP roelfdnan 10hd wiagmesl litdsebeofed aklthdnaegdd for ihoabistyas bmgeﬂrfiieinacal |y stable
t hey do R { ducfe anti bodies at very high |evels. Expression |evels can
be i creé %5 ‘€’oni ng anti body genes fromthe trioma into one or nore
expressi on vector Altha:gﬂa thdirﬁﬁ&fré)gd’ﬂibﬂgllt/ hebl\ze}cet/(db nbtr;ir@dusé amibadies atmanmal i an,

bacterial_ or. lines ni c Human_. Ma | s Human
ant1 boar S HEHRIEE Rl s AR HRbStRal FPBnE ATORLRE 10 Magent ¢
nmanmal s thiama igo bmmsgﬁae@rﬁsnomdedmgs ahd M&mﬂl@t&gmnﬁ ird stardderdhuman

i nmunogl obuI 'han pcus. . Or Jal céf llthe endogenous i mmunogl obulin [ocus of such
20 transgenl ¢ Hammat s 7' ?unclt Ghial | y inactivated. Preferably, the segnent
of tHe human i mmunogl obuI in locus includes unrearranged sequences of heavy

and light chain conpo Bot ctiyation of endogenous imunoglobulin
B§ P 1:e B0 ol BASLE YR

. . arisgenic
genes and introduction exogenous |nnunogid%ulln genes can be achieved

by targeted honol biyous antuted@mamat APnzan dso tpyprodiceditiors hoohurodn YAC
chr Omsot%%gen;lc-: nelar}irl;lz?lnﬁgverw t?ansng:rrpgsaelncodmg 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 mmunogl 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 munogl obulin genes. The production and
properti es of mammal s having these properties are described in detail by,
e.g., Lonberg et al., W93/12227 (1993); US 30 5,877,397, US 5,874,299, US
5,814, 31 5 429, ; 3,425, US

5 oz5, 128~ R BB ESRniiRd BElBed B ool e e B0 O35

Nat ur e Birotisoirnohogyallstch &%sc(nb@c%)) Lomglarlﬁmhaﬂaganvsﬁngzlml@mjpr@lgg1) (each
of which Qr po ference in i,ts ent ret aII ur poses).

Tr ansgenlffzagrrﬁer(’:tggear?dre% yin%%? i cu%og’ sarel‘fﬁ CF > it | -SIB\%%an i B0 di e@‘ are

obt ai ned xb@mmaﬂ'smrsmzabﬂngmaelbmacrsgem csmgwomivumtwnamm*ralMxlsmah:ch@l@scr| bed by
Lonbesg q_é Kuc% 5 atgb supra,, V\g th A gd or. a ??rren t hereof . Monocl onal
ant i bodi e85 rceBaragd s CT Yo berig iR B.hG folng O SaeH " " HEPmal s to

sui tabl e mayrmlnaadawmehrl mlxmmgcrusag%gt (m;nwallﬂy eudl pokelinalemtibddistcen be t echnol ogy.
5 Human poI onal t.ibodjes.can. also be provjded i.n the formof serum

f r om humeii ‘*“Fﬁﬁﬁ‘?r %HWW%}?W%&%% l?t‘fpe&i?? %fr?&aflwys uch

pol ycl onatagamt | bodi es can be concentrated by affinity purification using
AR or other anyloid peptide as an affinity reagent. 10 (3) Phage Di splay
Met hods A further approach for obtaining human anti-A(3 antibodies is to
screeppa DNA library f(Bpmutgérmgble] Nethb8s according to the general protocol
outlined by Huse et al., Science 246:1275-1281 (1989). As described for
trioma methodol ogy” fethenampreash fas obtepnglaureast aatineélar PadieHis FUSFERSD ifmuni zed

Wi th Al3, piiA a8eptsm hh@&ggrcemcy&@la% kslgs gé&raqmzawﬂbmgne%(@ Mlse £ agnent's or
anti-idi otyglc ant i bodi es ((g)g?)l onal such B'cells are oObtained froma

patient vitheoGigrca4h apdR! ¢ eé’é@@“&ﬁ‘i f%(‘fd}y“% Wétﬁt’fi?é‘?ﬁy, sugh B 9588 es

bi ndi ng tQn A §bt95edaﬁ5rﬁ§g%m,quﬁqfw@r&gsfﬁalgﬁﬁr@%ng%ﬁg&l d&gﬁ&esencodl ng such
antibodies (or a binding fragnents) are thén cloned and anplifjed. The

pr ot ool aderrighdbondiagkgste of anti-idmtyber adibpdiee @ftidneliye michibhcedonatsi nati on wi th

phage- di spl.ay. o irSed 1o ¢ Fn@8 Slire 17271 and
NbCaffert"?/’ %{a?ﬁﬁ%@%@oﬁg% My %&21%9 B ?"é’}i\agé’ggé Us 5, 858, 657,

US 5, 837, Hading t@&ﬂ&f%‘@gﬂ@ themeb S SleB184, S@@erqceaeﬂiwémgmh@htlb@esmmor por at ed
by refer M?dx}l%f}:'é cjlxjelih%kﬁlongcpgnd &g{l]p?ﬁ rzrcocél egcli% §aeb>g§\5{3995,

libraries o ge a e produced ers er ent
ant i bodi esndgredinimet effigightan corpbifhaimegyith phage-display technolo y 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 reference in its entirety. for all purposes). In these methods, libraries of
phage are produced in which members display different antibodies on their outer surfaces.
Antibodies are usually displayed as Fv or Fab fragments. Phage displaying antibodies

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

In a variation of the phage-display method, 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

25



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 sel ected 30

nuri ne andbibedyrdnsa HEeY oscatasdea huinAg he@Y @R diAariabfe rediOfs. X a light
chain variable region_is selected as the st rtln materi a a ha e

library |%’°\¥Bﬁ§frP‘Eﬁc5tP%ﬁﬁ‘F binging En Alsigh st ?aﬂllgpq‘ﬂéy’r ﬁéblsahlﬁasﬁ G )chal n

vari abl e ik Qi@ (The ﬁumaﬂkﬁ%wﬂﬁalm@anﬁgl@'iéél&gfrémhﬁér 13kd theRBva 0L T T €rent heavy
chai n vari abl e region. e%ﬁ%gghaln vari abl e re%lons are 25 obtai ned
i

froma I|%¥B¥%”%$“@é%W95W@@H% erpbagalitedai i Wiadideny saghairems. A phage
show ng Sdifpnd tmma@yl@wmmbf&ﬂgl&(m( ‘?hvgre%;ox@fdellxtﬁ?eﬁtﬁ—o;rptﬁ p{}@' preferably

at least 1 is sel ected human y chain variable region from
this phagﬁﬂﬂﬁéﬁﬁ§é}¥@§dé§”ﬁ"h?ﬂ&hwnwgﬂﬁﬁiﬁgwalTh@h@%emsmvaebkng a further

phage |i begbys ark thglmdsfrérﬁgﬁlgfa}s’o @&%n%%ag&eﬂébﬁ@h%%?aﬁ#%g%ﬁye heavy chain

vari abl e reglon (1.e., the redion I om t Irs di spl ay

| i brary) /g, aPh@Hefol@rlemtrdnloghftlemiandmglﬁqr Mbtee:eheegcﬂ OFheséTptegé dighity chai n

vari abl e s.are bt ai.ned fron1 I|br earr ed human vari abl e
li ght Chal%%%gBQ o 0 “”mﬂgqﬁﬁﬁnﬁns ?é%¥%ha ?5&@%P €5 BUA% ng for
ApareUEe|mwtédsmﬁh&&ﬁn@h&@ﬁnﬂbﬂﬁﬁ&%yaEhﬁrM&ﬁk&ﬁhﬁgh&@kﬁDS of conpletely
human anti-A(3 anti bodi es. These anti bodi es usually 10 have the sane or
simlar epitope specificity as the nmurine starting material. v. Selection
of Constant Regi onvTReshieavyCatxthnt Regibn chai n vari abl e regi ons of chineric,

humani zed, or hu nt i bodi can be, |inked ast a portion of a
hunan const ant regﬁgﬁﬁm¥%3“ﬂ¥§§gﬁﬂT¥@a@Fr%%ﬂ??éﬁPmF@bﬁwﬁmﬂ%ﬁgﬂﬁs, in part,
whet her danbGUVMﬁMpemd&nmkaUmmk&ﬂﬂmmoandkﬁahﬁmhduhamnﬁqg&aﬁad toxicity is
desir i.S0t ope nt activity and
i sot y%ceis '{:8 %%(gog&fi&éﬁgl%fl eﬁ)Q Oss ‘ 0| cgh g?erg’%(ﬁt epc? qer’éeflf ect passage
of anti boeuhyl/qr netlbxlarhediateandmcxtlyiunMuecsdioypmrﬂx;gansot@emoehahﬁ a3 Hakght chain

copstant SHpan EAND S AR KARRG: «0PL RIS, RB0,DEGHRT eosed as

tetraners contai nin eav ai ns;"as separate heavy
chai ns, IﬂﬁﬁtW@%@¢n@mﬂzéyﬁabﬂwtﬁab HE@@bﬁpﬂpe&ﬁﬂlme&utdaBmsmmghe chain

ant i bodi €8,k Wi APFMYmBNCE N GRBAVARbADLSess HOTR NS AT € |1 nked

t hrough a spacer
0  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
expression control sequences are eukaryotic pronoter systenms in vectors
capabl e of 30 trarBfees¢xpregsion vécnc&msﬁeemiéaﬂigr@lﬁkﬁjig/mtthchdxosﬁgarﬁﬁhﬂ s. Once the
vector has, been. |ncorporated ntof.tﬂpf_fehoS %Ho rlatﬁ?gg t he host is

[ exp

) . er as episomnes S. an intégra 0S, mol
mai nt ai ned GAder Condi Ti0nS & d R PB e<¥€ibn of the

nucl eot | deprsBPRORTES coxaaid stlh@xomohdrbm ieqn aami;;lpwcsistmaé ooty gafmytche

crossreactln antlbodles hese iYect typically
replicabl® [ag’c? REPHBEE etc%cno it e ecelE’t“%"e‘ e“|5| stg 9§”8$b§' & an integral part

of thé hasquestes.onosonal DNA Commonl vy, expre55| on vectors contain

sel ection markers ., anpi.cillin-resi.stance hy resi stance,
to permt detectl0%‘Bg’ﬁ%ﬁggﬂfgppgﬂ?$§ﬁ¥f%?ﬁ% eﬁ#ﬁﬁ &W gd@%ﬁNéd DNA 5
sequencesequences of the p&s@nmxthﬁaweiobes h@&tas pamtareuls@ﬁﬂew geeful for cloning
the DNA sequences of the prese i.nvention, bes, such as yeast are

al so usef 0P ¥6¥- “&% ?8§§f%hsagﬁfﬁﬁgﬁﬁﬁﬁgﬁévf Sél %?%VY Vygast host, with
sui t abl e expetstinsohtedl sétiendR¥ RHh@SigirdT rediohtloal teﬁﬁlﬂbtﬁiﬁ(ée@en&ﬁ a6d ihg@iliRe Of
replication, .ter i on seqguen nd the |ike 10 tgeswe Typi ca

pr onoter ?B?F(’:rfegdg’l'péc WB%H&%PW ?SPEOSI?F‘?%%%”‘ a5t VOSPYEP ™ enzynes.

| nduci bl enye®st Ijducbltyesss ploadtdidRcluafapgngbdies Sprorﬁét@ﬁlﬁo@{ slcdhHobm al cohol
dehydr ogenpas i socyt ochrone C, nd,enz € ible for maltose and

ol act ool e Boaeh SRt & Pt e e R aP Ao BLE T br oy o5si ng
nucl eot i deilisegnents 15 encodi ng i runogl obul ins or fragnents thereof. See
W nnacker, Fron1GE es t A nunber of

sui t abl e host ceII gmb%géﬁvé”3%k§h%vﬁi#ﬁ@w“ﬁﬁPaB?dﬂﬁggf%Fgﬁﬁus prot ei ns
have lbeerendmvrej iﬁm&doglﬂblﬂlheoxaﬁ‘riomeaxmmm@ Seewihexlee | HrothiGeass to Qtaes,ous COS

I |1 f bly, th
Coll's | ardCRbiTngR: \Bpmator TR S BRI { Rl datt B EERERRAN LS 1
expr essi ontacidxntcm(higOQ:{)prsequem@etsaen serclvpasginghe m lagd mclofie CES) defldineon, a
promot er ’vaﬂgus%wga&%{neg S‘e‘:ﬁg @%I?SOL%EUS’ and 'nWJ}é cel% Bgé/s'. P?e%r‘a"gly,(t%gge@s) , and

necessary processi ng
are nonhuman. Expressxon vectors for these cells can mclude 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 transcriptional
terminator sequences. Preferred expression control sequences are promoters derived from
endogenous genes, cytomegalovirus, SV40, adenovirus, bovine papillomavirus, and the

25 like. See Coetal.,J Immunol 148:1149 (1992).

Alternatively, antibody coding sequences can be incorporated in
transgenes for introduction into the genome of a transgenic animal and subsequent
expression in the milk of the 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 trans(erred
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, cytonegal 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
translgeni“me&asi awxurﬁpﬁlossuhseemﬁmt el @XPP &SI NpbdBctidAehiblidiks &fvu)tahe tranglgeni C
ani ma 741, 957, US 5, 304, 489 US 5, 849, 992 Sui t abl e
transgenggwpﬁéwgﬁgo%B qﬁﬁm§é Letheres plgr hastsg e mend’ KA (s raioeRai ns i n

oper abl e nlaniikaige calis i aiepEOND bEFol Aiehes plaespat fikloaMpasdrRary gl and specific
gene, suc](}_Fas casein 49 beta.l act ogl obulin. The vectors containing the DNA

segment s SBFUORFAEPRAN BB {Set SnFiaty: SAMPE ok iseah St EPT by wel | - known

net hods, peependiofgatsgedibenitndRerBfgeaed dadlbamibRsHecteddGfio r@XRbLEsy&al ci um
chloride transfecti on#a]?jg)ctgmmnl tilized for ﬁrokaryotr c cells, 27

wher eas C&FE WRBRISH § BHPRE AL cMBVRRIE SEPEHE bt e Prfgéetdhon,

bi ol i sti eslisafan¥efréd mtdrasgehtdd wagkecti on can be used for other cel | ul ar
hosts. Ot her nethods used to transform mammal i an_cells include the use of
pol ybrene, protopld&t KRIEFSEh, 2n11R99ess Gprele Purdied @eqorpes Wsiaadard and

i cr oi nj @edck@Res(cF &R QENRMAINGHPLIEPRIRornloldhn chr%h'r@trogr)a hy@&l 5 production of
trans enrc ani mal s, transgenes can be m croinjected {) ertilized -

oocytids, clegiorbasisang WESF%GF%%@G“”MSGOE%J n§éaie fiw fW“@’hﬁP?bﬁWé’ cgapm cel | s,
and the nuglieg2)pf such cells transferred into enucl eated oocytes. Once
expressed, antibodies can be purified according to standard procedures of
the art, including HPLC purification, colum chromatography, gel 10

el ectrophoresis ang the:dniléfe’r&@g@ general |y, Scopes, Protein Purification
(Springer-Verlag, N, 198% .. 3. Carrier Proteins Sone agents for inducing
an i mrune response SERMEEP R Ctrh’éj”&‘ﬁéﬂ)ﬁ?‘?lé‘f‘ere%“?p‘ioﬂﬁﬂéhﬁf YPrIPRAGCi ng an

| MUNe r eppspRTe: iAPRINASH iAMYhOIcthol @PRSInkSanIbid AER sl PGt SRR sl B8e
i mrunogeni c. | n thks situation, a peptide i munogen can be linked to a

sui t abl e "EEFPFEEPIC: (it tHatp acl?cﬁ’“‘é%”rl”?ﬁﬁ&‘ﬁfé“ 2RO GR%E. o aeifiRRisIcaTTigar ri er s

i ncl ude seheﬂﬁtl&drtbmmnhﬁmc keaydned. Surthblﬂﬁﬁﬁeﬂﬂerﬂmmﬁa&mﬂl alburiRENRGeReUl i N
nol ecul e tet anus or a toxoid from

ot her pa?lhggg%mé)g KAt é@?&”ogl%é‘ﬁ ﬁlé’réﬁ‘il hEREM %b‘ﬁ‘ff ovalbmin, efigher a, or

toxoid, or a toxoid from other pathogenic bacterla., 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: HA3p7.3;9 PKYVKQNTLKLAT

25 PADRE (common residues bolded) AKXVAAWTLKAAA
Malaria CS: T3 epitope EKKIAKMEKASSVENV
Hepatitis B surface antigen: HBsAgjs.2s FFLLTRILTI
Heat Shock Protein 65: hsp65)s3.171 DQSIGDLIREAMDKVGNEG
bacille Calmette-Guerin QVHFQPLPPAVVKL

30 Tetanus toxoid: TTgig.ges QYIKANSKFIGITEL
Tetanus toxoid: TTge47.967 ENNFTVSEWLRVPKVSASHLE

HIV gpl20 T!: KQIINMWQEVGKAMYA.
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20 H pylori, or an attenuated toxin derivative. Ot her carriers include
T-cell epitopes that bind to multiple 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 PKYVKQNTLKLAT 25 PADRE (common
resi dues bol ded) AKXVAAWILKAAA Ml aria CS: T3 epitope EKKI AKVEKASSVFNV

Hepatitis B surfaceanti0ens,HBsAnk, 28 Elh- TRk ulialcghogk,Br ot ei n 65:
hsp65153. 171 DQSI GDLI AEAMDKVGNEG  baci |l e Cal'nett e- Gueri n QVHFQPLPPAVVKL 30

Tet anus t @¥irts s OL-944 - Qylakh\NBKFIdes, TER, i alhul), Gd% 688, andT947 967
FNNFTVSFW. RVPK HLE Vv 0 .T1; | NMADEVCKAI NI YA, 28 (xher carriers
for stimla |§§§§§r§m§n gﬁq():}%%pdﬁaridn}%’r’xulﬁg%'efs}lrb%nsoéerflcn%ﬁeﬁtaéan %ﬁ%eki nes such as
| L- 1, | L-Hnkad angtp(idespiepentdece, trankpo?t acisiNFssudsl-aslddscrichd eSFMabsty, Wwahenoki nes,

such I\/%ﬁyklgﬁﬁgﬁ@gg_?%ﬁRAWES | mmunogeni ¢ agents can also be linked to

pepti des %‘port across tissues, as described in O Mahony,
WO 5 97/17613 and IM@ufofedié@ishts dafmie iakeino cardlge by Shegdn] b sdlinkiked t o
carriers P%{; chem c

_ | .crosslinking. Techniques, for |inkin n 1 nmrunogen to
KRBk M e GR VAT BRESB A0 HPRTRATE® (e (ARSASE8 O Ede

a carrier
N- succi ni nikeyds-uSing Ry Einhiliylt {20y iy 1odi o) PabRn SRIDDP) andsstiagiigyimi- dyl  4-

(N-mal ei m domet hyl ) cycl ohexane-| -carboxylate (SMCC) (if the peptide |acks a
10 sul f hg@\f'wngﬁ?‘\éﬁ%?%}flkﬁyléog%‘ﬁ“% ¢ EW?ﬂ%@%ﬂécb@%e@ﬁd%lﬁcﬁ dcysteine .

resi due) . sulthgdrel gredg e &in be pRAtdRd By dd‘icsukbrfdfdgyhéiﬂmggu@ietm%emeagaﬁmel \éeshand
peptide cysteine resjdes on one protein  and, an am de |inkage through the e
-am no ongr&at"f 9&5%@& 2Bt RRAveqnt S&hﬁeﬁﬁndgqﬁiﬁ'dﬂ? PHCIBE Faides ARnRaTYERds. A

vari ety ofndsdGhidtsuhde 18@0ahee-{MhabAg 130 rotRf RecdBSRS Frl%ﬁﬁiinm{hérmmn-

Rev. 62, 185 2138?1% . Other bifunctional coupli gg agents form a thioether

rat her th#R"3985 o ¥qie feush HRAGE 2Ndir{Pramerpessart Arsedadter ngrni ng agent s

are commerai at,l1g5 avgEzh.abiher biAReidnaCddugngd oGt Fora a8SbaRS rfier thana

6- mal ﬁ‘lﬁm glocjg roic aci d, 2-bronmpacetic acid, and 2- iodoacetic .acid,

4- (N- il e RO e sy IRy A Sifescatnec Pordaryp acr s aacpamenyallyxpitsbleyl  groups

can be acindiadiedd rbyét COFErNd Mgm kBRI apldi cSURACE BioF cd@ti® kcill, and 2-

-hydroxyl.-g-nitro:4- . . ..

1odoacetic acid, 4-(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 proteins with
carriers (i.e., heterologous peptides). The immunogenic peptide can be linked at its
amino terminus, its carboxy! 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 carricr peptide. In such agents,
the N-terminal residue of the fragment of Ap 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., heterologous 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 munogeni ¢ peptide can be linked to nultiple copies of a heterol ogous
pept i de, agwots Oz"QleéxmrtwrecorravtiSds@tﬁmrtahte ofirepaas 6 Mmminabﬁegm@et @ept i de. Some
carrier L Y2 p nse agai nst the
carrier g@getdlaggl% C‘Sl'tr%igmgusdtggréé rgc p)LIDeflceCI%'fmrP%peil turn ﬁﬁ c”éa?a B-cel |

r esponsefragaemst A hm;orpmmudoge nmcch ﬁnepm peeins sokedmeobdghe acapr-3end pepti de.

Sonme agents of on a fusign protein in which an N~ 30
t er mi nal e‘F‘fs ﬁ‘@%ﬁ??of‘gx gl P n‘ggpg Pt's ”@Tegeﬁ??f‘ﬁh§”f“6alafr3@5’tef"l Ar pepti de.
In sugh me%me fudi rN‘eJn@&ﬂﬁpﬁ@é dfffesdndiete Rhinding rﬁ&ﬁ&mmq;ndéﬁ ggnstitutes

the N-term nal residue of the fusion protein. Accordingly, such fusion

pr ot ei ns exameplafaifesien weteinsai erdusisnd farit fobodedly ARRS folliwed bye an epi t ope t hat
requiresy al residue of ARto be in free form Sone 29 agents of
t he mven%tlp%}\ﬂégs%y (gl:es a plurality of repeats of an N-term nal segnent of
AD |inked at t he Iﬁ:sorec fasionl protainso e Netermoalecgopy oDAB ds faed atés Noept i de.  The
N-term n§1 Yan% L lA 3 ncor%grdat into sutch {\]utm Qn proteins

somet | meSBEG AE 'Af MHBPI8O R SaT CERe gt ThE BTSRRI IFMIND SRRy 4 - 1 5,
and 307 at’ﬁBpﬁ@lﬁeeu{sE@ﬁis Wt @tdtinfial ffsfoag M8Bine Gfsidn AbBins EQARIsEWSI on pr ot ei ns
conprise different N.termnal segments of AD in tandem For exanple, a

fusi on pPEEEIWCRSRIPEGHIKFSE U BAerminys of spdltepyinalssamept pof P owieh By a

het er ol ogpks, m&a&m@eoLaofeqe&tlamwanﬁrn@ﬁs%gménts@M&J&M&Pa' segment of AD
is fused at its NN termnal end to a heterol ogous carrier peptide. The sane

~variety of N term¥rate xegprenaidusiamprefeinspuicaie e ussde thedrvepfierhar€- t er mi nal
fust onS. <TRMPLd 5! QP! ASiof BIRELSS A LELRLQIPUS RERL b ifdul Nked Lo T he

N-term nus of an N-term nal seg inturn 1inked to one
or mibe &udid Foiivaks Neh evdeionatd igdiheAPES B ERD7B,881 amidetd27Sdfte Sexanpl es of

fusi on PEAUGE A AUEAARLE Loheddss ADTLNA b BXONN B BLeCshayel ow. - Sore. of

t hese fusion protelns conpfise segnents o anus 15 toxoid
epi t opes S§deN4asSaesietardespus peptiSetard 06 v& 12 T-¢H e3i7@e884 semamBRod27, 347. Sone

fusion pg tgg@or QIR AA5, S AT Sindl 1R graéé%%ﬁhoanc LdoRlenPERLY des

descri be
to a heterologous segment in linear configuration. In some methods, the agent is

20  multimer of fusion proteins represented by the formula 2%, in which x is an integer from
1-5. Preferably x 1s 1, 2 or 3, with 2 being most preferred. When x is two, such a
multimer has four fusion proteins linked in a preferred configuration referred to as MAP4
(see US 5,229,490). Epitopes of AP are underlined.

The MAP4 cohﬁguration is shown below, where branched structures are

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

core. Such multiplicity greatly enhances the responsiveness of cognate B cells.
30
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5,736, 142. Sone heterol ogous peptides are universal T-cell epitopes. In
sone nethods, the agent for admnistration is sinply a single fusion
protein with an AD 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 xis 1, 2 or 3, with 2 being nost preferred. Wien xis two, such a
mul ti mer has four fusion proteins linked in a preferred configuration
referredptfiqas MAP4  (see US 5,229,490). Epitopes of AD are underlined. The
MAP4 confi'gurati ds.shown bel ow, where branched structures are 25
producedp b ArtTatng tide synthesis at both the N term nal and side
chainsanl es of lysine. EEanding upon the nunber of tinmes lysine is
|ncorporg&§ﬁ into the s ence and allowed to branch, the resulting _
structure Fl multiple Ntermini. In this exanple, four identica
N terninbeq%ge/béen produced on the branched |ysine-containing core. Such
nultipIiC|Qy greatly enhances the responsiveness of cognate B cells. 30 30
Peptkge Peptide KGG 5 KA Peptide KGG Peptide 10 AN90549 (Ap 1-7/Tetanus
83

t oxoi 0-844 in a MAP4 configuration): DAEFRHDQYlI KANSKFI G TEL AN90550

(Ap 1- 7/ FaiSambs(ApdxDT eta®id 1o-9GI/8 30842 iVARAA Blodohfiguratédn):.on) : 15
DAEFRRDFNNFTVSEW RVPKVSASHLE AN90542 (Ap 1-7/ Tetanus toxoid 830-844 +
947-967 in a PPhgarCCarPgir AE T oy : _

Dy EFP. HDQYI KANSKFI G TELFNNFTVSFW.RVPKVSASHLE 20 AN90576: (Ap 3-9)/ Tet anus

t oxoi d 830:844 jn P4 confjguration); FRHDSQQY| KANSKF | G TE L Pepti de
descri beg\?PﬁDﬁg‘A@, 7Hécany t‘(’%‘i’l‘4 gﬁu]hgaq%i‘?léy’k%%w ’éﬁ%rﬁgons) . AN90562 (A3 1-7/
pept iige) AKXVAAWWR KAANDAVEERERY PKvSASHLE

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

DAZFRHDQYIKANSKEIGITELENNEFTVSEWLRVPKVSASHLE

20  ANO90576: (AP 3-9)/Tetanus toxoid 830-844 in a MAP4 configuration):
EFRHDSGQYIKANSKEIGITEL

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

25  ANOS0543 (AP1-7 x 3/ peptide): DAEFREDDAEFRHDDAZFRHDAKXVAAWTLKAAA

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

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

35 DAEFRHD-DAEFRHD-DAEFRHD-PKYVKOQNTLKLAT

31



25 AN90543 (A131-7 x 3/peptide): DAEFR DDAEFRHDDNEFRHDAKXVAAWILKAAF. — Qt her
exanpl es of fusion proteins (inmunogenic epitope of AR bol ded) include
AKXVAA WILKAAA- DAEFRH D- DAEFRHD- DAEFRHD DAEFRHD- AKXVAAWTLKAAA 30

DAEFRHD- | SQAVHAAHAEI NEAGR  FRHDSGY- | SQAVHAAHAEI NEAGR

EFRHDSG | SQAVHAAHAEI NEAGR  PKYVKONTLKLAT- | ) AEFRHD- | ) AEFRHD- | ) AEFRI | D
DAEFRHD- PKYVKONTLKLAT- DAEFRHD 35 DAEFRHI ) - DAEFRH D- DAEFRH 1) - PKYVKONTLKLAT

31 DA EFRH. I) - DAERRMF W MSEINTR pATK PRRIGRT LK L AT
D- PKYVKQNTLKLAT- EKKI AKVEKASSVFNV-

QYI KANSKFI Gl TEL- FRNERERARVOK NS HREATAEKRIKMEK ASSVFN V-

DAEFRHD- DAEFRHD- DRSFRAR SR §ANSKRIGE TEL F ot RNYRRIGEWHRYBIYIASTH E
DAEFRHD- QY1 KANTSKF] G TEL CFNNFTVSFW.RVPKVSASHLE

DAEFRHD- QY! KANSKFPA R R NRICE TR HR Ry BRPSHBQ Y KBASERIBI TEL -

DAEFRHD- QYI KANSKFI G TEL on a 2 br ancRReiF eSOy Rept A sgr g Lys- G y- Cys
pepti de EQVTNVGGAI SQAVHAAHAEI NEAGR é}éS%nucl ein fusion protein in 15 NMAP-4

configuration) Th® BrQYIEAN A oAk I @FNDF SV EF WE.RAPE MEASIHS of | i nkage
can be used for @ﬁ\r@‘}@ﬁb@YIW%@EE@F@ﬁFWQ?\W@W@A@HL@ of

anti bodi es against AR for use in passive imunization. For exanple, AR or
a fragnment linked to a carrier can be admnistered to aDhdb®rtaPory ani mal

in th.e product i OnD%E’ﬁyﬁgﬁ{ﬂe’ﬁ\!Sh%%iltfggi §3 'zg o2 AbFi"anc ‘%d4re|s\lyrg:| eic Acid
Encodi ng Therapeutic Agents _
10

peptide ~
__— Lys-Gly-Cys
peptide
EQVTNVGGAISQAVHAAHAEINEAGR (Synuclein fusion protein in
15  MAP-4 configuration) ' -'
The same or similar carrier proteins and methods of linkage can be used
for generating immunogens to be used in generation of antibodies against AB for use in
‘passive immunization. For example, AP or a fragment linked to a carrier can be
administered to a laboratory animal in the production of monoclonal antibodies to Af.
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

28]
wn

immunization. Such nucleic acids can be DNA or RNA. A nucleic acid segment
encoding an immunogen is typically linked to regulatory elements, such as a promoter
and enhancer, that allow expression of the DNA segment in the intended target cells of a
patient. For expression in blood cells, as is desirable for induction of an immune
response, promoter and enhancer elements from light or heavy chain immunoglobulin

30  genes or the CMV major intermediate early promoter and enhancer are suitable to direct
expression: The linked regulatory elements-and coding sequences are often cloned into a
vector. For administration of double-chain antibodies, the two chains 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 encodi ng segnents of Af peptide, and
fragnents thereof, other peptide i munogens, or antibodies and their
conponent chai ns used for passive 25 inmuni zation. Such nucleic acids can
be DNA or RNA. A nucleic acid segnment encoding an imunogen is typically
linked to regulatory el enments, such as a pronoter and enhancer, that allow
expressi on of the Dhbmbeglieind vediot systeind bendathblangd@linCrlrbsraPbysamspat i ent .

For expression . n blood cells, as is desirable for induction of an inmune
respongejwﬁfﬁﬁﬂfg?w %qﬁﬁﬁhﬁﬁéﬁggré%ﬁﬁiéeV“%hfﬂP6ﬂ99Qﬁ9ﬁ%é9?uﬂﬁ§in

[ mhrunogl obtbrs |(1se§@.gg,éhﬁ&t ﬂ(rj,_J.t Heol GO 50Rj QQ?i)mtaaéx{rl]S%%q%ta%dgﬁqﬁlk VecFUer)t er I and
enhancer are sujta to.direct__e ssi Qn., e |inked regul atory el enments
and codi hGOSE I & ﬁaféa8fygﬁlg?ﬁﬁ%z?ﬁﬁﬁ§"QTV§E¥bﬁ@nﬁﬁﬂxgdﬁﬂﬁis¥ration of
doubl é- c laiwiignibdiddivess ant e &vis@ poRairisscant Reied eageheialphhheus same or
separate vecto%s. 32 A nqgﬁgr of viral vector systens are avail abl e

i ncl udi ngSTREVEV HiFe druedirem Siudbss and Sgmiiky Egfesf ¥irasea (s i, Dubgrsky Qpi n.

Genet . Deval dp¥ira3,70]1808-51091995P98 jezudalefvie entephMRELALS (sESES, €. 9., Bett et
al ., J. |Qg$7 67&1?3%é§é1993é2; adeno- assocj at ed Virus vectors (see,
e.g., zhaf*&p7ypend it ses asjvpgiculangeomatiiggiyy (seq VOA6/3/68 D8k from t he
pox fani ]Icpypiﬁorhdg.@ﬂukﬂﬁi(?@s & AL G B @ér{eusze@gﬁ;l GFjE?hﬁYi(@gSP%o\éétltaHS@@’S_ Vijlroal g
vectqrs fr t he  al Vi r.us enus such as ose derive rom Si ndbi s an
Sent ilB; ﬁgﬁgé%hw%@éfz B(@Qﬂ?aré‘%g’?{ Asihefexyt 26802622 196N rol . 70, 508- 519
(1996)), Venezuel aINg@HioaRzRAGERNAbdch! & aWebMdScdnt@BndtRe sand 4 276) and

r habdovi ruse ,.su?h as vesi.cul ar stomatitis virus (see WO 96/ 34625) and

S
papi | | orBtSFerddao fipppamst. Jfitable lipids andpeiatedranalogsyyre descnbeg byd3s (1995); Woo et
al ., O 30208436 2329,688)d,2X9,883 £&dBl, ZIASFR Y NIRIBE ONACIRESdindRES- 24, 2630- 2622
(1996) ). .DNA encodi an i nogen, oOr a vector containing the sane, can be
packaged THIYE T Fo' §.ad5§gydé‘b TSPt wishepri@lakt SeFican skarpesfe descri bed
by U$5 5m2Q8,0BGle pblyRfathybh8hadoyl2iéDoBadradid paly288det 8Rd po\{ﬂgcgﬁesc@nd DNA

cncod o BRpLTYR00E Ean 20, by, sdeorbel Lo or assblated With e
pol yners and pol ylGeot itdepy aedorpot ydkeaDiNdexndedeligltedaohivdas) , see, e.g.
e, sy BSR40 RS AR et o, N e
by syst effitevadni, mitsperadrcalnndsal, gasiric, imkdaweh ausmuidatar apederhangal , nasal ,
gast er C, 1r!n]a£r%1%glq5ﬁ?ilm) oirrt]cgpric%pyp%ﬁgz!tlao%’(seselé%.,%é.r?ﬁ%,ﬂ%). Such vectors can
further include facilitating agents such as bupivacine (US 5,593,970). DNA can also be
administered using a gene gun. See Xiao & Brandsma, supra. The DNA encoding an
Immunogen is precipitated onto the surface of microscopic metal beads. The
microprojectiles are accelerated with a shock wave or expanding helium gas, and
25  penetrate tissues to a depth of several cell layers. For example, The Accel™ Gene
Delivery Device manufactured by Agacetus, Inc. Middleton W1 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 95/05833).
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 celis into a patient, usually after selection for cells which have

incorporated the vector.



20 intracranial infusion) or topical application (see e.g., US 5,399, 346).
Such vectors can further include facilitating agents such as bupi vaci ne
(US 5,593,970). DNA can al so 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
dept h of jgegefahin€ Bhlibddd¥EsrCiedrial AR¥APl €, The AccelT" Gene Delivery
Devi ce manuf act ured. by A(%acet us, Inc. Mddleton W s suitahle.
Alternatively, nakéBe lea AroyidesMEHP ARG ACTER T A ARHO N OIACKYHY 18t r eam si npl y
by spot t idngrihfien &MWAoRIdePositDk by dhdr Anttd28 Br@dociafed BRIdYAL &iky, kdrr i tati on (see
WO 95/05853). In a further variation, vectors encodi ng] i mmunogens can be
del i ver ed*1ieh cleing a4 dsdssirtsh, Tosaer fs bty SeuRP raATBE!ddRtieth i ndi vi dual
patient  (tBs@ samb¥HROE YlafSof aBPRi@t wiRALAWRSPHTSEE 86 antan S8l GrobéiOPSy) or
uni versal donor hematopoietic stemcells, followed by reinplantation of
the cel | favineshaagatstietzheinsuapaiplegsronisiedetiibahiagsyticets beapg @h have
i ncor por gicgeebe MELLQHicrodBallcbils; amdGhESMbOG, VAt LAGH £8edith ili@8r i Ng Activity
The invention provides nmethods of screeni ng an antibody for activity in
cl eari ng T PARRFYEF eFldEpLRA A Prsparaplur e s ey, a6V -<SoRt.af €HPbi ol ogi cal
entity, fiorn JhleGheitddagand Ao RAdrtVre Yorhtsind@il af 18drosddde S6deAE Mucfi@die ACL I Vity
agai nst an anyl oid deposit, a 5 tissue sanple froma brain of a patient
with 1 zHerresers mpyease Brsoma meRicAnmuRieIcactivay ph cpeciapedde earpldd | ¢
Al zhei merj sheRAIB O QG crbBeCRIH af LR Wb hia:, RREGLAY bl GaicelrhisoREpL difag an  Fc
receptor, such as mcroglial cells, and the anti body under test in a nmedium
i n vitro.cae bp@opaigbiyths epaaleville R 2 Benmaicippopirdptes et l9rreatonctyascel | 1 ne,
such as B34 deBei¥h ofp hhlBe uded. PRASHY > B Shea LRGN SRTPRARR YAl ©
conbi ned on a microscope slide to facilitate 10 m croscopic nonitoring. In
sone net HEPSNt ehamyigd depogisistthoinyiten reaqpier MixwEdsiarking femalbeseling veluche wel |'s of
a MM cfs0t igefire the$thetid S Yedle@icd AT BLe ordn FERAALR Bl ahdi-EiTh cgscope slide
can be nounted in the separate wells, or a nonm croscopi c detection format,
such as ®ElsDa2abe d¥eqieshbiotaimng femabrleusier lmeteriatbplledensbedyas of
measur erref([g Sr dtﬁer@ﬁl?or@h (.rny?n lmws.ﬁhemtﬂy'¢sgﬁﬁp§bﬁﬂnlg@nag'la?m'ay' vi t_ro
reaction mxture, startin Tyroma basel i ne value 15 before the reaction has
pr oceededot Bl e @rihamidodsepinaveituddsr deprpagetiviie. eadiclionrelalveto ant i gen
can be d%%%@@m%/g 1S %a&!o‘ﬂg)’ftﬁe%ymbﬁus i:‘ﬁﬂ_i@atfhsq}]aft kﬂé%%g?ﬂﬁddtels@bel | ed
anti body to AP or other conponent of anyloid ]p_l aques. The anti body used

1 .

for s40qi maﬁ@lew a@}iviﬁ,@_ySuch antibodies 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-ical 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

antibodies for activity in clearing other types of biological entities.
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The anti bo can be direc iIcar entity

ant i gen moeﬂeéb@tﬂ)gmkdmtltme cognatiby with t}tehelagcamxecclkm(stca,aetg dixamblke object is
to tg Lgt her the biological entity is vicariously phagocytosed with the
ant i gen ual 'y, 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 ogi cal entit and/ or the associated antigen, if present, remaining in
the medi d¥n i sPAREARORMESYARIE FO TREATMENHR i n the anount or concentration

of antigen or the I@%@thaﬁrﬁglel% Qéﬁgkrﬁ%d@@tn&%duélyau rﬁb@f&l&% LUnLI ndi cat es
the anti body has a clearing response agal nst the antigen and/ or associ at ed

bi ol 3§i c&P! BAVINE §YTPOBSIFS (1F8 (2 BRICRisPrFserhey Sb%‘a’@ééymp‘@méelnl the ¢aseef e.g.,
Exanmpl e  almelfbys disease, 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 especially 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 671 referred to as the Hardy and Swedish mutations respectively (see
30 Hardy, TINS, supra). Other markers of risk are mutations in the presenilin genes, PS1
and PS2, and ApoE4, family history of AD, 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 |long enough. Therefore, the present nethods can be adntnistered
prophylactically to the general population w thout the need for any
assessmentp oy dDe  [ias e } 8L pakle T met hods are
especially use‘%ufhcg or Kleﬁsg’ifrﬁ u%ﬁs(g@v\ﬁotaﬁog% [1}3(\?/1% gﬁﬁﬁ%ﬁfé@neti c risk of

Al zhei nerdesregticd 8842 lev8u signifnthe prederat of Ahc | Indieidhdosdfehayfrog  rel ati ves who
have experienced this disease,. and tho ose risk.is determ ned by

anal ysi s ’{‘)l B T Ny ee%a%né)lsedrpﬁr%g}ﬁw C(?é?{éaﬁsélsﬁﬁﬁg& gheof ri sk toward
Al zhei merExamptts sedse | ncl ude nmutations in the APP gene, particularly.
mutations at positjon 717 and positions 670 and 671 referred ta as the
Har dy 5gnd Swedi sh MATEPPGAEYE %asfggté’ttf“\?&?}“ EUREEEG B Y (&5 {\QS?O’S’ﬁbr a). O her
mar ker s offsunils khoaewer, it abi rebssdri td teinecagadit Lt aganes reallBs k0, sangh PS2, and
ApoE4, fam._ly..history of AD, .h rchol est erol em a of . at heroscl erosis.

| ndi vi dual’dCpF E&E} P& ‘E’H‘lﬁ\éﬁﬁtﬂpgﬁ‘?%ﬁ%ﬁéivﬁ’e"rp?oﬁPé‘é’ﬁ%e EUREBE ecogni zed
from chateagdrgtbiet by GssdGAR Aititddy, &S a0Bhiled aScclle BRreBse&p6Re Db thd Sk factors
descri bed above. In addition, a nunber of diagnostic tests are avail able
for i dentPFHRSHYC 75581 Ficdd REPUFHS OKevEe3 5T Wi respriese dalls richogster deeagg i enent  of

CSF tey angicARY2nhievalsof pElef¥VATRANAYn AR08 plRaledsetnd342hevel s signify
the presence of AD. Individuals sufferi n% rom Al zhei ner's di sease can
§

al so be AUGABLERY HMipEIRDRS BriepRitic d8ud 1qiihs Epdeeer Aty REer Banpl es secti on.
5 In asynptomatic patients, treatnment can begin at any age (e.g., 10, 20,
30). Usuglly, however, it is not necessary to begin treatnent until a
patient r achgﬁfg&gﬁjr REGIMES 70. Treat nent typically entails multiple

dosages over a per iDstoftyldctioBpplids@at, PBRim Lalical 8 mpBIMidno bededdarRESAY 1 NY
ant i b?sdy, or acti v%t ed T-cell or B-cell responses to the therapeutic agent

(e.g. > ARTPRPRIPGETAdS 8 patignhausceptible iy of abpafiat fialt olsAldriBgosiigascdBsage i s
10 i ndi caidrethouhtbufitte:nt @SAintiatPariredict ale rMWBssen Gy BSlefFEoRRIL @t S, treat ment

can begin ante a%iagals int?: admi.ni steri 1 g}heg apeu i.c .agent to the nother or
shortly aft eP bFer AS %// E&[H\?ékﬁm‘lﬁﬁél%ﬁ B rf‘“BPb HoY 8’%[3?%5“%"[5‘&‘1 cations,
phar maceuthk datas€ dpasplidaGars aod inte@thediaapathslogitd phenadipdiestigy ®eng 0 a
patient SERES r¥1<i:nl? lo?th%%iseaos{e. l(?lttpeerg;\algugceapaﬁ icgtixo%sli cgkbos'iafllozrlpgri xgg iéa%tsgl}esease In
20  administered to a patient suspected 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 intermediate
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 émount adequate to accomplish
therapeutic or prophylactic treatment is defined as a therapeutically- or prophylactically-
effective dose. In both prophylactic and therapeutic regimes, agents are usually
administered in several dosages until a sufficient immune response has been achieved.
Typically, the immune response is monitored and repeated dosages are given if the
30 immuhe response starts to wane.
Effective doses of the compositions of the present invention, for the

treatment of the above described conditions vary depending upon many different factors,

including means of administration, target site, physiological state of the patient, whether
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an amount sufficient to elimnate or reduce the risk, lessen the severity,
or delay the outset of the disease, including biochemcal, 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 ithe patientdprbuman @uh higiabpthet medigatens edmiatstdr@iastd whathdr alehynear rest, the
synpt ons . i hi i gal . -histol ogie and/or behaviaral),
i ncl udi nggho%ﬂ}g%%%?)?g‘gtg%%g Qﬁ%ﬂ h@grp rart\éf%lt gstagm%gﬁt% Htoqocr}é‘ilmciﬂmpﬂeﬁgt ypes in
devel opnentludfg trirsediicwasmals bm denkes metddo dsqatracimilpdagesratd orbe t'mfatheagent
reduces -1 Nit | i i t 1R patients. .that have not yet
25 devel apSE e RE RLy InUAERS b KR oTRE R R R R ikt Pt o 1 o
accond i shalst hémiaptmd witbhighrapbageabtingreyviedtimgntabieacdefddnsdntagha o _
therapeutical | y- or prophyl acticall.y- effective dose bot h prophyl actic
and t her apeut # %’farne”éllmneo ,enéogr_ean SR lgrﬂéﬁléfft'lnifs MG f”‘slt'éé(_gﬂg PH p§§%ral
dosages Utintor@usillf frémh SrB00 L EUNRj 86PN S EnfiAsinhigeride hioeMeRnallyT¥pi cal |y,
the i Mmune response is nonitored and repeated dosa%es are given if the 30
i mune 1 SYpEASECS hr'tae b6 NigtHen isepré cliRe lnekws 19120 Hhord@Rpads biedns of the
present i@ayventh@han hiREidNEhe 2SS MBMunBled & fboYUe 886k dDad, %gnd' tions
vary dependi ng upon many different factors, inhcluding means o
adm ni%t ramrpAgenicapgere sitiethe impynedesdp drimast eftismpnogdes pathotnt , whet her
36 the patjenly, 1@-3mimeronms%@smhmgt%@%n diGaLd {%Pﬁ]i?g Rigrtered, and
whet her treatnent _is prophylactic or therapeutic. Usually] the patient is
a human bDRMYTEEHu fkA “WII@CC“PH%‘FWWQS}Wféﬁ*i’@@)eﬁp@ OWYSIOCCHW al so be
treated. JEheal iRBh dEQ3AUESadIE8 Mkt Ry Bt blibdgd 88mtRogRtE PiZe ypal ety and
efficacy.” The anmount of inmmnogen depends on whether adjuvant 5 is also
adni ni st etEREe IngEHEHIYhere/proiseiad upeallbigraatse thian 4 1izipatipe iBdshenuids of _
adj uvant . : t %mw . I mhni st ration,sonetimes varies
from %‘50a6£lf}gm6@§9}5§talng rtthQ%th rml? %&t}}seﬂgﬁ@g?arl 15%@%&5"?8%“ gp ?rmelnnj ection
for hunaninaithrbeinst piztdjiomnt. Gogkisil orginky coraistshvl ghenmdiseonfollbw2d g per )
| N eCti OMygoSeiSRetionl WPfehlohaRDAh ad8welin i OTa kA ¥ichéh 4458 of OT each
human injection, The mass of | nmmunogen al so depends on-the mass ratio of 10
i mrunogerrdmapinizatirn fpllewidbytbhestiringpiingen. 1 endtiRenomiisdatof. Anotenogen as a
whol e.  Typheakhiis alnjdcdod eé'»é}yr%é%%mg%@'rt‘fe. oL 1d-ND0GRNALE: GRLEGRE are used
for microgramof inmmunogen. The timng of injectiohs can vary
si gni 30 caitpiby o PR iFcEHeEbaals @uipdicetgd Bnaendoringedpmmues gfvesa decade. On any
given day that a de§ages:fimhMUACHEHit $n HibEaY, tleNBsage ranges from about

0.0001 to 100 mg/kg, and more usually 0.01 to 5 mg/kg, of the host body weight. For

example dosages can be 1 mg/kg body weight or 10 mg/kg body weight or within the

range of 1-10 mg/kg. An exemplary treatment regime entails administration once per

25  every two weeks or once a month or once every 3 to 6 months. In some methods, two or

more monoclonal antibodies with different binding specificities are administered

simultaneously, in which case the dosage of each antibody administered falls within the

ranges indicated. Antibody is usually administered on multiple occasions. Intervals

between single dosages can be weekly, monthly or yearly. Intervals can also be irregular

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

<
sustained release formulation, in which case less frequent administration is required.
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dosage is greater than 1 ug/patient and usually greater than 10 jig/ _
patient if adjuvant is 15 also adm nistered, and greater than 10 ug/pati ent
and usual ly greater than 100 ug/patient in the absence of adjuvant. A
typi cal regimen consists of an inmunization foll owed by booster injections
at tinme intervals, such as 6 week intervals. Another regi nen consists of
an imuni zation followed by booster injections 1, 2 and 12 nonths later.
Anot her Dasggermpd freqveadyl virndepenging o tn ha-bifeyof tiwoantibodyhis teqratidntf o,
Al ternati , 229 (] QR b n 'rre%l I, IS as
i ndi cat edg\é‘gé;M ’rr}%)nl t%&%&s%f ﬁoﬁlsn#}rigrll%grgsgls]%gﬁfseég“gg?@g)ég%ﬁlve Fr%rnﬁhb%?%lti on with
an ant i bebineric hetigdisaged nenigemsn intgiediab olite dofagd@Od fiequeh@Oofirg/ kg, and nore
usual |y 1.t0. Lkq, e S, ight. For, .exanpl e dosages can
be 1 ny/ %Sgélé%lgu%e‘ir%ﬁéqo%ﬁgf@%ofl Eg““ Sgﬁg&éﬁﬁ% loPm\Rn%fl?ﬁnﬁ “t he range of 1-10
my/ kg5 Arthaspentyl. dn prophattivepplicaggpsneretitvey leov dobapais simadsteond aonce per 25
every t . 3 ) > O verye3 to 6 nonths. In. some
met hodsw%l%%@ﬁ ng%’%lrg@q%%ﬁggﬁgén%l lgéﬁﬁei”%ga?teuge'v& TR B F % ondi ng
speci fi cirtders traztamentdnd the stseofalkir Siesulnttharapusd spplicaionhiackatabehitihe dosage of
each anti 1. red falls wthin the, r es indicated. Antibody is
usual |y gg%%%?@'g leq}r“g:clfs %ﬁnﬁgtr?lglﬁllsesoénéérggsi rgﬂuslfedIuﬁﬁg‘?r\cf%ffssslonﬁgg\fgésﬁasgi ngl e
dosages damdived peekhiyatedrond pleferably yredtHeyatidnnstemsalagiatarcoapke be irregul ar
30 as;,i ndj ] i bl.ood | evels of antibody to AD in the patient.
In sglr(r)e %ﬁ%‘ggs“%ég@éesi"g&ée J ?jgﬂ’é:r o %(”: ?tgr\?/tec arég%f(}/ 1r’3rl§teéeﬁtai body
concent r ardpbplagic régih®00 ug/ M and in sone nethods 25 - 300 ug/nm .
Al ternatively, antihbo .be .adm ni.stered as a__ sustainedrel ease
formul ation, in whl?ég “g%ég)ga?lgg(gg% ?né?qdré%ﬁm”élalﬁ%%qsg?”rgﬁ#ﬁoglnabfgtqroé’éd? red. 37
Dosage arick, i 0GEugiero§ mgat yg tepemd arg0-600 ith ®Nrapdrpaiiéne Dbses e anti body in the
patient. .Ifn . gener]al ¥ humargr a%d' F(R)di es show the | ongest half life, followed
by humani'Z&d °ant T bodi €8 &iMhEr 1> St HodP¥s Pafd nonhuman anti bodi es. The
dosadé and fr equensgencifoaditamgstnriahniuas reepohsyanybedapandtagbyon whet her the
treatment_ | hylactic or 5 therapeutic. In praphylactic applications, a
relatively' cﬁ%v?/q’g(gosl%éjé&fage? rsﬁoﬁ?lsstug?ué “at ’?t{aala%?rra\lféﬁgr/%fw equent intervals
over a | amgppépiet ingfandsthe inBomscpatrient Sr pophyilaie ahdor theeguve treat ment
for the hesinel Bk db¥aSoud B dNEHARAYA LEARRLLCALIONS, (@ el atively high
dosage at relatively short intervals I's sonetines required until _
pr ogr essisapruighequpeltipugleaiber roiitss cradacedt!lpefftatived bt matt masidopmefier abl y unti |
the patienl. shaws,Raktialk | Qe |QF AL4-.90, 0 tons of _
di se%?e. Tﬁeer elaf t eurQé,%rt ﬁ‘g %g?'eﬁﬁ%a‘ﬁ%ﬁ‘é’}eaég‘nnﬁ@t et?élcclag Pe%r"%%"ﬁ@? {a%é:tl C regine.
arm or leg muscles. In some methods, agents are injected directly into a particular tissue

where deposits have accumulated, for example intracranial injection. Intramuscular
injection on intraverious infusion are preferred for administration of antibody. In some
methods, particular therapeutic antibodies are injected directly into the cranium. In some
25  methods, antibodies are administered as a sustained release composition or device, such
as a Medipad™ device.
Agents of the 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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Doses for nucl eic acids encodi ng i nmunogens range from about 10 ng to 1 g,
100 ng to 100 ng, 1 g to 10 ng, or 30-300 g DNA per patient. Doses for

i nfectious viral vectors vary from 10-100, or nore, virions per dose. 15
Agents for inducing an i mmune response can be adm nistered by parenteral,
topical, intravenous, oral, subcutaneous, intraarterial, intracranial,

i ntraperitoneal, intranasal or intranuscul ar means for prophylactic and/or

therapeutlc t.reat. he nost, .t R route of adnpni.stration of an
i m*runogenlmb1<'r;113(f:;t'e°rr11tWl apegtl et gr%é&s% }fﬂoug OtREr ou reege cegm be equal ly

effect|vemumhmnmgx¢mnmsmnmanmnpmﬂeur@MHEnmngnmnanuauuh@r |nject|on Thi s
type of cti.on.i s nost .pi_cal n th nmuscl es.
In sone ﬁ%‘%fﬁwgonﬂéﬁﬁl?? ‘gﬁ%eylﬁlﬂlugﬁ%dﬁ gl gﬁﬂufdh?tbvego @cﬁf%?g tissue
wher e demmﬂhﬁﬂabﬁwenaﬁmMﬁuMameﬂnnﬁﬁmx&kan@hmnmnmfﬁmmﬁmmasEkm}ectlon

| nt ranuscul. ar n n |n v referred for

adnmi ni st?SﬂW‘%mB?&ﬁ Habﬁldﬁﬁ @gﬁePP ?hq%g&hggﬁﬁﬁ WFEP(§ﬁ5¥apeutic

ant i bodi &@zsard Ihd)jIeehirch, Mtk now mhmftda,ex@r Sriivron ™ QSsqrea 25 net hods,
anti bodi es are adm nistered as, a ust i S 0Si n or device,
such as "@°WEH EE&C@?E& fespoEn ’Sﬂ‘@&?ﬂ Fﬁg of ﬁ\?@ﬁ Fisroae \ﬁ%&ﬁm ly be
adm ni st efeetbuhdincSyhi Nﬂ'&h@r(seem&nhl atahem Vd@ﬁﬂ& Bedipat THaSeb ki dneast partly
effective jn treatne of a en eas case. 0

Al zhei rrer"“) Gl & éd%fﬁw e“r ”\n/hf& 3 PoTh lagﬁoif%%atea&’éar in the 30

brai np aganvsmf(mhw mxavmﬁm@nu@anmhﬁrcghm raiekm Okttt &4 @enisArecOINUncti on with
ot her agents that |ncrease passage of the agents qf the ipvention across

the bl ood¥¥ SPHSKAT P assq "6y Fté"légfé’ﬂ? gr" (R TAIRMRE T SR™8Uch as

pept i des stimbants GUEL dsRGnopRETDIIrSItIBieA (48 Seourdxt ARLN. CBRgN\UtMeaaBB@djS-@\Yant . A
vari ety

dj uvants can he u 8 conpination wth a peptid such as
AR to e|<i%9%2> éﬁoi}‘nﬁﬁ%‘é’a?‘é§ﬁB§§§’b|3?/é$lﬁDP et CaH GV ﬁ&a‘h‘wﬁﬁﬂfé fhe
i ntrinsi GnkesRANIBDWDerdfuch %ﬂﬁmg%umﬁohmmﬁmmn&ge eRnRbeMRdioaeal changes
in the i munogen that affect the qualitative formof the response.

Pr ef dPr e Raafjaiiaditest raertuge! fleommyonicrsARroReige- didrvants smigm phosphate, 3
De-O 5 a%hﬂﬁ@@ed&@%%@%%ﬁd terla;suudc Lorh PRLENIi S8 8ctfdB a2aR 024 teR! Bl

| mmunoChem  Research Inc, lton, Montana, now part of Corixa).
St i mul onPminggered; sepgratgly, F?fPrtee“rOBé%“&lY wasqrééefo%dﬁgraﬁaﬂ%of ¥l ated fromthe
bark of theagaitiddgapa Saponari a Nbllna tree found in South Anerica (see

Kensil et al., in Vaccine The, Subuynit and dj uyant, Approach (eds
Powel | & Newman, pﬁ@fﬁﬁ?ﬁ%ﬁ%ot Kivaniyiss um*mgﬂﬁﬂjiséﬂt“%‘fc as alumiium

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 muramyl peptides (e.g., N-

25  acetylmuramyl-L-threonyl-D-isoglutamine (lhr-MDP),-N—acetyl—normuramyl-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 ofMTP-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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10 5,057, 540), (Aqui |l a Bi oPhar maceuti cal s, Fram ngham M) . Oher adjuvants
are oil in water emulsions (such as squal ene or peanut oil), optionally in
conbination with imune stinmulants, such as nonophosphoryl lipid A (see
Stoute et al., N Engl. J. Med. 336, 86-91 (1997)). Another adjuvant is
CpG ( WD 98/40100). Alternatively, AR can be coupled to an adjuvant.
However, such coupling should not substantially change the confornation of
15 AR scPlugniedlogkidpolygid-1dhtand rd¥iDP rathermigrrdluidizgddnied sereiceno.  Adj uvant s
can be el WPPRER - 18 t] HBeshdi with an
active Zeg@rﬁ%’g‘?‘e"?g%‘egz° Qeé%% ni st e%% “’s’éélé‘%?g’?gﬁg%"’ a{lglgf(‘(ér e,l c%%{{é‘%?tr ently with,
or aft ersystemi(RAS}, (Bibi lsmmedoGhhm, Hahdtoapdil) tatamen % squgenst @2ved cl ass of

adj Uva“tﬁwéﬁﬁ 58] HALANED Rae ik @ g@a?aéﬁy Cagnéfrgmtnyg@ouI?Qorg%g{ga@ de,

al um num phosphat e,  al um num su adj uvants can ed with or

- Wi t hdut motvehosphawilipidcA (MBL) tshalengldahy qolptea@M s asdichl o] sWBletoor 3- DIVP,
@S-21, p i <G~ f cids such.as.po | utam c acid or

ol y1 v G Tl WP S MsiioB R B ARRTFTHf P PReRS) X BR o

~for mul atdapéifin adpuneihts b ¥ OSHBul 65PN (Q6-205 86ui Flamitdhawi MaQ Wt patikley specific
i mmunosti nul ati ng agents such _as _nur a(;]’%l eptides (e.g., N 25

acet y| maafpied thefaforpingh sPSCOGt mamne; "wf%mg fesppylexes) and

N-acet yl iSCOMATRIR | OtherdddaRyhts Preluds 09ingleirBgéhdsNRjaWMRR)CFA) and __

N-acet yl mur anyl - L- allan%/,l -D i sogl utam nyl -L-al ani ne-2- (1" -

2' di Hhi niregsyricte fregndcafivvant i dy o Qshediprsisynqlylepytokings st ste (MIP- PE), N

acet yl gl weseminyir-N1acetyd muBMherbpide E1b:508H N dmAER (PRt $F)t oXy

propyl anmi de (DTP-DPP)_theram deTM, or other bacterial cell wall

conponent@or eserosisfeqieii(ENF30 enul si ons i nclude (a) MF59 (WD 90/ 14837),

cont ai ni ng 5% SquaheaRvai aYblaMRaRsBRd withta iR SRas a8hglcopt i onal 1y

cont ai ni ng var.i ous %g‘)euagt s .of P-PE) fornmulated |ntgo . subm cron particles
usi ng a FATRCHHPYICHF BHstered REfast CopEEnhviR OF R arRiystralion 6% | i di cs,
NleWt o “m?)r?urbgénd Sﬂﬁunﬁmtaﬁgl‘ Bd}{' ﬂ@nlﬁ&@@%ﬁ}s%&@aqd@aﬂ&’@e]%@@ fsi&% \8510&'39

pl ur oni c- bl oc ql ynmer ,an r- , either mcraofluidized into a
‘subni cr offh DEREkeE d“éerp%er‘f‘éié‘b“a %eé BrdPE WM UgE A IR S| ze

emul si ontypiaslty fackagRi ivith 2Ndbatindi¢atitg thSiyighédt thérAEutic gpilibationmuinoChem

Ham [ ton, MI) cont.ai.ni ng 2% squal ene . 2% Tween 80, .and, gne or nore

bact er i al™ BEIPRELPAURY Srr%é’ﬁia‘g‘g?ér %H?*?’ﬁg’ é‘?é’ﬁ%‘aélé}ﬁé’{%‘%a%‘%b“°b Y
nonophosjoktaucyibhs for wixfg Ry pset r Bivadhoiee oflinadhohataad/od Eicr dapahdced | wal |

skel g4 on f er abl er clozflss of preferred

20 ugbnt e ER o S o A b SR EoE Fadul o
Fr am nghabmpiniy¥gtions thpdodingdchslule, 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, Cofnplete 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 agenf, i.e., and a variety of other

pharmaceutically acceptable components. See Remington's Pharmaceutical Science (15th |

ed., Mack Publishing Cofnpany, Easton, Pennsylvania, 1980). The preferred form
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generated therefrom such as |1 SCOVs (inmmunostinul ating conpl exes) and

| SCOVATRI X. O her adjuvants include Conplete Freund' s Adjuvant (CFA) and 10
| nconpl ete Freund's Adjuvant (IFA). Qher adjuvants include cytokines, such
as interleukins (IL-1, IL-2, and IL-12), macrophage colony stinulating
factor (M CSF), tunor necrosis factor (TNF). An adjuvant can be
adm ni stered with an i nmunogen as a single conposition, or can be

admi ni st Qfe@c?ldb&i m&auermeﬂﬁxuwmﬁmmimtieg aﬁ&ﬁl%ﬁp@dghlﬁﬁlfgﬁt(oﬁt iT}ﬂQ of t heh 15

i mmunogen. | munogen and adj uvant. can acka .and _supplied in the sanme
vial or eawp%tl%ﬁg%ﬁ@dn?lwgsgwpiv%owﬁﬁgr%&?fw%ﬁ%ad’wéﬁwﬁéeﬁgﬁly-| rmunogen
and adj uvsaedptadleCnorttpfit catiby opaitileagedhivh ke dafihedlaeheliiclel eainmdagy dsBe. | nt ended

t herapeutic application., If innuno%en and adj%%ggt_are,packaged

separ at elt} formyistepharnagriigalcomPesiion; Terraiad @5 humapadminisiadAR TR i xi ng

bef or & UsRluentMEsefebRl 6Castiot RAfREY tHyBiBlog RAIH:AVityCallthd ®IbURAGK dSxafPled0 the
stability of the immunogenic fornul ation containing. the adjuvant, the route

of admi rAfushakilpeys are Aistilipdavatyy. Hpialpgical phosphaterhuffered salpe, Riggeradj uvant for

the speci@aibl Bktro¥ae kbR 88 HafOdsoltibnh IRAR onthP Pt ABRGaIKal Cal |y
acceptabl e adjuvant is one that has been approved or is approvable for

human adrficAPedition qrderAtipe ey Alsainciudg QST eirerh adivEats, popontagicanpl e, Conpl et e

Freund' s dind¥psitkic] onhurdpédi@fhigiifedy adduR@ikeadni ni stration. Alum 25 MPL
and CF—Zl are greferred. Optionally, two or nore different adjuvants can be

used 10si mul t aRBYMEFspticabraTRasitions earborint pdrares.slaymerbelizedhi th MPL, al um
Wi th Q5 Zlacrd¥ihiecults bith @pleinsapsly akdtatidludilasaftostlpolyR6e Nigds; Al so, -

| nconpl ete Freund' s adjuvant can be used (Chang et al., Advanced Drug
Del i very HR&XBIERKC appds andysopplygnersiGem s latgpupgieatizd sspharetsibYih48410% wi t h any

of alum Xidsk, arinde MRY, pBRcheft kmGRHRIdR AN Sid AipoRafers, 3% ifgeNnt s of the

i nvention are often adm nistered as pharnmaceuti cal conpositiqns conpri sing
an act i veegrsasteyfatnhias ol geontets qr ligosomgnly Afditionalhs {hegsrcapioresan fgltethaceut i cal |y
acceptsabl £ isRURQOSRISng 2R6ts RN daglivens)s Pharmaceutical Science (:15th ed.,
Mack Publishi ng Conpany, Easton, Pennsylvania, 1980). The preferred form

40 depends on the fotReifaH! ATRIBSHRICTASSHISOE thei M GRICHEN PR admiBistssdc
appl i cat i Rlinjectitte d3aHEP 64 4ol 12108 of ABp@lsHA of Nelsutdenceiapengiisiggiyt he

formul ati on desir.ed har maceutical | y-. acceptabl e,., non-toxic carriers or
0r 1 uent s, SHIREH GPe AP PBa e GRia i6s TSR Ay BT SR at o
phar mace udiiscaline @lypasl, bi stirgoll Qtddaitinaltyl, aotilidiv sEtands] snctsdshedtingror The 5

e S IShos S SR o 0. AL S S DS s hosh e, ALY Y of 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
cohsisting of 50 mM L-histidine, 150 mM NaCl, adjusted to pH 6.0 with HCI.

Typically, compositions are prepared as injectables, either as liquid

30  solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid
vehicles prior to injection can also be prepared. The preparation also.can be emulsified or
encapsulated in liposomes or micro particles such as polylactide, polyglycolide, or
copolymer for enhanced adjuvant effect, as discussed above (see Langer, Science 249,
1527 (1990) and Hanes, Advanced Drug Delivery Reviews 28,97-119 (1997). The agents
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of such diluents are distilled water, physiol ogical phosphate-buffered
saline, Ringer's solutions, dextrose solution, and Hank's solution. In
addition, the pharmaceutical conposition or formulation may al so incl ude
other carriers, adjuvants, or nontoxic, nontherapeutic, noni munogenic
stabilizers and the |like. 10 Pharnmaceutical conpositions can al so include

| arge, slowly netabolized nacronolecules such as proteins, polysaccharides

such as Qalfluﬁmadmorp&ixwe&amrﬁstasd dﬁhefoﬂﬁ'oyghyﬁ&hﬁj&t@ﬁbdﬁnﬂm copol ynmer s
(such as |atex functional sepharose(TM, agarose, cellulose, and the

like), poFPRBHPEWRIRR FRS B% P’Ei%“ at%ﬂﬁnﬁBC%PWBﬁbtPW%as‘éﬁﬁéquPbl d aggregates
(such as pqlsgmglfecmlsea;fsh@gcnw 9@&@{5&5) Addi ti onal |y, these carriers can
function 15 as i mungstinul ating agents (i.e., adjuvants For parenteral

adni ni stration, agegftidongt fOE’H%la‘P?WéH*ﬁbB’rfo"c%‘he‘HEOd&aﬁf #inaipistragion l%é“dienj ectabl e

dosages beralaanﬁmagau lagalp@fnowz@&aﬁmmnmuﬁpmt&kb%ham&dhxmaaamyﬁiogi ogicall'y
accept abl e diluent_with a armaceutical carrier that can be a sterile

liquid such as vvat%’r’s“PP@F‘I‘%‘es dinderrand gartjess instudeofor exampho Polyallers onal |y,

auxi |'i ar yp1adRet #HRSHdeseRh aHp¥&ilboLittdn 8k fo%Q&e@ PdhShHirf G oRAE M pSthe
surfactant’s, pH buffering substances and the |ike can be present in

conposi t iahe ingedient IGaFEe At &5 %fto b%ma%@my Car”e dipbrmilatansar e those of

petrol eU%clucﬁQkHBiL:mts \éea%sa&hr%ac&rnc%@md@%f RarBfitofifiost, Aar@X RERlGumPeanut
oil, soybean oil, and mneral oil. In general, glycols.such as propyl ene

gl ycdl orsteamtey BdHyT BRehagng callulase eandreEatsiw carbongif- df hess qomaPsitionsar t i cul ar | y
for inj eqmétiheefoﬁ%wonmﬁs s@aaﬁsmel@@etg%msb@ap%m @hss&@erdergxeas@ the 25 form of

a depot injection or inplant Faratl on can be fornulated in such a
nmanner aéowlaﬁ@Pmrtpoad§a§%<h?%@w °'8éé’é’fé?“‘tehégra@ﬁ‘i“v@efeF?@b’ééf’/eﬁ@% An
exenpl ary  conposi tdgdal gHesicaeen ARNOGhANM: A ok RRAYerRal &Ry, fornul ated

i n aqueous buffer  consisting . of 50 rrmM L-histidine, 150 Nadl , adj ust ed
to pH 6. OfaRicepdpyRistrayigmeande Rrcilitatsd by so-pirpinistrarion fitbspgeaigvidachioliaect abl es, -

ei t hers asokih @tdetbxifRQ d@ﬁwivhm&u%@ %i%eﬂ@ﬂ SRS sinSi0 bkt Ming Wédeabl e for
solution in, or suspension in vehicles prior to injection can al so

be prepar¥gn etk YrEpar htPo! 93?30%8&ﬁm5é3“’éﬂm earrhegghigyed BysaB&isl ated in

| i posonesofpoithada ﬁﬁitﬁxlc@r%hrﬁddﬂ hobulpodbrhingd bydeherpaal ygtsyiehs ete, or

copol ymer for, enha?ced a tl uvant effect, as di scussed above (see Langer,
Sci ence ZABFESSIONgs 3 Si8qH9itng Hanes, Advanced Drug Delivery Reviews 28,
97-119 (1997) TheAnrgeqivalydttarséerina &lxbmemmmhe&m iengackinpasi @r ed in the

00D, SRR 0 et P b ARS8 DB BB or et

Biochem. Biophys. Acta 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 patients and prophylactic treatment on asymptomatic patients. The methods

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

administered antibody).
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pul satil e rel ease of the active ingredient. Additional fornulations
suitabl e for other nodes of adm nistration include 5 oral, intranasal, and
pul nonary formul ati ons, suppositories, and transdernal applications. For
suppositories, binders and carriers include, for exanple, polyalkylene
glycols or triglycerides; such suppositories can be forned from m xtures
cont ai ni ng the active ingredient in the range of 0.5%to 10% preferably
1% 2% Oral rmJI ations. include excipients, such as pharmaceutical grades
of manni tol, a(’:teé”?, %% h, magnesi um 10 stearate, sodium saccharine,

cel | ul ose, and nmagioesi mfﬂmmhrebuanaétemﬁhgaebambiﬂ@@ahé ofensmmusdesfone f or m of

L BT el TG

pr ef er ablthe 1215%13&(¥pon'f®$ﬁtdraieatmpml mcagmﬁaam&mmaaﬁ(mht grbﬂertthﬁﬂﬁd@pi?fﬁﬂ or
intradernal f very. . Topical admnlstratlgtrlll can amht&ggd by

co- adfi ni"&F§aP W#GQ%gngblgﬁfpcﬁﬁT??sgﬁ&e%?g iéa*f’%m PXPESEGNEEf i ed
derivati wesmdamﬂauimiiéxsﬂbrhﬂfeeﬁéan@fsmhﬁerasﬁtmdt@rm balcd efitheiimntexi ns ( See

d enn et al 391v, 851 (1998 h ni. stratlﬁog can be achi eved by
usi ng théesP%’Eﬁﬂ‘S ag?{‘i BOSHEYe Hepimep L RIEco <a§ | P BEIHEASR O B8 2&5Bt P ned by

chem cal achi©&s bt Mgmutemam@xmeasﬁjom) aF the Valifel foNinii 0k @dsPonsdlideg ALt i vel y,
transdernE del |\é can, be achi eved using a skin %géigat% (120 usi ng

t r ansf er G8BBSBLPSH lyectr dggreaseszgnegagive [rRaHpHR outcogie | BO5E3. Oevc et

al ., 10Bi patins unBérggihy an infital cout2@B treZRknilbit DG E)onogdic aMtzb@dS of Di agnosi s
The i nvention g vi des net hods of detecting an i ne res se agal nst 25

AR pept i FEPSIIE FQYiRIRCESF PPrge FSBRRSE MV B JUETTePseesy W ’IC hei ner"

di sease. eVéituallp tdaoihs a@meapamirmumnbyoﬂsgeﬁuk gérmfauwamtnaéd Whilexh€our se of
treat nent bei ng adm .ni st er.e The rre hods can be used to

noni t or BEFH"E éoroﬁf)ee‘ﬁfrlcéeaf F%a%‘%?ff‘e ﬁh}?;?ﬁ?ﬁ"ta&ﬁaﬂ pdislerthat e and
prophyl a&ﬁmmxsfte’rammmrneﬁﬂcaafbyﬁBE@ﬂ’ﬁtntcborﬁaddc&mnE‘dosééher frejubgs  are useful

ro<paRse 30 1o adrLet PALGh Tt aR Ny T *BLReroe de R 951 i on (c.g..

measur i ngmh'mleies;ﬂ)i')se 1&dé’tbmhﬁetdﬁbedccﬁlﬂ'bl ;hnpdya)lon 4'2yp]ca11_§\utehx\/cevthmaltlzeati on Sone

met hods ental eter ni n e .valu i,Mmupe response in a
trol popu txonﬂ]a € NOf I'CCCIVC I'IOI‘ reat nt, ‘?\ée LII‘C vasue . .

pati ent Befo 8p m-ni steri ng 0sag i n% ¢SMI4Pi g this with a

val ue f omesponse in a patient after admmlstenng a therapcutlc 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. Ifthe level in a patient is significantly below the control value, continued

administration of agent is warranted. If the level in the patient persists below the control
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the i mune response after treatnment. A significant increase (i.e., greater
than the typical 5 margin of experinental error in repeat neasurenents of
t he sane sanple, expressed as one standard. deviation fromthe nmean of
such nmeasurenents) in value of the imune response signals a positive
treatnent outconme (i.e., that admnistration of the agent has achieved or
augnented an i nmune response). If the value for inmune response does not

change si gnificantl .0 ecreases, . a nhegative .treatment. outco is

" oat ootk G elae PR RREREAREE R aBRAR: i SR R A Bl PRt

t r eat nentindgatdd. an i nmunogeni.c agent are expected to show an increase in
i mmune response W {h,successi ve dosages, ich, eventual ly reaches a _
pl at eau. Admi ni st rItaflltolthgﬁm(%fﬁogsg%R'fmclngwg%Hélrog\lﬂlevng%ﬁf?‘ﬁﬂégrce%\epén he irmmune
r esponse hasundagoeaspragousAicuat nfrectmeadt id heniptaitfetitmnmeagspomditcat or t hat t he

adm ni.stered of treatnent can be discontinued.or reduged in.dosage or

fr equgnc;?1 eleping H'%%tﬁ‘f{éirresﬁﬁ]tpﬁ?fd%},) ueﬁgﬂ%ﬁfsrrﬁciu”\fig‘l 2 T?‘*.S%‘.e? V%”ﬁ%%fﬁm}h‘? st andar d
devi at i omgspoise in thpmEnr @s pooGepdrsd dith e valhaetinihe eespanst pRiviopQpul at i on.
Typical ly t.he .individuals in the control populatiop haye not received
prior tré& e en glﬁ/ﬁgféeﬂfaé%reafeﬁié’gs B?M?Crﬂ%ﬁ%tg‘e&efbmﬁcﬁnhxﬁmﬁéﬁi ent after
adm ni st e¢lathg tathe pedvipe i traaganti.eq g ateh@n £ 6iFRarmg gt dffarrbhia repegtont r ol
value. A signifi cgogt i n'creasei relative.to, the cont roL val ue (e.g., greater
than one "BU EPENUMY BRG FAPR BHS £7 BIRiAHY Hat A5 EN R8PS T5B8Si ti ve t reat ment
out cane. Adchadielnfthe wilgmdatieanin a gatienascbddonpa@e MitBasonsolgarkts a negati ve
treatment_out cone. Administration af agent.is_generall onti nued while
the i BTl BTeg 8+ iops Br R appiiitios of fERR S GRETAGHGE  Ac
before, abirsd sieatment. Alteplafiv@althe flesiutedealu® irCOptE@I can B¢ b@Bpardd wdith | ndi cat or
that the adm nistration of. t{,eatgryﬁgt. g@n beddi scont}i nued. qr." duced in
dosage of “38TY MRYTEROYY NS 8t REPIHRTRY ATk PFH I NAEPER T °f rrune

r esponse syeptgms ofidisaasd) oggupuladbrasred alictapdaritia iy ireured pasierdeivias sioved from a
contrel popul ation .of individual s wh ve under e treatment with a
thera{geutafnéhl%atéorﬁor}éjﬁaa s\?\ﬁnlb%%ct?rﬁﬁﬁnén ?]28€t3ﬁ5§§§seﬁ§\fég%%l&laﬁtt%ﬁﬁﬁ%s8 in response to
t r eat mentelativieas the eontiodileyelsi.of mommhane: stagpddsdation) & apatdiendr tete 30 conpared
W th thetr%&P{t/:BtOJgPlx?lg?%S\%nh%d i;lg%aﬁreen@.sured | evel in a patient is not

significant en e.g., nore than one standard deviation) fromthe
control val ue, tr eHRtnene seapiebe andyse onypicalig tlool fpldshe, $eevelmicoua patient is

s e ot TP P BB £l M Far SR o AIHRE R (o Pt s
val ug0 t hemuae chngpeo any forre af ABpepiidegiypieallyf HB42e Xanphepneaseponte @ndi f f er ent
adj uvant bfengé(ter%ned from the presence of, e.g., antibodies or T-cells that specifically bind to

Ap peptide. ELISA methods of detecting antibodies specific to A 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

pz_itient being tested is contacted with amyloid deposits (e.g., from a PDAPP mouse) and

phagocytic cells bearing Fc receptors. Subsequent clearing of the amyloid deposit is then

monitored. The existence and extent of clearing response provides an indication of the

existence and level of antibodies effective to clear A in the tissue sample of the patient

30  under test.
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indicated. In other nethods, a patient who is not presently receiving
treatnment but has undergone a previous course of treatnent is nonitored
for imMmune response to 5 determ ne whether a resunption of treatnment is
requi red. The neasured val ue of inmmune response in the patient can be
conpared with a value of immne response previously achieved in the
patient after a previous course of treatnent. A significant decrease
relative to the previous neasurenment (i.e., greater than a typical nmargin
of error %n rd&peae Imppagaierent s of the sane sanple) is an indication that

tr eat-ment b | i il
reatnent can be rgsyBG the PRl f'a?fn'ov}{gc}rtﬁg ptag(lﬁ/e\{ﬂm &AL ﬁgxlgl%jrn a

patient can be conpared with a contro . mean plus stan

devi at i orfp tipse & FoaBerigrcaveimmHnizeliemdasérigsd ebavst Soakever thaputéodoi ng a

course of  LEealimM aﬂ'&ﬁ&ﬂ;ﬁ&;ﬁ [ ient can be
conpar ed I3/f/i tlh a éogn%rcl)l va ueﬁﬁkg%%glﬁ’a{ﬁﬁ%?\g{ g&%@%gﬁﬁ(g%%@ghy treated
pat i ert s sohecntrating fplldwaddyen expoppriabdscapf Withgetadferthaydoggpuhaddcans of

t her apeut ] i . 15 aneligrati.on o i.sease

char act er%pgt?c%ajé}%sé.s b{eﬁ%ﬁﬁpmg&lsﬁ’gtshzn %\g%eoég?glays??%ﬁﬁo tlh’?:g?ﬁcn%g%f’%kggal Telative to
t he cont rlgk of @y entioily administgred. Fhoexampht thnbaf-life € varad huomn angbaiesindi cat or

t hat treM&acr%???Jhgsbe resunmed in a patient. The tissue sanple for
analysis 1s typically bl ood, plasma, serum mnucous or cerebrospinal fluid

fromthe patient. Thenmsangicels,sbasaimt prechrénmt bfuiibedy to A pah terpaéhti mMune
AP42. T I mmune response

can BE° g fefrered FhBinohe BRQond Beeyinedlly magieofhsariber By T cel | & ¢ hat
speci f i cadeteymbienitt feak andRoghelptdldmd obt biSAomedtttrdmeairedehatd mgdeant i bodi es

specific to AR.are described in.the es section. t hods of detecting
reactive 'nggvgﬁltgn}?ﬁg%r Se r??alg’sb@fw l}éﬁs'm\?@lh@%@& @??W%?%ﬁ?ﬁ?edﬁﬁ sone

met hods, Wahaing oma predetesired percegagiaif ererfenletsdtmkalige g. £ 8036,123¢ @3 0&gsay, such
as descri L0 ' ] abaoye..ln such. methods, a tissue s le froma
pati ent b%ﬁﬁxaktgh é’sﬁg%‘& ﬁlg[ hécrodr?tsa%to }el%iml\/l\)noil)hlsg%wngs?cdeéégBS%’f’? ?C%ggsg.p?aig? om a PDAPP
nmouse)5 angbseghengoeysuied loelsllsss bakpiongd &e compept wits reféertas dégwrnt ¢l eari ng of
the anylaid, b R Lok Jheexistence and extent of

cleari ng%r gj’s%%%%%‘?d&\%? %@Qgﬁ@ﬁg?@%&?ﬁ%lgﬁylatcﬁceor tgirf%etugﬁgee“é’ﬁlg | evel of

ant i bodi essigtefieethenpatienss. Jf Bameapfred mtibody leved suienifaaphielesfthanre patient 30
under t eskrerdhfe RvelaS: feysﬁhix{mymegr%lngpoﬁe{%ﬁﬁﬁg'agxlliatiotx\rb? aR QRGN es Tor

noni tori ng passive | nmmuni _Zatl on are sim
: value in population of patients benefiting from treatment) administration of an additional

20  dosage of antibody is indicated.

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

45



to those for nonitoring active inmunization described above. However, the
anti body profile follow ng passive imunization typically shows an

i mredi ate peak in antibody 5 concentration foll owed 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

anti body adm ni stered. For exanple the hal f-1ife of sone human anti bodi es
is of the order of. 20 Iga?s. In sone .hods, basel i ne neasurenent of
ant i body PEUAROTSFUiREr Kide “e?ﬁ"fe“eﬁﬁo‘ingut ReSFSPSTLES 3FHPHIRRTES on, a second
measur emajifectlysoifide soon thereafter to determ ne the peak antibody |evel,
and one or nore further urenments._.are de at nterval.s to nonitor
decay of anti body MEY?“O EhPCHK eﬁ%@gé’lom e pﬁff&?“‘ﬂ%igwd%"cl ined to

basel i ne igfhgiag PSRURItERPICAB AL A YRSy HindiRetoRRAKi1bR DT Al etdB (e g.,
50% 25% or 18 ad r%mnl ??cratl on of aﬁfjrt&gr é@fmﬁzgﬁﬁ bogl

admi ni’st eyigdn fclsﬁu“édn@ resferably, the agibody 1Sﬂ@€§%%f@(ﬁ§ hli*z?efdageé\/el s | ess

backgroung uﬁr@e&ﬂm&%@wﬁm%rtﬁé Bt 1261EEWRE TstrBERYUE RYBLorfiizehi ned to
constitute a beneficial prophylactic or therapeutic treatment reginme in

ot her patYehiggingpssphe neasured anti body level is significantly less than a
reference level (e.g., less than the nmean m nus one standard devi ation of
the reference value in popul ation of patients benefiting fromtreatnent)
adm ni st r¥kli &nVisf Imegingddi ti onal 20 dosage of antibody is indicated.. 3.

D agngstic Kits Thend ;py@Rbh fdvides ﬁx@tﬁ&d%f@#bzg@%@&%& fe '6&1%5%5(”

performng the diagnostic nethods described above y, such kits

cont ai n dritigge fuchirppshods greqiseful; tp idiagnosg opFendismidinzantis Qfe“diﬂeeymré Ap. The kit

can al so al&%@&%&eﬁmﬁg meﬁ% ﬂﬁteﬁ%ﬁlg'}h%eth@&tdapgghﬁﬁ ohq pifent the | abel is
typlcallylnthe ormo led anti-idiotypic antibodi és. For detection

of anti boUFEBtng Hh Sa@@WS@éﬁefb@t‘éu Hiphe eagiepyhapahnesmal myloidddpesithase, such as

to the wehbshehatRnil ﬁlEéP} s&@ﬁngfrgm Aﬁxes,%erald%faasfcy m@ﬁle thsC&HE@b Be | abeling
providing directions for use of bel |ng g y also include a
1C

chartlor weher w&@?ﬁ@é@%?ﬂﬂléﬁée?w@icmf @00@@# F’@Pa'ﬁ A gmy 8¢S freasur ed

| abel W tdusdepigilis @fundiljrgth8R diRad Fhe HiBolLIBLLARLKI BY mdn@b8EsS tO any
witten or recorded material that is attached to, or otherw se acconpanies

a kit atdiSFasF RogTEsIauAdey rf%ﬂfﬁéﬁHf%leﬁfwrépatwfamme begnprvigkslyise. For
exanpl e, dlﬁgemgeervmhAlglmhér@glseﬂeorrpasses advertising | eaflets and brochures,

packagi ng nateri aI ) ipstructi audi o or video cassettes, conputer
di scs, as well as T?th%‘P ]g 1mstcnng a reagent, such as antibody, that binds
20 - to AP to the patient, and then detecting the agent after it has bound. Preferred antibodies
bind to A 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 epitopes are inaccessible in amyloid deposits.

Accordingly, such antibodies are less preferred.
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directly on kits. The invention al so provides diagnostic 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
perfornlng an in vivo imaging assay. VII. In Vivo Imaging 10 The invention
provi des met hods A1agnestis igagentiagl brpdaiyissred bydpreryenaps injecsion e thent . Such -

met hods gddg o ﬂﬁfﬁdhcr{t,cbr@lr@&ﬂ(?ﬁ@ i bra Bl i fcHin®g ﬂﬁ’§dt1§n 8f by ARG ARJle S
di sease, or susceptibility'thereto. For exanple, the méthods can be used on

a pat i entirough dsakull.nFhadostee oY Fraeenishapd B%Wﬁhlplﬂﬁ Sa{n{e rnRes 405 ent  has
abnor mal tré’artxﬂé/rlt%&'hdag pfl?f]dﬁély, thd ﬁgﬁenﬁ BQa‘t@ﬂE& %%o%g% ih Ec&?ﬁé Medbdsf &Ei ng from

Al zhei ner' s di sease. nmet hods™ can al so used on asynptomatic
pat i eht spnmgm@@t voth adimitrfond B deyndabelied ofd amegirdiny labsing egeatis used

suscent | WL ¢ e YL TRAOTRIL 6o aensti IR URLIOHR AR R! 00 usef

for ‘monitoring Fogressi'on an response rea merit

pat i ent sFetesampleca ﬁmﬁcqmt@baloushgabledoxagnmsledétemldnh Wefipiramagrsticli sease. The
met hods reagent . such..as_antibo hat binds 20
(o AR & oV BHS BRI HERRY ol FMon SHERa3 R AR i iRt Douna.

Pr eferreubdnca:mmtesietebueddsmg)PEIDOdéﬁE@Tts [ n a patient wi t hout binding to

full ;4ength APP p Ant..bodi es b| ng,t{o_.an eof AD within
am nobam ds 1-10 gélxgn%g%tlslpfu ﬁdbycomé)laner% m%lﬁerss&zr?eanrre i dmty?he ant i body

bi nds t olaadleémcnapearwsnohdmg hmermme aaiud;s 'I'the]:@sedine vaes Gnatpresattitbodi es
typicall ﬁ]g}l lggelwahf%ﬁfla L}CuB?ge e in f?/ch’j‘uafs %lascclgnecav gc ! ea?sg(x)'g]psreese In 25

ot her ods 0 an epi ¢tds 1-7 of
A. Such panlppbbdﬂeécttx}zpmadah the sehepatnd . Homdmmpla medmelvalgcs@srbonse to A

HOWeVer | of il Rl ik BASRABR iR DAY BIIRE ks VLA AP0y {1 agment s

| acki ng a _ consta gl on, abs. I'n"sonme met hods, the
sane lant F@@mbyedc‘anh Bebess las viuesh Aaddcreast impmiucs elrdivd ietgeokitd signalbagent . 1 n

general , ‘; tdeRodi Bs to epitopes C-termnal of residue 30 10 of Ado
not sho as set r%lﬁg st?g%g‘n&gs anti bodi es binding to epitopes wthin residues

1- 10, presumably because the C-term nal epitopes are inaccessible in
anyl oi d deposits. Accordingly, gg.;@{Mpﬂggbodl es are |less preferred. 46

Di agnostic_reagents can be adm ni stered b>f i ntravenous injection into the
I. PROPHYLACTIC EFFICACY OF AB AGAINS

20 These examples describe administration of AB42 peptide to transgenic
mice overexpressing APP with a mutation at position 717 (APP77vF) that predisposes
them to develop Alzheimer's-like neuropathology. Production and characteristics of these

mice (PDAPP mice) is described in Games et al., Nature, supra. “These animals, in their
heterozygote form, begin to deposit AP at 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 A4, (aggregated APs;) or phosphate
buffered saline. Aggfegated A4z was chosen because of its ability to induce antibodies

to multiple epitopes of AB.

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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—pody- of--the patient, -or directly into the brain by intracranial injection
or by drilling a hole through the skull. The dosage of reagent shoul d be
wi thin 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 i s unl abell ed and a secondary | abeling agent is used to bind to the

primary reagent.. The choi of | abe epends on the neans_of - detection.

For " ex b (04 s R SO Rsupi & PO, P e e NEar BT BCR on.  Uhe. of
par amagnetre énjedtaiditispdpsdSideti eddl feorh Ok séqirR@rodpdium afdsle@d pioddin @A OUt sur gi cal
intervention. Radioactive |abels can also be detected using PET or SPECT.
10 Diagnosis is perfornmed by conparing the nunber, size and/or intensity of

| abel | ed | oci tD. Pedparspootivmgbgas | i ne val ues. The base |ine val ues can

represent the nmean levels_in a population of undiseased individuals. Base
li ne ¥al ues can alf&®arEpR %@éﬁ’fegatﬁ‘?égf’%u%"ol wramgRfty '(ﬂ'écfeP‘r‘flcF he same

pati ent . ;fe0bt 220D Ras HERE/cH IEI YAMIRS afBRadaip t6ehAnbyiaa8ds 0N A atient
before begl nni ng treatnent, and neasured val ues thereafter 15 conpared wth

. the basexPBRe T wseyortoxed andraigwed tongubpigesenighbi?’ e upderydsd | i ne signals a

Al ot SR PRE etk R AR, A A iR SO et 1 0c 1o

t r ansgenpewdekic200V entixi @ssinjegticd®P with a nutation at position 717

(APPZ 7V F) that predisposes themto develop Al zheimer's-1ike :

neur %at hol ogy. Production and characteristics of these mce (PDAPP m ce)
i s described i n3Ghigsratibn af InjectNadsur e, supra. These animals, in their

het erozygote form_ begin .to depasit .AR at si n of age forward. By

(11 ¢een” ot he. 25 T Sayanesiel TR weist ceirairis AT TR @ TP 3FS equ val ent 1o
t hat seegmligifith ZhalitECorfplete FRASEs adjiRRARICFN) &fa A QoluieREHETW t h aggr egat ed
AP42 (aggregated A(342) or phosphate_ buffered saline. u@ggregat ed AQU42 was

chosen begu§wa fithg fisst igppynizaton, 8’”%@@1@&?%?%‘ plohs gaane amp ‘Pﬁti pl e epitopes of
AR 39 AimiEIJgeR Indompiat FRend adMvest (TIA Y 4 ¥ wWRBIAPR waidaiRaakbssiemal e nice

were random y divided intq the ol owi ng groups:. 10 mce to be injected
wi th aggfEREEE ERADMEBAY ipfrrvalsi hhe subprguent Immunizafions wereidonggt j nj ect ed with
PBS/ adj uwaathlinteRRES,in 306110 PBSI Mhjeciors weRdtli ke intdpeftoft 48 (i.p.).

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 Prepara;cion and
Immunohistochemistry

The above methods are described infra in General Materials and Methods.
25
B. RESULTS
PDAPP mice were injected with either aggmgated AP42 (aggregated
AB42.), 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 AB42 were
30  monitored every other month from the fourth boost until the mice were one year of age.
Mice were sacrificed at 13 months. At all time points examined, eight of the nine
aggregated AB42 mice developed a high 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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were injected with peptides derived fromthe sequence of serum anyl oid
protein (SAP). 2. Preparation of Imrunogens 5 Preparation of aggregated
AP342: two mlligrans of AR42 (US Peptides 1Inc, |ot K-42-12) was dissol ved
in 0.9 mM water and made up to 1 m by adding 0.1 m 10 x PBS. This was
vortexed and all owed to incubate overnight 37 C, under which conditions

the pept ‘n% untl %ggrﬁﬁ%t ?}W/?&Sb (?ﬁgiu‘f@ﬁ I%Bf%rl‘idsﬂ?P rJchtéél hi¥Opdu | 1 zed

powder at - inje Preparation of |njections
For each titens efdt §,6049, to 130,0§0 &dr thigimmyeagen WAP@Elb’l znsxmnp@se eKepadiag was

enul si fiqdglodowi th Conplete Freund' s adjuvant (CFA) in a final volune of
400 p.1 errhlsmn for the first immnization, followed by a boost of the
sanme anount of 15.T}rﬂﬁBSegeamdmmc¢wcmrm¢red %aﬁlsea,ggdéatedd}&éﬁamx (tanaA)i at 2

b equent NS A L MR E R oA PR OLe Hos88% of pes

I nj ecti orgiyeRERdeR} fimey trdkdrpindapend &a@zﬂﬁﬂhtl Mhéﬂwm:, iheyRBSlks@]t}ﬁiﬁW ons foll owed
t he sane SChsdqlffge and che vvere_ll E% % %ﬁ 1 mx of PB /  Adj uvant :
at 400 pltagépra L at gyl tigsopoanty§lapgd)pdhe §%c°‘f§,&9592659”¥ﬁ5é‘8$l S |likew se

fol | owed atmesc&ﬁrfﬁﬁpo%&hﬁﬁhlh@utéﬁs'l%ﬂ&’anme of 100 g per injection. 4.
Titration of Moyuse Bl eeds, Tissue Preparation and | munohi stochem stry The

above met hods are SFESEPYUOEEeniReRIcE i he pegregateA i 2 eted srrumbedialls. 25 B.

RESUL S RERRELIEhAGIoNEH Sheirtir@hd ad cYhdBt %Mmﬂsu@ﬁ%%i@é fdn ¥ adaggr egat ed
Ar342), SAP peptides, or phosphate buffered sali ne. rouF of PDAPP. m ce

were al s&BS &eyps sentginsdHusmere; amdeidienesite bribe b‘IP§°°aJHRés»?$ veltasipthet he mice to

aggr egat gthnARd M ubite3QriimRb Wﬁ@leﬁxv&rd Ypdaftidt iwadBintilar o tRNok Breh@Ur t h boost
until the mce were one_year of I\h)ce were sacrificed at 13 nonths. At

all time peFde é“’é)@&%ﬁ%’é’&“célvgh'ﬁmé‘l“ of prlngable subrgeipRY S4B S MEBYET i ce

devel opeqyeditag hyaeRafypdeid S derV{élh%?mE eARt BB Hse @R tHe NOUGN RS teqt he seri es
of injections étlters greater than 1 . The ninth nouse had a | ow, but

48 ndasureabirdat pgesathnied ngsd ramy ] othbersn, Esvrm’@@d)tc{th QW@caPpusraM golated
SAPP- i nj %‘f’atqggwgg {3€ntf1RE in another AP 1-42-treated mouse.

Quantitative image analyses of the amyloid burden in the hippocampus
verified the dramatic reduction achieved in the AP42(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  pattern 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 outer molecular
~ layer of the hippocampal dentate gyrus, in all three of these groups.
" The brains that contained no Ap deposits were also devoid of neuritic
30  plaques that are typically visualized in PDAPP mice with the human APP antibody 8E5.
All of brains from the remaining groups (SAP-injected, PBS and uninjected mice) had
numerous neuritic plaques typical of untreated PDAPP mice. A small number of neuritic

plaques were present in one mouse treated with AN1792, and a single cluster of
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titers of 1:1,000 to 1:30,000 for this imunogen with only a single nouse
exceeding 1:10,0000. The PBS-treated mce were titered agai nst aggregated
A(342 at six, ten and 5 twelve nonths. At a 1/100 dilution the PBS m ce,
when titered agai nst aggregated Af342, only exceeded 4 times background at
one data point, otherwi se, they were less than 4 tinmes background at al
time points (Table 1). The SAP-specific response was negligible at these
time poi fisgoplic pevaitds vas faung in eassondyapussHFate SRt AN P2 omags @ HYiF8 nice in

the agor ggat gl 1 8nd HOAMEIFQ §URndAdQ thelArtdatBmimbeopMyl 0i d in their
brains. In conFras , brain tissue frommce in the SAP and_PBS groups

cont ai nedystankie peisitesiy A1 d0Hprtes mise (medipw0-AP¥phesrniprdso PRI | as in the
frontal %%i&kﬂ%hﬁﬁg.ﬁ%fji:(b@ﬁ)osghe pattern of deposition was simlar to
it

that of untreated controls, wth characteristic involvenment of vulnerable
subrefji ons, such astondosicheracterigiced plagne-pipdntedinflpmmatipppetdipal dentate
gyrus. On fr e «42- 1.0 ect Helgeltle Ik EALLY reduced
anyl oi d ﬁsrc %gﬁ?l%cbégrllﬁgnﬁe% ‘%%BP _?%gj‘%lteg%cg%hpeﬁlg %g [% I soﬁg?’gé‘?‘“g\q a(gtuer was

i dent i f i gtbupsccmnried @bunibhtend 2luktered IGFA Pipasiteve auamtes tyatcalva Aflplggueanal yses of

t he anyl oi d .burden.in the hj us rified the dramati.c reduction
achi eved afsﬁc‘f“ﬁ%gl,&‘(sﬁs4%(ﬂ%ﬁ§g§’g&%gﬁ? réﬁa%%ﬁﬁiﬁ? WETEEPYY effia.“%fﬂ nedi an val ues
of the amuloBlatinisus dRAIAAK: APeefdBS. e GF AR pekde astedtshet OleretdiecRedunt r eat ed

control group (2.65% were signifi cantlyqngrreat er than for those immnized
wi t h 10ANWithgsB leleqtse%thb'éel.’dtﬁ)%rxd unreatetheqniels, Norsachasshcition #esfoupdr t he

group i ' M, 3B eS j ick SORR mi lad - AssBE AL dbilsssie from the
-untr eat rerg‘],r'ﬁllgéﬁdg?%\%‘ég%ll\éee&ﬁﬁ?gtﬁm%unér%nl?\gﬁza[l)éaagr‘;ll oisdlded;;lgosi ts visualized
wi t h t he igentiSgrbioioht momsrtsetedmath ANIO2body (mAb) 3D6 in the hi ppocanpus, as
wel | as in the ret ' S i€Fip. A £51 i bhES D | oid
deposition was al ;@gg%ﬁsg’ﬁ‘l ce lﬁﬁlﬁmifggﬁ:}b\}(ﬁ%ﬁs&PP or PBS t:(dl@ir)mg. 2). In
addi t i on,thq mdycties in dsaeayéqsisivtas significant pgth dyaedianypduenl & pavefer tesest i ¢

inVOll\éem?%Etc&’(Nith\ANﬁ?ﬁe %LE'M%%E@P efbr hBLeRERH ok dsmhufiald Wicseen in AD,

such as the outer no lar layer of the hippocanpal dentate gyrus, in all
t hree of SARssetidasotipsor upeated @-R90tHat cont ai ned no AD deposits were al so

devoi d of neuriti CE3@erRl AOMESubRRbS BE AT VDL SAIHRS.-MjesteahiigaddicaePDAPP i ce
wi th the human APP anti body 8E5. All of brains fromthe renaining groups

( SAP- i nj extaguetasspegedivH GiHiimfranereertivite wps aheent imibaevibd3 imetadimice. pl aques
typi cal pcfonﬂﬁét{t%%kgfégggﬁh\%ﬁ%? h&&ﬁiﬁg@pﬁﬁ%% of neuritic plaques were

present in one nouse t a single cluster of
20 ' Sections of the mouse brains were also reacted with a mAb specific with a

monoclonal antibody specific for MAC-1, a cell surface protein. MAC-1 (CD11b)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-reactive cell type in the brain is likely to be microglia
25  based on similar phenotypic morphology in MAC-1 -irﬁmunoreacted sections. Plaque-
associated MAC-1 labeling was lower in the brains of mice treated with AN1792
compared to the PBS control group, a finding consistent with the lack of an AB-induced

inflammatory response.

30 C. CONCLUSION
The lack of AP plaques and reactive neuronal and gliotic changes in the
brains of the AB1-42-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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49 dystrophic neurites was found in a second nouse treated with AN 1792.

| mrage anal yses of the hi ppocanpus, and shown in Fig. 3, denonstrated the
virtual elimnation of dystrophic neurites in ANL792-treated m ce (nedian
0.00% conpared to the PBS recipients (median 0.28% p = 0.0005). 5
Astrocytosis characteristic of plaque-associated inflammati on was al so
absent in the brains of the API-42 injected group. The brains fromthe mce

in the otfgh10.0r NHal - . chust ered GEAP-positive -
ast rocytéJs%l tVS?’C@#Q%?SE%\P%%%?Srg?g%%g%g%latﬁg%l'g4lziso%v|v %Sise%%ﬁ%éﬁmﬁf t he
GFAP- r eadtdkf phthoegy aseretrd auntasgenicanived Thiretore, Bipil alligvitonSak idhgeal i ze the
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pl aques iSHEPHE SRS Provesion,of denositian prcicranie of humang fgmrbragsiserandon was
found' iefiniikiioR bEhbSqiad akirtRl M infl2midafR} 8heibritfre sk e FHRI Mal

pl aque-associ.ated gliosis was identified 1n one nouse treated with AN

792, Praddmanidajienst AR Repide fan v both preyienteties anditheprppiténtieatfitdnr t ex, verifi ed
that thertediridrb.in astrocytosis was significant with a nedi an val ue of
1.56% for those 15 treated with AN1792 versus nedi an val ues greater than 6%
for groups inmmunized with SAP peptides, PBS or untreated (p=0.0017) '
Evi dence f r ompyGURSei09éE §PgpAPl- 42- and PBS-injected m ce indicated

pl ague- associ ated MHC || i nmunoreactivity was absent in the Al31-42
injected mce, cofsupseffivenack oldadmalé Swiss M(Bsteshime O9=6 prlgampnt ory

resp e. . ) t r.ai ns, we al s acted with a mAb
speciol:‘biS c »ﬁ?hnﬁgﬁhin%%go%ga{b a%gt?ilfz’?’d? lg%@éj‘l’ i é:?% %Ofol\‘/bﬁéfoln?ulgteéé’ﬂ surface
protei n. (XCIFPA @adDinidtdryd ingapritonkaltye Jihiree doaes Wate pivababivetllyaxicslal as a

het er odi It ARk l.1l b 18, conpl ex, i I, t on

nonocyt eg,g ﬂon%ggrbgﬁhagesqosggﬁt%%|laltesr" gﬁgﬁﬁsg tears ﬁ?‘f’]l“é’rsﬂd g’éﬁ%@n"’(%?é‘k and

Si mar d) . tRhemaisiizdosts wikGnulsibed it 8 A c anlmdly pere bled 4Fddys folowing | i kely to

be m crogl B 2nunkA . Si_A] phenot ypi ¢ _norphol ogy .in, VAC- i
i mrunor eg:(%%%d §ect?%gssgﬂigggqulje@é%eégg%dg‘?%#g%frﬂﬁ&&?gméfnéﬁg%]t%dwgsl_ ower in the
brai ni® ofAntingle irt 3 Bds@df thieelgrodids, 1F@2 imomnjzad @ilh 1 b 38he 3PBRgeOAiteh, group, a

finding cnsiftRREuMEDat . f An-induced inf]ammatory response.
30 C. CONCLUSI CN Tﬁ%%a@f%ﬁ‘%ﬁﬁ&? %’8‘3‘2‘2’ ‘é“r?&vagsleigl‘c{‘j’f"v%°’h‘£%‘gg§‘é{1ng fd gliotic
changes ifﬁ“’tﬂ*ﬂ@m‘@ﬂailmw@fionﬁthlethAﬁ%caytbﬂtﬁempémdedesmxseaérnﬂiaaM@ dfhat no or

extremel yokdstok 1r§m@mél:ﬂl: @or%l%tions. 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
response 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 pug of antigen (see Fig. 5). -

-Antibody titers rose dramatically for all but the lowest dose group

25  following the third immunization with increases in GMTs ranging from 5- to 25-fold.
Low antibody responses were then detectable for even the 0.4 g recipients. The 1.2 and

- 3.7 pg groups had cormparable 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 \yith 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 g 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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deposited in their brains, and pathol ogi cal consequences, such as gliosis
and neuritic 50 pathol ogy, were absent. PDAPP nice treated with AP 1-42
show essentially the sane |ack of pathol ogy as control nontransgenic m ce.
Therefore, API-42 injections are highly effective in the prevention of
deposition or clearance of human AP frombrain tissue, and elimnation of

subsequeny, aeurona bédy&eggg%t%%dgg%g@ﬁé&% £ada098Sne FBYP a;5)euti .
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r espons eshe pteAf|dgdine axrmlrcnletupgaarﬁtbpdu titessi felddvong cexbatian af ysmenizatiodec! i ni ng dose

Fesponse ?’Eém‘}%@ bipfgkid LM 800, deyiid the ARy }Mo%.éﬂfo‘ff O»HBEE%& %gf?sgot he two

| onwest do antli bod tirters are abou ses and
about 1: f@llcowbafatr@qremOG@S@sc@Tdema-‘z?ohﬁrgaf@f antigen (see Fig. 5). Antibody

titers rose dramat ialdiyodQliebhd BUkidfiR, drMSSLoolQS QYRR dLY ovi ng the

third i muni zation wt reases I'n s ranging from to 2 old. Low
ant i dédy mies e sisukyr indhese ohrgrnd destazibive PP Pavaapsenivenios impimgzadde pi ent s.

The 1.2 1e§n£mka g)oggg%ygﬁrecla@gmcq raﬂl?xlnﬁmhélte o%sa’\fnmm% of “about 1000
and the highest four doses uste red together GMIS of ~about 25, 000,

with the %geeaélgtsirwﬁr@rdqs?g@sgﬁequvguu@g:e group with a Iovver GMT of - 3000.
Foll owi ng the fourth imunization, the titer increase 30 was nore nodest
for nost groups There was _a clear dose response across the |ower antigen

dose grod s f|S§|%E§NfzplfFﬁ%PfPTI?éEFFM?XQ\@?-WﬁTnESWM% anti body for

This assay is designed to test immunogenic agents for activity in arresting
or reversing neuropathologic characteristics of AD in aged animals. _Immunizatibns with
42 amino acid long AP (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  plaques. Inboth AD and the PDAPP mouse, dystrophic neurites have a distinctive
globular structure, are immunoreactive with a panel of antibodies recognizing APP and
cytoskeletal components, and display complex subcellular degenerative changes at the

ultrastructural level. These characteristics allow for disease-relevant, selective and
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_.recipients of 0.14 jig to a GMI' of 36,000 for recipients of 11 gg. Again,
titers for the four highest dose groups of 11 to 300 jig 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 munization, titers of the highest four doses were all
conpar abl e and  t hey remai ned at a plateau after an additional inmunization.
One nont HEPOARERIF Agasurraments of perritigpisaretormaion in thediRARRpraing-Theg 3-fol d 5

hi gher i myﬁ@@pﬁ&@u&nmr&kb%ma@fﬁmﬂenemé eraeﬁies i§ PV R dad | ve days
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post - ”W&ﬁ&du&ﬂass@t%@ §1§ 1ROHrel RGHERSE to r\ﬁ’@a%uﬁﬁ%at{l} e Bffectdtes time in

the 33 g/gN 'é@l dose group at two_nonth I T'owm ng the |ast
dose, § anaéalcs@ eléamgﬁg opwatighove mymigredahe effecsnfithis trezimention thehe 10

decline V\’Pc%el'oﬁx%z?nt%?ﬁé?ﬁt@%iysﬁég/ 4100 g) and about 14%for the 33 and 11 g
doses. Thus the rate o e%lneln circulating antibody titers follow ng

cessation. of i nmuristeaviasand mppesliagretnonineuriony]isaks @3W5mn®t0§tlée@cqecl i ne the

first no gyi%dan te of
decreasen%lgg%g%%‘?\g%&gn g?{tl bo g}%t L|ntv£e§?45tlJo | ne ltmglﬁgbﬁ{a?r esponse
of these %V\,P@Bm\?@bsb%@rvcdlrsmm@ilhtrleacsvarnOhamcha@eSt\Mldsélc©¢chbwﬁglehet er ozygous
PDAPPY § I 201 SG6NI Fhefthf€ wm&ﬁﬂrad%@deva Abd: St G JRRgee ffective to
i nduce an i'mmune response in mans are |caT Siml t o dosages

ef f ect i vemicroghipgipin rm AN ECRERN dPORE. THERAPEUTI C EFFI CACY AGAI NST ESTABLI SHED
AD 20 This assay is designed to test inmmunogenic agents for activity in

arresting or reversing neuropathel ogic characteristics of AD in aged
ani mal s. | nmurfhzat Massialgand Megipdani no aci d Iong AR (AN 1792) were begun at

a tinme point when @E*% Ot RLAYUEI udfRaled (?I e grﬁstgr]g 5 RontHiQ£ R eal ns of

t he. PDAPP m ce. fime course use is stu untrea ed PDAPP
mce Hovertspng fr%ch%r%&veemqﬁ@m%@géw&eémtoéweE@ﬁg@@‘*ﬂmwtobeserrbl e those

found i n AL {ERARENG00lg of ANIIE 8y d§lithPBs Natl.
Acad. Sci. USA 94, 155 g10 mge ositl or%tglJ y %g i nto anyl oi d

555 (1997
pl aques i emhinsdoritthserngi %%Jlaafﬁeﬁéhé;qéﬁz\@d rﬁ’&ﬁr&m&lls wereagsrfdddesonsi st i ng of
aberrant {xonaly RdedendhbithCoelbe nRﬂfSSmorﬁﬁé d1ade YREFRRRIhaTRHEL,ES -

Anyl oi d deposits that. are surrounded by and contain dystrophic neurites

cal | ed ne®iPrR PIthadNATHqaedPB-treaes animps war epthanippinmp! , dystrophic
neurib@s Raystivelyi e tefbidéEcontinued to receive immunizations until termination at ~18

months (n=9 and 12, respectively). A total of 8 animals (5 AN1792, 3 PBS) died during
the study. In addition to the immunized ‘;mimals, one-year old (n=10), 15-month old |
(n=10) and 18-month old (n=10) untreated PDAPP mice were included for comparison in
the ELISAs to measure Ap and APP levels in the brain; the one-year old animals were
25  also included in the immunohistochemical analyses. -
Methodology was as in Example 1 unless otherwise indicated. US
Peptides lot 12 and California Peptides lot ME0339 of AN1792 were used to prepare the
antigen for the six immunizations .adm'mistered_prior to the 15-month time point.
California Peptides lots ME0339 and ME0439 were used for the three additional
30  immunizations administered between 15 and 18 months.
For immunizations, 100 pg of AN1792 jn 200 ul PBS or PBS alone was
emulsified 1:1 (vol:vol) with Complete Freund’s adjuvant (CFA) or Incomplete Freund’s

adjuvant JFA)or PBS ina ﬁnal_ volume of 400 pl. The first immunization was delivered
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gl obul ar structure, are inmunoreactive with a panel of antibodies

recogni zi ng APP and cytoskel etal conponents, and display conpl ex

subcel | ul ar degenerative changes at .the wultrastructural |evel. These
characteristics allow for disease-relevant, selective and 52 reproducible
measurenents of neuritic plaque formation in the PDAPP brai ns The
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of the 10 disgase._ Therefore, we also nonitored the devel opnent of reactive
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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 profbund 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 séven 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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30 i nmuni zati ons adm ni stered between 15 and 18 nont hs. For i muni zati ons,
100 g of AN1792 in 200 | PBS or PBS alone was enulsified 1:1 (vol:vol)

wi th Conpl ete Freund' s adjuvant (CFA) or Inconplete Freund's adjuvant

(IFA) or PBS in a final' volunme of 400 VI. The first immunization was
delivered 53 with CFA as adjuvant, the next four doses were given with I FA
and the final fou g@?gs W t h PBS %c%e W t hou ddeg adj uvant. A total of
ni ne i mMmuni zat i Or@ IAmEHaspaRted Griiulag he'RESEr i od on a t wo- week
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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-AB antibodies, several of which appeared to be amyloid-containing

cells. |

30 MHC Il-positive cells were frequently observed in the vicinity of
extracellular amyloid in AN1792-treated animals. The pattern of association of 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 AB plaques.
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been treated for seven nonths. A near conplete absence of cortical anyloid
was found in 30 the AN1792-treated nouse, with a total |ack of diffuse

pl agues, as well as a reduction in conpacted deposits. 54 2. AN092 -

Tr eat ment - associ ated Cel | ul ar and Mor phol ogi cal Changes A popul ati on of
An-positive cells was found in brain regions that typically contain
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restrict edptaqug.mdy%&miré@(o,gf the limted anyloid remaining in these
animal s. Under the fixation conditions enployed, the cells 15 were not

i mrunoreactive with anti bodies that recognize T cell (CD3, CD3e) or B cell

(CD45BA, CD45RB)3 AN paR4ss [ n.anti.gen (CD45), but were
reactive with an anti bode;e/tgf)lég\gig%ﬁ/}zﬁ%ﬁ% g‘]ﬁect)esrfné aL|nﬁns( CD43) whi ch

cross-reacts wi t(®) qomedyeeds No such cells were found in any of the

PBS-treated mce. PRAPP. e bpvari ably .deyel o avy. anyl oid depositi-on in
the outer 20 nol ecaﬁﬁ?%tégyﬁfA%ﬁﬁ-ﬁe%ﬁf}éS%le Iaﬁ@%‘rﬁ%i“e‘%%’[%?*rhe
deposi t i da ntasthssvas | §P@rg/movhistt inemksed v 8,M00mg/hy pembatha(tabRathuay, a ,
subr egi on gt hatns¢lAsHlG tains anyloid in_ AD. The .
characteristic Sa.ppear{: g‘%‘%:gzgg&?%g’saé}mer?)r%esPﬁosvcipL&%‘frF‘éé]Pee‘Hnﬁf%’é“r esenbl ed

t hat 15pr @f thegspeyimehia PRSt tevatededinats hedts; @amg tRRARP aft TRontdhwhiary| oi d

deposi ti I th di ffuse and acted plaques in a continuous
band. |nq%6‘%§{&§§t§,§’6§bn’9gég %‘3%13’%?“%6%* IhBoHAsh ART ()‘ﬁ?a}ﬁ%af shaddd¥ed nice this
pat t ern Jess tatal ddtat aimbytha(lt @0eg/g) Te thd PESRaRALed 260y, ighi@RGSi ti on no

| onger ¢ i i, f.f |_oj apd the banded pattern was conpletely

di srupt egg1SE @ﬁ@?’g%ﬁf"%gﬁﬁﬁ?@ n&’fﬁ&ﬁﬁﬁ%‘ﬁé?‘p‘&%‘?"&?eﬂ?ﬁ%@m'é@ apgPBSpr esent
that ar graupawticvempdréd(Table i2), AbpradehiilpOri 85 reds @R iRthe s Mkl fPpeared to be
anyl %d- %&nt ai ' '

crmsenéenpgesent. 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 Levels (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)f 8,600 7,200 (9) [1,600 1,300" (10)
18 122,200 18,500 (10)| 19,000 15,900 (12) (5,200 4,000 (9)

*p= 0.0412
** b =0.0001

(b) Hippocampal Levels
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cells. 30 MHC 11-positive cells were frequently observed in the vicinity of
extracellular anyloid in AN1792-treated aninmals. The pattern of association
of Ap- positive cells with anyloid was very simlar in several brains from
AN1792-treated mce. The distribution of these nonocytic cells was
restricted to the proximty of the deposited anyloid and was entirely
absent from other brain regions devoid of A(3 plaques. 55 Confocal

m cr oscopy . of NMHO untreatad PRAPPahict, Ineedianddpriogarspal ésvek|oé thtal idhat pl aque mat eri al

was COWIVB&Q)nstMg’& W&BY 5 o@o hg wrmaw&asgd 231,000 et i 5 bhihy end Mage

anal ysi g ol Moo n g WG Lo @DSL S Segthionsss Favsalaga boghd tover ds

i ncreasea 1 MMuHore pocarrpus 0] 92-treated

m ce covipss ebttGY0mele 43@55 @ﬂOQ@ﬁ/gv@hﬂ%WOFl@ae%él BiopthsPPaFEeYwi t h the neasure
of MAC ANI'BRGiinmMnizyd kil sRB®AEES totNAS Sspe€ifitdllyS2 506 Aghginddt jooe of acti ve,

cell a n r regions. 10

3. AN1791?%%t$}gecrt%£sp% \%R%e Te mh%nné'kg %gﬁlt&%o%%ﬁr@ﬁgnrg&&z 53';[\)éig‘zrtl g:’ﬂ Levels In
unt r eat BetepErEP vijue avas sigaifivartlydawerdha thatofitha BBS meatederoppalre Or018% at 12
rmnt hs Ttte 3, 60Asughent oMAPeh ghveGheasetattendf rl0lt) garfelpyhal vai®int hs ( Tabl e

r 10-fold
dur| ng ?%gwgﬁe{}%&%r qug’lér% Y@ﬁ—ﬁ%ﬁ g%e{r}%élgmtg%ghgﬁ ? Z% (Saa;(])ln s had 8, 600
ng/ é)otOY%P7Q@9‘§{8’I§P%WFWSPV%9Q?I}@“}‘Ci%&oégsf‘éfa uﬂ%onl(é”ableé '‘ng/ g at 18 nonths.
In contrast, AN 1792-treated animals had 81 % less total AR at 15 nonths
(1,600 Hgyig). M@%Mgf&ést%%%ﬁ 0%9.5595 Si gnificantly |ess (p=0.0001)
total A(3 (5,200 ng J-%—E& s ﬁ]un nt hs when t&g ﬁgl?QZ and PBS
gr oups werpe—eenpared—{ta mmﬂe '““ a—72% 2848 on—in the AR that
woul d 20 dthégan sel i il Eatel @431 ném) lwhen corti cal
| evel s of |[AP342 ywe5600canpad ed,0)hanely that the] ANL792-treated group
cont ai ned |nugh | €3 56634240@112109 40,006 350@seh 4,@bffﬁ,mce@0)tet ween the AN

1792 and HBS,gr oYRg sWET @4 Sh@N{in) @E\ao@tmhat M2Ps0 BRNHR%AEP=R,J4) and 18
nont hs (p=C q;(wa,mﬁsabl € 2Z2). 25 Tabl'e Z7 Median AP Level's Tngrg) in Cortex

UNTREATED RBS ANLd>2 A e Tot al "A042 (n) Total A B42 (n) Total A D42 (n)
15

(c) Cerebellar Levels
In 12-month untreated PDAPP mice, the median cerebellar level of total
AP was 15 ng/g (Table 4). At 15 months, this median increased to 28 ng/g and by 18
months had risen to 35 ng/g. PBS-treated animals displayed median total Ap values of 21
20 ng/g at 15 months and 43 n'g/g at 18 months. AN1792-treated animals were found to
have 22 ng/g total A3 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 A3 Levels (ng/g) in Cerebellum
UNTREATED PBS _ AN1792

Age Total AR (n) |Total AR (n) |Total Ap (n)
12 156  (10)
15 277 @0y | 208 (9 | 217 (10)
18 350 (10) | 431 (12) | 248 (9

25 ¥p=00018
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12 1,600 1,300 (10) 15 8,700 8,300 (10) 8,600 7,200 (9) 1,600 1,300" (10)
18 22 200 18 500 (10) 19,000 15,900 (12) 5,200" 4,000" (9) * p = 0.0412 **
p=0.'0001 (b) Hi ppocanpal Levels 56 In untreated PDAPP nice, nedian :
hi ppocanpal |evels of total AR at twelve nonths of age were 15,000 ng/g
whi ch increased to 51, 000 ng/g at 15 nonths and further to 81,000 ng/g at
18 nont hs (Tabl eﬁg) Simlarly, PBS inmunized m ce showed val ues of 40,000
ng/ g and 65, 00b- Fffreys af AN Rdmeatrscri e 488 byflEhs, respectively. 5 AN 792

i muni zed ani mal 3 peXNhbi hefnlieSth ABP HoldhiR bod@fiald @Rdp¥n 260G ng/ g and
51,000 ng/g at the respective 15- rmnt0 and 018 nont h trlp)rirne oi n?gs?3 The

18- nont fequddcd atgixhust qopkithe grotgntinliy impactad byetbe g¢ngretipn ekan Ay 1 T98vlitectetan t hat of
the PBS%@%E%&&r OUPHi R thQ%Q@hﬁ T@zmzﬁe APPRISULLTRE nftbd A( 342 gave the

sane pai results, nane levels 1n the AN1792-treated group
wer es si wdpamahg}'wcfaawsnn tthBEAPH nndmee FABShgeansy, 1635, Qﬁ@@hqﬂg‘/@ﬂﬂ“ﬁ/s 57, 000

I L I T Nk

A M n Tepa wﬁr%ec(ﬂ)19@95&11(:PSﬂﬁnﬂﬂtlnie%oﬁﬁmﬁﬂgANU%aééhG/)s th® 51, 500 44, 400
(10) 40,100 35,70 (9) 24,50 22,100 (10) . is SO ROO 640%% %ril.O -6--LADO
.5.7, 10P@§Qr)eat5¢)grggp3 eg@gmor(ﬂg)ﬁNW%ptreat@ M@galucs*weﬁenotex is 15 (c¢)

Cer ebel hﬁf‘erek{ﬂf{&h%alh& ok%hem%&hﬁwmd Bah8ath RRARIR: dHing 8 5-nidaén PESIp@apser ebel | ar
| evel of total AR was 15 ng ag (Table 4). At 15 nongh this: i an
e

i ncd@as elkagseaghaniyf Ry valvrs resgal W‘ﬁbﬁﬁ‘ﬁ%ﬂ“‘?ﬁ%‘é%"ﬂ‘&“@ UAGIEDBES. ¢ 1 eat ed

ani mal s #i.spl ayed nedian total AP values of 21 20 ng/g at 15 nonths and 43
ng/g at 18 nonths. AN 1792-treated animals were found to have 22 ng/g total .
AP at 15 nont hs and significantly |l ess (p=0.002) total AP at 18 nonths

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 (5’5%;
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, heterozygous 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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(25 ng/g) than the correspondi ng .PBS group (Table 4). Table 4: Median A(3
Levels (ng/g) in Cerebell um UNTREATED PBS AN] 792 Age Total AD (n) Total
AP (n) Total A(3 (n) 12 15.6 (10) 15 27.7 (10) 20.8 (9) 21.7 (10) 18 35.0
(10) 43.1 (12) 24.8 (9) 25 * p = 0.0018 57 4.. Effects of AN1792

Tr eat rrent on APP Level s APP-a and the full-length APP nol ecul e both contain

The genBTa BHobF ot BAETES CORaam Lt ot o e BUBR e L e it cs o

dat e, awsh I.lgh;bmh a@nmmnu delARRdloavid Santeashdiern A[tﬁltneld wafe Bledwitiinpat hol ogy
i ncr eas in th

In th t of, eit -a [ FL
(full éttﬁfeVSP dﬂéé oviRs %aCEéIEQ‘HFF%H(%&E’ﬁﬁ@%}?Q S%‘if’“f‘ P8~°I§t :}é’ﬂl’ﬁp& th the
except | &denbattcc)i Ammhﬁwxdéagdwadm%pw%omeuﬁ&naeﬁ&mr(mhﬂt) fdmmw7 [ n: i nttge
ANl 792-t. t vs.. the, - rou reate
APP 3ol U GRS MmN Gied DA ATt BB 5 Uit B 81 4968012 o
and 15- faNatihgUind seeaide thidndd ﬂér(mm)laoﬁB&sgmua? N f-Bpeaific a6 t he APP

val ues remained within the ranges that. are nornmally found in PDAPP nice.
5. Ef f eRESMETSUER i sapsroipnigalsdlioving the sixbdegaeatet ve and diotic Pat hol ogy

15 Neuritic pl aqu?pbmﬂstely%&hmgméhﬁ@mweréﬁ—elas@f;!)r haddionhr@Rtal cortex
of AN1792-treated mce conpared to the PBS group at both 15 (84% p=0.03)

and 18 {9895 rf‘-fﬁwen&lf)m%ﬁflwss b rboxg &0, 2ejagd 2§)veekﬁh@%eﬁta¢fe\¢aqeaevabf t he
neuggti aeu%@a %EPBY KelEEle hRRE RARKA Frduh@5h&luvdalo NearlariBiay ted hendnida Or oup

between 1.5 and 18 nonths of age. This "contrasted with the greatly reduced
devel opwﬁﬁngﬁf* opERis time perieth Ja dact.entibrdyAngrs arpzarsd treadin stabla flomedi an

neuri t.i geFhaaus thsdremuivad dbassihdily WY %éryé Bvegdifornd firk RAndmn@nd 18 nmonth

groups, .respectively. |nmunizations w N 1792 seened well tolerated and
" react i viyecHeRs ocytosi s was also significantly reduced in the RSC of AN

1792-treated ni cera/ﬁhedamumfma ?okpaaﬁ& hRitbEiss ArcPeP bRImMBRiRidR 1HaP6% p=0. 011)
andléL8 (39% p=0.028) nmonths o

were detected in the sera of AN1792-treated mice were also associated with deposxted
-brain amyloid, a subset of sections from the AN1792- and PBS-treated mice were reacted
with an.antibody specific for mouse IgG. In contrast to the PBS group, AB plaques in
AN1792-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 presenée 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 plaques.

7. Cellular-Mediated Immune Responses

25 Spleens were removed from nine AN1792-immunized and 12 PBS-
immunized 18-month old PDAPP mice 7 days after the ninth immunization. Splenocytes
were isolated and cultured for 72 h in the presence of AB40, AB42, or 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
AB40-1 reverse proteiﬁ. Cells from control animals did not respond to any of the AB

proteins (Fig. 10, Lower Panel).
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25 age (Fig. 9). Median values of the percent of astrocytosis in the PBS
group increased between 15 and 18 nonths fromi. 26%to 5.21%
AN1792-treat nent suppressed the devel opnent of astrocytosis at both tine
points to 1.89% and 3.2% respectively. This suggests the neuropil was not
bei ng damaged by the cl earance process. 30 6. Anti body Responses As

descri bed above, el even-nonth old, heterozygous PDAPP mce (N=24) received
a series of E innﬁni ations of 100 g of AN 1792 emulsified with Freund's

adj uvant and adni ifSt&°8d intraperitoneally at weeks 0, 2, 4, 8, and 12,
and a sixth i muThezadulte 6f tststudyBowa ki aN1MeR imrewtithtion atiDARMhjceat week 16.

As ti 1ol a 58 |lel set of 24 age-matched tr icon
recai vedsr SRt B el farped B Nt SRR PN & and |

del i Ber esld edtart benssqueitiab afiecpstidloghntHang & invie gl BOARP fbug brdilir ee t o seven
days follow ng.each,i Lzati o tarfing gfter the second dose. Antibody
response‘?"f“&‘z%l‘\f’rf'?@% Mbﬁgggtﬂrﬁéia@?ﬂtﬁ %A deyslopiRg 1P SEUGHEEHINgt t er s ( GV
for the vaouhdihBy SulbeimbBlagyldB4RI Zeds WhhidNdPer ABpSrappioxi mat el y 1, 900,
7,600, and 45,000 follow ng the second, third and | ast (sixth) doses

r espect it0@rRFutinkenafy-is fediepimengefiABody was measured in control ani mals
follow ng the sixth inmunization. Approximately one-half of the aninmals
were treated for an additional three nonths, receiving inmunizations at

abolt0 23V 24 SEREEDORBEERAPBIENTSf these doses was 10 delivered in PBS
vehicle alone wit WD@EEM%%%%@QJ'I Eﬁ’c?x%s-wé}@ﬁxﬁn%gigggﬁﬂb dik &S remai ned

unchanged over this time peri . act, antl titers appeared to
remai n segibhseofiARGAnd Alfido figenntine which kpitapegtrnieibihe efficaiousesspansei ng to a

peri od I; 7 ' LAth . 0L ecti ~Ta determne if the
A( 3-spegﬁ%ﬂd.lg%%l}tgﬁx§?g%gﬁ %@i#ggo%{ﬂ&mﬁﬁagg .é.g%@%ﬁrg%ea a%g“e'we&_g%e detected in
t he ser dmofund@éhy 9Rlutle fomt buinani AR pypeide caljsgrtadskic il 228 B2wi2t hsddlposi ted. brain

anyl Qi d, a.,subs of ..sections .from.t he AN 2- and. PBS-treat mce were
reacted co\?\f’]{:ﬁg&fﬁgegr?ﬁl'gg’ i I%%evc’? F%S“f‘%fm‘ﬁéﬂi‘é’%ﬁ@&?eﬁﬁcmwa@f? 5 the PBS
group, ARSpdgacpgesd humanAl\l 1-402mt aggre edediivaian sA BES-85, andagebgated fddegindogenous

| gG Thi ifference, t the two groups was seen in both 15-and

18- nont h‘é% o&%?egﬁﬁ‘fﬁp‘%?‘% WEIF RS P&EEV 0d npgruiye ?‘5‘“8@' | abeling in the
PBS gr oupspectdsyi. tTen ke wrreaL8 @er tofatrAedd @y, Tyt 0k g ad sbotvbese  m ce.
These resyl t.s show f hat |i ni ion Wwth a synthetic AP praqgtein generates
ant i bodi*‘é’téJ R\ g 5‘8%2’(5‘?1?39étngg?%‘%\%“P’HWW'GHe‘ftb’“f'hglsﬂﬁhqnﬂﬁgwﬁ‘poi d pl aques.

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 AP peptide derivatives were synthesized

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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7. Cellular-Medi ated | mune Responses 25 Spl eens were renoved from ni ne

AN1792-i nmuni zed and 12 PBS- i mmuni zed 18-nonth ol d PDAPP m ce 7 days after
the ninth i mmuni zati on. Splenocytes were isolated and cultured for 72 h in
the presence of AR40, AP42, or AP40-1 (reverse order protein). The mtogen
Con A served as a positive control. Optinmumresponses were obtained with >

1.7 M prggeidpepfidd | s from aifo-pamerANSEASN ¢ iceasied ani mal s 30 proliferated
in response to either API-40 or API-42 grot ein, with equal |evels of

i ncor por&ftl-oeeptidt bot h pr oNEIWBAEFRG-CQOH Upper Panel ). There was no

response - AP40-1 re Se_PI:ot el lS6EIR ,r@]ggp@ : imal s did not
respond ‘%é)ﬁér%&%%‘%d%t he AP \g\?gztggi%{s&(%p%m%d{%{?\er ane% @b@f‘c Concl usi on
The resubpis-MBfpeptides st udy SHeMHtHEQKBNFEAEDVIGENKGEEICQ@DHOf PDAPP m ce

possessi ng existing anyloid deposits slows and prevents progressive anyl oid
deposition 5 and retard consequential neuropathol ogi c changes in the aged

(F;DAP:D mouse br ai nTo prepusifaakd mglkv% rSzfttiAN]tZr?iﬁgeﬁstQBﬁ h:ngi-xlnyudaag(lseddarryl oi dh
evel opipg,.in_structures that wou r syccu to oi dosi s. Thus,
adni ni st %ﬁ‘?o&ﬂmﬂ‘lun%sﬁﬂbtl {“%’é’“’ﬁ 5) Wﬁéﬂ%%%tolv heepiret ]iOrF’%d‘E‘P‘eat ment of
AD. 10 |Mratéﬂ%lﬁlﬁgﬂ?s.Aﬂxfﬁﬁ%l\ﬂi&deQvaEWBomeﬁ@at&g@ aSrolulndBINAS Wer e

i nmuni zed, Wi tgg;ﬂg ferent . regions PP and AD to determ ne which
epi t opesSHEAD Pt RTERPO UL BEHHFMCSThe 9 different i munogens and

]gne poralnt rol Agre i[lj@MQidaidBcup&%ld%?ﬁﬁx&&i?mggnggc%ﬂﬁ:ieri‘céﬁ'mlfl{)ﬂ%'lS [ nc: uge
our hunan- pepti de, conjygates 1-12, - 28, - - a coupled to
sheep a%fs-"w&%'é‘é’“?ﬁ%‘?ﬁl%{uég 1ﬁé°#§ﬁ@§é’ﬁxﬁ§?°§%’f@ﬁiﬁg$ dés éc}ﬁego aci ds
592- 695¢8@ggz(rj\e@a$‘ tﬁi?%wrmai@& dntidd) Ouéa%% %gghagﬂagggmMM sﬁﬁac?ﬁr35, and
aggregat ed raodent A : regated A a .were. used as positive
and nega"’t"i*\?‘@“&‘&?ﬂfcflérl“ ',4%? %%‘88‘8?3%?&? W“'%“@}ﬁser{?@@’%‘l’ ! %ﬁgb@?’ treatnent
group. TéxdcRangedM3 RssARObied b @d nidSgal fibMtion asldmA{FiercyBregto@dlnai)i zed at the end
of 4 ponths

o o S cheet s R S0, 85 0 el g e ol ooy
Pr epar at Aftibo6§ cdnraining fecionidspdfiat byabsabarze apd 80dhmdBepgpbledasd f our human AR
peptide &&rt](jd"tlgg‘goen%entration of approximately 1 mg/mL, using 1.4 mg per OD as the
extiﬁction coefficient. A 40-fold molar excess of AP peptide was dissolved in 20 mL of
10 mM NaPO4, pH 8.0, with the exception of the Af33-42 peptide for which 10 mg was
20  first dissolved in 0.5 mL of DMSO and then diluted to 20 mL with the 10 mM NaPO4
buffer. The peptide 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 dialyicd
against PBS to buffer exchange the buffer apd 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 'by the molecular weight increase of the
conjugated peptides relative to that of the activated sheep anti-mouse IgG. The AB 1-5
30  sheep anti-mouse conjugate was a pool of two conjugations, the rest were from a single

preparation.
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25 (amno acid residues 1-5, 1-12, 13-28, and 33-42, each conjugated to
sheep anti-nouse 19gG were prepared by coupling through an artificial
cysteine added to the AD peptide using the crosslinking reagent

sul fo- EMCS. The AD peptide derivatives were synthesized wth the follow ng
final amno acid sequences. In each case, the location of the inserted
cysteine residue is indicated by underlining. The A(313-28 peptide
derivative al s@. haép'ﬁglngMagérygdtémAg95@@@5 added prior to the carboxyl

term nal cysteine_as indicated. -12 peptide NH2- DAEFRHDSGYEVC- COCH
A(31-5 peptide NHIWEAEFRE! WgAFsb@mPﬁ%ﬁf%I&& hBAEOWH-h3m3B gt anoi ¢

aci d- LMW\l 49, @@Xﬂﬂmlﬁﬁép'irdgﬁlnlaenbismm9%& MEQKA I FARIAMGSINKEKIC- COOH 5 To

prepare for the caoupling reaction, ten ngp sheep_anti - mpuse IgG (Jackson

| nruno ReSEHY éﬁ"zL%ﬂkgﬁ”& FP%%‘“')S TRl AMEFIPAE CBV@PMCWCSBEWOH@{“ZE@ HM sodi um

borate byt g@ﬁamtmﬁ'o%e&h et ¥ i) bWz BOmMARS IHAREY p WA rd thaMag BBGEdrEat ed to a
vol une of usi ng_an Am con Centri prep tube. Ten@gg sul fo-EMCS 10 [N

(e- nal ei fEsertedit APf oxIr Biseripebhirte e aiperida vare ddsdr@eEmbef ) was
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using a rabbit anti-pBx6 polyclonal antibody, pooled, concentrated using an Amicon
20  Centriprep tube and dialysed against PBS. The purity of the preparation, estimated by
Coomassie Blue stained SDS PAGE, was approximately 5 to 10%.

B. Results and Discussion
- 1. Study Design
25 One hundred male and female, nine- to eleven-month old heterozygous
PDAPP transgenic mice were obtained from Charles River Laboratory and Taconic
Laboratory. The mice were sorted into ten groups to be immunized with different regions
of AP or APP combined with Freund’s adjuvant. Animals were distributed to match the
gender, age, parentage and source of the animals within the groups as closely as possi'ble.
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 Af peptides,
human 1-40 (AN1528), human 1-42 (AN1792), human 25-35, and rodent 1-42; and a
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of 1 ng and stored frozen at -20C. The concentrations of the conjugates
were determ ned using the BCA protein assay (Pierce Chemcals) with horse
| gG for the standard curve. Conjugation was docunented by the nol ecul ar
wei ght increase of the conjugated peptides relative to that of the
activated sheep anti-nouse 1gG The AP 1-5 30 sheep anti-nopuse conjugate
was a pool of two conjugations, the rest were froma single preparation.
61 2. PfusisamalyrentidofdesigeptasipapBa6 ARngamng 4B arpinmanid residueg ARE6P8:A Cal i f or ni a
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i ncubat e@MYYERLANE Herelelird ingpregiametiyeo ey schefubplor deifss tyee t he pBx6
prot ei NigodR, BSLSHRbARY REREME theteedi A mBBXRre Hed folSiQBvd@Yy€i N consi sting
of the 100-am no acid _E‘)la,ct eri ophage M5-2 polynerase N- term nal | eader
sequénc oV HRsY IppuRiFatinp siaging sitsobe efgsmgqlossAfﬂPﬂ(emmrewa%t of5 constructed
as descrihiigdybiyerQO A8fsd Wefe Sthadllzed aEp]prO)gln_Qde}y o itk 283 theAtAPa44 97 (1990) .
The plasmd was transfected into E. coli and the protein was expressed
after induction of the pronoter. The bacteria were lysed in 8Murea and
pBx6 was parti al | xpRd hbp eveyin t¥ BRA ati ve SDS PAGE. Fractions containing
pBx6 were identified by Western blot using a rabbit anti-pBx6 polycl onal
anti body, pool ed, Fdloneegabeutifewr menthgeldmmprizetion vt the seiqusAdp t ube and

di al yse ' : i: Lhe, i S . y
Coorr%gisﬁjgatgilihgxsﬁsl% 5? ?gég‘%%ép%%&ywﬁéé apﬁ?grgﬁ%é@ézl&%gs%o&%ﬂg%}}o'e%}eb%sul ts and
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el even- npng in@h fod i AS QAYAAS el CDARRALANRIRRE G TH SR otk Ak ned from
Charl es R ver Laboratory and Taconic

of beta amyloid peptide and amyloid precursor protein, the hemisphere was dissected and

homogenates of the hippocampal, cortical, and cerebellar regions were prepared in S 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 AB peptide or APP of known
concentrations in an ELISA format.
The median concentration of total AP for the control group immunized
with PBS was 5.8-fold higher in the hippocampus than in the cortex (median of 24,318
25  ng/g hippocampal tissue compared to 4,221 ng/g for the cortex). The median level in the
cerebellum of the control group (23.4 ng/g tissue) was about 1,000-fold lower than in the
hippocampus. These levels are similar to those that we have previously reported forl
heterozygous PDAPP transgenic mice -of this age (Johnson-Woods et al., 1997, supra).
For the cortex, a subset of treétment groups had median total AB 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 AB1-5 peptide conjugate as shown in
Fig. 11. The median levels of total AR were reduced by 75%, 79% and 61%,

respectively, compared to the control for these treatment groups. There were no
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Laboratory. The mice were sorted into ten groups to be inmunized with
different regions of AR or APP conbined with Freund's adjuvant. Animals
were distributed to match the gender, age, parentage-and source of the
animals within the groups as closely as possible. 30 The i nmunogens

i ncluded four A43 peptides derived fromthe human sequence, 1-5, 1-12,
13-28, and 33-42, each conjugated to sheep anti-nmouse |gG four aggregated
AP peptides, ~human 1-40 (AN1528), human 1-42 (AN1792), human 25-35, and
rodent disgpablyserrgatpms peigicemABsPsriqanititiedy titersiagd APdevesingBy@rticelont ai ni ng
APP am Qgiogg}ge@%gg%gﬁgégg%s_A tenth group was i mmuni zed with PBS
conbi ned with adjuvant ‘as a control. For each inmunization, 100 p.g of each
AR peptide i n-200n the hBpoermmmehe gedifin tedectinRRf deali Afatssvw@atpBxth i n t he sane
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of i vls frrmniRal (e aimaliihip hath Aroyps theseredpetions werenos sigppcagér i vat i ve,

brai ns wefeq tHeaomRuad AF10 $@k heuRarh HRehRBAABSnonP3¢ thehRMmRbEr € was
prepared for inmmunohistochem cal analysi's and the second was used for the

quant i t §9Pes refuclirs aprghedrenidsreres Thwe due et emelie Afdngdamtindiei ons of vari ous
[orm  ndkedn @l Qe RERLLAGADLSVE luftalt BPHLARLNREGLE e L NE

hem sphere was di ssected an onbgenat es o I ppocanpal , “cortical, and
cer ebel Feangesepipbrievelianeasped paEREEA m the ¢rR® agruamildi e noTiesiealwer e di | ut ed

and 1§ he yleeals BEmaDLGh choRsto AR IR Lt by ~ conparison to a series
~of dilutions of stan'é-g'}rl%s othéilg1 pe%?a?%gsr%érc%@()f known concentrations in
an ELI SA format. Tosd Afedisalsocosreard inghé omeboflumot meioAlydicallyt he -cont rol group
i muni zeg Wil BgPRS . I her. 1n.the hi ppoc us. thap in the
cort ex ?rqrregll a§n_o{) §4,. 21@5 pg%gféég'gﬂ%%pogg%ea%%?n 8 Ps?%rg%mé%%%\?fea&yf’g 4,221 nglg
for the tegrews jmmtinetdredlh tn vhdaus AR peptidee of theetiel derifndie diffi@edethr ol group
(23.4 n%g 1I;t'hssu%) was about 1, 000-fol.d Lr.\/\,er han .in the
. Yha¥ of th& Control Lgxs g

group m regidn of the brain. This result suggests that non-
20 pathélogical 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, rccognizés both APP-alpHa (o, the secreted form of APP
which has been cleaved within the AP sequence), and'full-length forms (FL) of APP,

25  while the second recognizes only APP-¢.. 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 animéls. 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 Ap 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 treatrnent. No other
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hi ppocanpus. These |levels 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 treatnment groups had

medi an total AD and AD31- 30 42 levels which differed significantly from

t hose of the control group (p < 0.05), those aninmals receiving AN1792,
rodent AP 1-42 or the Apt-5 peptide conjugate as shown in Fig. 11. The
medi an | evels of total AR were reduced by 75% 79% and 61 % respectively,
conpar edeaoenthesociaing eyington A Ptieedt imshet hippasempaal, chiisrlorver e no 63

di scern yeen A(3-specific antibody titers and AP |evels
in the g%%bﬁ%lﬁg%gl%%#gﬂggpgﬁe brain for any of the groups. In the

hi ppocanpus, the medi ah reductl on of total AR associated with AN1792
treatment (46% g{i-{og_‘_ﬁ% not as great as that observed.in the cortex
5 (75% p = %0 3 wever he magni tude of the reduction was far
greafer in the Hﬂrppmframmﬁsbseha"mxgxommeivem@pxtww fornet reduction of 11,186
ng/ g tlssue R s versus 3,17 / issue in.the cortex. For
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When t hef thexalBidtfurddRlin BRiVREGFBISUREE gidipé he shiwPREaRYSThdoNe of the

treatment- induced reducti ons reached significance. Thus, due to the
smalPer WA(%B I AR eyt appiaidRurdaas threortical eairRs fdirof it e a nor e

sensi ti \teatinBati ggipe Leriis doh@alaBiMs. Bifte @edatost rElMtiok BANERSd bkrddRwhevel s
measur ed_ by EngA in the cortex are simlar, but not |dent|cal to 15 the

resul t s P thEe Wﬁﬁ@ﬁivﬁgﬂyﬁ?%mﬁ%ﬁ@ alyegwas e Y S7¥oPT AP was

al so neasmon)ecslgrmﬁ&aheeamel@@we anso absé%ﬂ%} thasP kkidalstreated RitHAN 1$28f f ect ed
W th AD holgga/ I\ﬂﬁg_g of the di an AP concentrations of any of the
groups it ieE ﬁéﬁl\,%pqpaﬁ%cog(ugaﬁséfﬁ/?,dbsogﬁ) the APP derivative

di ffigred from thﬁ{ereiungbme&rwalan&ae&moﬂt&a}m%rksgueayeixshh&dbr ain. This
resul t suggests t hat, .non 20 pathol ogi cal |evels AP are unaffected. by

t r eat nerffy Wé@rﬁéﬁ‘?ﬁ%ﬂa&ﬁls\ﬁ&?réﬂ Sé’Hled'éfeé"r rﬁrﬁaé’d‘e’l‘}y”@u‘f‘}éwz? fad e cortex and

cer ebel Istgmcmrimpzceaﬁ £1d 1aR0o LRALcAIQn Y118 BurddnVWheh hESLRAby HBRIAESAYS were
utilized. The f‘n[’St desi gnat ed APP-(x _/FL, .recogni zes both APP-al pha (a,
the secrBRERRRYiHPYmoppEhe GpRcERTatAR of ik ABTR M SAMGIEIIERe A(3 sequence)

and ful Indaenet by E0SAE THeld ffeRéncABRween these two results is likely to be due to the

20 spcciﬁcitics of the assays. Image analysis measures only insoluble AP aggregated into
plaques. In contrast, the ELISA measures all forms of AB, both soluble anci inseluble,
monor_neric and aggregated. Since the disease pathology is thought to be associated with
the insoluble plaque-associated form of AP, the image- analysis technique may have more
sensitivity to reveal treatment effects. However since the ELISA is a'more rapid and

25  easier assay, it is very useful for screening purposes. Moreover it may reveal that the
treatment-associated reduction of AP is greater for plaque-associated than total Ap.

To determine if the AB-specific antibodies elicited by immunization in the
treated animals reacted with deposited brain amyloid, a subset of the sections from the
treated animals and the control mice were reacted with an aﬁtibody specific for mouse

30 IgG. In contrast to the PBS group, AB-containing plaques were coated with endogenous
IgG for animals immunized with the A} peptide conjugates ABl-s, AB1-12,and AB13- -
28; and the full length AP aggregates AN1792 and AN1528. Brains from animals



25 while the second recognizes only APP-a. In contrast to the
treatnent-associated dimnution of A(3 in a subset of treatnent groups,
the |l evel s of APP were unchanged in all of the treated conpared to the
control animals. These results indicate that the inmunizations with AR
pepti des are not depleting APP;, rather the treatnment effect is specific to
A(3. 30 In summary, total A(3 and APl -42 | evel s were S|gn|f|cantly reduced

in the _cortex h t with AN1 t API - 42 31500njugate
I the FHRBHGRES SPoual PR s T PRURRETy PHTR S0SHHE by AN 1759

t r eat metiis asdg. ot her 64 treatnment-associated changes in AD or APP levels in
t he hi ppocanpal, cortical or cerebellar regions were significant. 2.

Hi st ochem cal Analyses 5 Brains froma subset of six groups were prepared
for i nmunohi stiooheriemabntanahyisidy, Tilely ee groups imTuni zed with the AD
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contr ol 28 9ksecdia8mirREMAtloR, RF a kdTAAE fiRB BleY&E AntiBddyliiis daM! dacurbur den in
brain sections fromthese groups are shown in Fig. 12. There 10 were

signi fi é&ﬁﬁlﬁé@u@mg@mbqér/ UERAg B é‘thI‘“bﬁ‘ereIﬁAlvﬁmt%“%B‘M‘i well Pieegi ons of three
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observe an .t ﬁdﬁi me 9 RL05) and the
ADlelg pggpﬂgggg%ﬁﬁggﬁtg@%%%ﬁ?: %‘?Mﬁﬁééﬁé 41‘2@3( s obt afned by

guant i t #8j23h), af 1{lotadjugaR (p¢akKRMI4Q7 b%)&ldlrﬁknahﬂl-%ﬁyﬂoﬁwibuﬁﬂé@ by i mage
o e B M TP i SRR gk g o oo
quant i t atmaigingifivagemarngtnssiesk bu:trs wert r@nnqdrfellmng:élnﬁﬁhtordmsmh cﬂ_ctst: al AR in

R
anallpsi sA&ieﬁsmmmtechﬂay GMIB @l 356), @B&Bmgmghtlwéj APd3-2Plcagjugzsz | n contrast,
i L1 SARanH ey itk B PRA S0bU RS ol monorer <
with t h&tlbbéphl&blv&repdlﬁﬂﬂﬂsﬂ&& ogHimst €t hbobivgafs pégﬁn;det ting trageneanal ysi s
. tsfﬁggl ?h&gl,lgg%g%\cﬁm& an ‘Tﬂ% FOé’ arsg dofv tht }/mmunorgeer}/se osetgrrc)%%g {rn‘?rrr]xgmgefdf&ﬁ]t s. However
AB1-5, AB13-28, AB25-35, AB33-42 or rodent AB1-42. These titers were about the 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 lymphoproliferation was measured using spleen cells
harvested approximately one week following thé final, sixth, immunization. Freshly
harvested cells, 105 per well, were cultured for 5 days in the presence of Af1-40 at é
30  concentration of 5 puM for stimulation. Cells from a subset of seven of the ten groups
were also cultured in the presence of the reverse peptide, AB40-1. As a positive control,
additional cells wcfe cultured with the T cell mitogen, PHA, and, as a negative control,

cells were cultured without added peptide.

66



25 easier assay, it

reveal t

pl aque- associ ated t han tot al
elicited by immunization in the
brain anyloid, a subset of the sections fromthe

contr ol

contrast to the &%pﬂf)%’fro‘ﬁpé O] mtngmmna@&sﬁo%féé@t&@upﬁ

hat the

is very usefu

for screening purposes.
treat nent -associ ated reduction of ADis greater for

A. To determine if the AP-specific antibodies
treated animals reacted with deposited
treated animal s and the

mce were reacted with an anti body specific for

&3 pept

mouse 30 119G

sk i th

&

Mor eover

it may

In

conj ugates AD

1-5, A( PHA Theggieram siguificagt remsqsneﬂfwwoﬂewg«erbp wp8daggrisdemes AN1792 and

endogenous 1gG for "animals i mmuni Zed with
AN1528. Braln Ls 65 i N
APP pept (§ne pBX %reqre%lgl? laé %rla%reéa AA%

h thﬁ

dssa

"Me

99}0;@8%2 1

Ant i bodyaN1528 psoliferdbdyebustty evhbh etdmm@udn uhm ﬂﬁvmmvﬁams highkdt@pmnigtrach

i mmuni zation startin
bl eeds. PGRIEHHAAN TP

- sandwi ch,,

in Fig.

e
e

after the second imunization,

nq@h@alis gachy fdhe groupsanIwnizEd Weth deP
a%@‘AVB‘IghS %r@&taf&mM[ﬁ'S j@edrluhfm‘a?cﬁ%%resﬁ&@é E)dAIW hh AR

peak antibody titers were elicit

f

ted Tol

OWII’]

or a total

(0]

gﬁg&hdes or the
urement of

f five

lakt i body using a
J -42. As shown
the fourth dose

f or t hogemtioing grormmmcﬁg\emg 4B 1-Pepmukat,i obES-4%vocjugak pBké edPB&badmoghest titers

10 Of ANl%@% \%‘Rli

t
50

odi es

i : 179
v s hied Et

eak GWI:

P8 Ssiaized i

Gedti o

immunization with this peptide appears to be antibody.

67

AN1528 - (peak
ﬂf 42 (peak

naakAilfers wer e

ch | ower
jUQMe

usi ng
ose
API -42.

ers
gnltude
mean

d as the

GNW 10,766). Titers for these groups declined somewhat follow ng the
fifth an Eor the reppining five | ns
reached |following the fifth or the ®bkth dose and these were of
(poak e iteto e |0 Olyelle) ool M A M BT |1 R ppbnctes ﬁ
1, 183), |AB33-42 conjugatle ( peakY@vrr 658) . AQ035085 (pef K GMI/7 125)
Antibodym@qngrs were al slo neasuygd agai nst t hep-kepol ogqus pepgldes
t he sa A sandw chf Tormai,,Ior a supset The 1 rpnuno
gr oups iQQUﬁ?ged~ﬁrfb (315 AG13328, A“25R%??YARBQ 42-0rie “ﬂﬂn
These ti[A82%3%ere about |the sane 20 as those. lhmasur ed lagai id? A(31-
except flap3the rodent A(|31-42 iywaunogen ji n whicher case |ant i pody th
agai nst (JONDI 0gOUS ™ T [MUNOgen Wer e abjout tmp rora nijgher .. Jhe
of the e - --bedy—t-ter—ot-Rai-vi-Gual—anirals Bt he
val ues 1 ' rrkl at e4dumen ef filcacy HBasur
reducti opagi4AR in the [ortex. 42-mer 8/8
pBx6 0/8
PBS O-mer 0/8
10
These results show that AN1792 and AN1528 stimulate strong T cell
responses, most likely of the CD4+ phenotype. The absence of an AB-specific T cell
response in animals immunized with AB1-5 is not surprising since peptide epitopes
recognized by CD4+ T cells are usually about 15 amino acids in length, although shorter
15 peptides can sometimes function with less efficieney. Thus the rhajority of helper T cell
epitopes for the four conjugate peptides are likely to reside in the IgG conjugate partner,
not in the AP region. This h.ypothcsis 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 AB-specific T cells, the key effector immune response induced by



25 4. Lynphoproliferative Responses An-dependent |ynphoproliferation was
measured using spleen cells harvested approxi mately one week followi ng the
final,-sixth, immunization. Freshly harvested cells, 105 per well, were
cultured for 5 days in the presence of API-40 at a 30 concentration of 5
.tMfor stimulation. Cells froma subset of seven of the ten groups were
al so cultured in the presence of the reverse peptide, AR40-1. As a positive

control, additional ~cell.s Uldured, w4, kRe &llbpkt ogen, PHA, and,
as a negative colg Crég ?cheafl sw\;aenglgwgulst%g%d W t-hoG;Ee%dégd peptide. 66
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1792, rAges AbRiad B 1adt) duBhb the Pptide bking ercatred! to bblisdy y coftem ast i nul at ed
with AP 1 -40 with the highest .cpm in th% 5 reci p'f nts %AN1792. One ani mal
in eachewd Tiork epjione she PG AT G R 209 Yiefpor%'nl E’aéf’eé’,‘ AYSE3- 28 conjugate
and A13gcﬁj\%§ced3{ood|éa&%&@?&@ln]if‘w&ﬁ&@%&ﬂy bOmAfd itdmuAQdgenidle renmi ni ng gr oups
receiving Al31-5 conjugate, AR33-42 conjugate pBx6 or PBS had no aninmals
Wi th an AR-stinul ated response. These results are summarized in Table 5

bel ow. Jabl & G alABMBOBG YIS AHIRIdRs AP BoRetichs Responders APl -5 Yes
5-mer 0/7 431-12 Yes 12-mer 1/8 ..  A4313-28 Yes 16-mer. 1 /9 AR25-35

11-mer 1/9 X33 313Dnoypianpgerniemicg Mer? imsungsd ¥oth h0P 1e A B1-989 PS 42 ner 9/ 9

API 362 §% A a uga.n_t,%)ﬁé e QhSnizABS4 8- HEkNhsO /B0 dhlas EBB& R dI RS inSurskdW t hat AN.
1792 and AN1528 stinulate strong T cell . : . :
mice. IgG was separated from other blood components. Antibody specific for the

immunogen may be partially puriﬁed by affinity chromatography. An average of about
0.5-1 mg of immunogen-specific antibody is obtained per mouse, giving a total of 60-'}20
mg.. ' ‘
15
V1.  Passive Immunization with Antibodies to A
Groups of 7-9 month old PDAPP mice each were injected with 0.5 mg in
PBS of polyclonal anti-A 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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responses, nost likely of the CD4+ phenotype. The absence of an
A(3-specific T cell response in animls immunized with A131-5 is not
~surprising since peptide epitopes recognized by CD4+ T cells are usually
about 15 am no acids in length, 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 1gG conjugate
partner, not in the AR region. E ypot hesis is supported by the very

| ow i nci dence of proliferative r @%% ses for animals in each of these
treatment groups. Since the Ap |-5 conjugate was effective at
signififantly reducing the Tevelf of AR in the brain, 1n thej|20 apparent
absence| of AP-spetitibpey T cells,| the key ef fB@ieBr i rmune redponse i nduced
by immfinization with this pept|ﬁ?=ﬁﬁﬁ?ﬁ?§=T7Tﬁi?=§ﬁffﬁﬁﬁ7==?7 Lack of .
T-cell fnd | ow ant BBéddy responsd from fusi omfpepti de pBx6, Henconpassing
APP ami po acids 592-695 including alT of the AP residues may| be due to the
poor i nfrunogeni ci t1PIf this partlicul ar prepd¥at-idn. The poor| i munogenicity
of the | A1325-35 a regate is lilkely due to the pepti de betrig too small to
be likejy to contai g a 5 good T lcell epltopé t'd%el p the induction of an
anti bod § thls peptide were con oa_ed to a carfrier protein,
it woul [

, Bpar 4 of Poljycl onal

Anti bod es for tectiopn. 125 n tr n m ce re i mmni zed
with 100 g Alepgaﬁgﬁgkffg CFAJI FA adjdggn b %gggkgénlzed t 4-5 nonths.
Bl ood s collected fromimunized m ce. IgG was separ at ed |f rom ot her

bl ood ggnponenhﬂxhﬂnmib@ﬁy specific for t he i nmunogen nmay partially
purlfle Oy al 111ty CHf onat 0gr apiy. AT aver age —atoot =5-1 ng of

i mrunogen-specific antibody is obtalned per nmouse, giving a total of 60-120
nmg.. 15 VI. PassiMiécewenimiczigt i needed oXat 4 hodndopetiod iPn@nteines. of 7-9 nont h
ol d PDAR f yclona

Nt AL o R b e o e b/ R anti body

pr epdr atdebres bydildSH e APfer qtieer framandgony Erieto tvose morti wyes] a§.ab<M§rm¢I onal s can be
20 prep t he t r form of
AR [t 6 e T R AR P e Tor an
ant i bodytoxitrdegysyae pdriccmbd post fmorters. Ten mictewire edd fprogyoemtAdditiosd® wi t hout

bi ndi ng MlC@%PE&SlQQM%%RR %%eﬁ&%@&‘ﬁrﬁx&n‘ﬁks XI and XII below,

r esponse

10 VII. Comparison of Different Adjuvants
This example compares CFA, alum, an oil-in water emulsion and MPL for

capacity to stimmulate an immune response.

A.  Materials and Methods
15 1. Study Design
One hundred female Hartley strain six-week old guinea pigs, obtained
from Elm Hill, were sorted into ten groups to be immunized with AN1792 or a
palmitoylated derivative thereof combined with various adjuvants. Seven groups
received injections of AN1792 (33 pg unless otherwise specified) combined with a) PBS,
20 b) Freund's adjuvant, c) MPL, d) squalene, e) MPL/squalene f) low dose alum, or g) high
dose alum (300 pg AN1792). Two groups reccivéd 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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AP. 68 Table 6 Antibody Epitope 2H3 A(3 1-12 10D5 .AD 1-12 266
21F12 AG3 33-42 Mbouse pol yclonal Anti-Aggregated A(342 anti-human A(342
Mce were injected ip as needed over a 4 nonth period to naintain a

circulating anti body concentration neasured by ELISA titer of greater than
1/ 1000 5 defined by ELISA to A(342 or other immunogen. Titers wer
nonitored as above and mce mere eut hani zed at the end of 6 nmont hs of

A(3 13-28

e

injectiops. Hi oche AP | ev rf ormed post
nortem #‘gﬁmﬁfﬁ UYRBY e?&’%&b% 325§ 8tfbfsed g‘ﬂ;‘g adme% UF8%5a553| ve

I Muni zaitR IFAr and@swaisb@dlmsnrdamﬁﬁb&a)mt% pa ek a)qlgroxhaelem/upt thehi¢hl . Conpari son
of Different Adjuvants Thi s exanpl e_conpares CFA, alun1 an o I-|n wat er

enul si ondes @ umpPErorR IIdERREEEE yO4 18 efEAN&mf%?r L) eeHORSTHTR BT IBEFY A

Vat o1 | al $ach MRk ps CEMIFA an Sttt RaRi By @a%{aqr}m geafiemm b yley strain
si x-week old g U|nea%£ g obtained fromE mHI]|I, were sorted into ten
group® t en e righbansilsfesideor Al %hprlg?wsfﬁfh'aﬂrsb@r%dpwwe?ff‘e@qu Yative thereof

conbi nedbmeuay\éewda@%@wewamo%osées{e@mgmyeeemnje%ba/cﬁdag Bh@sLikens of
33 g uUnless otherwse. specified) conbined with a) -PBS, 20 b)

sevdf desrfollovipg wah immynizignd siaring affer Wpiseeond 4psentor Meayusiindbse al um
thugﬁé tl@}Sum(SOO pg AN1792). Two groups received injections of a

AN1792 (
Freund's
or g) hi
pal m t oy
squal ene.
addi tjpon
first do

[ at e

derivative of AN1792 (33 g) conbined with a) PBS or b)

A final, tenth group received PBS al one w thout antigen or

al adjuw@npm ﬁgkmghﬁmg&gggmrece|V|ng 69 Freund's adjuvant,
se was enulsified with

t he

and the remai ning four doses wth |FA

Antigen was adni ni SvemedARME (Geldomia Reptids Lgtwm%ﬂ)l‘vagﬁ%ééo eRedpf the high

15

20

25

30

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
overnight at 37°C for use the next day. Unused AB1-42 was stored with desiccant as a -
lyophilized powder at -20°C.

A palmitoylated derivative of AN1792 was prepared by coupling palmitic
anhydride, dissolved in dimethyl formamide, to the amino terminal residue of AN1792
prior to removal of the nascent peptide from the resin by treatment with hydrofluoric acid.

To prepare formulation doses with Complete Freund's adjuvant (CFA)
(group 2), 33 pg of AN1792 in 200 pl PBS was emulsified 1:1 (vol:vol) with CFA in a
final volume of 400 pl for the first immunization. For subsequent immunizations, the
antigen was similarly emulsified with Incomplete Freund's adjuvant (IFA).

To prepare formulation doses with MPL for groups 5 and 8, lyophilized
powder (Ribi ImmunoChem Research, Inc., Hamilton, MT) was added to 0.2% aqueous
triethylamine to a final concentration of 1 mg/ml and vortexed. The mixture was heated
to 65 to 70°C for 30 sec to create a slightly opaque uniform suspension of micelles. The
solution was freshly prepared for each set of injections. For each injection in group 5,

33 pg of AN1792 in 16.5 pul PBS, 50 pg of MPL (50 ply and 162 pl of PBS were mixed
in a borosilicate tube immediately before use. -

To prepare formulation doses with the low oil-in-water emulsion, AN1792
in PBS was added to 5% squalene, 0.5% Tween 80, 0.5% Span 85 in PBS to reach a final

single dose concentration of 33 pg AN1792 in 250 pl (group 6). The mixture was
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dose al um group, which received 300 g of AN 1792. Injections were

adm nistered intraperitoneally for CFAIIFA and intranuscularly in the hind
| inb quadriceps alternately 5 on the right and left side for all other
groups. The first three doses were given on a biweekly schedule followed
by two doses at a nonthly interval). Blood was drawn six to seven days
foll owi ng each i nmuni zation, starting after the second dose, for
measurenent of antibody titers. 10 2. Preparation of |nmunogens Two ng A
P42 ( Cal drfuddifiddebyRaptingt@rougtod tWMEORAEredaanankle devic 16.t920timeé untilgiconi zed

wat er and. the m xture was vortexed to generate a relatively uniform
suspensi DS GreRIes pPPeate (s 2bopt y9eK ipdameektpBk) Hn dgmgjeRgiedardy 01 M

sodi um 1mesma@ny@weaumermc@msa-Tﬁmsu&u@geﬁﬁhm WasopuRidegxed again and
i ncubated. 15 overnight at 37C for use the next day. Unused API-42 was

stored vPHHY B doapmulionnverefeshy Prepedd foeady seaes of FHESUOAS giflni t oy at ed
der i vt i srgu0f, MY, th093 Wacth PIRRA A d GOHRKE DG i dﬁgg HE pePRtY gy i de,

di ssolved in dinethyl formamde, to the amno term ue of AN 1792
prior tothe &velens angidetergsnimaixeun forgaisifitation smotedaboves iFar thy palmétayirent wi t h

hydr of | ugy i, ? 0541 farmy) aki ' npl et e Freund's
e ivant CCUE Cifon 2 s BB Gt R 51-R01 SR o, SRNBRRE, 11 20"
(vol : vol Yorigkedh T@egn 8(haral Sphin A% weveothemadded witb Qottexingr Thisenikhurestvad muni zat i on.
For subs tod i i,ons, the _aptd gen,wa L | ar sified with

| nconpl ei&gg l?elﬁjr?’ s&ﬁﬁﬁﬁa{}gﬁceﬁr&&f? °¢%/°%?“§b53?§°-?6T%T“aé%ﬁ%é F8s with MPL
for Yt ouPpsang therdix8ye Wyoghildifickas no®d gpoveder (Ri bi | mmunoChem Research, Inc.,
Ham | ton, MI) was to 0..2% agueou triethylam t i nal .
concentration of I@%ﬁ%e fgrﬁﬁu’(g/tégr éei);%eesd".wl hé_mr%rg?%lsrgga“\%gg)’ gqal?gidm to 65 to 70C’
for 30 sBBS wes widehtoeAlhydbdel trityinopaydexideigtlpAntusais Féesgiuon Nof) tari cel | es. The

sol uti on S ared f.or each,set,.of i.nj.ections. .For:each
i njecti oﬁ%ncoééegﬁgoé? Qé%p%ﬁ ng{ﬂé’?%rfu? h QJT(S’.OQ}l P ,OS%§r%ué° 18? MPL (50 |) and
162 | of ANBB®2per £mgiof elkm i3@ final dosboslamielof 250t €. tThbsusparie ivak géntiybef or e use.

To prepare formul ati.on doses with the low oil-in-water enulsion, AN 1792
b ket d B

in PBS wasa % 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 a_{(g | sifi.e assing through a two-chanbered
res Yo P ALY . .
hand- hel d devi cewfl\lﬁ‘3 uoergedl § Arrréébogﬁf}?{tlcgt he

: 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
CO;. Cerebrospinal fluid was collected and the brains were removed and three brain
25  regions thippocampus, cortex and cerebellum) were dissected and used to measure the

concentration of total Ap 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 'dete;ted following two

or three immunizations and negligible responses were detected following the fourth and
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enul si on dropl ets appeared to be about equal in dianmeter to a 1.0 p.m

di aneter standard | atex bead when viewed under a m croscope. The resulting
suspensi on was opal escent, mlky white. The emnul sions were freshly
prepared for each series of injections. For 5 group 8 ML in 0.2%
triethylam ne was added at a concentration of 50 g per dose to the

squal ene and detergent m xture for enulsification as noted above. For the
pal mtoyl derivative (group 7), 33 g per.dose of palmtoyl-NH AP 1-42 was
added tﬁﬁhduaﬁeﬁ&g&mﬂaﬁwm&ﬁsﬂeﬂ(Gwmhkaf@ﬁydﬂﬂt@ﬁéﬁw&%wmmnbkmhen added with

596 squal BHE ™ BT B LTIoB0 s BV St Tb 35 HRG e Rbes B R el o1 11 e
as not edaeabwedosarosmrréspa)raad félbwrthutlatﬁzﬂhddemwy HTI&IrdJWEs(agdflem‘pS 9 and 10),

Vet bur JPERFTE TP REAN SONSAREL POnE S G briok BGeE PRTE 8) or 300

P. g Ghi ghaiddae poiat 4R 330y, AMNETRZ frake énmsgd)orfes@hwrrdlmmgfmaedur@lose vol ume

of 250 |. The suspension was gently 15 m xed

hr RT.
Measur e ABRNERIoRATE BiSERENTs besveendin ?1‘@&106?59‘535\&@?/%%15‘} @Hﬂé‘lof a‘?%ﬂ é%% n days

f ol | owi t or a total
bF 1 our B T G A o et B e Ep 1 5

descri bedmiantc(%nf@taftratk@weh platost ateo-folE highdsdosdof Aftiggu@0Prgpzouat ton Af t er
about 14 Wegrheﬁdééuan gHMBE Fn o eV\eurlSelO ¢ %fpe%gl en%ol?%C}/ ogmenl stering CQ2.

Cer ebr ospl n was cot e renoved and three
brail® ZFemmégioon=latihe pba avithPL eotht: eodeadydvamebseiwehththa)s 798x & di ssected and

used 0 JRARNIS 09, GRDSERNIALLON AL AL AL ARALOLELD NS| O ELISA | B

Resul ts sponses 3 ange i n the potency of
t he varladmmxad]edlweﬁ?&axmgvr modeastitemavhas ptdsextalnnmbddwemxdspmmtb to AN 1792

foll L O TASYA dm ni st d
i pes, TSRO O B2 10 ol ket S e R M S One. and
negli gi meecrate@pfaih§8sm@\mdeu\@ett\mh epeak SIVIGwi aigput $i6000oavelhe dmgst30-fifth doses

- Wity sgeqgRt '}éa?er%ﬂ'ih fﬁftﬁ%}wc?&o ’]JoY n?%%%ﬁl?t‘gg%ﬁ, %E@ e ﬁfgﬁ%& eS! on

i nduced nodest titers ow ng the t d dose wer e

mai nt ai AN 198(alusni ng

The most promising adju?ants 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. A Levels In The Brain _
| At about 14 weeks the guinea pigs were deeply anesthetized, the
cerebrospinal fluid (CSF) was drawn and brains were excised from animals in a subset of
the groups, those immunized with Freund's adjuvant (group 2), MPL (group 5), alum with
a high dose, 300 pg, of AN1792 (group 10) and the PBS immunized control group (group
30 3). To measure the level of AP peptide, one hemisphere was dissected and homogenates
of the hippocampal, cortical, and cerebellar regions were prepared in 5 M guanidine.
These were diluted and quantitated by comparison to a series of dilutions of A} standard

protein of known concentrations in an ELISA format. The levels of AB protein in the
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the fourth dose (GMI 301) and fell with the final dose (GMI 54). There was
a clear antigen dose response for AN 1792 bound to alumw th 300 p.g being
nore imunogenic 5 at all time points than 33 g. At the peak of the

anti body response, followi ng the fourth inmunization, the difference ,
bet ween the two doses was 43% w th GUMI's of about 1940 (33 g) and 3400 (300
g). The antibody response to 33 g ANl 792 plus MPL was very simlar to
that generated with alnost a ten-fold higher dose of antigen (300 g) bound
to al umhippbremadd tieicoriexnfndiR carebelum oYere eamusigiilanfordtfoangwedprsdesrifsot ency of
the 10 fornulations rel ati h I . SOl kgvant by as
much as % d%m%eacfsfr?‘ln ?%03%' é%lsg(c)i&sgséroi ag%%@g%ﬁkﬁﬁ%@s@g @S%g%*gt ely

non- i Nunege pf owhEmg/adsuaivetcenasuredinRBShigpmdtamanse? Imngle §t the ceréxs  when
presented in an o/ w enmul si on..w t GMTs _of. 340 and 105 for, the.third and
fourth blaﬁigzsr.‘gv %’Wéw%?eg%ég?magmsbgﬁf retslerfcé?rogaﬁl gélrcugaet‘ﬁléraa{ltéoéiyé\ﬁtetrﬁé Freund' s
adj uvant Ap fohalmofeiake GAthoin sah@W 137 HMBals didviat aler b msitABRveSid ol d great er
than the GMIs of the next 'two nost potent fornulations, MPL and hi gh dose
AN 1792/ dheifrRraing e Roelsf 618 thed-SHay erg alie §Uit Rt PFRE et R Sst udy are MPL -
and al umry. ki bRESE ebiQ of MRl 78D RERSTREE bR ERRBE&RE KB UREcates il fHRl d | ower
antigen dose was required to generate the sane anti body response as

- obt ai ned iwimuhe wbpomse 1T fiecusedgpeathelogial floen@ons efchlbased by i ncreasing the dose
of antigen and /or adjuvant and by optim zing the immunization schedul e.
The o/w emul sion was a very weak adjuvant for AN1792 and adding an o/w
enul siton Y. MRhmauwtj Resportse th Rifferssh diwvargs inddice nsi ¢ adj uvant activity of MPL
alone. 25 2. AR Leyel T Il L : i pigs were
deeply anest het i ze%ll? ‘?ﬁ%iégldc%&ggrs?sl%i%ﬂ? f?-,hl:lted% ?%E?Eﬁé@?%?%ﬂgﬁ% brai ns
wer e exci Sediralgrr grobpalsmimzaiiossiere giveh on tiys Ogib@pL0, Phasili nmuni zed with
Freund' s adj. uvan r.ou a ] i : e, 300 g,
of AN17923%(“|§“r“°6ﬁ6& i‘f‘i’?“‘%ﬁ’ouﬁg‘ %@’éﬁ%‘ﬁ?ﬁ? ”clor&??rglé’?% 8%8&%%’?@%%"%30 3). To
measur e tdidoimeNeionof AdRapeptd desd wren dagnfodpwegeaskdsmndings eot wdtiand

honoggenat of the. hipno [ ce | ] wer e
propared T e tehiiah RRARAVRR Bl R py DA Rl L RAPRE

conpar i sosnch groep isewnmarized igTle 7ons of A(3 standard protein of known
concentrations in an ELISA format. The |levels of AR protein in the 72

hi ppocanpus, the cortex and the cerebellumwere very simlar for all four
groups despite
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the wi de range of antibody responses to AD elicited by these formulations.

Mean AR

21 nglg in the cortex,

the p

| evel s of about 25 ng/g tissue were nmeasured in the hi ppocanpus,
and 12 ng/g in the cerebellum Thus,

resence

of a high circulating antibody titer to 5 AR for alnost three nmonths in

sone of these animals did not alter Taie7t ot al
The levels of A(3 in the CSF were also quite simlar

A(3 levels in

their

br ai ns.

bet ween t he groups.

The | ack| of large effect of ANLESperimenabiesigei on on endogenous AD i ndi cates
that thel_inmmine response |j focused on pathological formations of (A 10
VI, Inmﬁﬁ%PREqunse Mo Di flf epEREMAdjluvaReg i n| APYE" S x- e&kﬁid flemal e
Swi ss Wepster mce were used for this study mﬁt1 10- 13 ahi mdF® perl group.
| Mmuni zat+-ers—were—gvep—en—tdays—0—14; 60+—190-=apd—20—adini-ster ed
subcut angously in la dose voIJﬁ%&of 20C1F§”§BS magmuggd as| the buf fdr for
al | for matt+ons—Arn PLLJJ[ eet—S —taysS wlwg.sz fgre€ac: 3- ini zati on
starting{1l5 after [the secondrﬁose for anngS|s 0 antlbody titers Qy ELI SA
The treafgent Teyre offg eaciyBr OUD TS sgUPTer T ZEANBLabi £ 7. 333 Tgble 7
Experi mental Desigh G oup Na Adjuvant |Dosé Anti gen Dose g 1 10|WPL 12.5
g AN 1799333 2 10 WPL125 g AWPII 792 - [138g 3 10 [MRL790g AN 1792 33| 4 13
MPL 125 ¢ AN 1792 B3 5 13 MPL 50 g AN 1792 150} 6 13 MPL|50 g AN 1528 33
7 10 PBS[AN 1792 38 8110 PBSvNone 9 1Gopgual eng ADUGRN 17P2 380 emll sifi ed
10 10 Squal ene 5% AN 1792 33 ~admixed |11 10 Alum 2 ng AN 1792 33
6 13 MPL S0 ug ANI528 33
7 10 PBS AN1792 33
8 10 PBS None ;
9 10 Squalene 5% AN1792 33
emulsified
10 10 Squalene 5% AN1792 33
admixed
1 10 Alum 2mg AN1792 33
12 13 MPL + Alum |50 pg/2mg | AN1792 33
13 10 Qs-21 51g AN1792 33
14 10 QsS-21 10 ug ANTT92 33
15 10 QS-21 25 AN1792 | AN1792 33
16 13 QsS-21 25AN1792 | AN1792 150
17 i3 QS-21 25 AN1792 | AN15238 33
18 13 QS-21 + MPL | 25 pg/50 pg | AN1792 33
19 13 QS21+  [25ug2mg | ANI792 33
Alum :
Footnotes:

® Number of mice in each group at the initiation of the experiment.
® The adjuvants are noted. The buffer for all these formulations was PBS. For group '8,
5 there was no adjuvant and no antigen.

74



12 13 MPL + Alum 50 g/2 nmg AN 1792 33 13 10 Q5-21 5 g AN 179233 14 10
@S-21 10g AN 1792 . 33 15 10 @S-21 25 AN 1792 AN 1792 33 16 13 @S-21 25
AN 1792 AN 1792 150 17 13 @S-21 25 AN 1792 AN 1528 33 18 13 @S-21 + MPL
25 g/50 g AN 1792 33 19 13 @S-21 + 25 g/2 ng AN 1792 33 Al um Foot not es:
a Nurmber of mice i mheatlsgtietspfahtitodrs afdidst ABHDH «ath fdep expRéMBNt . b The
adjuVantsT§5$%€$ted. The buffer for all these formul ations was PBS. For

group 8, 8¥was no adjuvant and no antigen. 74 The ELISA titers of
anti bodi es agai nst A(342 in each grpaye &re shown in Table 8 bel ow. Table
8. Geonetric Mean Antibody Titers A Week of Bleed Treatnment ---- 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 500 59 12333 12781 ko HAntib4 3o Bit P6242
13229 93 237472 6 61 2536 2301 I44E ABT4d 7 37 395 484 972 2149 B 2525
25 25 25 Q 25 183 744 952 1823 10 25 89 311 513 817 11 29 708 P618
2165 3666 Treatment -
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 mice
with a set of adjuvants suitable for use in humans to determine their ability to potenfiate
immune responses to A 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 Lalgomtories. The mice were

sorted into nine groups containing 15 to 23 animals per group to be immunized with
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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 adj uvan:$1 Me e AR 52 Pedintild, wiBOvakibGs MpkvaaRd AQEnad whke dsstrhfidted tb X.
Therapeutic Efficacy of Different Adjuyv qril'%s A therapeutic ?ffl cacy study
was conduBiigutie ﬁe‘}ﬁBS?\Pgﬁ RRURREGRIEE Of Re@@Imal; Wihig tRegroyss aéﬂljoifvya‘?f‘t s suitable

for use igasdiBBMEe ic@uﬂﬂ&%{cm&@ﬂhﬂﬁmlﬁbhd stmt &cRedBhlhd Bl bdtATune
responses to Al3 and to induce the imune-nediated clearance of anyloid 10

deposi t s FHEEAE FATURd seAR v ﬁ%ﬁ‘*)é@“'@i“&ﬁt”\j‘twlb“’@ﬁ@zf dhpddditiopalgroyp,

8. 5- mnt hyaligdhaled 07 90uT92 RIPARR U APBYSRITE: fTusiBe PrRERBNE thiigdsdl r om
Charl es River Laboratorjes. The mice were sorted into nine groups

cont ai ni nYithest ahuvegt ohpipd) Eoweyas lganwpzetiovlﬁlé’%ﬂwﬁaféae%tlﬁﬁcomro}wugé or

ANL528 combi ned W bl AL RREMYARR Sepdiih: Wﬁhﬁanvxepsm@%mrsa@ut ed to match
the gender, age, and parent age of the aninmals wi'thin the groups as closely

_ pOSS|@léomfﬂfbpa@hwmﬁf@aa%,lméﬁﬁﬂ&mdmm&ﬁd gAY /92%ach combi ned
wth' bot 3 AR08, 00 1 BHMS) AOLAALC LR SARRLDRR WL onl y AN 1792

An additi ona wa’s | mrmuni in PBS buffer
plus the mmz&m@tfcm setifirgectiond fromiltapbilizedipwdesathat had beentstorggk oup was

A5 pept | el TS, A% AEOTo K, FiRhdvene MERBIGY BB O\ D29 07 Pot
VEO541) addiorizedewateki2hd 42 n(n@thE‘e?x@a% vort&eelditd generaie Pe:ﬂntwdgzsmifm gommn oNE043 9)
oDl e L P RLUI bl O 05 SRR R B 00,
-20C. For of 10XSPRSICPOBBS: ¢ VSAM MR Chf0. (et sodmmyshoeptackdpid 7159 was @emidded
e T R e D
contr ast t:nub&mmanugm a00°C fcalusd:]tlh@hext day.
To prepare forxﬁulation doses with alum (Groups 1 and 5), AB peptide in
PBS was added to Alhydrogel (two percent aqueous aluminum hydroxide gel, Sarge_aﬁt,
Inc., Clifton, NJ) to reach concentrations of 100 pg AP peptide per 1 mg of alum. 10X
20  PBS was added té 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 prepare formulation doses for with MPL (Groups 2 and 6), lyophilized
powder (Ribi ImmunoChefn 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
sus;nensién of micelles. The sélutioﬁ was stored at 4°C. For each set of injections, 100
ug of peptide per dose in 50 pl PBS,; 50 pg of MPL per dose (50 ul) and 100 pl of PBS
per dose were mixed in a borosilicate tube immediately before use.
To preﬁmé 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 pgof QS-21 perdose in 25
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of 1.OX PBS (IX PBS: 0.15 M NaCl, 0.01 M sodium phosphate, pH 7.5) was then
added 15 at which point AN 1528 began to precipitate. The suspensions were
vortexed again and incubated overnight at 37C for use the next day. To
prepare formul ati on doses with alum (Groups 1 and 5), AD peptide in PBS
was addedttfBSAnAyar o4efl PRY pws dpereenmisgiie o bisrosil ittt nibetrhyeiaxy defoge! , _
Sargeant,usel nc., Cifton, NJ) to reach concentrations of 100 .tg AR peptide
per 1 ng of al um | OX 20 PBS was added to a final dose volume of 200 | in
1X PBS. The suspensp prépsadoinngationgiendslwithiired’ s AdjuappP(Grsig®t edoyud hr at RT

ol epare ion doses for with MPL ( oups 2 and
0y 1 yopri TRSERR 003 P RRE st Yeles Eondndedaddeon i Lot
67039-50 Mefinal asldge of 4000 QP&aﬂuﬁﬁﬁmwzﬁm M a fina |
concentrg.(????r)llof nla1 ng/ n 0and I\d/ortexed 25 The my>|}<:?uru§ \f\l/a%theat ed to 65 to

70C for 3FREzations ‘F%%&t@ewgq sugﬁﬁqbyerowaée@wuhﬂxfoomma@:snpsrssmnvanf m cel | es.

The sol ut R
peStlsgeupqé?m)d\(gvggth?n 50 IQBB%Q"%%% &%%ﬁ%ﬁ%%al% ose I ?éo%])l%or%&gf

per dose 4Rse ef ANKi9d of ﬁNé51)?dwmombuaﬂemﬂuth&n (Inmg @eredosd) or BEHLOGE use. To

pontior (Ancre 2t BEE Rt date Raabt %‘é%’omga”d@e%anpbﬁ%%g 522 62 7 v

a find smbnn@nousachohanmfod thﬂga(dkibeawénmrsh&){@é}' blafibe repltHdthap Was stored at

- For t of peptide per dose in 50 | PBS,
2§0§ of Odé&%n%ﬁﬁ lgoéléoifg&ggé 7829 °@é§?%‘ﬁﬁli‘2§‘@)@ﬁm S‘PEPé?Frdb‘stS were i xed
N 2 bor OsfuvemACRAY WAk WERGH A CI0 EADKSTve S frral i DIERAL P GLLI aLl on
doses wi t.h Freund @ vant (G oup 4), 100 g of AN1l7/ PBS was
emul si fi eﬂmiunf‘a'(‘%? gF‘ile/\i‘ ‘E’?Pstﬁ?frfb? Bme qn?%lufmfl@nm?mantncorﬁpléi@FA) ina

final volReendafadftftht TFAQ fortttasubieqfdnt BTGNS At dr Ak or ISH refe?]'Q?%C orrp% ot e

tians he antigen was simlarly enulsified
Freurrllféz 2 oﬁfﬁ;figﬂvam %sgAN%%Z Waseombined wathiSotesthisenmesal injadipal veduragipfuv ant s

I e 4 2 NRS, £0 |ned W th
-gl 321] (R/Ph%?él Pfﬁdagigelﬁglrgdgw%bﬁgia%eoqg§ ggé ﬁmsg%%l er&ﬁ%? %SDW? 2&) el dose) in a

final vol "'@)‘f’er%%)‘ PR la dehmetifationsederbgiverl On sbm;dtlamdnﬂe fcnmlmjl ation on

t he -back mattmeemosehmeﬁbﬂuhMmlpécaéﬁﬁemEﬁBﬁ&Qﬁ <Y/R6 rz%cgd ¥5 g4 1> 100 g of
AN1792 was .emul sified.1:1 (vol:vol) with Conplete’Freuh adjuvant ' ( CFA)

in a findiPar I R kbl s¢ caﬁaﬁd%llpwséach immunigeten tatiegleyteor the fir st

20  second dose for the measurement of antibody titers. Animals were euthanized

| of PBS

approximately one week after the final dose. Outcomes were measured by ELISA assay
of AB and APP levels in brain and by immunohistochemical evaluation of the presencé of
amyloid plaques in brain sections. In addition, AB-specific antibody titers, and Ap-
dependent proliferative and cytokine responses were determined.

25 Table 9 shows that the highest antibody titers to APB1-42 were elicited with
FA and ANI 792, titers which peaked following the fourth i 1mmumzat10n (peak GMT:
75,3 86) and then declined by 59% after the final, sixth i immunization. The péak mean
titer elicited by MPL with AN1792 was 62% lower than that genemted 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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i mmuni zation, followed by a boost of the sanme anobunt of imunogen in

I nconpl ete Freund' s adjuvant (IFA) for the subsequent five doses. For the
group receiving AN1 792 15 wi't hout adjuvant, 10 jig AN1792 was conbi ned
with 5 g thinerosal in a final volume of 50 | PBS and delivered

subcut anegualyed biEuRioBhdl AR re SQHRALY gﬁe@ﬂsmdn ﬂleke/o&&&dlwm del i vered

subcutaneousl I'mruni zations were given on._a we schedul e for the
first thrad esequqﬁ%hmww"%ﬁlpfﬁf?mécﬁ%fd%h] ]e79¥ H%lfvéﬁ’ldt‘%PBéh‘“@ays 0, 16, 28,

56, 85 angh;derhéal theARqUEc a}wsxeebﬂtﬁ@kswem Jsgrv@& tHaY8atlfol PEOMIBE. each
i mmuni zation starting after  the 20 second dose for the neasurenent of

ant i body flhe é?aktltﬂﬁgmr%e%ﬂew&aﬁﬁmh?éag (Pﬁad‘pﬁiM%Wﬁ?)e‘r’Veéﬁé‘t WEeR after the

final gosg,ydlf MRS Wit AN 17BaS Wiesl b 358 A5ty podryARmANGgARP | evel s in
brai n and by i munohi stochem cal eval uation of the presence of anyloid

pl aques i ivibrlew titeseganrigied in pHY serae of Bpanimpls sPiepttody &speBedyti ters, and
A- - depenqeniy Akl teiadl g thaniRk W8 PheSRARSES Were det éFmined. 25
Tabl e 9 shows that the highest antibody titers to A(31-42 were elicited
with FA and AN1792, titers which peaked follow ng the fourth immunization
(peak GvIr:  75,386) and then declined by 59% after the final, sixth

i muni zation. The peak nean titer elicited by MPL with AN1792 was 62%

| ower than that generated with FA (peak GMI:. 28,867) and was al so
"reached early in the immunization schene, after 3 doses, 30 followed by a
decline to 28% of the peak value after. the sixth inmunization. The peak -
mean titer generated with Q521 conbined with AN1792 (GMI: 1,511) was about
5-fold lower than obtained with MPL. In addition, the kinetics of the
response were slower, since an additional inmmunization was.required to
reach the peak response. Titers 77 generated by al umbound AN1792 were
marginally greater than those obtained with QS 21 and the response

ki netics were nore rapid. For AN 1792 delivered in PBS with thinerosal the
frequency and size of titers were barely greater than that for PBS al one.
The peak titers generated with MPL and AN 1528 (peak GMI 3099) were about
9-fold 5 lower than those with AN1792. Al um bound AN1528.was very poorly

i mmunogenic with lowtiters generated in only some of the animals. No

anti body responses were observed in the control animls inmunized with PBS
al one. 78 Table 9 Geonetric Mean Anti body Titersa
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Week 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)
'1,1242 5,665 8,204 AN 1792 (21/21) (21/21) (21/21) (20/20) (20/20)
30 227 327 1,511. 1,188 ANL792 (1/20) (10/19) (10/19) (17/18) (14/18)

MPL/ 6241 28, 867

QG- 21/

CFA/ 10,076 61,279 75,386 41,628 30T&KI9 ANL792 (15/15) (15/15) (15/15)

(15/15) (15/15) A um 25 33 39 37 31 AN1528 (0/21) (1/21) (3/20) . (1/20)
(2/20) NRH—=384—2-501—14—=653—14—1456-—3-699 NS (525267 31) (21/21)
(20/20) (20/20) Q& 21/ 28335t MEBloaly 508 (1/22) (13/§2) (41 22)
(20/22) (|2I7r2Z)y  PBS plus 25 33ve ofBlekd Thi merosal (0/16) (Zﬁ[ 16) (4/16)
(3/16) (4/16) PBS 25 25 25 25 25 (Q/16) (0/16) (Q/15) (Q/12) ((Q/ 16)
Foot not es Tfea@@%‘ﬁfetrl c fean anti cﬂ/ titard neasdriéd agai Ad® api a2 b
Nunber of ONMdeT s PRI gPT OUP 19 ,06TE T §3HE6S Of 179931794 508 AN 1528
treatmentf wth various|adjuvantg, or tHiner osal on corti cal _amgl oi d bur den
in 12-nmorgth ol d mce deternm ped ELI SA 5. {In PBS
control %i ce, thd (kéthan | e(&{?o)of t(g{/g ) A éY?/ﬁbt he (g%?f)ex at 1.2
nont hs MPL — [eEADT Y TIEREEed T[eVElss Of| 5M885Wer ¢ gofegervad in mice 5
treated wWth AN1792 plds CFA/1FA, AN1792 plus allum AN1792 plus {MPL and
QS-21  plijus. ANL792. Theg ctign che tigt Si carce (p<0. 05)
only for JZ plus leéﬁs (\%/i:ég)r d@% (ilz{riﬁga 8?6/56 and 111, the
ef fects ofgEmmuni zati on 30N redupmg AD [27el s bex;s)lrte suhbist&ant 1 4l |y greater
in 15 nonfh and 18 nontfh old m cle.

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) | (15/15)

Alunm/ 25 33 39 37 31

AN1528 (0/21) (1721) (3/20) | (1/20) (2/20)

MPL/ 184 2,591 1,653 1,156 3,099,

AN1528 (15/21) (20/21) (21721 (20/20) (20/20)

QS-2V/ 29 221 51 820 2,994

AN1528 (122) (13/22) | (4/22) (20/22) | (2122)

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)°
Foot.notes:'

2 Geometric mean antibody titers measured against Ap1-42

® Number of responders per group
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Thus, it is expected that at.l|least the AN 1792 plus alum AN 1792 plus MPL
and AN1792 10 plus QS-21 conpositions will achieve statistical significance
intreatnment of older mce. By contrast, the AN1792 plus the preservative
t hi merosal showed a nedian | evel of AD about the sane as that in the PBS

treated mce. Si .ol fiesthhitrnek angsbelagsewhan vaois dnalukarel s of Apd2
were conpared. The nedian | evel Ap42 in PBS controls was 1624 ng/g.

Not abl ythieefogsben MF%@W&?@P@d%ﬂ“Aé@mnﬂQMm‘@z@‘%ﬁﬁ‘&‘eﬂ’l EM3428bserved in 15
the m C?ﬁ%\é@@%%ﬂlw ﬁ’é\'éJr%%lple?PQ:c%/ !h'é%leémm%lpﬂtb@ﬁb%meé&lﬂel92 plus MPL

and AN -21 respectively, wth the reduction achieving .
stati st aclalmmtbgywis lc&iroee/g. (T@ci@blﬁfﬁ)iuhdrle\teh@mrﬁ w9 RbeRAAIFRicer eat ment  group.

The d| an | evel 2 0 19 ng/g
Ap42: A UERf ‘ﬁ‘él?Amz?}a &Jé@éﬁggﬁﬁé zwﬁn%ﬁs}%l’ '&I(ﬁe 4 %%Rggﬁsﬂ[l\% sz\%as perforned
20 in 9ptus J!\(N159Ir0m1&1redhcd1orrméwh@irsdmﬁtmzbﬁhgmﬁeineq: @Y Ho s PERPIN7PANS geni ¢

f the study 2 !
roe. e, g 00,00 0 St e 05 VRS L A R bl Bor
:[ASF m nairéd?ﬂing A'Bhevetlslr:)l lﬁﬁbitﬁe lﬁbs@h?ﬂp%ram in ﬂi?lltﬂbntf’llaﬁdi 18 monﬂiaibc{l @ict0 bel ow
uvan mmunogen uti.on u | SUTI
ANL792. G, eWSe’gﬁy‘e@E&@‘ %%E‘g&‘*ﬁ}ﬁ 92%“%%] pARY %%”@E%ﬂ%?@%@( 75 pg) PBS

| P (00 s quéﬁ?né’bsxtﬁgﬂvﬂm})ﬂezgaatm&lééﬁlmgﬁccmﬁea‘.ﬁﬁerﬁweldpﬂ thice.Gr oup 4
QS21 abbrev. ANL792- GCS (75 Vg) PBS S%‘f&}ﬁ&g ) Goup 5 PBS i----- -oo---
SC (250 Bnopnysst thpA 1172 %EB%%W%‘FY%‘HE )

tetanus aﬁ)%%éjsal;ne%@mat ifRé PBQQ’ez(t&ﬁgrc84él)fnxla§qult§\U&€dBtajihe@UJEcn P -
intraperitoneal ly; PBS - phosphate buf f er ed sag I'P?l SA-51 is a

conmer cicafticyl lexehi ¢f42 vielp GBS (e SAian de VPR A SEoBpls was
9' YC' ne/ I%QE | Bk eSB! _I)Q%Qucfegﬁ{gﬁiaﬁiévgg of MBL1 5, 520 MRAL714 Rvede ssaed inzed wat er

oi | Si on. i muni zati on schedul e was i dg@% V?L %I of the
t reat-’merfbe gicotgsated @itbepi 1 198 PlugSdi S, AN rise plaRn # éﬁ)@i‘% 8% schedul e
group. . The 79 GRS Ql 5esb€Ut19&S' Qditl'ptﬂe Y@@&ﬁ)n(&cbxavméstat&txcéll%lgnﬂfﬁancz0 24, with
bl-eeds on weeks 3, 21 and 2_? gdoijﬁ % % rN%%ved ei ght
i nj ecti d@so- ﬁﬁchGhét‘j‘ﬁd@%@@éﬂ\Iféd’eF‘&fP‘ gRFR cthedn ADY PRé week peri od
of the shit¥osalQrudd hice Wae 16884b/gANI4A202 abbrevi at ed schedul e, recel ved - .
A further therapeutic adjuvant/immunogen efficacy study was performed
20 in9-10.5 month old male and female-heterozygous PDAPP transgenic mice. The
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
Group1: | MPL-SE ANT792-GCS (75 pg) PBS ~SC @0 w0
Group 2: ISA 51 AN1792-GCS (75 ug) PBS IP (400 p!)
Group 3: QS21 - AN1792-GCS (75 pg) PBS SC (250 pi)
Group 4: QS21 abbrev. AN1792-GCS (75 up) - PBS SC (250 ul)
Group-S: PBS | e e SC (250 uh)

25  Table 10 abbreviations: MAP —multi-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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injections on weeks 0, 2, 4, and 8 only. This group was not injected for
the remai nder of the-study, although they were bled on the sane bl eed
schedul e as the rest of the study to 10 followtiter decay. G oups 3 and 5,
@521/ AN1792 and PBS respectively, served as the positive and negati ve

control s fQEint/Binstefhdtdd foriGationt leI'Pi el 1Pt LS Mneaad- D apti- Al 3
anti body titer assay. Goup 1, the MPL- SE/ AN1792" group, ralsed a peak

geonetri cCHEERM i ter. (GMTN) of 17,100 at 9 weeks falling to a GMT of

10,000 at 25 weeks.THeRnkdudi-htYon SEIIT@uNP»Las 1&@1t1&$§f&ﬂ£l%f§thfé§@mﬂ@gr@u omewhat
hi gher rate than the QS21/ AN1792 control 2, the I SA

ro .
51/ AN1792°6€Bipr Cipnadutbe @SRI/GATITPR ébbgewﬁ% ;cgmgxpn@ Tisrtru@gnvmachl ng a GMI
of oves 1QQ.:AQnfvkkd NS, b &2 deMaEks, Win Blle@ds%ww!-xks s 93%&#%&521/ AN1792

control grou reached it’s peak titer at 17 weeks vvlf. 16, 000.
The tit er 2-hErPuPel2 Byered ¢ightarirations srsRepup 3 redeived Foupiridstions dRGNEGNE. of |

8, 700. OnesanRtwBdholidr Hisidgr @mpfdrall'JeQ%SZtlpAN Wﬁ%bgreglhttegg chOYFL A gnt 1 re

course of the experinent. 21/ AN1792 abbrevi ated 1 njection
schedul e Hi%stipns onrvesskhdd 4, fﬁ’éél@nbi {|is @fDUIYWBD@thCCI@i fopdik semafridgeofneek s

after it St}fe'sﬂﬁg dlt'ﬂb@g?ltth%erglﬂﬁdtohtﬂﬁrsamt: iﬂ?e@d &lebulk 9 e gég{ranl n%‘]\ 90 at the

final ‘bleed (2 he control group, one failed to

rai sel8 d&l’@(‘}tt&ﬁl‘@c%ﬁ t%pups\@mn#é Qﬁét/ﬁ@rﬂ%mﬁeﬁBS xsspectyely, s¢rvagrasithye t he end of

t he deca%gowel&gmgag@muglsfgmls %Yal one group, had no titers. To
evaluate the cortical Al3 levels, t AB and ABI-42 were nmeasured by

EL1SA. Briefly, onEesies wersalsieapined by theantiiAbsmgbedy tesrassasr t i cal

hi ppocanpal , and ce¢ghgl1, & Mﬁ]QSE!?AISmQ al Pa\.r!%ﬁl Y2l HRBREGR In SM
guani di ne buffer andﬁg?sa eed for brain Efé pl he C(%?talﬂ;% tgt l.r1%§‘r1i,é\{|13ggnd AB42

resul ts af@MdpRf}%}100aa9 M&ﬁ‘ﬁs folhing they C¥ e 150t(?0@&r 2awatkysinitiallyethe M#Forned to

det er risne Sgitgek fdse am%@%m&ghe; me tggrpmmsmﬁpm 1390 cdobiSro®f (FlodPa).
indicating a significant ch ang Al'l treatment groups

significantly | ower &4t Hie 1A 5I1é¥‘é17§2§§°‘i§’oh$é‘|‘°ééh{88mqr% OPEFPU&%IW rol. group |

(see Tabl gudyyeachifiea GRIF &E(véxl\lobma fQHtRIRst SHONE df thBergy.eat est change in
Al3, and it 1s sign fIC l%%lzﬁgr than the other treatnent groups. The

QS21/ AN1792 - abbr evi TBP 5PTER! 8oy feachsd 87 Bk titshank%e of - A13 to
the Q821 “&emmmoewgraup OobatThe tecthvetbliadver Bk gt swuemblfammmhe AB-l evel s

int h%OI S%xl\?"} 'fb\yjlgog 20ne animal in this group failed to raise a titer over the entire course of
"~ the experiment.

. Group 4, the QS21/AN1792 abbreviated injection schedule group,
reached a peak titer of 7,300 at 13 weeks, five weeks éfter its final injection. Thé 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 lost all titer by the end of the
decay period.. |

Group §, 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 homogexﬁzation in 5M guanidine buffer and assayed for brain Af.
The cortical total A and Af342 results are similar. A Ménn—Whitney statistical analysis
was performed to determine significance between the groups withap valué of 0.05

indicating a significant change in AB.
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group, were simlarly | owered conpared to the CFA/ I FA: MAP(AB 1 -7) group.
Table | 1 Cortical AB levels PBS MPL-SE | SA @5-21 @S-21 (4) MEDI AN 7,335
1,236 3,026 2,389 .22996 (ng/g ti ssue) RANGE 550- 18,358 70 - 3,977 23 -
9,777 210 -11,167 24 - 16,834 ?/g tissue) p value - < 0.0001 < 0.0001 <
0.0001 < 0.0001 Al Bgipet gRugssiggiicandy lopasetiotalid b favels MPLonSEredtSA- 51 and

s21 admmtc%nﬁsrrgmeeemb& Al 'ﬂi?e%ﬁrs%/@tft?% 4, éh@wh@%g%héagsta sufficient

i Mune response Si ficantly to retard A lon I n the cortex. X
Toxi ci t ghanaainAl,gn Blﬂﬁl@eﬁf(@eﬂm en theothey treaymerigstupp dhhol ogr c exam nati on
at the (@hARALLS Mhbrhat&t a5t PG oL IFRIER In

addi ti OE% hemat ol og§ aartr é}ﬁlpﬁl caF‘ a'Lemgsotrf}lli:_t\('wer 68 AJ?trg)rﬂr?free on' term nal

bl ood samoégroppémmvpﬁlaé@@t HiR$tigns. Wbsﬁﬁdﬁvelsnm@e&&}érméﬂé%s wer e
eval uat [ : m@ghﬁﬁg ntestinal, Iliver,
ki dney, %g’ﬁeﬂgla yﬂhl }é%rnwgcfra co&?t hoﬁxspora éSI o} g{v\gr e_observed in the

study 20 ani mal s, there were no obvious differences, either in tissues
affected or ka5l PNcSAYE Al ¥vels DEI WEEN ANL1792 treat ed and untreated ani mals.
There were no unrpque hiﬁstop\gt%ol ogical . lesions noted in AN-1528-i nmuni zed
ani mal § conpared {to PBS treat SPESEINt | eat Beh an malR8:21They e Qhetie(4nl 0 no
di ff er engEsA—tHechisptcat-reheyp Fy—pt-ohtdse—betwe e ativaniggrotys and
t he PB$ treIa I\ed ani rra71335i n. _xar'r%)’F§6 Altr?bol%gh t her & were P5 's%’ggni fiqant
i ncr eaddsg/g Aissevdral of 't he herratol ogy pararret ers between gnimals treated

Wi th APWW%M <SSPHE =17 FEL R TYE PES—+reatad
ani mal g, th(gse g2 typle ’30 =ffect3$97z;]re Z%(gr;eg’t—i?d from f:reund 2321 a%fj;’%g\?ant
t r eat ngrfeg/mnskuedhg acconpany ng perl topitis and go not ‘ind| cate any dverse

effects '\‘;awé' ANEA9Z2—treatrent—Al U RO AT *d"e Pt c"' ag-cal o
eval uatfi on PDAPH nouse bra ’g‘to"g T gy was extepsi ve@f ekam nggm part
of the. eNIfl cacy gndpoiBgts. No srgm of freatdgent [elatiad adverse4(effect on 5

brain net nho! ogy—was poted in any of the studies! These-results i-ndi-glat e
that ANL792 treatnent is well tolerated and at |east substantially free of
si ddoef f ect s. In conclusion, MPL-SE, ISA-51 and QS21 adjuvants combined with

AN1792 are effective in inducing a sufficient immune response significantly to retard A

deposition in the cortex.

X. Toxicity An'alysis _

15 : Tissues were collected for histopathologic examination at the ténnihatien
of studies described in Examples 2, 3 and 7. In addition, hemetology and clinical
chérnistry were performed on terminal blood samples from Examples 3 and 7. Most of

" the major organs were evaluated, including brain, purmonary, lymphoid, gastroirrtestinal, .
liver, kidney, adrenal and genads. Although sporadic lesions were observed in the study

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 P.BS-treated or untreated
animals. There were also no differences in the clinical chemistry profile between
adjuvant groups and the PBS treated animals in Example 7. Although there were

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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XI. Therapeutic Treatnment with Anti-AD anti bodies This exanples tests the
capacity of various nonocl onal and polyclonal 10 antibodies to A(3 to

i nhibit accumul ation of ADin the brain of heterozygotic transgenic m ce.
. 1. Study Design Sixty nmale and femal e, heterozygous PDAPP transgenic

m ce, 8.t9pd 6F efdctbare ERpdtRadithm BkuaDeadierat ehitmdnn el dé arvofdpatligs Ri ver

Laboratory., The mice were. sorted into i X s to be,.treated with
various B qnt‘)t&fi“ggoaf’trlé faéeda.“[yc?dx‘?”%%%erﬁl éo%?%ogetah%@t éhfm{gg)‘ "htch the
gender , @@ tipbLiodlagical @duation FIBAPP mohe: Wiih pathSlopy WiH axtdokigelgr oups -as
closely as.pqssible.,As..shown. in Tahle 10, the antibpdies ipcluded four
nuri ne’ A‘("?fné‘%g@f P’i‘r&c’f%ﬁ%‘&z}%ﬁﬁilpoéfﬁf‘ﬁgf}a’igéé’,“'%e"(tGﬁﬁart%cg? Y§F SEﬁOPesi dues
1-12)5 165 riéshhh@sdyedhastoteAR 2 dfelsd Butkiss. TThik)resuR6hdicaietiee 4@ 70D AD resi dues
13-28 and binds t nongri.c_but not t. regat ed AN1792), 21F12

(di r ect eBCHBERE ‘F’é%ﬁggl?égf"é‘é-ah gsts Sfai“f‘%ﬁ' %‘%&&%ﬁ@“ﬁ eated _with an
An-specific polyclonal antibody fraction (raised by inmunization with

aggregated AN1792). The negative control group received the diluent, .
PBS, - al oXd \ilhempatticalreatiporhywittoAntA@ antihesitdsonal anti bodi es were injected at

a dose of about 1Q_ng/kg . (assum ng that the m ce wejghed. 5 . Injections
wer e admi ni stered mer"é‘ﬁ@w feéﬁ%éheaﬁa%f‘ty(?%?ry’“%g\?é?ldﬁ'&b% (ﬂ‘?lyég’é’g%ge to

- mai N8l NaiboliedNa3A t&iﬁﬁ%it@&%ﬁlaﬁgQQfAF\Iiﬁ heuakl dfaMRFozlEdtRtRansgsRIce Measur ed

- for mAb 266 since it does not bind well to the aggregated AN1792 used as

the capt fH€¢-antigen in the assay, the sane dosing schedul e.was maintai ned
-for this 30 group. The group receiving nonocl onal anti body 2H3 was :

di sconti nued n/it,hi'/% éhﬁ first three weeks since the antibody was cl eared
too rapidly if vive"YAnf¥H s were bled prior to each dosing for the

measur ement OT ant éi?@q}(alé &x}d%rﬁ?le,—l-}{e%&zgggﬁs m%&m{qicgyﬁf tol 0.333
six-nonth period for "a total of 196 days. Aninmals Wwere euthani zed one week
af t er15t henontlisippgecvere obtaiagy om LhagseriireNERIAlONDERICENCTVErSRER Nk Tr eat nent
Anti body AL BAAYLe ARTdIRAEN 2 FBRCtibEdiL Yaitkea ROAE AlihalNAvere distributed B
to -match'the gender, age, parentage and source of the animals within the groups as closely
as possible. As shown in Table 10, the antibodies included four m_un'ne'A[i-speciﬁc '
monoclonal antibodies, 2H3 (directed to AP residues 1-12), 10DS5 (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 residues 33-42). A fifth group was treated -
with an AB—speciﬁé polyclonal antibody fraction (raised by immu'nizatién 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 intrapcritonéally
every seven days on average to maintain anti-Ap titers above 1000. Although lower t_iters. .
were measured for mAb 266 since it does not bind well to the aggregated AN1792 used
as the capture aritigen 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 wére bled prior

to each dosing for the measurement of antibody titers. Treatment was continued over a
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(PBS alone) 2 10 Polyclonal Affil-42 mxed 3 0 mAbe2H3 Al-12 Ig@ 4 8 nmAb
| OD5 A31-16 Igd 5 6 mAb 266 AP13-28 1g@ 6 8 mAb 21F12 Ap33-42 Ig&a 5
Footnotes a. Nunber of mice in group at term nation of the experinment. All
groups started with 10 animals per group. b. NA not applicable c. mAb:
monoc| onadix-mbithpedyd fot a@otal of Vs edyisahaineichwide ehmalbzad onPegasfidriten of t he
Ant i bodi e The antl - An polyclonal antibody was prepared from bl ood

coll ecte “two groups of animals. The first group consisted of 100
femal e SW| ss stster mce, 6 to 15 8 weeks of age. They were inmuni zed on
days 0, 15, aqdb@azwlth 100 p. g of AN1792 conbl ned W|th CFAJI FA. A fourth

injection wa [ Y DR AN 1792. Ani mal s
wer e exsanguijna ed upon sacrifice at day 42, serum was prepared and t he
sera were pogled to create a total of 64 m . The second gr qup consi sted of
24 femal e mMTETSOUET T WhHtITtie PDARE T ce .1 ' tramsgeni c for the
human APP gerd™®mem | ond Weeksapbntage, ARedp on days 0, 14,
28 and 56 witlh 4OEPg pf AN17R2igpbi n ed wi t.h CFA/ | BRtYPFhede animals were
al so exsanguilnated uppn sacrifice at [daPe88cit%erlum was prdpared and pool ed
for a total dqf I4 nmi.[The tjwo Tofs of sera Wer e [pool ed. Tre anti body
‘fraction was pUI’IlfI ed| ust ng t@g’é‘@'ﬁgu)enti al NaBundg of 84 prdcipitation with
50% sat ur at ed ammoni um sul fiat i hal precipijtate was di al yzed agai nst
PBS and tested fof engotgxi The | ve of ?otom n was, [ gss than 1 EU ny.
The anti-A(3 rmngicl onal gntl bo%l1 go 5 f‘gg fromascitles fluid. The
fluid was firjst delipidajed ¥‘ﬁ tl?‘?"% cdnce ted sodi um dextran
sul fate to_ice'5 coldjascitle sti rlng an ice to g reach a final
concentration of p.238%g Conganty Ca%}g 1 thenﬁ@ﬁded with stirring
to reach a fijpal concentratjon of mv soljuti om was {centrifuged at
10,000 x g and the pelles was dhgegs defl. IR\ sHPEr nat pay
6 8 mAb 21F12 APp33-42 ~1gG2a
5 Footnotes .
. a. Number of mice in group at termination of the experiment. All groups started with 10 animals per group.
b. NA: not applicable .
c. mAb: monoclonal antibody
10
2. . Materials and Methods
a. Preparation of Lhe Antibodies
The anti-Ap polyclonal antibody was prepared from blood collected from
two groﬁps of animals. The first group consisted of 100 female Swiss Webster mice, 6 to
15 8 weeks of age. They were immunized on days 0, 15, and 29 with 100 pg of AN1792
combined with CFA/IFA. A fourth injection was given on day 36 with one-half the dose
of AN1792. Animals were exsanguinated upon sacrifice at day 42, serum was prepared
and the sera were pooied to create a total of 64 ml. The second group consisted of 24
female mice isogenic 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

8
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was stirred on ice with én equal vol une of saturated anmonium sul f at e added
dropwi se. The solution was centrifuged again at 10,000 x g and the
supernatant was discarded. The 10 pellet was,resuspended and dial yzed
against. 20 MM Tris-HCL , 0.4 MNaC, pH 7.5. This fraction was applied to
a Phar mac PT&UPMI@HSQBWQ?/O@@@WWH@W@IH@P uThelfivgl precipitaewes delyzgh adi ent
from 0.4 MtQ: 8 i MRt edddidh. nMeTé\}e?oi*_&hotoQH wasJess A6 13/POdy peak was
identified by absorbance at 280 rimand appropri ate Fractions wer e pool ed.
The purified anti bokhy apiiéyfamendcnalsatbatiarvent prepared fiom avems fividnghe 15 t he
protein cep adl _ | SDS- PAGE.
The pool \?llafsa é‘,gé ttdglgp &%é rthé Q@l@%fggﬁc?ﬁtgat%veFﬁgg&gﬁgggﬁ%ﬁ&ﬁ% c\%as | ess

t han 15EUkeld asdites Buid by stiring ps ideds 8 raattam fild) @onventrationisif 01238%| y assigned a’
titer val Vi i.h_the Fol | about

Si x nont hslé% S%fn%rf%g%tc rgr%1 %&Qﬁ (ﬁfg vb%rsﬁgfsjn R a@h i\? 321 ?cegg*aanon Elsgw%p[gati ons,

br ai ns werlgisselmboredas ceomftged ani,oa )sg &gl thopalmgwaaﬂuscmdqde ﬂhumpamam@ne

hem spher 0 m cal .anal the second was -
used for %va%g&aeaanﬁlg{‘gﬁ%nngqou? &PE %S%Ef—'?%l ByBUm Y ul¥;§ 9%’0
concent r atTihe padutadn wasrcemttifigtdagmn atdt) OB@keg aad]ﬂecﬁu;lerpﬁ{mum damﬂdﬁrrmxal d =
Precurigor BALERsbARR 0B E0 SRS MASTROE SpERt ReARd, BogRgenat es of
t he hlppO Ica regions’ were %pae I'n 5M
guani di ne. fraw\mepleedSQa PbiirWCldIFPDCédpMletQ]@oluauﬂind@fut@wthmrdvqnept| de -or
APP’ was q | 1.85~0f.ydid uti ons of standards of
A(3 pept| hed ﬁ%@%%tﬁgg&ﬁ%“&g%@g&??a I‘lﬁ?ﬁgqlﬁﬁl’ %qél'_l SA format. The |evels
of total AD and of Amsantitgdymeal weeidensifiefby 8psarprnhom2G6 mat @ api8oprafe t he - -
- cortex, ang {48 wiPRR abyel 4t rebel | um are
shown in Tables 11, %gﬁﬁgg\ dalrag%c;p \L{Jt?‘lipﬁmﬁ%ﬁthﬁgdéﬂe& orlr"\%gnr?%atl on of
total &P ftht profgin C%mtraépngqﬂéﬂltbﬁ Blcﬂdetthad@tﬂltmplmfPISng\‘A‘Q§ PAGE. fBied hi gher
in the hi RRECAINS LdATol dhabBSin, GRE 5 ocanpal
ti ssue co%ar ed totl7 818 ng/ gnf or the oggﬁé(%%?régas@g g?gﬁg IE“ea\gs;é)l in the
cerebelIurﬁ‘%ﬁleﬁﬁ@a‘éb‘?ﬂ‘ﬂ?ﬁar@ﬂ@ﬂb’F@@n@ﬁgﬂg\’aiqesfg@é) was nmore than .
2,000-fold lower than in the hippocanpus. These levels are sinilar to those
that we have previ ously. reBorted for_heterozygous PDAPP transgenic mce of
this age (JohAson-\38d 8FPdevels ingbe/Brais For "t he cortex, one treatnent
group #rad a nedi an ﬁaldvﬁo§ébou{7§§§féﬁﬁgoﬁéeatr€g& Widy mé"@(ggllls g‘lnﬁ&l?ﬁxﬁﬁ)ody

significantly fromthat the control group (p <
preparations, brains were removed from the animals following saline perfuswn One

i hemisphere was prepared for immunohistochemical analysis and the second was used for
the quantitation of Af and APP levels. To measure the concentrations of varioﬁs fbrms
of beta amyloid peptide and amyloid precursor protein (APP), the hemisphere waS_

25  dissected aﬁd homogenates of the hippocampal, cortical, and cerebellar regions were
prepafed in 5M 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 AP and of AB1-42 measured by ELISA in homo-genate.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 hipp;)campus than in the
cortex (median of 63,389 ng/g hippocampal tissue compared to 17,818 ng/g for the
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animal s receiving the polyclonal anti-Ai antibody as shown in Table 13.
The nedian Ilevel of AR 1-42 was reduced by 65% conpared to the
for this treatment group. The nedian |evels of API-42 were al so

significantly reduced by 55% conpared to the 10 control

cont r ol

i n one -addi ti onal

t r eat mentcogeRl The nivdne levai inahecettbskian of thh colie] gidap (3 g/ Hissac) Was0433) . 86

+ .+ + + CCl 3 .a
et 2 (o Tiadhngs i b imast s g e ets s Blgtoros . Cvb N
0 u N C -thdf We Mavi peiousip régorted For hetefozgBous PRAPD thinédefdc@hife 6¥this@geX cz Q ;0
ON NO8 hnson-Wood et al., 1997).

0

C NO c

0

0/\

5

10

For the cortex, one . treatment group had a median AP level, measured as
AB1—42 which differed significantly from that of the control group (p < 0.05), those
animals receiving the polyclonal anti-Ap antibody as shown in Table 13. The medlan
level of AB1-42 was reduced by 65%, compared to the control for thlS treatment group.
The median levels of AB1-42 were also significantly reduced by 5 5% compared to the

control in one additional treatrnent group, those animals dosed with the mAb 10D5S (=
0.0433). '
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observed in the cortex (65% (Table 14). However, the absol ute magnitude of
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AP, the reduction achieved with the polyclonal antibody was significant (p
= 0.0025). The nedian levels in groups treated with the mAbs | OD5 and 266
were reduced by 33% 10 and 21 % respectively. 88 1 NMUOO C V1 M..

NNNV] ON~-. O.0000M CL QWL Nmc kn 00 dNVI~-0OinrlO
NNM'i. %9 MCN Ncot- CO rn" 0+0 ONn mdC] Mto 00~ N O sa kn E

L:7 "7~ icn V ' M t nInth:Q ocg?h tllle &Qh%geyce}x@e&xcwon thgél A@a&o&gtedo loo J
Z 0010 c). QN U 80" s

with treatm_ent wlth polyclonal anti- AB antibody (50%, p = 0.0055) was not as great as
that observed in the cortex (65%) (Table 14). However, the absolute magnitude of the

5  reduction was almost 3-fold greater in the lﬁppocampus than in the cortex, a net reduction’
0f 31,683 ng/g tissue in the hippocampﬁs versus 11,658 ng/g tissue in the cortex. When
measured as the level of the more amyloidogenic form of AB, AB1-42, rather than as total
ApB, the reduction 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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Total Ali was al so neasured in the cerebellum (Table 15). Those groups
dosed with the polyclonal anti-AP and the 266 anti body showed significant
reductions of the Ilevels of total AP (43% and 46% p = 0.0033 and p =
0.0184, respectively) and that group 5 treated with | QD5 had a near
significant reduction (29% p = 0.0675). 90 Table 15 CEREBELLUM Treat nent
Na Medi ans Means_ Group Total AR Total AR ELISA P % ELI SA val ue val ueb
val ue® Change PB®Y AJovealyqapeaised o hosyretpiluggTablpdfly dhesearours 17. 61 0. 0033
-43 118.la3dmtn ly@cmal arﬁ?’ﬁgm é%t%oaésh@&eg s%ﬁ&féant%&iu&?or%%ﬂhelg 43  mAb
266 6 16.59 0.0184 -46 19.59+/-6.59 1F12 8729.80 >0.9999 -3

32. 88+levéls ©Ototd¥d@t(|4b%@sd 4%, NG 9191983 afd xamOrﬁiB‘s rcpsecctglcbmmhthattgn@lpend of the

exp rlne 2 t ssu n 29 §{y5|s not ) :
app i c3F edmfzh ? 4 faé%re'%{gc ce IE )I on was aI so det er mi nied

by,ELISA |n the cortex and cerebellun1fron1ant|body treated and control,
PBS-treated mce. Two different APP assays were utilized. The first,

desi gnated APP-a/FL, recogni zes both APP-al pha (a, the secreted for m of
APP whi ch has been cleaved within the A(3 sequence), and full-length forns
(FL) of _APP, while the second recognizes only APP-a. In contrast to the

t reat ment - aSSOC|ated 15 diminution of AR 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 imunizations with
AP anti bodi es deplete A(3 wi thout depleting APP.
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91 I'n summary,
hi ppocanpus
rai sed agai nst AN1792.
am no termnal region

al so showed si gnificant treatnent effects.

To a |esser
of A(31-42,

extent nonocl onal ant

AR | evels were significantly reduced in the cortex,
and cerebellumin aninmals treated with the pol ycl onal

ant i body
i bodies to the

specifically amno acids 1-16~and 13-28
5 4. Hi stochem ca

Anal yses: The
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APP concentration was also determined by ELISA in the cortex and

cerebellum from antibody-treated and control, PBS-treated mice. Two different APP assayﬁ

were utilized. The first, designated APP-o/FL, recognizes both APP-alpha («, the secreted

form of APP which has been cleaved within the AB sequence), and full-length forms (FL) of

APP, while the second recognizes only APP-«. In contrast to the treatment-associated

15

diminution of AP in a subset of treatment groups, the levels of APP were virtually unchanged

in all of the treated compared to the control animals. These results indicate that the

immunizations with IAB antibodies deplete AP without depleting APP.
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21F12, respectively. Titers averaged about 1000 over this tinme period for
the polyclonal 92 antibody preparation and were slightly above this | evel
for the 10D5- and 21Fl12-treated animals. 6. Lynphoproliferative Responses:

5 An-dependent |ymphephol L@tk QRraasniiRasH atced$h 1 cSRL-ERDBp&RIIpSs
harvested ei %ht days follow ng the final antibody infusion. Freshly
9

har vest eghdssrebelium pEnjseals igsged widt e pelyFlota! sefibogy rased againgt ANIFRZ2-drogsence of

AP 1-40 flseReRORGRRLRl QRitBhiePtoVh AhindtdriMaPlebRR of AB122_spRARLdl,ve control,
additional cells were cultured with the T cell ‘mtogen, PHA and, as a

negat i veamineterids 1-1€ end B-Uerleo shoived sigdifisint irgetmentddfsetspept i de. 10 Spl enocyt es
from aged PDAPP m ce passively inmunized with various anti- AR anti bodi es
were stimulated in.vitro.with AN 1792 and proliferative and cytoki ne
responses vve‘?’e n&ggﬂ?héﬁl.’é%r%@a]ﬁffpose of these assays was to deternine if
passi ve i mmuni zat T8 mdrptildgytod taddinaminograttivepbsiaditiakutasts ofibrding Fos pri m ng of

or eyt ok B TR Bl ATt o 08 o R elr e B i bR Wt e

anti-Al i ceampiréditess of pibvioustsuidlddERwhidilhanCird RAGEhi X oh phddblluFAMIEGNAB4R a second
studﬁ treat pent dwith | OD5 was repeated and two additional anti- - AB’

ant i B8di &E7MeP¥"% st ed, monocl onal s 3D6 (ABi.5) and 16.Cll (AB33.2). Contr
ol groups 20 receiThedargést hiedratRBSn bothahe éxtdnelreluppéarance bfpeyloidpidgees ant i body

(TMRa) .. The nmi.ce were older . (11.5-12 t het er ozygot.es) than in the
b v bus PEREHY Y FLpAR BTt R I el A A0 B TR ke T ance”
again, afahfyloidslogd; rasmdtdlglaqﬁe horpadingnind c]eﬂ@Esocietdq _aé_édmpimqmecthijy diesely py :
dontr ol s EeBagi Ahes bF pf e MRS it Ay IR OG0 | 20OV
equallsy ebpmctthyBLISprregits imghiah sigBifiS&¥redecinnt immtl 0 ABGSY AB#RwesnNt r ast ,
the thir | | Ast I.48, failed to have any effect
on pl aquddcgg‘?egte%ﬁgxrgﬁ%@%g% ?fltd{'n%? ﬁg‘gz”é@%@“ %&%%Crl‘?’éd with AB42 ELI SA

measur ement s. - Thesk simeidan qtaitatevesnalbatins, amystid plaquenin hod9D$ exoppmsee agai nst

AB pepti ' : ith solEURE oF ST1S b6 to decrease
anyl oi d %ngorléﬁc ?%lﬁgﬁp%%ﬁggp%%%cec%ﬁtslot hat h%%% o{; Iusdé%d;cli -?é,g%man_ti bodi es are
ef fi caci dosnunpgeadtivisyiRetatite roeontral-renteskainireahs sheqohisionalilg gragipnagping Ati ds 1-5

or 3-7 OfarARe SftRe MBfdclontll AfibYi&S (1068 Fie@MRd plafhcBLRTERLY 93¥nABY %, Shown t hat
passively adm ni stered anti bodi.es agal nst .AB reduced_the extent of plaque

deposi t i onsHerivaly BT Q5021 2 gprearestiaihaes 2 islatiyd e medest gffeehomplpgne burden.
Micrographs of brain after treatment with pabAB;4; show diffuse deposits and absence of
many of the larger compacted plaques in the pabAf 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 bl_eeds. Antibody' titers were measured as
30 API1-42-binding antibody using a sandwich ELISA with plastic multi-well plates coated with
Apl1-42 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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93 at nodest serum concentrations (25-70 tg/nl),. the antibodies gai ned
access to the CNS at levels sufficient to decorate 13-anyloid plaques.
Ant i bOdyan%gB{;y I'EIQJS'EQIOB% %smly@%ve‘iﬁﬁ 1481 foPRB PSR arlieakaggedéa t he

bl ood-brai n Barrier since thefe was no increase in vascul ar permeability
as neasuegaly Evans Blue in PDAPP mice. In addition, the concentration of
5 antibody in the brain parenchyma of aged PDAPP nice was the sane as in
non-transgenic mce, representi ng 0.1 % of the antibody concentration in
serum (regardl ess of jsot XI11: MONI TORI NG OF ANTI BODY. BI NDI NG To
det er ni ne whe-her Ié’ﬁtFP%aﬁyfg?t‘é%%?sﬁg‘fseMS could be acting directly within

10 the CNS, brainssg aég:%ﬁuehf@mpﬁ@drbmmasﬁ tvb!&ﬁﬁ@hsﬁfh@@slﬁé splbea eNehfesice
Exanple XI'I, were ‘exan ned f presence of

t he
peri pher aughyiaaafﬁllﬁwwébeefepabmtibb@dm%wnuﬁf qswéawﬁ%ﬁ%}f 1ObP%f|VFFth§’ErF| ons were
exposed. EQL C(iopg) %?y%cr‘rgﬁxt: al:e@élﬁg BE A?g@b 954 co’f@éﬁ%@tldnrﬁmwl ORI uaticH O a

anti -m)use ues wth brai ns of OD5 ahd 3D6 groups were
st rong| yposi@moat@dadmtmhalaznlﬂa \b@dyulﬂmmw@ﬁlhgrcéum@g% P&lApiepd:@§2i n the |

6C11 gr O%Q atxv C n%'\é?@éllskvrl?e élb't#.\}edjvéth%ﬁtta%agdﬁ% 4. aque .deposition, - serial .

sections each brarn were rst | mmunoreacted with an anti-Al13 anti body,
and tlden vmth t he %;é@@mdeﬁﬁpome@éé}ﬁt\?ﬂ@%Peﬁﬁdelﬁlmmuﬂtﬂeﬁmﬂgﬂ%rﬁp‘ﬁrheraI

d |
gu?]dg:‘lsfl\ébgil 9'30d1%avllcr d&\g gc?z% v‘i’t?chese N3RS MRl Ly e rddpenskl aque

reatrre t groups conpared to the 16C
11 group. weTamsaesuﬁtaI Fihé ptpasebbtheselrasaypors olietcaning ifpdssive iswmunizatiemt | bodi es

can ent erfactllﬂta eglja\:lrggqu ntanﬁg ggégmg ?Fxg&? of Tté‘ellg&gsnsgps;ﬁwlc%\Mimr ance. |t

is |ikel acce ues but was unable to
bind. 94 Nd AN1ER-3pD SCREENNAG ASEAE EORNERCTE| oP3ervrd iRNpisNIISETRY AGAI NST

AMYL D DEP% ?w:';f?m%’%ﬁ{“ gseanmgdlgffect of antibodi es on- pl aque cl ear ance,
we es bI ed an ex. Vvivo assay In which primary mcroglial cells were

cul tured vvlth unfixed cryostat sections of 5 either PDAPP. nouse or hunman

AD bDr ai n%,&/wgﬁlk ﬁbkaéﬂﬁﬂ'g% W@ﬁfkgflgfm the cerebral cortices of

neonat e m ce (1 3 e cortices were nechanically dissociated

in .HBSS- (Hanks' t@&@ ?l t}ea§94n'tl thﬂri 0D§W§%eé@éc§ £haaQo QQ&I%DM§ e |

(Sigma). The dISSOCIa 1s were |tered with a 1Q0 mcel\ st rai ner

( Fal con) , Abpriibeding Vet tryted, ra@nomee}s 3P6M\Pnosbal51 WA b {4833z EOPtEY) |BERUPRa s

res Usﬁ’&”dﬁ’:@ewé& SHhQWH Mi&%vﬁﬂ'lmy;@hﬂ&@l&@ 2N (U240 9B Sice were older

26ng/ M . rmGW CSF), and the.cells were plated at a den5|&l¥ of .2 bral ns per
T-75 (11.5-12 month old heterozygotes) than in the previous study, otherwise experimenta

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-métched antibody controls '
(p=0.003). One of the other antibodies against AB, 3D6, was equally effective, produ;ing an
25  86% reduction (p=0.003). In contrast, the third antibody agaiﬁst 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 Aﬁ'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 epitopes comprising
30 * amino acids 1-5 or 3-7 of AP are particularly efficacious. '
In summary, we have shown that passively administered antlbodxes agaiost AR

reduced the extent of plaque deposition in a mouse model of Alzheimer’s disease. When held
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plastic culture flask. After 7-9 days, the flasks were. rotated on an
orbital shaker at 200 rpm for 2h at 37C. The cell suspension was
centrifuged at 1000rpm and resuspended in the assay medium 10-m cryostat
sections of aPDARR: mmeomfenﬂfmmm(mmﬂmsmémﬁiodfwghﬁéﬁ aclddes td’ﬂqecm|at< 3hr)

wer e t haw mpunt ed sin t ed rou | ass cqversl i a | aced
in wells O][“? %VEIS\A?&ffC)C ?Edg‘%ég%ﬁl t‘”’d?zmgﬁ’gaﬁé%s A’f‘ﬂ ovEY itP qr/@? %/\%Péﬁ%%‘%tw ce
with assay niborum tealn@'t:sfﬂae@ldbﬁ-bl-:lmSFal‘v’h(rl-éyrhéItlfb@dﬂ‘ﬁaﬁ&hhdffbefséﬁﬁva@ﬁd&rum G bco

BRL) with | % FBS ut ani n enl Ci 5n ) CSF
(R&)D) Cont rPS{m%aPﬂaﬁﬁ megsured by By gy é%e \RQJPS&FQ’Q(J% 8 HpaddisR. %F&S’gﬂ%“ia&?‘i‘

g/ mL. firfal )anfibedylin Iﬁmﬂmn'ﬁmndhymﬁ@@hgealPMPl ﬁch@vaﬂﬂfe@a&h@In%@@ﬂ@ﬁkg&hca
density of 0.8x 106 cel @ nedi um  The .cul t ures mai nt ai ned in
b i 1 edihatBREsg S of BHrDyt G GHR s SEE CR EROTERRTEl t ho

i ncubation, the cultures were fixed with 4% par af or mal dehyde and

IR L L B A b

| mmnoResear ch). The avageraius wm’i:mmghwﬂxes@ghlha Amecromdwiesau@{g &RGtIYRithiy a

nucl ear P The cul tuy. es re obse ed Wi t verted

fl uoresc p‘ﬁl&gé é’%ﬁ}ﬁé‘l}i‘?\l RBysali eddﬂ’ﬁe T'Eﬂ‘fll‘iflﬂlfgg g)@ér"éerf aken with
a SPOT di gl t @lamireddsethe pM&nB@oﬁP&ﬂerﬁﬁérbN\ﬁﬁ(ﬁmﬁ&e@@rﬂﬁbbﬁeSl mﬁﬁﬁ&wmﬂés&)t For
West ern bl ot a.naI%ms the cult s were extracted in 8Mur dlluted 1:1

in reduci ng TRPSFAIETS YRS eép‘ﬂfﬁ? f°e? YO SRR R BotEyimmunpglphplind geat
(Novex). Af tmbﬁwtmesié@-r(:yemtldaqumb}uh(bmmslﬁfmlﬁesleraﬂdelbp%&ﬁﬂs wareigbﬁgly of the

30 pabAl 342 fall n u at ed antl nti body, a

devel oped wi %eh °E hA&r;?égsWa‘%?ﬂ gose \A%uisg:rl? &%d%ﬁvﬁﬂ%ﬁéﬂi

brai n set¢$i oegentnf pllaqalepieemmesmﬁl sediﬁﬁiibf (aohbraﬂlf wtredira ihinbosteesdagtiaast Al3
t hat was not gf&b%cbo d'?h n| V%)the on rgz\lﬁn%n dyand3[§6er§rgf€ned i nt ei?%l and

no phagocyt05|s Was obgervet. TR contras acen 95
cul tured in #dminisragengeined adceﬂwmostmqawhmxmttd@q‘&lﬂs pl\aqnebvhrdexgww gone

and the mcr i cl ;aini.ng

| dent i cgrglltlb'axJ C(ég @F%ho%pégg J S%%ﬁlﬁgg%qbt?‘gﬁ%&s |por;1§1 ese %F%‘ itfticed
p h ag ocyt osi sthef PCADh‘p'Pléﬁq%Fé%*mSWﬂdl 2ptitl@d@s taenterithref NS evhicgahey|can didetitly i mgger t he
assay proyi dedyemakakt. elt'iselﬁéélyttﬁatvi’@@pl B@Jﬁé&ra@&}ésw&@pﬁ Je@%wzé SHEHER Of
human mcrogllal cells, and w t'h nouse, rabbit, or primate antib
agai nst A B. bingapl e 16 shows whet her bi ndi ng and/or phagocyt osi s vvas
obtai ned for several different antibody binding specificities. It can be
seen that antibodies binding to epitopes
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within as 1-7 both bind and clear anyloid deposits, whereas anti bodies
binding to epitopes wthin am no acids 4-10 bind without clearing anyloid
deposits. Antibodies binding to 10 epitopes Ctermnal to residue 10

nei ther bind nor clear anyloid deposits. 96 Table 16: Analysis of Epitope

Speci fi ci tyrvAEX ody SSrEENING LS00 CVROACTIVIEY OPRE ARTIBGISY NANST Mab
306 1-5 Ig‘gz%&q + D5 3-6 1gGL + + 22C8 3-7 |g&a + + O6E10 5-10 1gGL + -
14A8 4-10 A QSI18.28718G11 10-18 rat IgGL - - 266 16-24 I1gGlL - -

22D12 18-21 1g&2Db - To ekanligé the 26t oftbhtibdEbs on plad@Celearamdd) wed2abl@Rd an ex 21F12
-42 1gQRa -, - | rrrrunﬁ Ber.um r abbi i ( CFA;N 1-6_+ + _nouse ( CFA)a 3-7 + + nouse
(Q5-21) 3-"7"%2s5Y IRMRIEEPIaE. Bifjosyalsells Yerefyliued pRAPIIUT cRyosiatngpians 2f shows
resul t s5 obéigefTEDAPP busey Gldbn ADHARIT BEcragiadl Bells Wi oRaiSQIRR tHeGelebRI I
abilities to,i ngfuce gha oc$/t osis_in the_ex vivo assay and to_reduce in vivo
pl aque bur tREVFEP A 5gRYe DEA IR Autedd -3kl de cottittrotghmegensaliissodredimound
to aggr egaHBES SERLRE Bathntsd REBoluden, WighaWiehs AN/l Diasd ITSSmapNiticbodi es were
unable to react with B-a oid, . .
dissociated cells were filtered with a 100 pm cell strainer (Falcon), and centrifuged at 1000
_ rpm for 5 minutes. The pellet was iesuspended 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 1000rpm and resuspended in the assay
medium. ' _
10-pm cryostat sections of PDAPP mouse or human AD brains (post-mortem
15  interval < 3hr) were thaw 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 Sng/ml rmGM-CSF (R&D). Control or anti-AB
antibodies were added at a 2x concentration (5 pg/ml final) for 1 hour. The microglial cells
20  were then seeded ata dénsity of 0.8x 10° cells/ml assay medium. The cultures were
maintained in a humidified incubator (37°C, 5%CO,) for 24hr or more. At the end of the
incubation, the cultures were fixed with 4% paraformaldehyde and permeabilized with 0.1%
Triton-X100. The sections were stained with biotinylated 3D6 followed by a streptavidin /
"~ Cy3 conjugate _(Jackson ImmunoResearch). The exogenous microglial cells were visualized
25 bya nuclear stain (DAPI). The cultures were observed with an inverted fluorescent _
microscope (Nikon, TE300) and photomicfographs were taken with a SPOT digital camera
using SPOT software (Diagnostic instruments). For Western blot analysis, the cultures were
extracted in 8M urea, diluted 1:1 in rcdﬁcing tricine sample buffer and loaded onto a 16%
tricine gel (Novex). After transfer onto immobilon, blots were exposed to 5 pg/ml of the
- 30 pabAB42 followed by an HRP-conjugated anti-mouse antibody, and developed with ECL
(Amersham)

When the assay was performed with PDAPP brain sections in the presence of
16C11 (one of the antibodies against AB that was not efficacious in vivo), B-amyloid plaques '

remained intact and no phagocytosis was observed. In contrast, when adjacent sections were
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pl aques in unfixed brain sections, could not trigger phagocytosis in the ex
vivo assay, and were not efficacious in"vivo. 10D5, 3D6, and.the polycl onal
ant i body agai nst Al3 were active 10 by all three neasures. The 22C8

anti body binds npre strongly to an analog formof natural 97 AB in which
aspartic aCPdursd ingbapresenresof 10RANNT angloidefsposite tvew lntgelyonaapiahé interagiatl.
These r esulcki$s shsWaWinhad Q..di,rect anti

nedi at ed cl ear ancéemtl)f t hues%gggog%gas/\’é\?\h%}t %kgfgalhﬁg%\é&emmﬂ r?ngi W?f689t8w¥9| o)
assay is pr”‘éﬁ’i*%?l {Pén FEtiqng; Wc}n@lﬂfd Q@cgycytd'smeofs"dﬁrplaqmsayhxha]ssd@emas used to
test cl earijRgreBived clein rred to
as NAC. Synucl e|i n Erégdﬁggoggﬂé(aégﬁb B%keélcanng M@{T%Q%ts%}egéu@ %28@ E :
protein’ Ao ?fﬁb‘ﬂsﬁnf‘b“ﬁﬂ@l ordls, andrwithonede ablit, ar;lmraatelamubssxuea@&ﬂpm

cont ai ni ng anyl oi d as bef or bhit serum
was used as_a cont %ﬁw%ﬁsgggghvgﬁt%r%dllt {?nl%ﬁorp ﬁET‘%OV\éasIS Wﬁsacgbl?éﬁc 8if¥EPon in
t he nunber difigens ptibody binding spesHicitivdi Baen beeseotﬁ thet wibbdigs adiny iotepitedest he

anti body. 18 I edi ct f | n,.Vvi vo effl cacy.
Ant 1 body | saueal 57 i Pl pR il SEh 3 Bt BB 1 b s Bty Bgaben

B-anyl oi d &fithittamgipo éﬁ‘lﬁ%b@:&md P(BhélptMeaphaqu:dsldrmpmb oAaﬂlbod&E)BmHg@%) 470 + +
+ 1 ODgol g&lit g a 500 - - .- TM2a IgGl
.- - - poGg/'ccﬂ’(ré),sﬁ‘:ab téﬂﬁ%%%%&%éo%%lﬁgbmdc%ﬁf%m rlr?lggzo%oé%y was used to -
conf| rmthat AB was internalized during the course of the ex vivo assay.
In the presence of control antibodies, the exogenous mcroglial 15 cells
remai ned in a confocal plane above the tissue, there were no phagocytic
vesicles containing AB, and the plaques renmained intact within the
section. In the presence of 1 OD5, nearly all plaque material was
contained in vesicles wwthin the exogenous mcroglial cells. To determ ne
the. fate of the internalized peptide, | OD5 treated cultures were
extracted with: :
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Table 17 shows results obtained with several antibodies against AB,

5

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.&say, and

were not efficacious in'vivo. 10DS5, 3D6, and the polyclonal antibody against AB were active

10
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by all three measures. The 22C8 antibody binds more strongly to an analog form of natural



same as that in the therapeutic study of different adjuvants in Exanple
VIIl above. The treatnent groups are identified in Table 18 bel ow. 99
Tabl e 18 Adjuvant | nmunogen Dilution Buffer Adm nistration Goup 1:

CFA/ | FA VAR ABvHietvaspdryic @di0@t ggitioRBSadd™ {s4€i0acpd ith GGoeasparic ad@B2Thedd\te®B- GCS

(75 pg) PBS SC (2 1) .G.o 3:.. PBS SC.(25Q | Tabl e ,abbrevi ati.ons: MAP
ol e arTepd el i 4R S PP RaT el el IR SREan |
SC - subcutha@®Susid thR the éxntivoepsryiit wadiadite\f iPB® effipdvgsphat e buf f ered sal i ne;
GCS is a glyci ne/.ci'tﬁjat e/ sucrase, f or rru({tatti chr\' The ana%woéagia%@téschedul e was
i dentical for all of 't RE™ 783 e RTOgrEtSdss TREME Lo M EEode B 1 hi ect ed on
weeks 05 2fraghenBof syRucldip ref@sd 1245 NWCt IS ybhadenl Basdremiokmn3o bSan &nyldid, 17, 21

and 25. Groups 1, 2. 3, ‘4. and receiyv, eight injections,.&oups,2 and 3,
8911 A yoR B efte Hiafin, ARvafb S SN Bkt Tk ER e RT S SRE, e
control s f esnidifingasylodyplaqibg ah hii@ogliahedlles, ddtfordri Rubdit byruinhvens amddiasAC ant i body

titer assay. 1 Al L FA: MAP( AB1- 7: Tr. roup, ,had low titer_levels.
The peak 1%”6%0%]“@56@%‘? R ORg §P°§?‘§66’a8‘ted %‘?gg\c/\téoé‘llg hemPR e 8 avr of 600
by week 25pladiteimiicativeof cdeatihg bhiit3Of i @ntitoliat di d not raise any titer and
anot her 07 m ce that did not exceed a titer of 400 by the end of the study.
G oup 21 the QS21/ ANl 792 control. group, reached.its peak titer at 17
weeks Wit Table@VThekx 16 430y asHhalidtor oftin Vineeffitsdyl over the next 8 weeks to
finish with a GMI' of 20 8,700. One animal in this group failed to raise a
titer over the entire course of the experinent. Goup 3, the PBS al one
group, had no titers. Both treatnent groups showed a significant lowing in
cortical AB levels as conpared to the PBS control group (see Table 19).
The CFA/ | FA: VAR(ig@Ely- 7) gfsotype  SiAgidifyifoant Bindimtel ovkx deb AB Iasivoonpared to
the PBS control group in spite gfgrepfied € Blanyy@didl | Qffidaky er efiRhcyanti - AB
antibodi es. 100 Table 19 Corticalg evel ﬁlml?gé MAP QS-21

monoclonal ‘
3D6 ' 1gG2b 470 + + +
10D5 - IgG1 43 + + +
16C11 - 1gGl 90 - - -
21F12 1gG2a 500 - - -
TM2a 1gG1 - - - -
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 Af3, 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, -]OD5 treated cultures were extracted with

8M urea at various time-points, and examined by Westem blot analysis. At the one hour time
20  point, when no phagocytosis had yet occurred, reaction with a polyclonal antibody against AB

revealed a strong 4 kD band (corresponding to the AB peptide). AB immunoreactivity
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VEDI AN:7, 335 3,692 2,389 (ng/ g tissue) RANGE 550- 18,358 240-10,782 21.0
-11,167 (ng/g tissue) p value - 0.0003 < 0.0001 N 38 30 34 5In
conclusion, the AS 1-7MAP irnmunogen is effective in inducing a sufficient

| mmune r esgoreaeedsit gy fidadslafsehOby @3l ThOE 288RAIGIHdddRed fhatRS1SRLERX. 10
XVIl. EPI TIGDcF MAPPI NG OF | MVUNOGENI C RESPONSE TO AR | N I\EJ\IEt EYS This
exarrpl e anai’L f%étsf]?%a E%rbonse of a primate to inmunization with AN1792

(i.e., AP 1- 42) El er\oemegmunsphegocmn{a)ak@y@e éﬂhs&ﬁwawﬁc-ﬁﬁg&ﬁeg nr}mwt ("Széengig g
15 AN1792 (75 or 0 se n I nation w - adj uv

g/ dose) orlér%g)yn ést’g%ﬁ %ﬁd&gﬁ%}g@ V(Efé’Fepar(eﬁ)SWm%%t‘P%f(aEﬁ%ﬁ?ﬂmenﬁI ani mal s
recei vesl | Mudimjdelodii ﬁlh&bm@'tﬁm&cﬂsfwmblﬁdj&@ théyl W&t hﬁ)&bléﬁéhﬁ?é&ﬁl?afg@&t&sw in
Tabl e 20 for 5. or 8 doses.. Serum sanple rom4

nonkeys/ s e?}cé?%ﬁ'gﬁeﬁé oﬁ‘l aélé‘t“&} RbAsqsipsis Yt She whele artinagy eawid WO%%Y es (from
y

3 nonkeysfeagont sgatisphutind Fcﬁ@&e@d:r@@nﬁ@blk/?&@) Of'hefsbéatﬂn‘df&(te(tﬁatt it 4§ 6 nonth .
necr opsy). re.20 aI uat or_their abi]Jity to bind to ARL-40 peptide and
APP. 101 \ﬁlxgﬁ”é“ &%Fd:ﬁrfé‘ﬁ’??m&@&‘e%%g%é‘@ws Group Schedul es #

Monkeys AN1792 Dose @ 21 Dose Dose Route No. (MF) (p.dl dose) (g/ dose) 1b:

L972900 W ad Mo en sl R A s d00 L EY
IM 5 414 °3
100 IM 9 2 4/4 300 THKkxampl¥ldetermines 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% Na.CI. 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. Fab'2 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 IgG1-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 u‘apsgenic mice to test the efficacy of a
fusion protein comprising AB1-7 in tetrarheric’ 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 therapeutic study of different adjuvants in Example VIII above. . The

treatment groups are identified in Table 18 below.
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10 3 4/4 75 100 IM 11 3 4/4 300 100 IM. a. Schedule 1, Dose Days 1, 15,

29, 57, 85, 113, 141, 169; Schedule 2, Dose Days 1, 29, 57, 113, 169
Schedul e 3, Dose Days 1, 43, 85, 169 5 b. D5Winjection contr ol group c.
Vehi cl e consists of the glycine/citrate/sucrose buffer which is the

exci pient for AN] 792. The exact array of |inear peptides recognized by
the anti bodies in the serum sanples fromanimals i mmunized with AN 1792
was determ ned by amrablel18A t hat nmeasured 10 the binding of these antibodies
to overl apping peptides that covered the entire AP 1-42 sequence.

Bi oti nyl a{ed pepi d&4U%Rt h|part i @™ EeElenced MHupNEEEr eAdmisstaiondd from

Chi ron Tec¢Gralpagi|esCB&TFRD anMIA@(mI ﬂTD)e(rbBLg(;ies' W THBSaN OVET Tiagodh) 97|r esi dues
one—residyelner—pnentide (svntlhesis No. 5366  No. 5331 and

and a st ep—of—ohe e .

No. 5814) | O X il st 39 pept é@gTQ((F(F%ﬁ?'tgﬁe ei ghEPBgm' no laci®% ¥4 tilon
upstream(fGrotme’i N—teﬂ’rﬁﬁsnal of AN 1-/92 down tjo the--I5 tweni \wCimwgf h |am no
aci d of AN-1792)arebrotinytated—on—the—Gtermnatl—wtA—atinker—of GCXK
The | ast 10 peptides (repeating the thirty-second peptide fromthe previous
series) are biotinylated on the NNtermnal with a Ilnker consi sting of

EGEG . The jrds S r soL ed, at.
concent -fgat F%)Brf]igo : Jthnqs pﬂﬁ\ﬁd%}i{f%%gerﬁgg{phgg ﬂsw"tao S V\%xro tbﬁe]lﬁ?léoé)ct o5 .M
in TTBS (0_.(&@%41)/%‘”@1 Bﬂbculzlseqm I+ intrej@iritont &y ; i3 Na chqsphatd b reativhlkde} |,

pH--7.5). HX ik 1 glg)g; tefficdobd BrmuMigiol ution were added in duplicate to
streptavidin plr g% oate 966 S\BF‘% nﬁat es (Pierce). Plates were incubated for
one hour at room tenperature, then ‘washed faur tines with TTBS. Serum

sanpl es were dilut edTchnm&hmchgfulelw&txd%ﬁ&%]?&Fal%tﬂ%éaﬁn&?%rg?ﬂeI fhe

titers, and 100 | was. added per . These ates were 1 ncu Sd" one hour
at r oorh0t empes Were inecisdPnitrsks Qs thefd 12,006 24, ﬂﬁe\sxﬂw\blpmwaeek BiRP9.113217, 21

conj ugat ed .g0s4. @RLps NYMRD ARt4 Qegved(dg&ﬁ%ﬁgﬁﬂmfggﬁgﬁfs ‘cg;z Jg@ﬁﬁ'ﬁ L ed

1: 10,000 in_ specinen diluent wthout az per wel | .
The pl at es PREFESPEGAFY- scFvsd ab e @gsiiyrarnddsetiye cquradefpethépstedye col or .reacti on,

TMB (Pierce), was adﬂﬁdlt@ﬁ wJ:xQ:Qie{errﬁﬁxEd bMRlelan@B dnft6statiechsE9r 15 mn prior
to the additi.on of ?% ﬁ\zlm H2SO to stopthereactlon 5 The opti cal
K up4]5 FALF

density was neasure SrMAPAHR TS} B ded lavalitee lsvds- Thseake pl at e

reader .15| maMT zathadrwasiohly YINDE923 weads) faRig kdla GivET M&ﬂuﬁ'tw&lazpfme%w&@d' es
ni.mal,s i.n all. of the dqgse Lgerc}urgme& 175. Mean titers

in 100% of, t
in the (ér O&F%J‘]} a?ﬁdrélae Fllato not raise any titer an ano at dld not exceed a titer 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 16,000. The titer thex_'l fell over the next 8 weeks to finish with a GMT of

20  8,700. One animal in this group failed to raise a titer over the entire course of the
experiment; ' . . |
| Group 3,_ the PBS alone group, had no titers.
Both treatment groups showed a significant lowing in cortical AB levels as compared
to the PBS control group (see Table 19). The CFA/IFA:MAP(AB1-7) group, significantly
25  lowered AD as compared to the PBS control group in spite of the relatively low titers of anti-
AB antibodies. '
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14596 - 56084. There was a trend for titers to be higher within an

i mmuni zati on schedule in 10 the presence of hi gher anti gen and/ or higher
adj uvant concentration, but no statistically significant differences could
be denonstrated due to the high variability in individual animal responses
to the inmunizations. Sera which were positive for antibodies to AN 1792
were al so positive for antibodies to Apt-40. Mean titers in the groups
ranged f romme3B86ditical W8988%%k and as for anti 15 AN 1792 titers, showed no
statistically significant differences between groups at Day 175. Binding to
AN 1792 showed a highlly pos?ﬁsr ve cqarrel &pBn (Si)ear n@fr2t = 0/867 1) with
bi ndi ng DiENLT - 40Ot 8—noTReyS 3 gguntzed ung@@‘!—mschedul es with
AN1792, gé: eI ded CSF sanvr?ﬁgs of adequétdt9'é2 vol unme a% qual iqy for

anal ysi s tiseYe) t wo (7% of thesg 20 nonkeys had pos.itive titers to
AN1792. ranged—freuy 27245t — oT—49 44 +347° CSF anti - AN
1792 | eve W%re 0.18 0‘5501 a/gfgsfg wha 2401;1@;12 sute IO HltlhleG seffum and
denonstra(%&%ﬂﬂ)ghl y [positive cor_rel ation (Spear man r = 0. 7&40) with serum
titers. Nogggifferences—were—seen—g8e+os tpsror—between—sexes in the
per cent ag o?é antibody|l in the CSF. ThealOngjél off ant ;ﬁbg% the CSF is
consi stenN wi th the passive Branstgr of periphejallTy 3% gener ated anti body -
across t he—blood-bratn-harrier int the central lnervous syst ém Testi ng of .
a subset of anti-AN 1792 positive CSF sanpl es denpnstrat ed that, 1like the
anti bosly i n serum Jarpicd8ionahé ADOIAMAR iinkinbgeh i€ effsdivé Bﬂﬁ&ﬁ:lﬂgi h Apl - 40.

Titers to Pl -40 showed a hi correl at ear m r 09634) to their
respecti v& fﬁ G gBng fesponse ‘iaﬂtgy Bﬁre?éa‘gélé‘f"pﬁ‘fm Hifft es with the

hi ghest titers to AN1792 showed no binding to 30 APP, as for the serum
anti bodi es. Wen sera fromDay 175 was tested against a series of

overl apping 10-ner peptides, antibodies fromall of the nonkeys bound to
t he pepti de whose sequence covered 103 anmino acids 1-10 of the AN1792
pept i gg (am no acids 653-672 of APP). In sone animals, this was the only
peptide to which binding could be neasured (see Fig. 19). In other animals,
ot her reactivities X¥ll dPHOPFMABPENG GFUIMMINAIGENIASRESRONSE TOaBINVItYy to
the N-tergy @@#_E sptl de sequence was the predoni nant one. The additional 5
reactivitie ell” into two groups. First and nost conmon, .was the binding
to peptides cent ermgemtmdalyueﬂﬁrbmommapﬁmtANﬂ;ﬁxQﬁzpimﬁx’m‘de (Figure

20) o 19U 0 PRl SERSTAL LS SRS RSB 7O

15 ANI1792 (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
(from 4 monkeys/sex/group) collected on Day 175 of the study and CSF samples (from 3 -
monkeys/sex/group) collected on-Day 176 of the study (at the 6 month necropsy) were
20  evaluated for their ability to bind to AB1-40 peptide and APP.
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These reactivities,
overwhelmng majority of

reactiv

ity in all

conbined with that to the 1-10 pept i-dé,
ani mal s.

represe

nt the

Epi t ope mappi ng of

i ndi vi dual animals over tinme 10 indicates that the antibody reactivity to
the 1-10 peptide proceedsbldid: Gowpathsigameite andipose@riels peptides . This
dermnstr tes a gfrnnn |"\I QI I’lﬂ of he i mmune rPonn’iP to the N—tel’m nus Of
the AN 1 @ZO%ptsfcd‘@dWetr # Monkeyse| ANAR92RPs@ad paBtaicDess d DeseRmite The
second m n det ect abl e | adM/F) ty| i riugldeee)anil mafpg/dess) bijndi ng t o pepti des

| ocated [ rbrnlnally to|thed4Mnjor| areaGand. |centeged arjound |gepti des
covering| ankno |aci ds 7- 16, Hkl4a 20 pndvédRicd® off thesfNI79% 15 pRPTide| . These
reactivitieg wgre seen iin onhy 10} 30%Ricid N€ | MONKEYE: varlaou ty 1h
response| begwegn dl{rerent QQlﬂala (e 95, wmqtncl 6H|nu actd M1-10 wer e

t he excl psi ¥e qr —pl,l:‘UUIII mant yd Eac[Tve +-ope) ;"P\ ret—eer+eldte—w-t h

ant.i gen/ adigvarnt—dose; Quola aun:dulv oF ﬂ"f'hn Q titer a is probably
a refl ecti-oh—ofleac Adidg ani ma?ﬁq genet i ("‘I ke- R ZdNb(VU | '
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adm ni stere8 in inc2easijng débages to 3of f erent pagg ents| st arjpg ng From 25
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three untili1q llevelz of |abouys 10 [T essdghe” efTectiiyg Touse thpge |>
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WO 00/ 728

such as UhECM\z’SEray&ffGinédB@e
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FPOSOYrLa Srgum

SO ERTEL

St at e ExBSW (nivdMBE}ponrédetagr sel ection criteria are that
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progr é8si U bkiinglvé thabezdmibodies 1o o&ﬂmﬂpmugcpepndeﬁmhtt@bhed théahiifeiplvue | i fe scal es

can al so

noni t or ed

?%;/mnl\/ﬁl BIO%{A%

I’l Ltor tre

85 BrroiFFy W

t ment

Di seas

B?“‘?Jéf‘i"éﬁ“teé 0

eSsSI

on

can al so be

géﬁ’r iﬁg’s‘ﬁefse biaad fremed

i ncl udi ngCh)atssﬁqphnabcﬁgwsmNE)egﬂmapﬁ&pﬁd@ vélthtaneekHor 9nekidies &id Sstéesponses.
one residue per peptide (synthesis No. 5366, No. 5331 and No. 5814). The first 32 peptides -
(from lthe eight amino acid position upstream of the N-terminal of AN1792 down to the

15

20

twenty-fdunh amino acid of AN1792) are biotinylated on the C-terminal with a linker of

GGK. The last 10 peptides (repeating the 'thi.rty-second peptide from the‘previous series) are
biotinylated on the N-terminal with a linker consisting of EGEG). The lyophilized

biotinylated peptides were dissolved at a concentration of 5 mM in DMSO. Thesé peptide

stocks were diluted to 5 uM in TTBS (0.05% Tween 20, 25 mM Tris HCI, 137 mM NaCl, 5.1

mM KC], pHv7 5). 100 pl aliquots of this 5 uM solunon were added in duplicate to

streptavidin pre-coated 96-well plates (Pierce). Plates were incubated for one hour atroom

temperature, then washed four times with TTBS. Serum samples were diluted 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 'fTBS. HRP-
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5 Fol | owi ng ‘basel i ne neasures, patients begin receiving treat ment . They are
random zed and treated with either therapeutic agent or placebo in a
bl i nded fashion. Patients are nonitored at |east every six nonths.

Efficacy dogjugstegdu mghmanmm?i(fak&%ﬂtxmfrﬁ%@ésieg&)iw@s dRELP1-6800R of a
treatnment group telative to a placebo gro;{).. A second phase Il trial is
Ber e

per f or mecspeomey dilugat withoohazedesAind n0Q f! westadd Bmlbopiashwalc2BEN mer ' s

D sease eall , i r t.9: -a i at nory
Crpar r mer e AR Siened T as B0 R ey B0p' Picfl, 30 28R A1 1™
Al zhei merwal didisabstedfor 16 afin pid tathe AydiARREFS 0oLlidf @ N H,S(Ras stepitts redctidn. hi gh
risk for gconversion.to Al zheiner's D sea are selected fram
non- cl ni@éﬂc’pﬂ‘b dFity 8@ Wasé“éell;%é‘r"lfﬂrfﬁ“ P’é?glef‘éaﬁ‘é’é%fi%%’a‘inﬁf f‘g?\%m?%? Izglégrl y signs
of . menor yrehdess or other difficulties associated with pre-Al.zheiner's
synptomat ol ogy, a 15 fam |y his of hej ner' s Disga .génetic risk
factors, age, sex, r&ﬂlﬂm@tf?ér““ﬂ’é%]tgﬁrgésmflﬁl ‘d‘d“i%roﬂ‘fcélai‘(?fmﬁg%- r‘f’g{%d%or
|\A/:\/Zs hei mder oBthdASAAS B allBﬁﬁl&l ddaegmpsrtﬁsmm ﬁUWﬁbdilersﬁE&fcidge(ﬁlpis napeddrarg t he

E an A t gget her ~wi t h_ot her rics designed to_.evaluate. a nore
nor nal pi)%??é?&gﬁ' gﬁgeé‘@??&&‘f @Ft“fﬁégggbﬁk‘i’re “bﬁ‘gﬁ?’ﬁ‘f‘l‘@ﬂg“%\ 83 i Wi ded
i nt ﬁ $ﬂi' t le'p&:sﬂfc@Uﬂﬁgthﬁtigcﬂ|aﬁtﬂ@rﬁ9ig&9H@deﬁ&fhc&@ﬁ%iﬂﬁ,}bud@ﬁdm'gti@llyel’ nalt i vefs
with the agent. These patient popul ations are.20 followed at. .intervals o
about si xﬂg’aﬂf%;?fgﬁawfﬁaulgﬁasgrﬁ?%# Setefhshie wieot & Gnidi 5RG: ° he
or she copegdnks tb hepmaharhtondl zhei mer' s Di sease as defined by ADRDA
criteria at the en of .t he obser.vation | X. al terial s.and Methods
25 1. Measur enent gFmA”ﬁlPF}b‘gﬁrfi Pﬁ’?‘éefftgf ?&1‘@8%@&6@@3 vf)e)rlel\%ﬁ%(’ﬁ%v%f%nall ni ck
i n the tahhtibseledto sl -4 MeaS titeRgin@rqitbups 24Hged frof IsB6DA164599 1 and &8 for aftikige
t ube. in I gS re bled by fjrst.shavj. t he back hock reg and then
st ng tin. $80130 HEmrraatrLns et icu ol arod BESaes DEREHHoRS 8t PRETTNg t ho
bl ood i nBindftigab @NIge2 sHobves a highbqsbsitias catdlaivadSpearrsdmt= 6.8671pwith hinday r oom
t enper at ure 6{_&;%’ 30 vortexed, then centrifuged at 14,000 x g for 10 mn to

t

separate e fromthe serum Serumwas then transferred to a cl ean
“m crofuge tube and cftth¢ e8lmahkedSinttAtiditediontvarieek. schedinies BOHWNITOERES yiddded

Teasur et RS o B L by Bk R TR, "% S o
105 SABP Qxl{or}ﬁé)h&ﬁd pattilvgeitss RSANDISRd Titers eaghd HdémAEB6| with wirdsradf 49ef@ar ts in
vell Coat L0 BULLL, (S B SOULUDAIOTONE, £, B 8 2 e R0 0O
the wells ®indhdrard adighds Posiide cotididtioh Q8pekiinaBRe<0. MBID) With Y& 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 C-SF samples demonstrated that,
like the antibody in serum samples, antibody in the CSF cross-reacts with AB1;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 antibcidies.
‘When sera from Day '1 75 was tested against a series of overlapping 10-mer

peptides, antibodies from all of the monkeys bound to the peptide whose sequence covered
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(0. 014 M sodi um phosphate, pH 7.4, 0.15 M Nad, 0.6% bovi ne serum al buni n,
0.05% 5 thinmerosal). Seven serial dilutions of the sanples were made
directly in the plates in three- fold steps to reach a final dilution of
1/218, 70Q;heidiiL i dQRSANETS deggaw@kﬁ%acmstabﬁeﬁp@ftm) Bh 860k aMBkis, for one
hr at RT. The plates were then washed four times with PBS containing 0.05%
Tween 20 thiThes the eahydertifteipylich bindipgagouldieimsguetsssfigoPugat ed to-
horseradi sh  per oXj da8& a4igRisabA&TeadtivAIXs BABNE EBLe /BRI dasesWRs added to
the wells as- 100 | of a 10 1/3000 dilution in_ Speci men Diluent and
i ncubat ededcti¥itbiedheiN-termimipeptide seagengerias yareomiprahens- fldgrddiiona i n pBS,
Tween s20. .. Ja ey £li%Ro kG g oSO TRIEMAd i cdmBbn, Ha0We BMRing to peptid
(3,3" 55 geététranetﬁo ﬁ%ntz};:} di ne obt ai néd r%m Pi grcel&grrr)le%élcg was added
to each veshterimgaioundtbeNaerana drlOANAYR Eﬂphwlgprkzoaeﬁmwfmy@?&ﬁf)ed by
the additj; Qteﬁ)tot?é{)/é ﬂgs%vé\én ImamcﬂfIQ—@Ql-@’ ﬁdﬁ#?%f&%%%ﬂ@ﬂm&ead on a
Mol ecul ar. Devi ces § nm - nm. Titers were defined as the
reci procaTheeerre@menthAqqmb@n with gha mﬁhgﬂvlqub%rqﬁéﬁsw therRyeRiel AR OD.
Maxi mal qf-:? @ﬁ(?ogﬁé}@&\myll)faﬁ seasf \%gm)@ﬂn&ﬂ}'ix{g'ﬁhndylélgpmghlalétohw:méaxcept in

y

cases wt titers, In case a higher initial dilution .was
neceskar yindigatesthathe amibodstreagtisity teethe dpl 0 peptidaprocseds the prieadta e adiacsien t wo

di I utions, adés' NBAL GRS RRA Al AL MRS e 8PthP B Ul eBhe ! HleaNkdigiduls Ba t| ter.
To cal cula Aé{%eomstrlc mean anti a{\%%lters titers less than 100 we

ar bi t r ar i- thp AAEIPY pertide With ite freg/ gfmpiaalrspartc agid resigiig h%yﬂe@fﬁrfﬁ)‘lni"fqﬁcéf"?’lﬁn assay
Mce were &Qﬁﬂxﬁ%mezaﬁgna\m tvasblﬁam desIBERRAG1WRINAIY RIRY RdjorRda khd1sed 25
twi ce w t?‘l PBS cont ai ni ng % eat-i nactivated fetal bOVI ne serum

( PBS- FBS) cealmed o matrﬁsgéwezl@&iamwoams‘e Tt 03R4 Ui2e of BN W98, . Denmar k)

in 1. 9sm Bg FBRedeQbactBiesSR&Ge 8den 196n1y A0110% &f thesonrehi ne (Dako) fol | owed
by f||tra¥)| on through, a 100 mcron pore  size nylon nes Spl enocyt es were

washed once with 15VaabiBE9n pesponsg ﬁ%‘ﬁveﬁ’éﬂ%feéﬂab‘?als et VTG ARl 200 x g
L O]EfS mny. 18@%&)&@@&1&@&& mmmbzytseﬁtnbyC@Wﬂaucagemdammel | etfl n ?o 5 L
uffer containing 0.15 M NH4C or.five
mn at REUECHIHGARN g%“vﬂé’rs‘égls%\?ﬂ“ ﬁ'@ép t‘é‘l‘ioa\?gl 15 ng‘éagﬁf ?/gnlag%’l%t °E&%Cpl een
cel | s ( 105ndialilas afidal s\gankc maters. cul tured in triplicate sets in 96-well
U—bot%8rred tissue culture-treated microtiter plates (Corning, Canbridge,

RPM 1640 nedi um (JRH Bi osci ences, Lenexa, KS) 106 supplenented with
2. 05 MV L glutamne, 1% Penicillin/Streptonycin, and 10% heat- inactivated.

FBS, for 98,1 pakvRfGoNaho HREADMRSSE el dubfec 31 - 40, API-42 or

A(340-
A single-dose phase I trial is pcrformed to dctcrmme safety in humans. A

therapeutic agent is administered in increasing dosages to dnfferent patients starting from

25  about 0.01 the level of presumed efficacy, and increasing by a factor of three until a level of
about 10 times the effective mouse dosage is reached. -

A phase II 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 selected. Suit_ablc 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 psychomemc measures, such as the MMSE and the ADAS, whichis a

comprehensive scale for evaluating patients with Alzheimer's Disease status and function.
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1 reverse sequence protein were also added at doses ranging from5 to 0.18
m cr onol ar i %@Z)& LgSteps. Cells in control wells were cul gt @8onusib
Concanaval i n nA (Sigma, cat. # 5 C 5275, at 1 mcrogramm) wthout
added pro £l ahbifher SEbDN dine (1
p. G /well tr%ﬁsteaflsﬁ% tr“%%in%%s‘ﬁ%?ﬁ %O%B}e% r g?%(%?%ﬁ . : eIrL .n Cells were
t hen har vésitade gurlitativelifeiskalercapklae bsuseddo mumfét?amﬂh éﬁ@smeﬁlesslwf’cropl ate
Sci nti | 1 at L on COURLELoLFROHRE. dm' ?é Bfo‘f'i’f@%%?ﬁatxe@%‘@&?ﬁ% G A¥GrorddideluliBsul ts are
expressed as counts per “m nute radioactivity incorporated into

i nsol ubl e aswys ofipimeooesspedic antibBtie "md'IT-s@l}éeﬂPP@par ation After euthanasia,
the br %I ns vere ren?g Qasé’xﬂa% r&%%ﬂéf?%e%ts%ﬁm%&% efg:amicﬂf They are

i mrunofi st ocheni cal ~ anal ?’%I S, brarn regions (hippocanpus,

cort ex andandoerzdend Unéted/\wenleeldlcs@e@p@dwfalg@rhor blecebp keg blinded Eashien. ePaifalsused
to neasure I E bl 0Sicad . ARRI @68, uUsi ng
specific =i gﬁs%?ggﬁgésagﬁy @d&ﬁ (t)r%ﬁ \@fﬁk ??ﬂé@ l-HXTI?%sglxeglggestl neducf or ELI SAs
wer e honogeogrzsibniof a i@atwehtgrep rg}htwecteaqﬁdmbo groemi di ne buffer (5.0 M

guani di ne- HC1, 50 Wsec&nﬁpﬁ%’ll& 1§ x)fo eél SE%;EQ%R‘;G oﬁ’\ﬁfppatxerm) 168l Dy

gentl e agitation using an for three'to four hr at
RT, thth siehklebkiner sm@@sqmarlmmmrnu:amspmammme frediR 23 AgE-ZXPiat el memerys

experinents Egﬁl‘t ﬁtmlh Qﬁ}&l@ Qoghgﬁle% 1%@? Ig )etosJT@tm)ﬁ A&iﬂ@%erts%s%aétay age

condi tion, ern could.be quantitatively
r ecover ed, defineth asipi k@mm%@@#a\v%hmh ne’efﬂrﬁmve%waut%iqhsxwés Pissase nouse

littermt e%OQe]lS’J?EBSt%hx Voot & c#hopulzﬁ{éﬂ rbg)screaﬁngr’refel}@@éw;ﬁmeﬁs Rt 339‘8 5}'% xel s

The brain nogenat es were with ice cold Casein Dilu (0.25%
casei n, PBSmengBdossoupthendifficelties BEpcigdivitaprectiEisimer's SYRNPERPIOZSHE 8. 0, 10

g/m  jeup dgr st@rp%fk%%@@brsbésygﬁﬂe@n&@a&&@ abe, e Afd Sferfedtudt fAn€. The

synthetic A standards (1- am no aci ds) and the APP standards
wer e pr epatcerfedie highctidkder HiziEigerPigirani Bryshoesterenon 4gRe mslics MR buni n

(BSA) in t e NiifRlang BENASAS IRBher Migh oth@t Abirics¥Rsig SNl wiabibhtdEl nSA rékhbli zes
nonocl onal anti body nonocl onal antibody 266, specific for am no .acids

13- 28 of APPRuBsigperecolleteds Thyse pdent ﬁ%P‘Hé‘tﬁ“ﬁF‘ES tsdiRayuitkiF e RS TRy | at ed

nonocl onal plagéolcBRgiris3R@gaispssirgl dltefn@iivedWinthegdets Thesz pﬁﬁen%Bo;éulﬂhmsaﬁ- Wod,
et al), as the re orter %L

07 anti bo 3 nonocl pnal S not
recogni?le EQLME LinkPBHR 2pent F"‘I"d‘:?r'i‘g%éh‘?‘“d&g’?’e %gﬁ‘f“ %éf% P%“e{)‘ﬁn hﬁg‘ gf) ?es
W th an annhper §Rlcbhveak tasBEiblel Llzlgthel's DiRéSe m&ycd'lgsklaRDA criteria at the end

of the observation.

XIX. General Materials and Methods _
25 1. Measurement of Antiboedy Titers
Mice were bled by making a small nick in the tail vein and collecting about
200 pl of blood into a microfuge tube. Guinea pigs were bled by first shaving the back hock
area and then using an 18 .gauge needle to nick the metatarsal vein and collecting the blood
into microfuge tubes. Blood was allowed to clot for one hr at room temperaiure (RD),
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 ul of a solution containing either lO_pyml either A42 or
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lower Iimt of sensitivity of-50 ng/ m (11nM and shows no cross-reactivity
to the endogenous nurine A[3 protein at concentrations up to | ng/m
(Johnson-Wod et al., supra). 5 The AP 1-42 specific sandwi ch ELI SA

errpl OYSAFIAR o&ﬂeFﬂaﬁxgeﬁﬁMoﬁddﬁnEﬁﬁh of@mmwa@mel@o%@nflﬁ/enfc:o&& gahhsen- Wod, et
al.), as the o0 Elure anti body. Biotinyl ated S so_the reporter

ant | bowoﬁlﬁmt ae ol B¢ Teduimeazds heldrﬁvterraghtgbm.?hwswqreabout 125

g/ m (28irdtkd alﬁ@&%%ém@d & thahwells sthx@hg hhe1/ A0 dilukiSAS Spktheh Mfue t her MAP
266 - (at 10 g/m) or [1 _21F12 at ]\éﬁglg(bvggwas coated into the wells of

96- wel {0 qlﬁ%f'ﬂslag%aépsmb%wé&%é Q- Boldt BRAFGHE 2o A0Eh at RT. The

sol 31t | @fner¥ad. sarasﬁ\g@&hllanu@&ﬁlo&*aiels@faplameremaem&dt}@ iMBe @ldidsqf kgek-by the
addi ti on of 200 of 0.25% human serum al bumin in PBS buffer for at | east

1 hr afolderepsiy 6&%& afinad Gilerangt @S, PR mbRectilutieRs Were inspbateskingtag @akdor ed

desi ccg ﬁdveﬁ%fﬁ@né‘lﬁltdtlfﬂum lak epé&E@S«amaeodreimeglm@@svuomm\@gsh Buf f er
[Tris uffered sal i ne g 01 MTris- HClwg 7.5), plus 0.05%
Pe

Tween 9837°prvegs 2¢- o“ifsséconflr?é‘“ﬁ@flys éﬁ%‘é%“ BREsede spriEpgard ¢ ergdiged i n

tripligabgdak (budted Rfm BOGhin:l: PeEnniRl) lwquémnhé wag%h@@lpl Quernight at 4
C. The El ates were washed at Ieast three times with Wash Buffer between

eadh stapObiluiprinSpsaimentibient asdiinapbatedsior omerhr3DBT. Glategtvente ain0 . 5 g/m in
Casei i : 0% dded
S8l vl or r S GrPHD Tordh S8R E(?veg)?%ﬁl;fﬁm%? ofel B ﬁPSIOQH'I\é was adde

and incu Inthe wells n--av orseradish’ per oxi dase
- conj ugéLE, 5 -‘( AW@C&YHM@QM@U@&&WE@C%@mmS) Bes ¢ddadjtmeach @4l andli | ut ed

1: 4000 i NnS@s6l f . e hr at RT. The
col ori me'El ?2} C S{I s‘ﬁﬁlaatqgﬁghg\?vgaﬁ\ﬁ%ﬁa%%p ?cb%&h%&? d’%m‘/gléf%asdgeézéﬁd allowed to
react fHaBO4 STheicplat wéenaity Was thed tead omh MpltectileDevizgsiihaxcat (£8otm 0650vas st opped
by ;khe dition of 25 p.12 N H2SO4. The reaction product was quantified

using a | ecul ar Devices Vmax neasuring thga difference in absorbance at
450 nm and 650 nimerspBerg defivted 2 therreqiproedl oRPdileticsl of sefwe gilvifg evedr@ll APP assays -

vere Utyd h288am B8 it @e@ésgéé?érglg' t'?ﬂEJD e o kn ini Cil?(fﬁg@llﬁlﬁﬁmbgctc%él P- al pha

(a) andfull-lenth(FL ormso second assay 1S ic for
APP- a. cF§ewRPRerg 7¢th§§9ay’hr°é66§°f'ﬁ12é*§f§éw dilettpnapp neerssamdiorrgtabhd first 12

30 am npe AsliAS O, Athed036 BoihRIILERREL &Fo cﬁmlbx@ogﬁn& bRtdPlaspeci fic to
the a-clip-site occurring_between am ng acids 612- 615 of APP695 (Esch et

al 20" samadh secalsaste ‘E?Lﬁzal111"24T°(ci’%‘@‘)e)gm{l?ﬁ’%“ﬁ%‘bé‘)ﬁbaﬂ%‘&eﬁse‘é‘é’éﬁ?sﬁ gang | |
I engt h - AR eteAR ATl assifRl b ftdr ke 8XPLr i Ment s using 108 i mmobilized APP

antibodies to the cytoplasmc tail of APP-FL to deplete brain honogenates
2. Lymphocyte proliferation assay
Mice were anesthetized with isoflurane. Spleens were removed and rinsed

25  twice with 5 ml PBS containing lIO% heat-inactivated fe.tal bovine serum (PBS-FBS) and
then homogenized in a 50° Centricon unit _(Dako' A/S, Denmark) in 1.5 ml PBS—.FBS for 10
sec at 100 rpm in a Medimachine (Dako) followed by filtration through a 100 micron pore
size nylon mesh. Splenocytes were washed once with 15 ml1 PBS-FBS, then pelleted by
centrifugation at 200 x g for S min. Red blood cells were lysed by resuspending the pellet in

30 5 mL buffer cohtaining 0.15 M NH4Cl, 1M KHCO03, 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, Cambridge, MA) in RPMI 1640 medium (JRH Biosciences, Lenexa, KS)
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of APP-FL suggest 'that approxi mately 30-40% of the APP-a /FL APP is FL
(data not shown). The capture anti body for both the APP-a/FL and APP-a
assays is mAb 8E5, raised against amino acids 444 to 592 of the APP695

form ( GapmBsenfthte@hwith SR L gﬁ%lﬁ@ﬂ%?&ﬁcﬂmt th@ycihhedABR1RaJFL assay is
mAb 2H3, 'specific for am no acids 597-608 of APP695 (Johnson- Wbod et al.

supra) amedtivaed FrBeﬁ@&r@érhr a7 BodyriperAR H@UAPPAﬁldésfhgl & AP IptootriAiiPat ed

derivat i f ; MER) The | ower
¢ ot e arn {8t SRR LA SRRl b M I 5

n
( Johnsofowéstsgs. efﬁelblm yongmbweliaverg fulfused encanzyalin A (ang*g é%}gﬁﬂg, c2b #ng/ m
0.3 t 0 f
- 5”M0Ef§7%r ?tq%ﬂrdggﬁg@wagﬁgg gfo?efd{\’aéelf;%freéﬂn&afs’r&% A049ebiE O

96- wel | at es . Purified, reconbinant
secr et edH- m?ﬁuhnw@sp@ml etsaindvefrore Pereathom Cstmndémdtmdfelsﬂﬁ%lLAPﬁe% assay and

M quan b B PR TR PP MPGbes ENPTAT Gy RALRARRS( S, SaTpt es 1 o
phosphatStubﬂlﬁtﬁceroqntdr ®adkar@ 6% rpents, TRoveersiGroed, BriResult-Car@S4rastrdraer osal , 0.5
(I\:/IO Elf'g ni ﬁ?anltémpd'rw%mtel o\fv?ad? h\? B' elgcl‘. l rgtgd int msorfub§9 Sl%%%%%le%ée | uent

ine. rm enates were en centrifuged at
16,00 x g for 15 seconds: at RT The APP st andards and sanpl es were added
to the plateln dgllcfatepr%%:ﬂ% ts and incubated for 1.5 hr at RT. The

bi oti nyl at ed repor ae"r1 anti or 16H9 was incubated with sanples for

1 hr at RT. Streptduef dxthmailkalhq ‘tpremph@gphrao‘asl@nq Bercianiisplere i prapeicd) |

di |l uted t f 1h t
R 50 s R Ta R e e B B e vas,
added f ocergbe BOm)Tivere RiFsected dippathe @ﬁleahﬂﬂmﬁmrerﬁlnév@si tweswr@@el cefiveatratipn of | uor
Lm ﬁ?%ﬁu L{)_ as%é&roCMBLAAI%?&S}E@JEI%@%@@E@& SR s%ﬂ\@ éﬁpsg eni ssi on.

) sto'ch em str S were |xe for three days at 40C in
4% par af or mal dehydassies dmeélﬁn‘ Ehlﬁéﬂws@@p@dgmmmroﬁévqlmsseﬂ\fm @is at.4C in

1% par af grmlﬂgﬁlpgreg R I@? %mhln!e I_&chd r&ﬁ%&gn HXTCW GHONohbicnkeSREQNA

sections®were at one at red In cryoprotectant (30%
gl ycerol mtﬁ@%etm;claen@oglwalan Malphblgmﬁbswff)e@eea? fawp Ot T, hent o

| munonhi §t%%9 Q? gg"?‘# ﬁlaﬂgn of” Rﬁ aﬁ@ﬁpP bﬁ l/@us éépém%@x?t& h%o% iabe | evel

of the dorsal rrpus ‘each separated by consecutive 240 m
i Nt ecoal she andytes wmutaateerddMIs miogegt conwlitidn, grilgha fsyithesicf Al Pmmm@aa}m)bodl es:

(1) a bioti,nylate e r ted to a
concent ra{t’llmge gtaf’i‘fetrw recovc&;gépn %E%S/d ﬁlgr}ggeﬂ]cl dsgg?%%jo%lrm@%ra%é%}lgﬁﬁnyl at ed
mAb specquusr:lft@mhw(dotuﬁ@PWO@EBtaldS\hm@)ed to a concentration of 3 g/m in
PBS 109

25 5. Measuremenf 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 centﬁﬁxged 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 0.5M
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 AB (Seubert, et al.), as the capture antibody, and biotinylated monoclonal
antibody 3D6, specific for amino acids 1-5 of AR (Johnson-Wood, et al), as the reporter |
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and 1.0% horse serum or (3) a mAb specific for glial fibri'IIary acidic
protein (GFAP; Sigma Chemical 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 11 MAC-| antigen, (Chem con Int erg?x | onall i uted 1:100
Wi th 0. 25%Ppdt oﬂl%%ﬁ@orgﬁhr@%?@&%.d@%‘éﬁlW%‘Hzefégﬂe ey

speci fic hop dMierkdis & !Ag%ﬁem&s %ﬁardﬂ?aﬁgﬁ@)enﬂlnbl-&s%ﬁacl@m Eﬂaﬁhﬁﬁ% Triton
X-100 and 1% rabbit serumin TBS; or (6) a rat mAb specjfic_for CD 43

( Phar ni nglawer Hmitef sepsitivitoef ~SAinefnliGd R #id shews WrP?F'IF’B"@VHY \qQ%F a rat mAb

fi 4 i c tsu
B or (BB R B e Aot g o ut e

1:100 %i th 1% r abbiThesd¥ 1@ spmlﬁ%B&ndmch(E)ISé eﬁ@b)’ﬁrﬁﬁ&:ﬂ@d&i spegfig@rspeci fi c.
for CD 45 (Pharmni 10 % I : L (10) a
bi otinyl a woﬁg1dy§?'§23fgh§#%‘f‘sgp agﬁé\%l)fl jtho t%x?%;gr mpng%m%PI ut ed
g- 100 wi ; bg@?’g alfcathBtepod&atiibddp ilPRS a@f)ay(vﬂlil@h hiasl’aaéwd‘n@thn&pfeenﬁﬂngtyfaﬁabm

Ser ot ec ilute %. r i er r Wt a
sol ution &f mESn) @%I&&gdog’sﬁ? |\%‘§2rdft5 1-{%% %@f‘ﬁﬁ?& “?ff %ogﬁ%ﬁor se

serum 15 §61©t' ?ﬁﬁ) Jr 8208 BF 1Ma{ (B @/ghilm&}’co&@hMd&@&ell!;&ﬁ%dwemmim&was%dy6 12
above vvere reated. with 1.0% Triton X-100, 0.4% hydrogen peroxj de |n

PBS f di0 2o>larﬁ¢5r{Caitaerv pysrmightdecubaiva sy Blo IS paRRn WAsIEMOVER By AiRIFEOR &k

| ncubat ed t&géxwv@mé b1dtked Gy WelAaiibh BRSO AR08 imaReEkuMSurkiRAEPBY Wi th 3D6
or 8E5 or mAbs wer e %' hen reacted for one hr at RT with a horseradi sh

per oxi das éusfer fir at—ltﬁSbthIrF-tBJrrpW@kﬂm sohntipn wag et protddhe plateg gresgpred o di | ut ed
1:75 i n PR Vet [0k cE{l]Atﬁ Bl %gggafés KSlete reNyGa@;t&f wk@%h ﬁuffgﬁﬁmﬁfer@ ).

Sections Teacted antib S specl f CD3
and the PB3limoUtiMNaCHeVdIM Tos- H@rlmiﬁ?)i) aﬁv#%@%TMF@zQ]rPé@b@tléa Flasr 1 hour

at RT m ;?é%l Pt I né/slt,%tdgr(AS @JQ% {ié;%tl{l 1caI | uglgogggf l‘éblthp@xdwé-ll Zrﬁthgh 1&%3&5

biotin -nouse Ig 1I: 757 n S, respectively.
Secti ons mreﬁngﬂneuwmeaﬁteqﬁhtésowmwes}mlad aplieasRihresi ttmpsaWﬁnoWQSélrMes hetpesroxi dase

25 avi di n-biotin- | ex h.Kit | Lyt 75 1in
PBS "( Vect oFR°EFFR %‘Ctggfpsé?’?'d'arp%g‘ﬁ”fylatvg??@%}fé] 8§Ute(§ur I1h mﬁm sl A&gqs%ct i ons
wer e devel pired (0.25% cﬁheﬂ:%hsdmjg’emwpefm;pﬂél 4)PwEEUI ] @d-m@bamii mdbewzliSdl ne

e 1 s ooy 1 RSP By AR e 006 plAEHRA, Al LN SEhunc MG AND

VHC 11-sp es were prefrea rogen peroxi de at
RT to 30 bVeads, Bndmgmm(ﬂs\),pcbhmﬂﬂd@@@ i ﬁ@qmmm&@@ W@ldﬁ¢<bthtﬂ1Wﬂh fethe

pr | mary an} bz?(?é‘l'h a‘lthe cgﬁﬁxmegicts{ﬂgs@r%tter §1%8/tfl\qgvﬂLI§'At(ﬁ@rc§:&€s Qcﬂiteh WMIO‘O@& e

i ncubat ed roat anti -no I n horse
(Vect or Lahaeat 6orilésiiniecit Rt &ften “Eliqhttbe ABETKEG rpactiph weaonpeﬂm the addition

of 25 ul 2 N H2S04. The reaction product was quantified using a Molecular Deylces 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-a/FL,

recognizes both APP-alpha (o) and full-length (FL) forms of APP. The second assay is
specific for APP-o.. The APP-o /FL assay recognizes secreted APP incfuding the first 12

30 arr.lino acids of AP. Since the reporter antibody (2H3) is not specific to the a-clip-sité, :
occurring between amino acids 612-613 of APP695 (Esch et al,, Science 248, 1122-1124
(1990)); this assay also recognizes full length APP (APP-FL). Preliminary experiments using
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vi deo can’eRPaaawduxdggml}c refErence sttamdmrdrftht APPwasssaysand theokPRyudiltdsfaycat i on of

the i mmu i ye es. .The sect on_ v S din a

vi deo bugggc‘?l%?& r?:J()I’I(;)Lr%zliarlﬁrtltl Om ra i o Smgéglgﬁanes ‘P%I\é'a}i‘éteé gi??—f‘r mned to

sel ect arﬁLIS&IS@mxmteHllluentt(Q)@uI Mphoephatabeﬁeropldaph edvabpvinheerummribualigbel ed

structur o QF |1y outlined and the
NOR 5}:811mgr%§aﬁ' ()sgﬁitlg&gy E??\Ilﬁbg elflesthen 31]@*’?}:} %/pe e

total pixel ‘area occu nmpus was cu d e per cent
anyl oixd Heituterconamning@§ i geingisne. Diluted hbmagttnama wefe thirecehirifyped anisel00ar ea

cont ai ni i 0 larly,
Che per oo s FERAS KT, HENPLERGH. tha M fledDie Eiied Bohe bl appicle! 271
hi ppocanpéiquets e iooratd femep khyasREophé biotiminted eponaacttods 248 oh16hheed onal
anti body ;§Eplieq %@mﬁé?fo@l thBQiTn Q;n%éé@ﬁm £1EQ[H8'p%05p££&e (BSLARDET 1Y

Townshi p,  PA) operatin Sinpl e Sof t war e "Appl i cat1 on pfogram was

| i nked t cMauiEkend ‘Mt?ﬁgbqﬂ)@tm fxcifice £dembpesitrubiiedin tegwedistferonires REaner a and

used 3 gHRHotatat LBrRes SRRy Qx%bé?fxpﬂepﬁ ﬂh@éﬁh%%@h@ded ¢t mpaeripi ed 30 by
GFAP- positive astrocytes and K}AC MHC I'l -positive mcroglia. The inmage
of the  incubationand the plates were read on a Cytoﬂuor tm 2350 fluorimeter (Mllhpor% 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-AB (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 hum;n APP, 8E5, diluted to a concentration gf 3 pg/ml in PBS
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I nrnunoreacted section was stored in a video buffer and a nonochrone-based
threshold was determned to select and calculate the total pixel area
occupi ed by i mmunol abel ed cells. For each section, the retrospl enial
cortex (Ro@)1.088%ozesah] of (B)H hiabepecadfot gﬁaltfmhairyptmelprmxﬁesm Sigedpi ed by
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A hough Tt e haH b R i SRel o s I R Rer B 3P0 LY S e

of gl ari twthats ﬂaawlefeamnﬂi'fﬁgor (7} 2 vt h#Atbﬁeabv ?fcﬁutgl) zﬁmzlt (mmﬁxagdm) Em@t;cli i cations

may be practice the scope of the appended cl ai s ubl i cati ons

and pat ent:! nggé%@%? B HEr Y 9 P& 1o araceny! 491%F‘§6f‘5t%4§§£r ef erence

in their %hﬁl%&éﬁ)fdﬁﬁte@l hoPHIR 95:88b iP5l IS PEE: o‘?@)%%tr@o%obl%nal@ﬂ?h were so

i ndivi dual'ly denoted. Fromthe foregoing it wll "be apparent that t he

i nvent!P on spredigiferesD #é (Prarminger) dfluted d@@é”lthlj(% Taéklaﬁﬁz’ll@ in PR ar (st i on
provi des be;'Em%Qt%d g§1§c19$a1 ﬁE}XsthanG gtfécx%@tfbxh@gﬂi%a%& ﬁ% Baiflese ridée\@&f"?%ve in

t he treatnent’ [ axi's or nosi s _ eni c | sease; or 15 in
t he manuf aabfouwserumfmaBﬁdedamMspdmﬁgwf@fs@%(s@mmmlwd)meQ)WM% in the

same. Li k?ﬂbﬁ%emgg????%ﬁﬁ Q9 PLAI A& PBR1adidl MR aRBYd éontmngp' topic

fragnents of AR above for the treatne or prophy axi s ‘of
amy| oi dogéff rorgplhwasssemm. i n t he manufacture of a madl canent for use in the

3 838 0% éz OC)OO %)000 ?gecﬁoré'rQac‘fédva DERIQLQ1RionD1istll 341 QnP6"12@b6F FkeQ N E 1 |
pretreated with 1.0% Triton X-100, 0.4% hydrogen peroxide i in PBS for 20 min at RT to
block endogenous peroxidase. They were next incubated overnight at 4°C with primary
antibody. Sections reacted with 3D6 or 8ES5 or CD3e mAbs were then reacted for one hr at
RT with a ﬁorseradish peroxidase-avidin-biotin-complex with kit components “A” and “p

20  diluted 1:75 in PBS (Vector Elite Standard Kit, Vector .Labs, Buriin'game, 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°-
diaminobenzxdme (DAB) at RT. Sections destined for incubation with the GFAP-, MAC-1-
AND MHC II-speciﬁé antibodies were pretreated with 0.6% hydrogen peroxide at RT to

30  block endogenous peroxidase then incubated overnight with the primary antibody at 4°C.
Sections reacted with the GFAP antibody were incubated for 1 hr at RT with biotinylated
anti-mouse IgG made in horse (Vector Laboratories; Vectastain Elite ABC Kit) diluted 1:200

with TBS. The sections were next reacted for one hr with an avidin-biotin-peroxidase
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incubated with the MAC-1-or MHC Il-specific monoclonal antibody as the primary 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 rx;ounted on glass slides (VWR, Superfrost
slides), air dried overnight, dipped in Propar (Anatech) and overlaid with coverslips using
Permount (Fisher) as the mounting medium. |

To counterstain AP plgques, a subset of the .GFAP-positive sections were
mounted on Superfrost slides and incubated in aqueous 1% Thioflavin S (Sigma) for 7 min

following immunohistochemical processing. Sections were then dehydrated and cleared in

Propar, then overlaid with coverslips mounted with Permount.

15
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30

8. Image A;nalysis

A Videometric 150 Image Analysis System (Oncor, Inc., Gaithersburg, MD)
linked to a Nikon Microi)hot-FX microscope through a'CCD video camera and a Sony
Trinitron monitor was used for duantiﬁcation of.thé 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 immunolébeled
structures. For each section, the hippocampus was manually outlineci and the total pixel area
occupied by the hippocamptié was calculated. The percent amyloid burden was measured as:
(the fréction of the hippocampal area 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 8ES)
x100. The C-Imaging System (Compix, Inc., Cranberry Township, PA) operating the Simple
32 Software Application program was linked to a Nikon Microphot-FX microscope through
an Oi)tronics camera and used to quantitate the percentage of the retrospenial cortex occupied
by GFAP-positive astrocytes and MAC-1-and MHC II-positive microglia. The image of the
immunoreacted sectjoh was stored in a video buffer and a monochrome-based threshold was
determinéd to select and calculate the total pixel area occupied by immunolabeled cells. For

each section, the retrosplenial cortex (RSC) was manually outlined and the total pixel area
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0 of RSC occupled by G AP-reactlve astrocytes) X 100 Slmxlarly, percent m1crog11051s 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

5 separa-ted by consecutive 240 pm interva.ls,.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;c;ses of
clarity of understanding, it will be obvious that certain modifications may be practiced within
the scope of the appended claims. All publications and patent documents cited herein are

10 hereby incorporated by reference in their entirety for all purposes to the same extent as if
each were .so individually denoted. |

From the foregoing it will be apparent that the invention provides for a
number of uses. For example, the invention provides for the use of any of the antibodies to
Af described above in the treatment, prophylaxis or dlagn051s of amyloxdogemc disease, or

15  in the manufacture of a medxcament or diagnostic composmon 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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1. A nmethod of screening an antibody for activity in treating a di sease
associated wth anyloid deposits of A(3 in the brain of a patient,
conprising 5 contacting the anti body with a pol ypeptide conprising at |east

five COﬂtigUO s amno acids of an N-termnal Qg_q_n;th of—AL2

eginning at a

resi due between|1] and $ bf %%Eﬂﬁe poll ypelptli de| beijng frle¢ pfl a C-term nal
segnent of A(B, |detier|m|n|aie el [t helaptli Qody|spdciiffclalil y {bi nds to an
epi tope w thin trepijdues [=7|of | the |pal ypeptijde, | speciific bi hdi ng providi ng
an indicationjthai fthelangi Qodly} has jaqtijvity lin 10| tirgatiing Aljzheiner's
di sease, and f.odm nly la lhhiBani zeld lor IcHidetic vadrdibnl of '+hd anfti body, the
. . . - QOO | N . -
humani zed or |chi frefijc v{aisggliwghgm ng |hymhn lig® |i ot pe.| 2. | The et hod of
claim1, wherg¢in {he (di s«,_mgigg@zh ijmgr | s| di dease.! {15 B.| The net hod of
claim1, further :onqrisigg s¢reaning {t he{antj Qody| flor] abjllity; to reduce
| evel s of "A(3}{in {he {brlaiB| df |al tir ansdeni ¢ nquse n?d Il of | Azhlei mer' s
di sease. 114 E
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LLOYD WISE

CLAIMS:

1. A method of screening an antibody for activity in treating a disease associated
with amyloid deposits of AP in the brain of a patient, comprising

contacting the antibody with a polypeptide comprising at least five contiguous amino
acids of an N-terminal segment of A} beginning at a residue between 1 and 3 of A3, the
polypeptide being free of a C-terminal segment of A,

determining whether the antibody specifically binds to an epitope within residues 1-7 of
the polypeptide, specific binding providing an indication that the antibody has activity in
treating Alzheimer’s disease,

and forming a humanized or chimeric version of the antibody, the humanized or

chimeric version having human IgGl1 isotype.

2. The method of claim 1, wherein the disease is Alzheimer’s disease.

3. The method of claim 1, further comprising screening the antibody for ability to

reduce levels of AP in the brain of a transgenic mouse model of Alzheimer’s disease.
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