25 Novenber 2005 WO 02/ 096350 PCT/ US02/ 10293 | MMUNOGENI C PEPTI DE
COVPCSI TI ON FOR THE PREVENTI ON AND TREATMENT = OF ALZHELNRRBv&nbdrSBASE FlI ELD
OF THE | NVENTI ON [ 0001] The present invention relates to a conposition
conprising a peptide inmunogen useful for the prevention and treatment of

Al zhei ner 'y, . More particularly, the peptide i nprises a
- mai n functlona@?ﬁegul atory site, an N-term nal fragrrenmtpég{ig%rr}y oid (3 (An)

peptide linked to a helper T cell epitope (Th) having multiple class Il
MHC bi nding notifs. The peptide inmunogen elicit a site-directed imune
response against the main functional/regulatory site of the A(3 peptide
~and generate anti bodies, which are .highly cross-reactive to the sol uble
AOi - a2 peptide and the |MRUROGENISRERTIOE COMPOSITHANDr ai n of Al zheiner's -
Di sease patients. Ther@r THEFREVENTION ANMDOERBEJTMENE reactive to the
sol ubl e API-42 peptide, praypreZHEMER 'S DISBABEgati on and i nhi bit
fibrillar aggregation |leading to inmmunoneutralization of the "sol uble’
An-derived toxins"; and being cross-reactive to the anyloid plaques,
accel erate the cl earance of FHasROPI BHUuBSVENBGN he brain. Thus, the
conposition of the invention conprising the peptide | mmunogen is useful

for the pr tion : @5@,@\@ OF THE
| NVENTI ON [Fgﬁkl Al ?ﬁg‘);esgﬁtt 'ggse%lé)?b on| Erﬁ)rsHe rodegenerati ve
di sorder imhamageeusefetfobthesprevardionfand dfgatmewt@f é\lﬂhlelm?f salligeass, dylerepehavor al
abnormalities in, a, pati patient.
There are Rﬂﬁﬁ’s‘?”é&f{ I' 9“%@“? 'ﬂmgggqn&%fongpn Ega%gﬁg@ioﬂﬁ%ﬁuﬁhrggﬁ%nd 17 to
26 mlli omwwnémnsteraghtentsf Ainglofcopi (AR pepmhm@ddam:mr Tdealitdpitope st er n
cul tures, preceded onI he | sease cancer,,. and stroke. | CEPT(r),
oh acetyi bl hawse endsle ke s bidEaases e Pooud ByRueRiel,

decel eratigg. daﬂ&téﬁhﬁq@fe :@gséds@%g@insﬂhéhﬁa.ﬁ&undnahamgalatormwmahe | t | s
effective only fo limted [)erlo of time and

e prssonk? pﬁ@trct@ %1 GROCRIPARICIRS. SRS IS CT0G7 EEAOE e RABPIY at | ng
di sease. Piaz p'\IBth?éT?rﬁf th%%loud plaques formed in the brain of A!zhelmer s Disease

patients. The antibodies elicited being cross reactive to the soluble Ap1.42 peptide,
promote fibril disaggregation and inhibit fibrillar aggregation leading to
immunoneutralization of the “soluble Ap-derived toxins”; and being cross-reactive
to the amyloid plaques, accelerate the clearance of these plaques from the brain.
Thus, the composition of the invention comprising the peptide immunogen is
usefui for the prevention and treatment of Alzheimer's Disease.

BACKGROUND OF THE INVENTION

[0002] Alzheimer's Disease (AD) is a chronic, nedrodegenerative disorder
characterized by a loss of cognitive ability and severe behavoral abnormalities in a
patient leading to the eventual death of the patient. There are currently 2.5t0 4.0
million AD patients in the U.S. and 17 to 25 million worldwide. 1t is the fourth
leading cause of death in Western culfures, preceded only by heait disease,
cancer, and stroke. ARICEPT®, an acetylcholinesterase inhibitor has been
approved by the FDA for decelerating the rate of decline of Alzheimer patients.
However, it is effective only for a limited period of time and in some patients. Up

to the present there is no definitive treatment or cure for this devastating disease.
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WO 02/ 096350 PCT/ USOZ/ 10293 [0003] Two m croscopic dep05| ts, i .e.,

neurofibrillary tangles (NFT) and senile anyloid plaqug§}bv@m&ngg@ptlfled
by Alois Al zheinmer as the pathologic hallnmarks of the disease. The
neurofibrillary tangles consist of two 10 nmw de filanents tw sted around
each ot heryohgfRiked to as paired helical filanments (PHES)usofolRl OF
conponent o? I ch is phosphorylated tau. The phosphorylatlon o serine at
am no acid 262 of the tau protein represents a crucial step leading to
physi ol ogi cal dysfunction of tau. PHFs are intracellular and are found in
many of the abnormal dendritic and axonal processes, or neurites that make
up the periphery of senile anyloid pl agues. The senil e anyl oid pl aques

consi st of i sorgani zed neur o hil. |Ia gto 150 p.min

Cross se&qqoag wi t hM W& EQPFORICIPOE Sy - Com:ag];dg?h&n@%'ﬁ{d&g‘e @HH The cerebral

ergl oi d ggﬁﬁ%ﬁ?y@r@laqﬂéﬁr aetd identificdl dyAldisAlzmeimef a@themaﬂmlwd cons: st of
nmwi de filanents that 0 e pl aque

core con§‘?§’!‘§”‘(§f°féf@f’gﬁ"é@%ﬁeesﬂ@f"eéﬂ.r%éﬁoﬁygangle?%It"?hs(?gtIolf é'?]rmélget 0 as A4,

\Il\lma :P i rdla%ﬁéﬁ{%ts"%ﬂe?gdsﬂ%ﬁdsﬁ%ﬂs% rzeizgrrétbmﬁs ﬁatmmen(:me et al., Proc

cad Sci

sequence(BHFﬁhafﬁWP‘éﬁ%‘?ﬁﬂ“S nigh ¢ pgo&?b gai*l“éﬁ“pif& p%osg?@{g@égﬁhat it is

sim|ar to‘?s&ﬁfr‘e § thidoGcR IB’Z)éthé‘tduSﬂb&ﬁrEttpfrémS senela @tlepbéanm:b wessel s of

patients with Al zheiner's di sease or enner agd wong,

Bi ochem &prm'qaégywmpnpém PHIG %'85"‘8@??““%29“@??1‘°“'1‘1§‘5‘}‘3"3{ 8bos] Ap1- 42
has been jpy BBBE':%?% éﬁﬂ?ﬁt éx%hé{t;ﬁécés%eé[brfr@un&zsnuﬂbﬁékecxip theeasons.
i phe

Firstly, 1h per r’r?/ doses, e.g., prinmary ht chai p di sease or
secondar yetiphamyiiciedis amyloidpiaguesm r@l%“ﬁﬁ@&ﬂl‘%" E?HB&&;?‘S}‘S@&P elate with

Ui ssue 20eh,8L090 XUAE HRBnsSERMALY of 85 R Rligeiess destniwposi ti vel y

correl ate nmentia scores in AD. Thirdly, API-42
deposi ti adh esrd-bellutardorest amylaid rdepaslholec@abrahamk@rd plaqyed aiAd rel at ed

di sorders such as pPown.s syn t Qemation by

2-3 decadd¥ast ﬂ&ﬁ‘t’rtaRYOS;'St‘Tcﬁéﬂﬁglggegg? goﬁssf& drfg I Bcaﬁﬁl' P?ﬁ'?g%é‘ gﬁﬁg{ 6 AD and

rel ated dhgaiéleidctogéihkt :hlna;rsAIﬂle ARqus corxcansists olaggwegatey ofnkemideet al .

%Lg%gr ég%gy rezfggeg 1709a32 Rg w1th|‘é’j1 ?etlal%’e moisecﬁ'\lgrs fhal EI@} 6%%& &‘065‘6 -2 25
{Masters et a1., Proc Natl Acad Sci USA, 1985, 82:4245-4249).

[0004] A paﬂiél amino acid sequence of A4, now renamed amyloid f3
peptide (oF AP1.42), shows that it is similar to the amyloid p protein isolated from
cerebral blood vessels of patients with Alzheimer's disease or Down's syndrome
(Glenner and Wong, Biochem Biophys Res Comm, 1984; 120:885-890; 122:1131-
1135).

[0005] ABj.42 has been hﬁpothesized to be related to AD for a number of
reasons. Firstly, in peripheral amyloidoses, e.g., primary light chain disease or
secondary AA amyloidosis, large amyloid burdens strongly correlate with tissue
and organ dysfunction. Secondly, amyloid plague density positively correlates
with premortem dementia scores in AD. Thirdly, AB142 deposition is the earliest
neuropathological marker in AD and related disorders such as Down's syndrome,
where it can precede NFT formation by 2-3 decades. Fourthly, B-amyloidosis is
relatively specific to AD and related disorders. Fifthly, AB1.42 is toxic to neurons

(Yankner et al., Science, 1980, 250:279-282). Lastly, missense mutations inthe
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WD 021096350 PCT/ US02/10293 structural anyloid precursor protein (APP) gene
cause early onset of famlial AD (Goate et al., Naturegsﬂ;g%nbe$Q@05704 706;
Mul lan at al., Nature Genetics, 1992; 1:345-347). Notably, one such

mut ati on causes dramati c A312 overproduction (Citron et al., Nature, 1992;

360: 672- 6489 0244954961 1 n 1987, Kang et at. (Nature, 1987p-BR/dn3737) and
three other groups (see 1987 status reports by Anderton, Nature, 1987,

325: 658- 659 and Barnes, Science, 1987; 235:846-847) |ndependently cl oned

t he gene from which A(3142 is derived. This gene, now known as the anyl oid
precursor protein (APP), encodes a protein of 695 am no-acid residues with
a MWV of about 79,000 that is expressed in virtually all tissues. There are

at | east ih&%raﬁ@hi |@9re\é§¥sbaﬂﬁo$elﬁf/\¢@:benefdmée ehrlyniah of fantill AD he
3-anyl oi J epti éﬁdse uence 000'5 ene ee cated in
ety (Gogteget@? Mo ORBS, B49.T 4, 20% Slan of S aistis, GEtch 1092

bresent | i 04 aifehdBiRee s&ﬁ%ﬁatﬁiﬁéﬁ%@é@branﬁﬂﬁ#\'ﬁ@ﬁo»%@;ﬁrb&uéﬁ@hms of - AD,
ene,

The fourth joprotein E, has a naturally occurring pol ynorphi c
form ApqEsror dtadl., Netmesl@ﬁﬁsiiwmﬁ?‘l)genetlc risk factor for the
devel opment of the disease. The concept that alterations in several

distinct ogges cap, daaduhng 3 Shipile, hoBRbassslisyyarimpadne? product i on

and its rance, W th resu ting ag?ﬂr‘egatlon of first the 42-residue
and t hen grbepsﬂf(%eeﬂéﬁi’dtwlqaiqmbﬂeléyﬁﬁﬂ@ﬂ@y i 1984 349688-658 apflpport ed by

avai | abl e_ evi dence. r t I n each of
t hese four?'§eRed i€ g% ?éb%g'ﬁ%%&ghd%enod%é?g%aggé& ﬁse dﬁtﬁgﬁ ﬁﬁto:thhe
product i omp YW @drivelie THR@se! hom koa’)wm\m lhe@ﬂylgémfmﬂé@fcnfm@m)(l‘g‘ﬁdecr easi ng

the cl earance of ApoE4 fraomt.issu

27118295-ampgsy a prognef SIQP@rW'%éFﬁda{%f' ”%Fa“?"g' WQ&)SB‘%’I Oétqﬂgbar egat ed but
not mnon@fﬂr&sse’%ﬂ@%uﬁﬁpéﬂ f8%e8 aArhdra eiecat €t nvgjy;ﬂifcmgoxanentsaﬂ@ﬂ&at hin
vitro by a range o presumably interrel ated mechani sms. These incl ude

oxi dat.vefqunpwpucbT:ﬁ@haﬁsth@tﬁ-afav'md ReR{dE 82AUPHSH: 380: 168-171; Behl et al .
Cel |, 1994, 77 817 827) alterations in intracellular calcium homeostasis

(Ari spe et ’ hed AR beeh itdpeatddiBIamililiohhy obAD) T_heembf
cyt oskel e eor ganl z tion (Busciglio et al., Neuré) causggutosomalz‘r) Novenber
2005 the genes, PAPP, presenilin 1, and presemhn 2, when mutate

dominant eariy forms of AD. The fourth gene, Apolipoprotein E, has a naturally

oceurring polymorphic form, ApoE4, that represents a major genetic risk factor for

the development of the disease. The concept that alterations in several distinct

genes can lead to a chronic imbalance between Ap1.a2 production and its

clearance, with the resulting aggregation of first the 42-residue and then the 40-

residue peptide into cytotoxic plaques, is supported by available evidence. The

.evidence strongly suggests that defects in each of these four genes predispose

the AD phenotype by (1) enhancing the production and/or the deposition of ARz

peptides or (2) by decreasing the clearance of ApoE4 from tissue (Selkoe, J Biol

Chem, 1996; 271:18295-18298).

[eo08] From available data, it appears that aggregated butmot monomeric
AP142 peptides can induce cell dysfunction and death in vitro by a range of
presumably interrelated mechanisms. These include oxidative injury (Thomas et
al., Nature, 1996; 380:168-171; Behl ef al., Cell, 1994; 77:817-827), alterations in
intracellular calcium homeostasis (Arispe et al., Proc Natl Acad Sci USA, 1993,

90:567-571)}, and cytoskeleta! reorganization (Busciglio et al., Neuron, 1995;
-3- _




the principal steps in the anyloid- induced cascade has)efgy&schy 204$N
t hough the cascade hypothesis is hotly contested. [0009] Pharnmal ogi cal
approaches of identifying snmall nolecules which could inhibit one or

anot her stg ipe anyloid induced cascade is now wel | y.
027096 2@?
particul ar 8 ?‘Lresgt are two approaches: attenmpts to int eF?ere W the

aggregatlon of Apl-42 peptides by decreasing the secretion of AP142
peptides fromneuronal and filial cells or inhibit the toxicity that these
extracel lul ar aggregates produce on neurons and glial cells and their
processes. A third approach attenpts to control the specialized

i“f'amtg{ rd. géagl [éq?ﬂcﬂ{lﬂkn BRRBAL s sdrfe Dant E)hﬂ&?‘él%@eﬂ%\’m%%éﬁglﬁkﬁd APL 2

(includin activation o cl assi cal conpl enent
cascade, inytakiiqascadd kasemewmad, eveadhough the cresagedypetiesivdy hefove to be of
benefit to Al zheinmer patients. [0010] Aside fromthe above-nentioned

phar macol‘E)%ﬂt 5‘1‘? ‘approaches for AD intervention, inmunological

i nterventions have al so been attenpted. Soloman et al. (Proc Nat! Acad.
Sci, 1996[0008] 452- PREM#EQICaNPPIO3ROES ofsé¢ntlmg@$ma§m<&%ées whigh) showed t hat

Lhree specl i Gomangel Snaly R oSy Gl laaseia ig sl Lhe

Nt er ni naf® unman I n varyl nghdegrees to
pref or rreduﬁdebrwdys beqmlmmxyartmietelséane twogag@ae@w agamatsdoiimerigietwibh of t hei r

neur ot oxi ef fect. ant| b e formation
of fibri Iﬁ%‘x’ragﬂ ?es Y éf\e’(%{% %@ﬁﬁgf%‘?ﬁg’? ggRaﬂzg tla to prepare
a phage displ r%)ﬁr(ﬂfal 8Rd gﬁﬂldewsf)& aﬁﬁubﬁh@téﬂ&;’cﬁtﬁampﬁe detravetiviad n| st ering the

phage di spl ayed epitope or de con ai ni t he epoto
| nt raper i PEICAPIES PR ‘ieé"‘é'Fsl 36\dt9"3‘n‘iq Yelils B%"t Ryop eSA%?llE'“i’ept ide. In

vitro tes hals 1BRERRE KO ERLHIiSSRIng AanRtbry hedpoasd tiat agpéarsi on of the
anitsera % g‘%gﬁégb e neurotoxicity of API-42 The ﬂaréulserum at 2

di | ution &dbdtrgosred by mfﬁa%‘e%l‘\ﬁmzéﬁé\wﬂ'“ﬂémamgl‘ﬂﬁ' lop; VAt Oyt ure of
?Eel 2 dJVLt/itg% |‘é\”%sa I&g@uﬁ[&?ﬁé’n‘?cﬂ?&a@é'&&de%le%geféﬂa' lehciRy éﬂ%@:kﬂgéﬁs However ,

I njection was Conpl ete Freund S
Adj uvant \mhdyprovetd mmmmtetom:lm!mdf@imdjsuvant for the second injection.

The adjuvants used are entirely -4 25 Novenber 2005
[0010] " Aside from the above-mentioned pharmacological approaches for

AD intervention, immunological interventions have aiso been attempted. Soloman
et al. (Proc Natl Acad. Sci, 1996; 83:452-455; Proc Nati Aca. Sci, 1997; 94:4109-
4112) showed that three specific monoclonal antibodies, directed toward a site in
the N-terminal region of the human Api.42 peptide, bind in varying degrees to
preformed fibrils leading to their disaggregation and inhibition of their neurctoxic
effect. The antibodies were also found to prevent the formation of fibrillar AB42.
Solomon et at. (WO 01/18169) also attempted to prepare a phage display of an
epitope of the AB1.42 peptide and administering the phage displayed epitope or
peptide containing the epotope intraperitonially to mice to elicit antibodies to the
Api.42 peptide. In vitro testing with rat phenochromocytoma showed that a 1:5
dilution of the anitsera prevented the neurotoxicity of AB1.s2. The antiserum ata
dilution of 1:5 and 1:20 was alsa shown to disrupt the fibril structure of Ap in vitro
with extensive deterioration of fibril morphology. However, the adjuvant used was
for the first injection was Complete Freund's Adjuvant with the incomplete

Freund’s Adjuvant for the second injection. The adjuvants used are entirely
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WO 42/ 096354 PCT/ US02/ 10293 unsui table for use in humans. Moreover, the

| evel s of antibodies generated were too |ow to be effeotinResBaPidos t he
use of these harsh adjuvants. [00111 Subsequently, Schenk et a!. (Nature,
1999; 400:173-177) showed that inmunization with APl -42 peptide inhibits

the formatyaR:padss@anyl oi d pl agues and the associated dysidopbgeBgurites in
a nouse nodel of AD. However, due to the |ow inmunogenicity of the AR142

peptide, the method enpl oyed required repeated adm nistrations of the
antigen with a harsh | esion-form ng adjuvant to obtain the higher |evels
of anti- AI3142 plaque anti bodi es necessary to affect plaque formation.
Moreover, it was cautioned that inmunization with A(31-42 m ght induce

or € acc%rﬂgu%blg riorq;setlh%u&%'sc MURYOVRE Ahb IRl of @tiBofies gBM&teBateren, CW
Brain Res, 1992; 569, 141 -1452 [0012 Despite these criticisns,

addi t i onacodew & be eﬁﬁCitVﬁaiﬁé‘rB% he ugp atitlese hastbPdWHMBugh sinilar active

i muni zati on have tent credence to the i mmunoprophyl axis and

i mmunot hefgaRgt i C m&eifém S@enRRt o ANEErE198D; 400 NEB-UT B, sh2BE0;
408: 979- 9%0?? ]cjescrl bed AP14 g pepti de |?11Uﬂ| zation i nodel for AD

that reduthelinyarpizaton wwbéﬁmmﬁ'%@h&ﬂa&%@fm%% {%@Y'O'le?aq”(emre 2000;
108:982- i) 534 edlb% BRYlE e ABE 8 MERCE kel BADO HRMRNEAGUe IR Y | 0SS 1N

t he nouse rec suppor or the effectiveness of inmune
t herapy chweinimomogenivity obterAfatid pemtdleathepeeihpﬁ@"H?'O)(ﬁ@rfpﬁwé&drfﬁp%tﬁdof

ant i bodi es, mgnoc) ona Q ed | oi d
bur den ( vedmana s ohipeenyBen iin 3 WRssn BIRE SoREBh S RS o)™
Despi te r gighket Mok JTRABSABSS pleaut antaies tdueseanyds sifeetipfaqueni ni st er ed

ant i bodi es,” nonocl onal 3D6 (anti_ A[31 r,) and 10D5 P(r@ptl AG

pol ycl onaforatipn. NRICQMES, waecaﬂuoeemaéﬁmwn?ﬁgowﬁ <2819 L'Gé“%%yst em
There, the_ anti or e-

exi sting W?gcﬁlﬁpgﬁ%@gﬁﬂ% )ﬁc 9&1?%?6?1& g&ér‘{’ww %atebl\?\rhﬁerﬁ@gga%lned in an ex
Vi vo ass®BResw 992568 td 5445). ons of PDAPP mice (i.e., nmice transgenic for an

APP mini- gene driven by a platelet-derived growth factor promoter) or AD

patlent Digbfar > !l B&lifie tﬁQTEé BRI, BaaHBRA shldReRRiandgeric hodAiced

mcroglial* cel'ls to ar plaques hrough Fc receptor-nedi at ed
phagocyt oshedasithreugissmilaractive mmenza@r hang leptcredence to the

mmunoprophylaxls and immunotherapeutic approaches for AD. Janus et al.
(Nature, 2000; 408:979-982) described Af142 peplide immunization in a mouse
model for AD that reduced behavior impairment and plaques. Morgan et al.
(Nature, 2000, 408:982-985) described Af1.4z peptide vaccination to prevent

memory foss in the mouse maodel.

[0013] Direct support for the effectiveness of immune therapy came from
the observation that peripheral administration of antibodies, monoclonat or
polyclonal, against AB-peptide reduced amyloid burden (WO 99/27944; Bard et
al., Nature Medicine, 2000; 6:916-919). Despite relatively modest serum levels,
these passively administered antibodies, monoclonal 3D6 (anti~AB,_5)l and 10D5
{(anti-AB1.42) or polycional anti- Af.z, were able to enter the ceritral nervous
system. There, the antibodies bound to plagues and induced clearance of pre-
existing amyloid plaques. Bard et al., reported that when examined in an ex vivo
assay with brain sections of PDAPP mice (i.e., mice transgenic for an APP mini-
gene driven by a platelet-derived growth factor promoter) or AD patient brain
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This study denonstrated that passively adm nistered anti bodi es agai nst
AR1-42 peptide and the AP1-42 N-term nus regi on reducedsiigeskbiLiths of

pl aque deposition in a nmouse nodel of AD;, and that nonocl onal anti bodies
or polyclonal antibodies elicited by site-directed vaccines are able to

enter the Rksshherapeutically relevant |evels. [OQI%T%%Ogﬁ t he
prom sing tindings of immunological intervention in mce nodel for AD, a

vacci ne agai nst AD suitable for hunmans renmains a | ong way of f (Chapman,
Nat ure, 2000; 408:915-916). The principal hurdles reside in the extensive
wor k necessary to design and formul ate an i mmunogeni ¢ conposition that is
usel ful in humans before a practicable vaccine for AD can be achi eved.

Some of the issues.that .rely ' el 96 r dmfges are: (1)
What is ‘Fﬁ‘ée'éﬂgﬁ?q'?%aé%{ésgé% ‘g%t@é?@déﬁl (gtc)igjﬁi ecognicf&:éoﬁ \E}m thin the AR?
(2) I n whglouhRF@resdmer dledibrdipiagacdesis bad pukssanerideplidy degratdalither sites
need to be included before an i nogen.i.s J il |_elicit a

t her apeuthtds ?@9éldeﬁpnﬁtfﬁt?%m985%y ﬁﬁ@{n'ﬁt?&g%ﬂ{e‘tﬁ%g% %é/hgﬁ%}\g &he delivery
system enpl oyl hNi fR{hinas FeRbA PbRIcea tiemaait of praghertapstiorf 00151 A
maj or gag}%@w%t%gdg‘é%ég@ﬁ%gwﬁas&geen dicgc_l osed in the |it 6a{§ure and
what r engihrsmbosdmodeind ADNaad that aneciomat @mb@d@%esp?lwéw%ha&g odP¥e (i.e.,
the polynerized APl-a L fiacoTpTalyscTal i ranéiica pepti de) and
how t he %r%é%‘isy8“%’9{%&?@@%“%5%%3?%& ed f’(a)ér‘ gi'\I%(m*)rélutnolrggi cal lﬂi}iznt erventi on.

In spite wievaftmevéls000 publications on A(3142 over the past decade, the
anyl oi d cascade hypothesis is hotly debated and the issue: the formin

whi ch API - houl ¢, be..u ! - i QhUnBIFBicEEnEPEEBh IPHsce At the
heart of pﬁid‘f)r obl sp:éc; E‘%}JB@@S'%?@N&%%&COPI ‘gggue_g, is the weak
correl at i gdbEbrapnafvateing haainstrAD suithble fod humans Fsealns adong WakaH ol ogi cal

el oSt KR b e B 05 BB ST Do Rp0gs e be oy veture
P187- 206, ckieRBivEWIH ndlidsbagne dasign Ahti omaylate @pdpmunogersc ogmpeYidiber 2005 WO
gtz / 293,32? g:%gcg #q%gfﬁq/ tflmﬁ'é%?én[s%%}o% 2 abtRaBRNREhHE forHBY e Qe depesid.s often form

Some of the issues that rely on experimental data for guidance are: (1) What is

the specific.target site for antibody recognition within the Ap? (2) In what form

should the immunogen be presented? (3) What other sites need to be included

before an immunogen is achieved that will elicit a therapeutic level of antibody?

(4) What is an effective vaccine delivery system employing a clinically acceptable

adjuvant for humans?.

{0015] A major gap exists between what has been disclosed in the literature
and what remains to be done. What is the suitable specific target site (i.e., the
polymerized APi42 plague or the monomeric soluble Afy.a2 peptide) and how the
specific site is to be engineered for immunotogical intervention. In spite of some
5,000 publications on Aps.42 over the past decade, the amyloid cascade
hypothesis is hotly debated and the issue: the form in which AB14_2_should be used
for intervention remains contentious. At the heart of the p’rbblem, argued by Terry
and colleagues, is the weak correlation between fibritlar amyloid load and

measures of neurological dysfunction (The Neuropathology of Alzheimer Disease

and the Structure Basis of its Alterations, Ed. by Terry et al., Alzheimer Disease,
p187-2086, Lippincott Williams and Wilkins, 1599).
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site of neuron damage. The best correlation wth pathol ogical denentia is

| oss of synaptic termnals. However, the |oss of synapbssol&hierPabs
correlates poorly with anyloid load. If the nmanifestations of disease
correlate weakly with anyloid load, then what is the role of A 3? The
article bywé&bpisset al, titled "Targeting small API-42 polchgordis: the
solution to an Al zhei ner's di sease conundrun®?”(Trends in Neurosciences,
2001; 24:219-224) suggests that fibrils are not the only toxic form of AD,
and perhaps not the neurotoxin that is nost relevant to AD. Smal |

ol igoners and protofibrils, also terned as A[ 3142 derived diffusible

| i gands (ADDLs), nay al so have potent toxic neurological activity [0017]

An AD Vaﬁ@é for SuQseafdiK, dniprainabpetitc aften RireT sendisancadibin thequire  an

I mmunogen designed to elicit site-directed high af fli nidﬁ{_l.antli Q%)ﬁ{, es that
bind to sithef sewonaapiaggudbeibgst ¢RIraiFIgR yilh; ogicpl Jemanlip 3 @SY RE ¢l ear ance
of the plague; i velerChkl ATRUSRNeAIE Latrklares! frorlg elithbl e
A13-deri \fé’ﬂaﬁb@%ﬁgl}@?bgﬁ\gﬁe{h@é5%%???&1“ oq‘mlr’ai si ng hirgh af[ﬁe’ni i‘%l

si t e- di r ehydiddoad. Hbthiegparifestations obdierase cfRrBIOYERNK "ath@d 934 ¢ pepti des

have been, known, f qQr J [ a¢Sidefhegmatt ApeLs en resort
to the CRQ@%,‘NX\%} tsﬁla%?‘:g%gf%@%{ﬁhhei - cgfgi‘ezr?étp%'gﬁ !eeiun ggr%j ugat.e aggr%ach as
denonst r aj|gdmiefs: 2 98(RH 4 Aoheitieds didese epwBKiruof "(draidsél di rect ed

vacci ne agai nst, AD, Frenkel, et .oatt - b zal 4 .on bhAat APl -42
pl aques t ?Wﬁﬁﬁen‘i‘ﬂsﬁpqﬁﬁg&égﬁg‘b ﬁV%qeﬁgstwﬁéﬁﬁ)(‘Er%pgq%kaﬂfe!éﬂ%gd. gf:}lﬁ 2000;

97: 11455‘&{1«&?%nd\ﬁ@rr%ysl1%lﬁ@ne®$ot6ﬁﬁma!Ii@doetheleeant[tﬁ@@] Siflaé appr oaches:

usi ng APl -42 peptide

aggregate or AR -42 peptid fragnent-carrier protein
conj ugat eelig(omghmgmqhgtaﬂﬁd alsgiternad 2sahibre ea'g\'%ﬁ@és'b'ai%gﬁ'ﬂ%yi ng " EFRH
pepti de" he agen to_i syl : s agai nst an anyloid
deposi t iﬂ\wkﬁitmgﬁ?%%grage § lﬁg{r%)sxgjme gﬁgélieﬁ%??ggtsive. For exanple, after
the fourth i munization of 1011 phages displ aying.the EFRH ﬁpi t ape, >95% of
the antifodi7es i n ArbaDyarsieafosisyceasrtvhiEnaghiogis "éa%{reﬁg?"‘f”'éeﬂwgeges. only
a small  popul ation (<39 iDEsilild sl B§h binRgahisddidshpacihgid e APl - 42
pept i de (E?@ﬂﬁ‘é’f‘o%‘%h &%ﬁ%ﬁe“@égﬁ.aﬁ%‘@%%e?@lgﬁézal‘é‘- 619. WD 01/ 18#2)9 . -7 25
Novenber 8ROSEMOpELES 685 bR tisseniorsseisratethentiearaace el #ladykPYmet hods

were descEi’iebgﬂalic@llsﬁ%ngzl%mﬁ%n&ﬂ%ﬁ%he soluble Ap-derived toxins.

[0018] The problem of raising high affinity site-directed antibodies against
poorly immunogenic site-specific peptides have been known for decades.
Immunologists and vaccinologists often resort to the classical hapten [peptide}-
carrier protein conjugate approach as demonstrated in WO 99/27944. For the
develop'ment of a site-directed vaccine against AD, Frenkel et al. attempted
immunization against A4 plaques through "EFRH’-phage administration (Proc

Nali Acad. Sci 2000; 97:11455-11459, WO 01/18169) as mentioned above.

[0019] The approaches: using AP1.4z peplide aggregate or AB142 peptide
fragment-carrier protein conjugates (WO099/27944) and using filamentous phage
displaying “EFRH peptide” as the agents 1o induce immune responses against an
amyloid deposit in a patient, are cumbersome and ineﬁegtive. For example, after
the fourth immunization of 10" phages displaying the EFRH epitope, >95% of the
antibodies in the guinea pig immune sera are against the phages. Only a small
population (<5%) of the antibodies is against the soluble APz peptide (Frenkel et

al., Vaccine 2001, 19:2615-2619; WO 01/18169).
-7-



99127944, which disclosed the adm nistration of Apl42 peptide to treat
patients wth pre-established AD and the adm ni strati onsshvétherdd09r ot her
i mmunogens to a patient under conditions that generate a "beneficial”

i mmune response in the AD patient. However, a review of W99127944 show

t hat t her ewanposwssjoor deficiencies in the vaccine desi gecgivseossd t herein.
[0021] In particular, the problemlies in the lack of a pharnmaceutically
accept abl e and effective vaccine delivery system W99127944 di scl osed

APl -42 or active fragnments of Apt-42 conjugated to a carrier nolecule such
as cholera toxin as the active vaccine conponent. See page 4 of WO

99/ 27944. Although page 5 taught that a pharmaceutical conposition

conpri si nYoROE i Mriesgyeumbearkomk dndieods wereafesadiasl inteP B2G&htard WEP uvant

[CFA], th exanpl.es s ing .the. .effigac . ine for the
t r eat ment 8%%% 'ﬁ)‘i{?@%ﬁfﬁﬁ& %g@@'sqrearlr'ﬁ? 85%@‘%8%%%‘5%@5@?8?@%3§gr egat ed Ap42
pepti de i giuChfe-f86IRhkE ATEARS fhkiadminis@atidnalf ARh . Porefteerieehumdpenstots that are
to be used with the disclosed i munogenic .agents to enhance tR@ i mune

r esponse, paiigné uhdesmoaritigas that aengsatershpensliisl HBuUNg spansa P Bl oyi ng
CFAI | CFA i, d f LGl ' [ pBid edhe|se See, page 25 of
WO 99/ 279 é&ﬂ'nﬁgﬁ\r@?é r%[\ﬁé‘?%gwé)ré(’)y{) yl4gc§ihi%g{tg%tfti gacy of:ﬂAp, .42 agai nst AD
was denondeficireies in tROMRRING dasigniiivaessd them. f or mul ati ons  adni ni stered
consi st a dose of 100ug. per nouse of aggregated Ap42 emulsified in

Conpl ete Fygypd' s /}ﬂipgmnfakgg%ﬁﬂob(&&ge% MO ?{Ogg%é)méééulti%d by mul tiple

boost er dbses”of the sane 2 pepti i in Inconplete Freund' s

e enul si ]
Adj uvant - ateepiatlephe effeGlivevactingrdalivencsystams e YVQ99/AT 944 discloradifhant

dj t t udi ed. t h i - d CFAI | CFA
aejr gvﬁgezm &ﬁ’% ffs%«g”%ﬁﬁ B%V?{ﬂigg F%"’%%ﬁ%%@%@%&@gn‘e%ﬁlﬁ@ a%%é‘.er@gggr egat ed

human Ap4@xin aé i adivehaedinadmparinesSé@pAps 4 6EWWO 0021644 Atthaugh ,
statistically significant level in conparison t.o m'ﬁ:e. t hat received the
CFAI | CFA ¥age Briaughtdaat a phagnacetical femResHion cREPEFNG AN ARIBYI08P844. 25
Novenber 2005dWe % S BEFTLURA2AG0RSR [CPAR e biily ehemplas shubiege Apl- a2
peptide fragnments were used (human AP|-42 Pe&% des of am no acids 1-5,
1-12, 13- % efipecy:d-thefprayercipe igytesmtreqiment @ I;)ﬂbg?%st?epl? B¥&ep anti - nouse

19G as t h%n%l&}e%i lgrg%a}fcfsiagbf aéd}eﬁ‘atle@hﬁgz lfgp?i% @PEFR. Despite repetitive
recital of preferred adjuvants that are to be used with the disclosed immunogenic
agents to enhance the immune response, experimental data showed that only the
formulations employing CFA/ICFA provided a sufficiently high titer of anitbodies.
See, page 25 of WO 99/27944. In example 1, the prophylactic efficacy of AB1.a2
against AD was demonstrated in PDAPP mice. However, the formulations
administered consist a dose of 100ug.per mouse of aggregated A, emulsified in
Complete F‘reund's Adjuvant [CFA] (p34 of WO 99!27944) followed by muitiple
booster doses of the same A4, peptide emulsified in Incomplete Freund's
Adjuvant. tn Example 1X, the immune responses in mice to different adjuvants
were studied. When the adjuvants: MPL, Alum, QS21, and CFAACFA were used
with the purportedly potent immunogen AN1792 (i.e., aggregated human A.2),
the level of antibodies to Ap..4 were reduced at a statistically significant level in
comparison to mice that received the CFA/ICFA vaccines. See, Table 9, and
pages 59-64 of WO 99/27944,



the efficacy of antibodies to AR peptide fragnments could only be shown by

passive inmunization wth nonoclonal antibodies (Bard g% Netembioos

Medi ci ne 2000; 6:916-919). The efficacy of these fragnments conjugated to
sheep anti-nouse 1gG was not shown. Therefore, the only inmunogen shown to
be effectiweoomwesshe aggregated APl -a2 peptide in CFAl pCriiso0933] Up to
the present, all of the vaccine fornulations shown to be effective

enpl oyed CFA/ I FA as the adjuvant. Peptide i mmunogens targeting API- 42 have
thus far been prepared by conjugation of the various API-42 fragnents to
sheep anti-nouse i munogl obulin, conjugation of synthetic AP13.28 via rn-
mal ei m dobenzoyl - N- hydr oxysucci ni m de ester to anti-CD3 anti body, or

aggr egat ga0221- 42 tn’elpelcdeewhmeeABJMIderﬁnmn‘@gLSn@efelUS@d (hm%epu de al one

or API-42 e-carrjer e erru sified with
conpl et e RSP gggﬁj g m'&ﬂjaﬁ{f’éﬁt i ﬁefaﬁabgggﬁu% 398}?“ Y8t 1 owed by
Subsequerﬁon}l@@&é@tolgnew@ﬁﬁmo%@|g<§aeumbrstmmmant|n(alahnesdomd et al.

Proc Natl Acad Sci USA, 1997: 94: 1550- 1555; t al.., Nature, 1992
b0 30, 4he erSamERIATDoLES 1o AR PEPIIE HagsEents 4ola ooy peihpw Ry RASSHE of

Nature 2 f?dh% (g8 B @ ot al NNaHir8 Me JORD20888: 982- 985) .
The fornﬁ%?ng%logpg@ﬁﬁé?a !% 99/ 3 9?14 %ra ot hers u(asl ng CFA and | CFA as

adj uvant s6:846+948). | B efficacared these fegmentsreamivdgiediesheep potraleyse 19Gus, none
of the vagslns s%%moswﬁm o m@n%%ﬁf R&floiA 16 BE cRELRE wiisithgr €  sui tabl e

for use in spite statements suggesting the
pot enti al agyregmédnmzmmtdelm (TZENI(E% treatnent of AD in view of the
previ ous disclosures of Kline (EP 526,511), no probl em sol vi ng vacci ne

0”25 Novell2! 2005 Bertiiise St At pRgar A RibuP R ABRR e (TY Tha

pept.i de- ceffgdtioe emptdyed ICRAol AUgsathe sadjurraot. Aiﬁptlde lrarggnmlsetargehng ABi. t hese
nol ecul es are hig daredffl terlze{?andlt is

|
di fficul t«thFvadys {?bb%?'? fePPFS rbam"mﬁ f‘ﬁ&"%‘?‘% 7 BaoTGpe
manuf act Uéﬂ. HiPG8aS mﬁmwgwb%nn Honpduasy aogntretit h@;m #Bn42 peptide or

its fragnments are self nol ecul es when adm nistered to humans. Therefore,

they are Ma@rsldobﬁnzm@rélﬁwﬂfwsmwmm%éﬁ|36t'1qp3n@n1@ﬁ§\h o't is, thus,

necessar yaég?regated_ AP142 peptide alone. These immunogens, i.e., ABs, peplide alone or
AP1.42 peptide-carrier protein conjugates, were emulsified with complete Freund's
adjuvant for the ﬁrét immunization, followed by subsequent boosts in incomplete
Freund's adjuvant (Johnson-Wood et al., Proc Natl Acad Sci USA, 1997, 84:1550-
1555: Seubert et al., Nafure, 1992; 359:325-327; Scherk et al.,, Nature, 1999,
400: 173-177; Janus et al., Nafure 2000; 408:979-982; and Morgan et al., Nature,
2000; 408:982-985). The formulations disclosed in WO 89/27944 or others using
CFA and ICFA as adjuvants causes lesions and are too harsh for use in humans.
Thus, none of the vaccine compositions for AD described in the prior art are

suitable for use in humans.

[0024] In summary, despite statements suggesting the potential of ABs.4»
peptide for the treatment of AD in view of the previous disclosures of Kiine (EP
526,511), no problem solving vaccine formulations were really offered in
WO99/27944 to address this key problem.




devel op clinically acceptable vaccine formulations for admnistration in
humans. [0026] It is known that prom scuous Th epitopess f@yeier@0ds oyed to
evoke efficient T cell help and may be conbined with poorly inmmnogenic B

cell epi topes to provi de potent inmunogens. Wl | -designed prom scuous Th/B
cel | epitpop meric peptides have been shown to be eliciting
Th responses %hresul tant antibody responses in npst llr%g%ﬂghsmﬂg

genetically di verse popul ati on expressing di verse MHC hapl ot ypes.

Prom scuous Th from a nunber of pathogens, such as neasles virus F protein
and hepatitis B virus surface antigen, are known. Tables 1 and 2 lists
many of the known prom scuous Th that have been shown to be effective in

potentiating a short poorly, i no t i de hor none

LHRH (USIGPZ3g, 551Anclhgf desaé’iému )f"qﬁq?fo‘fﬂ%gc H%T 95419“%@%95‘%% ange in size

from app%ﬁa Tpgﬁ £hdprdenéPisantReseatibRciiles brtutbghly nonlwlmgtdm;l avé difficuthar e conmon
a

structura tures,” and may contain ecific andmaLk se uenf For
exanpl e, t@chamntenizé end iisedi EUlétOT‘I’ﬁ‘ﬁesoPthéFt"fecquatl,‘Hrﬁoé' RSPRAETH BN ¢ hel i ces,

glngh? aggltllae? ?'J{aﬁé a}egﬁtngr ‘?éc s € ﬂf@%ﬁr%ﬁé‘a%fﬁa@éﬂsﬁﬁat Api_d pepedeluews dom nati ng

d W th charged and pol ar residues dom nating the
surr OundIfﬂ@rﬁmesre(@as@emlemnerpa@omis\mﬁ tokemase i Thersiore, they #re g4

4249-4253) . Th epi topes fre uen t amno acid
pat t er ns 1egRiAWNage °3Pr6‘P"d ééé/r"ggll Qﬂg tthﬁ‘lecgéé E)d/t hr ee
hydr ophobjegefdpsdliflieamy atfc@bia*bwathcmnetfmrrm!djapnafcuIadn"gpeeltraironpbhw’ﬂaﬂés| due. This

pattern defines V\/nat are call ed Rot hbard sequences Th epitopes often obey
the 1, 4, 5, 8 ru wher IV ﬁ:bétcﬁ@%i@"’ed by
hydr ophod2828ksi du ss @owqﬁxgﬁqr%ﬁﬁ%%mugﬁ{t ﬁhﬂfeg eig tﬁﬁl'goy fions after the
(r:]hgr geﬂ L@ﬁ@@mﬁr o8 ;gmle ag:ﬂ h\a?yfbethBnec‘smeQQJWemmgemmﬁo%'d E;q 1gggr3rg(r)1
ydr ophobi ¢, charged, an ar_ am ng - OQ5T

PCT/ USQ2/ %M@S%P@s”de@zﬁ’éﬁﬁ’?ﬂwwﬁﬁ"@ ca%l %‘%‘%ﬁé\éw& stC éneo y wWithin a
single Theﬁf?:lp%@l%ﬁin‘é?@rﬁelpd@& haaxe t@len shdwmwuseful inkdigting T quz%)ses Most, i f
not all, of the prom _scuous |to§ers Jflt Ak J:Eﬁl?%tlv LHae of the
peri odi ci @n@@seagwﬁnﬂe%ﬂvafﬁéwse?ﬁég‘é’s BEPEFES! R E) ncor porated into the
desi It gns ofq Vellﬂﬁ%rd éﬁﬁes?,ﬁd dwtzegrs@gmmhsmbwes |mmntt uogs Todrdni aauetbieal Th
epi topes_ “of pathogeenss ggch asomeaseles \?u%sgl-n protem aﬁg h@&at%s @v:ru-ghsu?l’akgs

antigen, are known. Tables 1 and 2 lists many of the known promiscuous Th that

have been shown to be effective in potentiating a short poorly immunogenic

peptide, the decapeptide hormone LHRH (US 5,759,551, and 6,025,468).

[0027] Potent Th epitopes range in size from approximately 15-40 amino
acid residues in length, often share common structural features, and may contain
specific landmark sequences. Fof example, a common feature of a Th is that it
contains amphipathic helices, alpha-helical structures with hydrophobic amino
acid residues dominating one face of the helix and with charged and polar
residues dominating the surrounding faces (Cease et al., Proc Nat! Acad Sci USA,
1087; 84: 4249-4253). Th epitopes frequently contain additional primary amino
acid patterns such as a Gly or charged residue followed by two to three
hydrophobic residues, followed in turn by a charged or polar residue. This pattern
defines what are cafled Rothbard sequences. Th epilopes often obey the 1, 4, 5,
8 rule, where a positively charged residue is followed by hydrophobic residues at
the fourth, fifth and eighth positions after the charged residue. Since al! of these

structures are composed of common hydrophobic, charged and polar amino
. -10-




lists of variable positions and preferred am no acids are avail able for
MHC-binding notifs (Meister et al., Vaccine, 1995; 13: 583.98%kber 2005
Furthernore, a nethod for produci ng conbi natorial Th has been di scl osed
for conbinatorial library peptides terned structured synthetic antigen
library (Wemgy®@kssal ., WO 95/11998). Thus, the 1, 4, 5, f@rfdsh21088n be
applied together with known conbi natorial MHC-binding notifs to assign

i nvariant and degenerate positions in a conbinatorial Th site, and to

sel ect residues for the degenerate sites to vastly enlarge the range of

I mmune responsiveness of an artificial Th. See, Table 2, WO 99166957, and
WO 95/11998. [00281 Wang at a!. (US 5,759,551) suggested the use of

{Mnnunost i :{E-itﬁs?}%%l)/ strEtteEInSexid shandaeoldiewithinfa gingit dhrepiope {Hariidosunogeni c.
ng at al.

suggested the_administration of ]mrunogenic nthetic anylin
pepti des %t@‘-vdg%nn\é@’ﬂﬁg“ﬁ R 128%)e dfogint 0 tfaq'nBtt-h?r?é?fﬂ\Sﬁ”%‘é%gﬁ%IQnt di abet es
mel litus > Qjf ROSEoRicitids FRAGRPARNE. ey Rrapresimayi on of
Aylin (c%'%wﬁ% gll'tgéﬁﬁ%em?bg-sg, (S % 750, 551) AT inis a 37 amno acid
resi dues lp%pmpw@fﬂ*i@@l'fﬂﬁ@‘%‘?‘%fdml%ﬁ'W“f%a@‘@??% '?ﬁ'e_tsh@cuéiF"@_ts of Langer hans.
Over pr 0dUgdhBRaRlia I Lbifbath! WilfiRubdctidtidWesigiesianhisiibigal TREREsID! e any! of d
| eadi ng t o0 anylol dogeni c "di sease in the pancreas. _Simlar to_t%‘e
over pr odulists ofivasfabngdsitions andmsefetiad emine a¢ids e ayajlable IFMHCRINGRY | | ead
to the depositipn I S | ©4.6a4. | f fopnt s.
However . Rlsr R it Zatdhg B0K, P Sal Bot e Edlof RS A" e ap- 1- 42
peptide. Fitdycing cohminatarial #hdias beeadisclpsad farcombinatons) ibraaapeptiges

Anyl in32. 35 cqrresponds to AQ24- ' i ' the Anylin
peptide i ?’W@ﬁ S&%B@&?CQ%V'{”?Jetﬁeané'g%'ggbraﬁe]z%ﬁgg?‘é%@ﬁﬁﬁé%ﬁ%@%ept i des nor
accel er at el he4, 6| 8ailean befappliyd wigethep Wity keswi icotrvénatorisl MHGLIpABE of t he
studi es by Sol oman, et

) .et al, and Schenk et al. . . whj . t
sequence HORI§ yogsgpiqlp@|ap?§qq§§9§qr%6§}§ @8%’?‘0%6‘?%“%@?@%@%%& f‘%go 2/ 10293
[00&91 {thtd §e|é&&e?bh@@iofrﬂ‘£\g Mﬁlgialnbmleenéim @stlyb?eprhamarhg&_nfﬁrgg@nﬂ hat W|t |l
enabl e the generation of high levels i | i,podi es agai ns
the N tef?ﬁ%ﬁ’&ﬁ'"?ﬁ‘?ﬁ?t?f@r‘u‘aﬁ'{’&'aﬁi og%élak‘}ﬁ]ﬁgvgegé’{%&éngﬁwgh ]

Cross-rea@kjighg. to the senile plagques in the brain of AD patients. The
ani t bodi es generated by binding to the

[0028] Wang ef al. (US 5,759,551) suggested the use of immunostimulatory
elements to render the self protein Amylin immunogenic. Wang ef al. suggested
the administration of immunogenic synthetic amylin peptides as vaccines for the
treatment of non-insulin dependent diabetes meliitus (NIDDM), an amyloidogenic
disease caused by overproduction of Amylin {column 19, fines 8-39, US
5,759,551). Amylin is a 37 amino acid residues peptide hormone produced by the
B cells in the islets of Langerhans. Overproduction of Amylin will result in the
depositon of insoluble amyloid leading to amylicidogenic disease in the pancreas.
Similar to ihe overproduction of Amylin, overproduction of the AB1.42 peptide will
tead to the deposition of insoluble amyloid in the brain of AD patients. However,
there is limited sequence homology between Amylin and the A, peptide. Only
a short stretch of amino acids residues, VGSN, of Amylinsz.ss corresponds 10 APz
7. Antibodies produced against the Amylin peptide is not expected to be cross
reactive to soluble A4z peptides nor accelerate the clearance of amyloid
plaques in the brain in view of the studies by Soloman et al. and Schenk ef al.,
which showed that the sequence EFRH is critical.
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AP1. 42 peptide and the senile plaques is expected to accelerate the

cl earance of these plaques fromthe brain, pronote fibpkNodesBE&POOgAti ON,
inhibit fibrillar aggregation, and i munoneutralization of the "soluble
An-derived toxins" [also termed as An-derived diffusible |igands or
ADDLs] . [O®GO096850i s a further objective of the present RamEset/i@es t o
devel op a vaccine delivery vehicle that is suitable for human or
veterinary use for the prophylaxis and treatnment of Al zheiner's D sease.
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00311 _ Figures la, 1b, 1c, Id, 1le and
1f are photographs show ng | munoperoxi dase staining of serial sections
from2 AD brains, using Avidin- Biotinylated Antibody Conplex (ABC) nethod
with i mueo29hd pr ot istheebjset of thainventigutodievaiop@n ITnEogen oatdtthi f i cati on.

ol aques. a iR tng SedatbLel eBRlor fRSHALY LA BN EiE B o et ve
bl ood vessatvindlfadibhalcsitasf Mé) AR Lb peptive isthdhigh clase seagiwitetathedende gui nea

pigs using ARl 28-cK- MWF Thl-16 (SEQ | D.NO..74) prepared . i,n I 1

Raber i n BAOER el adents- e suboHgs oeRE bRl Slopero iy, o

anti bodi e\, 3j Sqidagattee sédie piajleshepidelted toratoeigete the dEAbheFel Fi gures
1c and If show brain sections usi ngﬁ_grei nmune ser a. %00324 Fi gures 2a, 2b,

2c, 2d, addeseeplageesyiun dup bighs PEaBAR Gl disaagregatiexirbREdbeias ning of seri al
sections qf | el 'xEl'dE@H S1iz306n oPheiSBIMIE ARedRivall tohirkdQaléle | Ut i on and
under 40)(%#&8&%3&5@&}') on. |gurgs|2a agd 2d sho@d t hat the g?\ti bodies in
gui nea pi germedramipetirined Bifidébie. IRandKoWMPDISl1- 16 (SEQ I D NO 74) prepared
in | SA51 water-in-oil emulsion strongly stained the plaques (P) formng a
pattern of es. Fj,qur b is. a,.ph L vhécike Novenber
D005 pat ¢ ARSI " o B Bren oBieBi R i ABE R hubriendb BelF e vatein® TR EER
for nul at i aielivdiyerehitld thatisauitstle ferchymmadamdeteainahyused fohthe prgpledaxinante bl ood
vessels (BV)., Figure 2c is a.photograph of a guinea pig brain section with
prei nmune Wﬁi‘%ﬁ%ﬁf’dﬁ@ﬂs ﬁg’eé??{i ning. Figure 2e shows the brain section
wi th hyperi mune sera generated by inmmunization. with AP 1-28 peptide al one
in CFAlICFA showi ng a sBRHR BESGIRIPTMN Oft Hith itAWHYGer n despite the
strong reactivity with Al13 1.28 by ELI SA.

[0031]  Figures 1a, 1b, 1c, 1d, 1e and Hf are photographs showing

immunoperoxidase staining of serial sections from 2 AD brains, using Avidin-
Bictinylated Antibody Complex (ABC) method with immune and preimmune sera

" at 1:100 dilution under 10X magnification. Figures 1a, and 1d show significant
binding of antibodies to both senile plagues and AB plaques (both labelled as "P")
on thioflavine S positive blood vessels {labelled as "BV"). The antibodies were
generated in guinea pigs using AB1.2e-eK-MVF Th1-16 (SEQ ID NO:74) prepared
in ISAS1 water-in-oil emulsion. Figures 1b and 1e show the cross reactivity of
antibodies raised against the same peptide immunogen in CFA/ICFA, Figures 1c

and 1f show brain sections using preimmune sera.

{0032] Figures 2a, 2b, 2c, 2d, and 2e are photographs showing
Immunoperoxidase staining of serial sections of AD brain with immune and
preimmune sera at 1:100 dilution and under 40X magnification. Figures 2a and
2d showed that the antibodies in guinea pigs immunized with AB 1.2s-eK-MVF Th1-
16 (SEQ ID NO:74) prepared in ISA51 water-in-oit emulsion strongiy stained the
plaques (P) forming a pattern of cores. Figure 2bis a photograph of the staining
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BRI EF DESCRI PTI ON OF THE | NVENTION A first aspect of the present invention
provi des a peptide imunogen of about 20 to 100 am no 26iNRemB&D005
conprising: (i) a helper T cell (Th) epitope selected fromthe group
consisting of SEQID Nos: 1 to 64; (ii) an N termnal fragnment of A(31_42
peptide, SEQ ID NO 65, consisting of from10 to 28 am no acid residues
wherein each fragnent conprises amno acid residue 1 of the A{31_42

pepti de or an i munol ogically functional anal og of the N-term nal fragnent
of Aj31.42p i L d ) i Rf at least an
am no acid tg%e&?r[)a?@%r ﬁé%e\&ﬂ%%%ﬁ H%Soé?rna?ﬁ?ﬁﬁioi&ﬂ aspect of the

pr esent lnmniuzamnprmadmem R@pteddreddrniMdRPORIth pRIGBES ef the bidotihe gr oup
consisting of SEQ ID Nos: 70, 71, 72, 73, and 74. A third aspect of the
present i nvesaaloE\dr BW&QCts@pb@pgiamb ofuargmmagmg braipsestéant widh by one of the

s o e TR A S R L
wher ei n eamh/h[yhénﬂnﬂﬂﬁgeéwgéﬁéra% %}W}Hurﬁfét%n it 51.2 erftide!diGHd iR gr oup
m f gt '9[| y, (a, s-

selected fro e group consisting an am no acl

N)-Lys, an@FANIGHA showiag Brsurptisinghy webicEQiriny b@te?rﬂ)desiﬁlte thengirdnge an ani no
aci d sequence that constitutes a helper T cell epitope, selected fromthe
group con&santiviigwish ABE@s PDEISA. 1- 64 and an i mune enhanci ng anal og
thereof; (N termnal fragnent of A(31.42 peptide) is 10 to about 28 am no
acid residues and 13 MWE . Wm of the A(31_42
peptide and i mrunol ogi et ot X is an a-COCH or
a-CONH2 of an amno acid; nis fromO to about 10; mis from1l to about 4;
and o is fromoO to élﬁﬁﬁlttaSP@Ct(Zfth@@f@ﬂ@“h%"ﬁ@%ﬂon&mvfﬁ@sﬁr@é‘ﬁ? i nvention

bra & phar IEURRr o 4bou 20TS 1o b PRl el R p et Fom
the group m{)%p&bp@ge@t:tealfwm the gr@%y;ens@ aSEQagtr@éseneto mlaganwrul si gen
nmonophosphyryl Iipid A (MPL), polysorbate 1, Montanide | SA51,

| SA35, | SARGGEalfrag®ent80AR A bieptide, BER HD N: 65 hﬂ)rqsrseegnf fromvEhtoi 28n pr ovi des

the use of a, conposition of the fourth aspect, for the nmanufacture of a
medi cament amipo acid residues wherein each fragment comprises amino acid residue 1 of

the AB4.42 peptide or an immunologically functional analog of the N-terminal
fragment of AB1.42 peptide; and (iii) optionally a spacer consisting of at least an

amino acid to separate the immunogenic domains.

A second aspect of the present invention provides a peptide
immunogen selected from the group consisting of SEQ 1D Nos: 70, 71, 72, 73,
and 74.

A third aspect of the present invention provides the peptide

immunogen represented by one of the following formulae: (A)y(N-terminal

- fragment of AB1.s2 peptide)-(B)o-(Th)m=-X; or (A)x=-{Th)m=(B)e-( N-terminal fragment
of AB.4z peptide)-X; wherein each A is independently an amino acid; each B is a
linking group selected from the group consisting of an amino acid, gly-gly, {a, &-
N)-Lys, and Pro-Pro-Xaa-Pro-Xaa-Pro {SEQ ID NO:73); Th comprise an amino
acid sequence that constitutes a helper T cell epitope, selected from the group
consisting of SEQ ID Nos: 1-64 and an immune enhancing analog thereof; (N-

terminal fragment of AB+.4, peptide) is 10 to about 28 amino acid residues and
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preventing or treating Al zheiner's di sease. A sixth aspect of the present

invention provides the use of a conposition of the fourthRshegtooobor the
manuf acture of a medi canent for producing antibodies to Al31.42 peptide
that is cross reactive to soluble AD peptides and brain tissue plaques
formed therefrom [0031] An enbodi nent provides an i nmunogeni ¢ conposition
conprising synthetic peptides capable of inducing antibodi es against the
main functional/regulatory site of the AD peptide with high

Cross-r _eacg\!h\éﬁ % <284 I?rabf?l pgomél%e%%ﬁ?ﬁ‘ﬁ)'fghe %%hﬁic?e%w the pl aques in

the brain hermers ea e 1 nmunogeni c

conposi ti oimwABlcartElINfiiicasRs ahBiogthéleoR as%mta QOGH PeLSONHRbegh Sposed to
AD is expected to accelerate the clearance of anyloid pl agues and

i mmunoneut raing acidpn isofrorn Hstosabloub 1@ MiBfraert tweaboubdi avsd o s frdre Gdvai n to
prevent and tre In particular, a peptide inmunogen of disclosed
conpri se ﬁbltope sel ected fromthe group consisting of SEQ | D NCS:

1- 64 and the i mmrunol ogi cal ly functional anal ogs thereof linked to a short
N-term nal API-42 p t; : i sting of
10 to 28 am no acid QBEEﬁ aggé%gﬁg%ﬁéﬁégﬁ 'Bﬁg%%ﬁﬁz?égﬁﬁgsﬁﬁﬁh of the
A(31-42 pepbinpeisingBPdgetiti®imffunogéen snthemmtrebedt Al 4 phimreutesly  anal og of
the AO01-42 peptide fragnent. Preferably the AN1-42 peptide fragnent is

sel ected f raéﬁental@le@dwpnw/omam sapgcted from taeummmnsgﬁt@aqu glunynct i onal

| th f 00321 A d t
composi ti o 53%8@%?@1%@%% 1 e, RSP A OBRSD © ot i de
COMpOSI tf Ofol BofbarPAAIABSR biahkk 1SASPASAZEIBRBIdh 154794l at | on
conprising a juvant or ier selected fromthe group consisting of

| i posyn, saponin, squal ene, L121, enul si gen nonophosphyryl lipid A (ML),
pol ysor bat e 80, QSZlAﬁmmmda‘thésﬁéﬁbnt inSA3EoN hroARies tledsd &fa 720 as wel |
as the other efficacious adjuvants and enulsifiers. [0033] A further
embodi ment cpMpesiies ohthedeudi asrect aethermaryfaetire el a medicegtent &4 cl ear ance of

anyl oi d plagues.and | maunopeutralization of the soluble A(3- derived
toxins in ?ﬁ%veg 'ég th"Ba 'Sléﬁ?'ma?ﬁa %3P Al zheiner Disease in a

~ Asixth aspect of the present invention provides the use of a
composition of the fourth aspect, for the manufacture of a medicament for
producing antibodies to AB+.42 peptide that is cross reactive to soluble AR

peptides and brain tissue plaques formed therefrom.

[0031] An embodiment provides an immunogenic composition comprising
synthetic peptides capable of inducing antibodies against the main
functional/regulatory site of the Af peptide with high cross-reactivity both to the
soluble AB;.4; peptide and the plaques in the brain of Alzheimer's Disease (AD)
patients. The immunogenic composition when administered to an AD patient or a
person predisposed to AD is expected to accelerate the clearance of amyloid
plaques and immunoneutralization of the soluble AR derived toxins in the brain to
prevent and treat AD. In particular, a peptide immunogen of disclosed comprise

“a Th epitope selected from the group consisting of SEQ ID NOS: 1-64 and the
immunologically functional analogs thereof linked to a short N-terminal AB4.4;
peptide fragment selected from the group consisting of 10 to 28 amino acid

residues comprising
14



manmal , by adn1n|ster|ng one or nore of the i munogenic peptides to the
manmal for a tine and under conditions sufficient to indugg,anabidedies
directed against the functional/regulatory site of the Al31-42 peptide. A
typi cal exanple of a vaccine disclosed is a peptide conposition conprising
5-1000 | ag of the peptide imrunogen in a vaccine formulated as a water in
oil emulsion in a pharnmaceutical acceptable adjuvant and/or carrier. A
typi cal nethod of administering the vaccine is to inject intranuscularly

t he vacci nEFRM ofithatARoL: priptife, SEWID PD: 650 seaw im@monologinally foattiowal schedul e of
0, 4, and 8 weeks intervals. [0034] Yet a further enbodi nent provides an

i nunogeni én§|9910ﬁ§ﬁ %BMpBﬁ?tldGéfa@fn%d?ﬂefeS@b'VHlleab%utz peRtidgframnentiizls I
Ais1 a2 poptealaiesdfisdrolE FECHENPSE RB IR il e @R 0% o 25

am no aci dgpMbhbtasdt. fragnment conprising amno acid residue 1 of the
AP, -42 14a 25 venber 2005 peptide. See SEQ ID NGO 65 wherein D, Aspartic
acid, is designated as amno acid residue 1. Preferably the N term nal
Al 33_42 pe[038E fragABOMeHGnWireemtemmﬂdesmn itrinmr@genipcsﬁQosiﬂDrN@ 66-69 or a

pepti de analog .of N-termn ntof e tlde tionally,
am no aci dcg'BgF@P% aﬂ&“%‘ﬂaﬁ’at‘:@ t’?‘??r@ﬁ’t?{!;’é‘ﬁpﬁ:a p %ﬁén Pncl uéed
The i mmu | ent |
Toined 1 B TaafeLD sEoaTane ke Re AR Y C'Bﬁ%u@f" AR he

peptide ha@mmﬂessae&téa fronni ke Qmpwmmgd;fﬁ;ﬁogyhaéapbﬁmemet L2ty to the
N- termnal Al 3 peptide fragnent, sol uble A31-42 peptide, and the pl aques

is generaemlSIq&DﬂBemomspmlrlmA (MELY qrolysorkate BﬂgQSHinMG@‘@nlwl ty of a

Y et ot B, s, athann b6 720 A vl o o0 Siasions S90Ea TRt U021 10203

system by I hekper cell epitopes (Th). Such Th is nost reliably supplied to
the peptide I'nmunogen by foreign Th epitopes placed on a separate Th
peptide domain elenent that are extrinsic to the target Ap peptide. Such
peptide  [0033] A further embodiment provides a method for the induction of

accelerated clearance of amyloid plaques and immunoneutralization of the soluble
AB- derived toxins in the brain to prevent and treat Alzheimer Disease in a
mammal by administering one or more of the immunogenic peptides to the
mammal fo.r a time and under conditions sufficient to induce antibodies directed
against the functional/regulatory site of the AR peptide. A typical example of a
vaccine disclosed is a peptide composition comprising 5-1000 pg of the peptide
immunogen in a vaccine formulated as a water in oil emulsion in a pharmaceutical
acceptable adjuvant and/or carrier. A typical method of administering the vaccine
is to inject intramuscularly the vaccine formulation at 0.5-2mL per dose on an

immunization schedule of 0, 4, and 8 weeks intervais.

[0034] Yet a further embodiment provides an immunogenic synthetic
peptide of about 30 to about 60 amino acids consisting of a helper T cell (Th)
epitope, linked to an N-terminal AB1.42 peptide fragment selected from the
group consisting of 10 to 28 amino acids with each fragment comprising amino

acid residue 1 of the ABy4
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i mmunogens may be produced as hybrid pol ypepti des by reconbi nant DNA
expression. They may al so be nore sinply and | ess expenskyglynBiphsed as a
synt heti c peptide i mmunogen conprising the target- hapten B ce site from
Ap peptide and T-hel per epitopes (Th) appropriate for the host. Such
peptides react wth helper T-cell receptors and the class Il MAC
nol ecul es, in addition to antibody binding sites (Babbitt et al., Nature,
1985; 317:359) and thus stinmulate a tightly site-specific antibody
response t Pl i.ndi ite. . Preyj . was
suppl i ed fg)re H\?\%‘?%@%@?“@%ﬁ%@@ @%@g&@g&fﬁ&fﬁéﬂtﬁ? ralg%tsﬁi%-@t 0
aggr egat ed deid desideaat Pré’ﬁﬁrdbgpﬁkwtér%a@%@%’éﬁtidé’@aé@u&ﬂﬂ%%%%ted fl@pus et
al ., 2000, Morgan et al., 2000) and can be supplied by carrier protein. A
whol! | y syntthe grasipgsip® illd NOsniitnaena paptidesandheg 6fd\-tewing) frdrentefdda. over
Apt-42 peptide. aggregates, carrier conjugates and reconbi nan ol ypepti des
in that the? P%?‘G&ugf’t'g%a”é‘h@mfl?a@q@S%ﬂr%%eﬁpéfat%&é@'”&fﬂﬁﬁ'?&%% #8F. The
synt hetic ' ' ' 8 cessin

y e Qﬁcldd%HW?%hﬁo@ﬁ@b@ng%t%ﬂg ésgbﬁcfahe | EESRI PAP 9

nor an el aborate manuf act uri ng 1aci IS nee ne response is
si t e- speci foeCcovaRntly RAVREE Py drliér phovitiad @it elRs the imindBoRRAEIVISTof tHd1us,
undesirabl e responses such as epitopic suppression are avoided. [0036]

| mmunogeni ¢ieplidehapigniheubstantally preasearediardoatiiomunoseactivith todbedd AP pepti de

i mrunogens ,can he timzed by (1 onhi ni ng. N-term nal Apt .2 peptide
fragment  wiRNaAAE Bt GRS AR oride UahE SlaBE IS t he i or i ty
of a popul hbﬁ#@ﬁre responsi ve; and (2) conbining AP peptide fragnment with
Th whose pertoire is enlarged through conbinatorial chem stry, and

t hereby accommodate to the variable i nmune responsiveness of a genetically
di verse pd@pagsti on. Andipoiaht fabts atfectingfisinnohogbaicitpepa seethetopeisiet i on of
the present invention are effective in stinulating the production of

ant i bodi es feigd) Ndeminal Akisafragmensnannagsais topssemation tobesmmune

PCT/ US02110293 functional /regul atory site of the Ap peptide, with
cross-reactivities to the soluble AO01-42 and the plaques in the brains of
AD patients. Based on the immunogenicity data obtained in guinea pigs and
baboons, and the data obtained fromthe
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| rmunoper oxi dase staining of the anyloid plaques present in human AD brain

sections by the spicific imune sera obtained, it is expefi,esntdraboi he
pepti de imrunogens of the present invention formul ated appropriately are
effective in humans. It is to be noted that the data obtained in baboons

are parti oyh@doyzsoSignificant in that this is a species p¢h@seesBune
response closely resenble those of humans. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0038] This invention is directed to a novel peptide conposition
for the generation of high titer polyclonal antibodies with specificity
for the main functionallregulatory site of the AP peptide, with
cross-reactivities to the soluble Apl.42 and the plaques in the brain of

Al zhei ner sLitsRaser h&Pr efdpabpss (THeSuanTh lkadostselpbiiesgiptied tythehe pept i de

conposition are highly site-specific and bind to th peptides and to
anyl oi ds PrEKflEIMYNgRE br!r“é'ieﬁf.')‘_ﬁh@@t,oi’??l@aﬁ‘?‘ggréﬂtsep?rﬁ&eﬁ‘ i%ﬁt“{ﬁ ovi des. an
ef f ect i ve ggRiaAlofBht Aae sleahdlrishag el ApBRERIOT SEmypepiide Pl aques and
i mmunoneutrali zation of soluble AP derived toxins in the brains for the

prevent i oimawndogersanayhe perdusel a8 bpwsl palypreptidesy respmbinaséBiNAde fragnent s
selected fr he. L SR t ALi0Qy *GbeedMies ei n each
f ragnent @5&’%}%&53@3%&&{&'33% ?ﬁ%éhkﬁ%@fijgi%tdilgse@%ggQ lI DyNO.ngS), are short
| i near pep¥ittietic pépticle,imbyurbgensenpasingithe tangehhapten Bogh site from®B short  AP142
peptide fra nts n. be inmmuno=., potenti ated,by, chegnj cal | j to a
carrier pPSBE‘?%?"q ﬁ' e&?éﬁﬁl‘%‘?esﬁéﬁ)ﬂ%‘?pé%flﬂﬁ%@{ th%%%‘c%ﬁ?ﬁe@%%)régo@ by fusion
LO a carr ivgh rm;]&émewi ﬂ@eﬁthfs@iﬁhﬁéemgﬁhimmdmw!esemdiﬁ@dm, for exanple,
epatitis B surface antigen. The deficie i S " ept i s)-carrier

protei n" \AaEBHRIndiag sRet (Babbij %ra?'p&?{”feoHgé?’%iﬁgapﬁ&&ggmﬁa&%@é are
non-funct it@ﬂg} siglbpe eﬁﬁibgéyﬁe% 86k AG MRk get hatisRTyiegingsms.ei n. - 16 25
Novenber 2005 WO 02/ 096350 PCT/ US02! 10293&[51(303% The im"runor% nsTof t he
present i rRreviousin saete Thmes|sypRiacth irewpikablg &b naRERUIAGIREYERES §??b R sing
N-terni naly &, RR S8t (WD 69168857; QD AR0GRTIEs W th each
f ragnment .é%t%gggﬁggr%éﬁﬁﬁé@ﬁﬁ@ 2%%':%@4'2 ;()ept | de c‘O\’/aI ently linked to
promi scuoumnis et 12000sMeedapait atl, 2008randh earybe appried by ety Podte®ES | D

wholly synthetic peptide immunogen enjoys the following advantages over Afi42

peptide aggregates, carrier conjugales and recombinant polypeptides in that the

product is chemically defined for easy quality control. The synthetic peptide

immunogen is stable. No elaborate downstream processing nor an elaborate

manufactusing facility is needed. The immune response is site-specific and

focused on the AP target and not the carrier. Thus, undesirable responses such

as epitopic suppression are avoided.

[0036] " Immunogenicity of synthetic N-terminal functional-site directed Ap
peptide immunogens can be optimized by (1) combining N-terminal ABs42 peptide
fragment with selected foreign promiscuous Th sites to which the majority of a
population are responsive; and (2) combining A peptide fragment with Th whose
repertoire is enlarged through cbmbinatoria! chemistry, and thereby
accommodate to the variable immune responsiveness of a genetically diverse

population.

[0037] It has been found that peptides composition of the present invention

are effective in stimulating the production of antibodies against the main

-15-



NGs: | to 64. The inmunogens of the invention elicit the production of
site- specific antibodies which bind to the Apl-42 peptiég, drb8os
aggregates and are cross reactive with anyloid plaques I1n the brain to
provi de for accelerated clearance of anyloid plaques and
I MTmunoneutygbddaispon of the soluble AR-derived toxins pgapifienblai n. Thus,
t he i nmunogen of the present invention is useful in preventing and
treating AD. [0041] The helper T cell epitopes (Th) useful in the invention
conprise nultiple class 11 WMHC binding notifs. Specific exanples of Th
covalently linked to an N-term nal APl.42 peptide fragnent are provided.
The results of anti-sera from animals imuni zed with the inmunogen
pepti des of the pre t i [ t Z it ifie- di rected A3
et i do. aagioroURRRERy ol EEr b LM bepHBE AR e o bRl B RS e e host
popul ati ofp, [ 8R4 Me Fagessinliie biahe of WD patients. | Bated ogdhé onpapadeteityft t he
present invention are approximately 20 to 100 arB' no (fﬁl d§ | ong and
conpr i se:d4ta pbtaines ipauinEagiey andirabosps asiddne dRtaqbined BeMide gr oup
consisti %n‘?&nqﬁﬂ%ﬂ%ﬁi%&&%ﬁémh toPirRdimfibit plfeNptaeni indlunfanagerin of  A3142

f out to agou

peptide froma 0 t 28 am no acid resi dHes wher eji n each
fragment sawtipns bethe SIHeHC iimunrosesp ebiginade 15 enpecteddntithe perlidei onal 1y a

spacer cansisti f inRtiGioRRuREh BeRRBRL &idcli inmunogeni ¢
domai ns. 'F’%Bi’&#&%rsg) te'fea ‘st@'ﬁ?%‘%ﬁfh@'wé’?ﬁh“nm _fﬁr;jg%pr;ent of the Af112 peptide is
sel ect ed himens.t hés tgrosuptedtiet theideta obtaiedin babgags BPaCURY an

i rmunol ogi.cal.l y .ef Ve . L GihRhe 30902410 96:pthi&CTI US02/ 10293
anal og thﬂpa'g?%/mﬂ&’e#w%&%?%Eé:le%g\'%éal entTy at tached to either the N- or
C- term niwmsefof homahar get N-term nal fragnent of AP142 peptide optionally

with a spacer (e.g., Ay-dy, E-N Lys). The peptide i munogen of this

i nvention is represenyedaRerPPESERIFTION OF ipw mveNnoml a: (A) - (N-term nal
fragnment of AP142 pe - - - M X; or
[0038] This invention is directed to a novel peptide composition for the

generation of high titer poiycional antibodies with specificity for the main

functionaliregulatory site of the Af peptide, with cross-reactivities to the soluble
AB1.42 and the plaques in the brain of Alzheimer Disease (AD) patients. The
antibodies generated by the peptide composition are highly site-specific and bind
to the Ap peptides and to amyloids plagues in the brain. Thus, the present

invention provides an effective method for accelerating the clearance of amyloid

plaques and immunoneutralization of soluble AP derived toxins in the brains for

the prevention and treatment of AD.

[0039] N-terminal AB1.42 peptide fragments selected from the group
consisting of 10 to 28 amino acids wherein ea_ch fragment comprises EFRH of the
AP 142 peptide (SEQ 1D NO:65), are short linear peptides which, by themselves are
non-immunogenic. The short A4z peptide fragments can be immuno-
potentiated by chemical coupling to a carrier protein, for example, keyhole limpet
hemocyanin (KLH) or by fusion to a carrier polypeptide through recombinant DNA
expression, for example, hepatitis B surface antigen. The deficiency of such

“Ap peptide(s)-carrier protein” vaccines is that a major portion of antibodies

generated are non-functional antibodies directed against the carrier protein.
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(A)"(Thym (B)o-( N-terminal fragnent of A(3142 peptide)-X; wherein each A

is independently an ami no acid; each B is a |linking groupngeseedodos romthe
group consisting of an amno acid, gly-gly, (a, E-NIys,
Pro- Pro- Xaa- Pro- Xaa-Pro (SEQ ID NO 73); Each Th corrprise an amno acid

sequence thatl, copstitutes a helper T cell epitope, gg]. 3enhan0| ng
anal og or segrrent thereof (N-term nal fragnent of API- pepti is a
synthetic peptide B cell target site antigen and is a fragnent of about 10

to about 28 am no acid residues wherein each fragnent conprises EFRH of
the AR1-42 peptide or an imunologically functional analog thereof; X is
an a- COON or a-CONH2 of an amino acid ; nis fromO to about 10; mis from

to aboutﬂoﬁ{]}land ﬁlril frggéslg)s 5ﬁhéﬁ]%l§'égl]19ver[égﬁﬁ@ wgaﬁrtﬂfﬁﬁ\tehge i mmunogen  of

the prese venti fro out 100 am no acid
r esi dues, pgptrfedrminogtnoooraprining R3etuinalitgmeddof Afirianpeplisledf 1840 dfles

Pr ef erabl y, the (N-term nal fragnent 42 i de Novenbelr
2005 PCT/ BRi®ad 9"‘%8?%&'%91“?‘?‘%%}9&'”8% E“EE%H%{;&"(S‘? gé%h%%lyNos. 66- 69
and prefe relirwth fhe rSfsting of BRGI IBX | ng of SEQ
| D NGs: fgﬂgdﬁgtﬂﬁgm-gtﬁuo@smﬂ Q‘Hﬁ)pb%&;%h 38-40, 4‘7317@’51 and 52§0§S$%Pr ef erably,

mel,  n=1, N€Isd 1de B4oThe imreoaggnsidie Rvestion eligitihepradiciion; a

non- nat ur ShbiO SRt BEn BIREY Bl A PEEMIEIE I8 HGGRARsGadNE, nat Ural [y
occurrlng no acl S I NC ut are not [im E-N IyS|ne

f 3- al ani neroserBadtivievdth amylbid ptaques ummexmannm@prqv&derf@r@q@ﬁlﬁratﬁ@ t hyr oxi ne,

y-am no bu([%%;' Ce 'agyki@e Seés' gﬁ%wrﬁgﬁéﬂeukraﬁzaﬁgﬁoﬁﬂg sblubfe ARAEHYE | Y-

occurrlng I nine gl ne, aspartlc aci d,

cyst ei ne, (ghisd Athé bakin dThed, tHeiminehogeh st lhmq;remrﬁinvdnmm |S|Lsefuda1mr:| ne,
| euci ne, |ysine, met hi oni ne, phenyl al ani ne, proline, serine, threonine,

trypt opharﬁfe\tey‘ﬁiﬁgiaﬁétfgﬁw‘gﬂ line. when mis greater than one, and two or
nore of A are am no acids, then

[0041] The helper T cell epitopes (Th) useful in the invention comprise
multiple class Il MHC binding motifs. Specific examples of Th covalently linked to

an N-termina! AB.s2 peptide fragment are provided. The results of anti-sera from

animals immunized with the immunogen peptides of the present invention
demonstrate that potent site-directed Ap peptide reactive antibodies are

generated, in a genetically diverse host population.

[c042) Generally, the synthetic immunogenic peptide of the present

“invention are approximately 20 to 100 amino acids long and comprise:

)] a helper T cell (Th) epitope selected from the group
consisting of SEQ |D Nos: 110 64;

(i)  an N-terminal fragment of AB.... peptide from about 10 to
about 28 amino acid residues wherein each fragment comprises

EFRH of the AP, peptide; and

(i) optionally a spacer consisting of at least an amino acid to

separate the immunogenic domains.

[0043] Preferably, the N terminal fragment of the AP, peptide is selected

from the group consisting of SEQ D NOS: 66-69 and an lmmunologlcaliy effective
-17 - '




each am no acid may i ndependently be the sane or different. (A" may

include a spacer, e.g., Ay-dy, c-N Lys. [0046] B is QS?\B@&E‘S 3351 s an
am no acid which can be naturally occurring or the non-natu Ty occurring

am no acids as described above. Each B is independently the sane or

di fferent.ywdlhigasgno acids of B can also provide a sSpaGRiyudeyfe; A Y-QY,
E-Lys, or lysine between the prom scuous Th epitope and t'FuU N-term nal

fragnent of A0142 peptide (e.g., SEQ ID NGs: 66-69) or an inmunol ogically
functional analog thereof. In addition by physically separating the Th
epitope fromthe B cell epitope, i.e., the N-termnal fragments of API-42
peptide or its immnologically functional analog, the Ay-dy or E-Lys
spacer Cana;d;ksgtmteofafmea”htpebm Isadovalenwmmctheuq eitite tesNe pe@t ed by t he

f the Th d
| s muncetgrea o 4 eReE NIkttt AP erer B ERbaAlvall 2 T PR e

bet ween th a{@r@g/ Cly- §|ycgj|\1 Lysgsponses The amno acids of B can also form
a spacer |ch acts as a flexible hinge that enhances separation of the Th

and the N-term nal fragnents_ of eptl de Exanpl f uences
encodi ng fT'é@(P%H"E’eHmWQQ?Q“P&JA{FW“H“ﬂ @pf?ﬁ?ﬂwyoﬁ?ﬁgeﬁ%lgww hai n hi nge
region. Flgxihlae hi nge sequences are often proline rich. One particularly
useful flexible hinge is provided by the sequence Pro-Pro-Xaa-Pro -19 25

Noverber 2005 WO 02/ 096350 PCTI US02110 Xaa- P SEQ | Q. NO 77), -where Xaa
is any amino acid, &fW (Er'éf®ﬂéﬁf%9“maf‘ggw |dtr‘j‘? (é’)ﬁgﬂi‘)ﬁ%& mat i onal

separation provi dedrsRY (7 E R-tBFhidS & gn%npgfﬁm Lspepiegxef fici ent
"he Pt ese

i nteractions betwee ted peptide inmunogen and the appropriate
Th cells and B cells to enhances the inmmne responses to the Th epitope
and the anwhbwdly-eliciting epitope or their inmmunol ogically functional

anal ogs. [00471 Th ig g S€ Egﬁﬁa{tggﬁmng%ﬂs (natural or non-natural

amno acids) that conprises tope. A Th epitope may be a continuous
or discontinuous epitope. In a discontinuous Th ep |to$ not every ani no

acid of Th is necesdghp isg linkinggroupeeledpd HAMARGIIY R onsisiEgEhBn t her eof |
s capabl e of  enhangling s0fy ShigIa4 Ry Pro PRIXaIRENRSET GECD

N-term nal fragnent
NO:73);
Each Th comprise an amino acid sequence that constitutes a helper

T cell epitope, or an immune enhancing analog or segment thereof,

(N-terminal fragment of AB14: peptide) is a synthetic peptide B cell
target site antigen and is a fragment of about 10 to about 28 amino
acid residues wherein each fragment comprises EFRH of the AB.az

peptide or an immunologically functional analog thereof;
X is an a-COOH or a-CONH; of an amino acid ;

n is from 0 to about 10;
m is from 1 to about 4; and
o is from 0 to about 10.

[0044] The peptide immunogen of the present invention comprises from
about 20 to about 100 amino acid residues, preferably from about 25 to about 60
amino acid residues. Preferably, the (N-terminat fragment of AP, peptide) is
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peptide. Th epitopes that are i munodom nant and prom scuous are highly and

broadly reactive across ani mal and hunman popul ati ons w ' hyer gent
WMHC types (Partidos et al., 1991; US 5,759,551). The T%bg\giv%g%ée“gpyt he
subj ect peptides is about 10 to about 50 am no acids, preferably from
about 10 tpoaheise 30 ami no acids. When nultiple Th epi tRRazeS{e8o3Pr €SENL
(i.e., m2), each Th epitope may be the sane or different. A Th segnent
conprises a contiguous portion of a Th epitope that is sufficient to
enhance or stinulate an inmune response to the N-term nal fragnment of
Apl42 peptide. [0048) Th epitopes of the present invention include those
derived from foreign pathogens including but not limted to those

exenpl i f i ggletiBd Tkl @elroHEnsisindlos SEQAD) Nos=btGieand fiefeepbly tgeth i ncl ude
i deal i zed artif.cial

Th and artificial. 1deald comhi na i-al, dh
di scl osedePHPPFECS 99%8@93’?""&%@ GPUR EPSRNG qqggﬁja@fgoﬁ‘ gg'qsé%g'I%EiN%s 22- 64.
Pepti des 9@My_i§i4¥ds T anbPEUOH eerably, @€, peodarabo=1 6i 2l t aneously in a
singl e solid-phase peptide synthesis in tandemwith the N- term nal

fragment of 142 tide, A and B.. .The Th epj I i
i munol ogl@43)y fuﬂ@ﬁ?%gzsﬁs aﬁﬁ&?'%@“?HEP@O’?Q”'&%@?%S%(%%‘F@&; Sgﬁt\t}%ﬂy
subst i t ut peRsring agid 4Q8SNoAekRirallynscanthgiansiae acids indiue, birarefnot r om one to

about 10 ami no acid residuyes as long as . the Th-stinulating function has
not been Bauest 0.4 rsifisabraieine. oothae, RIS TN RIIES

PCTI US021 302931 Q040 o lbriiGicrl RbieLéMmd ebilif8 andlthd fies MMy on, the Th

epitope is” coval'ently attached through a spacer B to either the N term nus
or C ter montgriod antifeadids mchidealanireagraginine ofspALine: @EPadc 8cidan

i mmunol ogi cally funct.i onal , ] o AN nal agical uncti onal
anal og of % %8‘%2 Q@P lﬁgf%f Q@Sa%ﬁ‘?‘ @Jﬁ%}ﬁ-@é 'ﬂ'”ép'éf)’@g@arr’gg&’g%" %{ri]és'e

conser vat inv@hiduhel phetiyiaasne, adding] serine, tetatinartyptaphan; ygsineiantgs of from
one to about four am no acid, residues, as [ s that are
cr ossr eactVAURE- WP fhig QA‘?)aiﬁr hBR Bl t&"roeérg'ﬁlc?fg%?é‘oé.w% Exﬁno é@?\%‘gﬁéﬁt i ve

subst i t ut iRRR anffl btit oRsy inadskrideaty beé thessanamobdiffereab i) insdyeidchaied  nat ur al
or non-natural am ng aci ds as defined above. 10050] The preferred peptide

i munogen$Pacet: Bids: GHeMesYlYSre those conprising the N-terminal fragnent
of the A 31-42 peptide fragnents selected from

[0046] B is a spacer and is an amino acid which can be naturally occurring
or the non-naturally occurring amino acids as described above. EachBis
independently the same or different. The amino acids of B can also provide a
spacer, e.g., Gly-Gly, s-Lys, or lysine between the promiscuous Th epitope and
the N-terminal fragment of A4, peptide (e.g., SEQ ID NOs:66-69) or an
immunologically functional analog thereof. In addition by physically separating the
Th epitope-from the B cell epitope, i.e., the N-terminal fragments of AB1.42 peptide
or its immunologically functional analog, the Gly-Gly or e-Lys spacer can disrupt
any arlifactual secondary structures created by the joining of the Th epitope with
an N-terminal fragment of A4 peptide or its immunologically functional analog
and thereby eliminate interference between the Th and/or B cell responses. The
amino acids of B can also form a spacer which acts as a flexible hinge that
enhances separation of the Th and the N-terminal fragments of AB2 peptide.
Examples of sequénces encoding flexible hinges are found in the immunoglobulin
heavy chain hinge region. Flexible hinge sequences are often proline rich. One
particularly useful flexible hinge is provided by the sequence Pro-Pro-Xaa-Pro-
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the group consisting of SEQI|b NGs: 66-69 or an i munol ogically functional

anal og thereof; a spacer (e.g., Ay-dy, s-Lys); a Th e@% PENSEhegs ed from
the group consisting of an HBS Th (SEQ ID NO.1); HBr, T N?SEQ I D NG 20);
MF Th (SEQ ID NCS: 8, 9); PT Th (SEQ ID NGs: 4, 5, 7), TT Th (SEQ I D NGs: 3,

4, 6); CT ﬁ@g{g I D NGs: 12, 21); DT Th (SEQ ID NO 13, pl4lseMyiozTh derived
artifici al‘;ﬂm fse gct ed fromthe group consisting of SEQPIé 0s:398”’-40,

47-51); HBV Th derived artificial Th selected fromthe group consisting of
SEQ I D NOS: 52-54. See Tables 1 and 2. 10051] Peptide conpositions which
contain a cocktail of the subject peptide imunogens with two or nore Th
epi topes may enhance i mmunoefficacy in a broader popul ation and thus

]provi de aﬂai[all’ﬁb(w&d lbmne),gamme isis)\wahﬁi]cné\(aaﬁﬂi,d:mpm@ablgespanﬁd their
ragnents. [00521 The pepti de i mrunogens this. inventian be made by
chemi cal . acidy fhgeon FmBLonh SRR RIPKOa@ PY e dTie A58 oL Bheittils, y skilled

artisan. Seee effRlent AXGERIdRs behvidehsthe prédlented Prpli@immunopefyaidtbei ¢ Pepti des:
A User's uide, ed. Gant, W H. Freemarh& Co., New York, NY. 1992, p. 77.
Hence, pepPP@esateath erlls apdhealis Je aniancrg BRI FRRYULPCRA? 15 TR

Lechni quegpfinsald thellhisu/sURAg Epopibt theiriEmandbGicaaLaciond! by ei t her
t-Boc or F-nobc chemstry using Side chain -21 25 venber 2005 WO

02/ 096350 2Pa@lof&)S02/ 10293 protected ami no acids on, for exanple, an Applied
Bi osystens Peptide Synthesizer Mdel 430A or 431. Preparation of peptide

construct gg ri sifigis £EuHveNas 6f Arftinoldclicanatups Bt heteRatlie afinepi t opes can
be acconpl'i shéd by providing a mxture of altgénative am no acids for

coupl i ng &cids) that eempsasebl e epinpet ifhh SAFIRSG MY BRAIGIENRESIDI y of the
desi T ed PERLbfidIRUBAES: In'distdiinlobsSTH EGRIROnotR4eRT SHRG doit oftRNdar d

procedures to cleave the peptide flromt e resin and _debl ock the functional
groups on is hecessanyo /th €pkonte ot AR PAR0Y PhBaghert el ifecarableRfrifi ed by HPLC

and char ac%ﬁéhéﬁgopgtﬁ'ﬁ@ﬁﬁﬂg%l |r?(munf\é)¥es§59§g)do%e Wteﬁ’ﬁﬂ&ﬂqra%%é%t ofAglysis or by

sequenci n&. rcatl characterization nethods for peptides are
vel | knowpebad@nth ebiteedi thatrare drkinuhodeminhet andtprof3083]s Tledighlyrandgen of the
present | %‘fgg&d, (r)enacrtlsr\? agrlogg artl)i(ran Bhe %r%gn %gpglaﬁons with widely divergent MHC

types (Partidos et al., 1991; US 5,759,551). The Th epitope of the subject

peptides is about 10 to about 50 amino acids, preferably from about 10 to about

30 amino acids. When muliple Th epitopes are present {i.e., m > 2), each Th

epitope may be the same or different. A Th segment comprises a contiguous

portion of a Th epitope that is sufficient to enhance or slimulate an immune

response to the N-terminat fragment of A, peptide.

[0048]  Th epitopes of the present invention inciude those derived from
foreign pathogens including but not limited to those exemplified in Tablé 1(SEQ
ID Nds:1-21). Further, Th epitopes include idealized artificial Th and artificial
idealized combinatorial Th disclosed in WO 99/66957 and listed here in Table 2 as
SEQ ID Nos 22-64. Peptides comprising combinatorial Th are produced
simultaneously in a single solid-phase peptide synthesis in tandem with the N-
terminal fragment of AB_42 peptide, A and B. The Th epitopes also include
immunologically functional analogs thereof, having conservative substitutions,
additions, deletions and insertions therein of from one to about 10 amino acid

residues as long as the Th-stimulating function has not been essentially modified.
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branched pol ymer by synthesis of the desired peptide construct directly
onto a branched poly-lysyl core resin (Wang, et al., S¢4§RB¢&nbet28d5
254: 285-288). [0054] Alternatively, the |onger synthetic peptide inmunogens
can be synthesized by well known reconbi nant DNA techni ques. Such
techniquegwﬁ%gmME%OV|ded in well-known standard manual s ppiphRefRsal | €d
protocol s 0 construct a gene encoding a peptide of this i1nvention, the
am no acid sequence is reverse translated to obtain a nucleic acid
sequence encodi ng the am no acid sequence, preferably with codons that are
optimum for the organismin which the gene is to be expressed. Next, a
synthetic gene is made, typically by synthesizing oligonucleotides which
encode thgofgyit i de RnAe apth&RGEpELESE Y thisamintion, thé Th mdmlary The
synthetic genée is inserted in a suitable c vector rgpsfected
%@E@G%

into a hogoveleplly BWEB%PF%%SB""?%,B&O&‘B? (RGP L i ?%P'és condi ti ons

appropri a hid81 £54rR& 2 AB XD PEStRIest awmhmrm@ctanrpﬁmcu&mepapgu de is
purified gﬁ% eér act e% zed byssfgnglard met hods. [0055] The effi cacy of the

pepti de cangresi.tAnimminelhgicplydueaionaranaing A thedrermyaaldgoment ¢

in ectln an_aninmal, for_ exa no enlc
compos! ¢ L aePR B orgPs ARy By iR Bugitbiel dBRiichEBINO0CN L o\
NOS: 70- 75.inddifoi/efdfomh ohetautsout Erpantme acd tdsgluls s longas m‘immﬁrent of -22.

25 Novenber 2005 V\D 02/ 096350 PCT/. 0293 AR112 d the soluble
AP142 pept'PEROMEE ¢ ggo‘gareagtwge\ylhjﬁ?\ é\ t'g??larepeqie cfﬁg?%r ocedur es used

s provi dedisBlice & Eﬁ%‘f‘iﬁ‘tn@ﬁs hRRbRO SIaWwhscHRNS Gl binaicbmpligrgaath of t hi s
|

i nvention prov de conposi tion cog£r|5|ng an i munol ogi cal |y
ef fecti ve ratowhor adn- oﬁérabnawm@c ag gefingd b i munogens of this
invention in a pharmaceutically acceptable delivery system Accordingly,

the subje ﬂotl deTﬁngPé%‘éfrédi Qth%ﬂn%nBQéMfahedw\&ﬂtlan wachbse using
phar maceut

t t t
P out i mol y. apsRaIe LT FAUNED! & ook P Eepsc TS SEREes TS ba ent s
that can 0@@ rg#s&;sica&léﬁab%gbugfmmee @e’@gaﬂwwaﬁm@@mmmﬁohmrs i ncl udi ng

alum lip 1, enul si gen nonophosphyryl lipid A
(MPL), pol amlo@ﬁteeeofsﬂspwm gMGily- @ﬂu c%Ly%@Th eplmelqm@mém | SA 720 as
wel - as the O Rhsisting of an HB, Th (SEQ 1D NO:1); HB. Th (SEQ ID NO:20);

MVF Th (SEQ ID NOS:8, 9); PT Th (SEQ ID NOs:4, 5, 7), TT Th (SEQ iD NOs: 3

4, 6); CT Th (SEQ ID NOs:12, 21); DT Th (SEQ ID NO:13, 14), MVF Th derived

artificial Th selected from the group consisting of SEQ ID Nos:38-40, 47-51); HBV

Th derived artificial Th selected from the group consisting of SEQ 1D NOS: 52-54.

See Tables 1 and 2.

[0051] = Peptide compositions which contain a cocktait of the subject peptide
immunogens with two or more Th epitopes may enhance immunoefficacy in a

broader population and thus provide an improved immune response to the APz

peptides and their fragments.

[0052]) The peptide immunogens of this invention can be nade by chemical.
synthesis methods which are well known to the ordinarily skilled artisan. See, for
example, Fields et al., Chapter 3 in Synthelic Peptides: A User's Guide, ed. Grant,
W. H. Freeman & Co., New York, NY, 1992, p. 77. Hence, peptides can be
synthesized using the automated Merrifield techniques of solid phase synthesis

with the o«-NH; protected by either t-Boc or F-moc chemistry using side chain
' -21-




ef ficaci ous adjuvants and enulsifiers. The conposition may be fornmul ated

for inmrediate release or sustained rel ease. The conposhtiNgYediBet 28b50 be
formulated for induction of systemc inmunity, e.g., by entrapnent in or
coadm nistration with mcroparticles. Such fornmulations are readily

avai |l abl e y@ofid8spf ordinary skill in the art. [0057] Tognsiangnagens of
the present invention can be adm nistered via any conventional route, such
as subcutaneous, oral,. intramuscular, parenteral or enteral route. The

I munogens can be adm' nistered in a si ngl e dose or in nultiple doses. A

sui tabl e i mmuni zati on schedule is readily determined and available to one
of ordinary skill in the art. [0058] The peptide conposition of the present
i nvent i on ewBledsesing Acidefdng edr ie)(anﬁlﬁpamApmfed(BiesymtemSJPeptﬁfe t he pepti-de

f th t t | | t abl
o s Mo oot S5 P&l B BOBER ST b BEREP LT
cont ai ns abprtindlodal 1Behry geamstfoﬁﬂﬁelﬂto@és the be agtampigaad pg prouifitmdy wei ght .

When delivered in nultiple doses, the effective b convenlently
di vi ded penixtise galternptive aginogeidsiorcoupling 13 9iyen "%ﬂf’g)ge p‘g'salé) gﬂﬁ 025-0.5

per kg body ét@@sseﬁ{ ﬁ;&rtﬁghé's:fbd% fdPRimitbgeh, thed¥sinirgdiéd of the pepti de
| mmunogen |s to be adm™nistered by Injection, preferably -23 .25 Novenber
2005 WO ozameﬂﬁthnwcﬂrq@g@&tﬂ@b&ﬁ%ﬁ@ﬂ%ﬂ“p? fromghe 66 28Y r epeat

(boost er) RhuAB b anR5 88 sidd drleirde Rt Ribephie Roe, v ght
and genera‘?%g&]tﬁ%f&}&'? | ect %s? 'S é&&su novv:w in trherb\?tgcm ne and

t her apeut i puriieti oy rﬂmg]\d’ﬁharactﬁnme@blpemj@ﬁ@'é/ &fr exp@piey RY AENNQAGHD| - 42

pentide | oge RSy SA A PPN bl Ehi Bl L ARSI BB 1 1 07 on

e type escrl gan et
(Vacci ne, 3@Sdel Howibd-oné/df)ardifidng skllfmuth\egpafhs can be encapsul at ed W|th or
w t hout an adjuvant in biodegradable mcroparticles, to potentiate inmune

responses, @Eghggspr@}?dgﬁnu&d gﬁoﬂﬁ@t rQAén@F\vEﬁﬂlcﬁﬁﬁs 59:5 b%%éﬁé;@@‘és%r

periodic r dral mnrstratio Hagan al., 1991
and, El dri Hgeckéd ﬁblymeiﬁgbyntheszs EBmeZiQA)red pm@e]comhtgmﬂ direrélmwgo axanpl es are

provided tg Ll hasbofhTeyt 0Sre (RYRMNLRY: etEhGSwence 1991; 254:285-288).

[0054] - Alternatively, the fonger synthetic peptide immunogens can be
synthesized by well known recombinant DNA techniques. Such techniques are
provided in well-known standard manuals with detailed protocols. To construct a
gene encoding a peptide of this invention, the amino acid sequence is reverse
translated to obtain a nucleic acid sequence encoding the amino acid sequence,

| preferably with codons that are optimum for the organism in which the gene is to
be expressed. Next, a synthetic gene is made, typically by synthesizing
oligonucleotides which encode the peptide and any regulatory elements, if
necessary. The synthetic gene is inserted in a suitable cloning vector and
transfected into a host cell. The peptide is then expressed under suitable
conditions appropriate for the selected expression system and host. The peptide
is purified and characterized by standard methods. )

[0055] The efficacy of the peplide composition of the present invention can
be established by injecting an animal, for example, guinea pigs, with an

* immunogenic composition comprising peptides of the invention. See, Table 4,
SEQ 1D NOS:70-75. The humoral immune response to the N-terminai fragment of
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scope of the invention is not to be [imted to the specific peptide

I munogens and conpositions provided. The exanpl es denpysihahberlpas t he
pepti de i nmunogens of the present invention are useful for eliciting
site-directed antibodies to both ARL. 40 and AOl.14 fragnents as well as
CroSs-reagg | bodies to sol uble AOl.42 peptides as Se1d Weeks

i rer tho oK o Ton. EXAPLE | TvieaL- NETrEEL B AR e 7B Ao
PEPTI DE | MMUNOGENS OF THE PRESENT | NVENTI ON [ 0061] Peptide i mmunogens
listed in Table 4 (SEQ I D NCS: 70-76) were synthesized individually by the
Merrifield solid-phase synthesis technique on Applied Biosystens autonated
pepti de synthesizers (Mdels 430,431 and 433A) wusing Fnoc chem stry.

Pr epar at i &, afpepbige aoéthensalubiyAfs.pepiide aiergonitored ndidetailgd dgpcriptiBhary Th,
i.e., idealjzed artificial. Th site such as MFE der.i Th1-8 (SEQ ID

NOCs: 38- 40??‘%05%&%%%8 'P?ﬁ%’bda&'ng?%erﬂ?"ﬂlﬁsEeﬁ%&exor ' of the desired

am no acids for chem cal coupling at a given position as specified in the
desi gn. ~49058] conpAettberaspentdfthiefintehtionlpsivided apeptite epmphsitieresi n was

treated according ta_ standar ocedure ' tr) 0 ev.acid to

cl eave t hECPBHER é“’f'mﬂr\oﬁ’g'ﬁaﬂ%gﬁeagﬁ%’"}?é‘@?ég%et#e'f"!f#}o fi@{ﬁ%ﬁgrohps on the

1231 ot msol s e ey
.extracted and washed peptides were purjfie an

char act er iF684RO Yr'ég% S“@ﬁéd’t@%?‘?’?”‘gﬂ@ow %‘?%”BH%E%J EI‘—?P?&BP MPLE 2

EVALUATI O\sfefe pdrmiabAbANaYEMN ehibiieCdjivinté\caR R bbiheMughddignes OF THE

PRESENT | NVENTI ON 10062] AP-deri-ved peptide i nogens re.e uated on
groups of roglineheamploysd Hsthe ferEmuigtion Qf?’a??i'éese%? 'a!ﬂf\gﬁmﬁ#'ﬁ &3bn

protocol Qi hddugd tﬁ@ﬁﬂ\é/nu&me@ﬂj&@h@&@nﬁﬂéiﬁé}g$rasr§di:ﬁg)aludeni§wgfnpation of
I mmunogeni city. Standard Ex

. erimental Design: | muno en§: (1) i ndividual
pepti de i raepadigeRquaeng, 2124 emulsiger manopberpNYFhliRE %‘g’lﬁ“r d%O_'Y Bgens
80, QS21, Montanide ISA51, ISA35, ISA206 and ISA 720 as well as the other

efficacious adjuvants and emulsifiers. The composition may be formulated for

immediate release or sustained release. The composition may also be formulated
for induction of systemic immunity, e.g., by entrapment in or coadministration with
micropartiéles. Such formulations are readily available fo one of ordinary skill in
the art.

[0057] The immunogens of the present invention can be administered via
any conventional route, such as subcutaneous, oral, intramuscular, parenteratl or
enteral route. The immunogens can be administered in a single dose or in
multiple doses. A suitable immunization schedule is readily determined and

available to one of ordinary skill in the art.

[0058] The peptide composition of the present invention comprises an
effective amount of one or more of the peptide immunogens of the present
invention and a pharmaceutically acceptable carrier. Such a composition in a
suitable dosage unit form generally contains about 0.25 g to about 500 g of the
immunogen per kg body weight. When delivered in multiple doses, the effective
amount may be conveniently divided per dosage unit. For example, an initial
dose, e.g. 0.0025-0.5 mg per kg body weight; preferably 1-50 ng per kg of body
weight of the peptide immunogen is to be administered by injection, preferably
-23-



as specified in each exanple. Dose: 100 jig in 0.5 nmL per immunization

unl ess otherw se specified Route: intranuscular unl esszyhggéﬁ%égo ecified
Adj uvants: Conpl ete Freund' s Adjuvant (CFA)/ Inconplete Adjuvant (I1FA); or
water in oil enmulsions unless otherw se specified. CFAIIFA groups received
CFA week I.h subsequent weeks. Dose Schedul e: O, eks or

ot her wi seg‘é‘b‘g“?ﬁs@d. Bl eed Schedul e: weeks 0, 5, 8 or g%@rg(g]mﬂgzeg\ggpecified
Speci es: Duncan-Hartl ey gui nea pigs or otherw se specified Assay: Specific
ELI SAs for each imune serums anti-peptide activity. The Solid phase
substrate was the ASS peptide fragnent e.g. Al14 or full length API-42 (SEQ
1D NGs: 67 and 65). ‘Bl ood was, -25 25 Novenber 2005 WO 02/ 096350 _

PCTI US02/ }Qa9iuseaiahig GblslvaNgly RipREEGSEEer) Bbseseirakimilanamsitntr @bspgéor to

ELISAwith the target peptides. [0063] The i noy.e cti.viti“E‘% of the
ant i bodi ewvilbfierandean the #oRsweight qrgel hea'HHOQB%FH@FC 'S S5 BPEI APL142

pepti des \Maﬁ% %%Eﬁé%ﬂ%r@ﬁtﬁk‘% (enzynme- |inked i mmunosorbent assays)
: !

usi ng 96-we at bottommcrotiter plates which were coated with the
A0142 peptide fragments, SEQ I D NGs: 67 or | Mmunosor bent .

; 65 as the .
Aliquots (QQRPIL) of TheEPERg f%&oi‘?ﬁﬁlfﬁ%ﬁwﬂé%ﬁctﬁah‘ﬁhp%ﬁhdﬁ IMEWRCEARTS ati on of 5

pogf mL wer %ah{g)céggﬁpcsggfb?r%e:{wm%mﬂbg g‘i{%pgg]g i%raé@ﬁiogﬁqrﬁdaﬁé ocked by anot her

i ncubationa our "W t tin/ PBS solution._ The bl ocked
pl at es wemsickdpartictisicd theatype deseribelddy @Hegaseld). (VACPigaot Y 08~ of the

test inmmu e .startin |t ' Lt H Tk Q1 b i lution

buf fer ang%?'eﬁl?'gprhugéeqﬁ"glc\g&iqéu%céﬂéﬁ%ﬁgwgg%)'{ngR!-'bt\E/lve%e d é‘g'r{jo the peptide
coat ed pl afictegrdduble picad@stivies,do poteotiatt édmioe raspoeoses, and3g provids064] The

pl ates were washe ix tinmes wi,th 0.059 r fern. 100 pL of

hor ser adi §H“‘?58?'§58q'8§§%e?%30r%r 885%'8389 gﬁﬁi@?ﬁ%&ﬂ‘@?@é bée%ﬂb{rg?:fgmt i body was
added at apphiRRrbedre (CiHagahen el | 1exdoand) Edrelgdiet at | 18918 287-29osphat e

buffer containing 0.5M NaC, and normal goat serun). The plates were

| ncubat ed {BBEO}I The following examples are provided to illustrate the invention. The

scdpe of the invention is not to be limited to the specific peptide immunogens and
compositions provided. The examples demonstrate that the peptide immunogens

of the present invention are useful for eliciling site-directed antibodies to both AB1.
10 and APBs.14 fragments as well as cross-reactive antibodies to soluble Afi1.42

peplides as early as 4 weeks after the initial immunization.

EXAMPLE 1

TYPICAL METHODS TO SYNTHESIZE
AB PEPTIDE iMMUNOGENS OF THE PRESENT INVENTION

[0061] Peptide immunogens listed in Table 4 (SEQ D NOS:70-76) were
synthesized individually by the Merrifield solid-phase synthesis technique on
Applied Biosystems automated peptide synthesizers (Models 430, 431 and 433A)
using Fmoc chemistry. Preparation of peptide immunogens comprising a
combinatorial library Th, i.e., idealized artificial Th site such as MvF derived Th1-8
(SEQ ID NOs:38-40), can be accomplished by providing a mixture of the desired
amino acids for chemical coupling at a given position as specified in the design.
After complete assembly of the desired peptide, the resin was treated according to
standard procedure using trifluoroacetic acid to cleave the peptide from the resin

~ and deblock the protecting groups on the amino acid side chains. The cleaved,
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hour at 37C before being washed as above. Aliquots (100 L) of o-

phenyl enedi am ne substrate solution were then added. ThesepkanbManos! | owed
to develop for 5-15 minutes before the enzymatic col or reaction was
stopped by the addition of 50 L 2N H2SO4- The A492nm of the contents of
each wel | ina plate reader. ELISA titers wer ed based
on |inear "f\gg‘?@%ﬁon anal ysis of the absorbances, wt h%&wsﬁﬂ‘%ﬁf%f m set
at 0.5. The cutoff -value chosen was rigorous with the values for diluted
normal control sanples being | ess than 0.15. 25 Novenber 2005 WD 02/ 096350
PCT/ US02/ 10293 EXAMPLE 3 CHARACTERI ZATI ON OF THE RELATI VE | MMUNOGENI ClI Tl ES
OF ML42 AND I TS N- TERM NAL FRAGVENTS FOR OPTI M ZATI ON OF DESI GN FOR

S| TE- DI RE@kfrarted SmH?E.FaEhE}IEmeSEQu@(mbﬁfﬁdcbmwmﬁd[chaﬁﬁﬂerﬁed besnaps a tot al
synthetic VaCCI n % ener tes jgh level of high affinity antibodies
agai nst t FB®% eWIet oss-reactivity to the soluble A0142
pepti des and the pI aques in the brain of AD patients, the relative

i mmunogenicities of A0l 42 and it EXAMBLEZnal fragments were characterized
initially. In order to determne the reI ative imunol ogi cal properties of
the various regions GEMALUA ':!.Lu‘ NOGEMQIHY 2F uvant swtabl e for
human use, Dt i H
i nmunogenicities of Aj 31- 42 peptl de and an N-term nal fragnent t her eof ,

Al 28 wer q0egRipar edAp-Hedvedpeptoigamineinbgensweaieeveluatedwars gropslott ed accor di ng

oo es Seset bed B e AR et S0 g Lo o be

| MTUNOS UP HrRSs stifolobichi dbsGyd Rir dbramhinktiog oERimATSYRARIty ( Tabl e 5) . [0066]
Subsequently, the |mTunogen| cities of APl.28 was conpared to API. 14.a

shorter N-term nal a}% §IF5 of . AO ‘% A nore potent adjuvant suitable for
human use (Montanid Al x@émﬁ"a § , FR) was enpl oyed for the
preparation of a water-in-oil enul sion for formul ati ng the vacci ne. Based
on the data obtai nbdmasogdrenm(1) niffiidual feptidesmmalragieneor nunogeni citi es
for the three AP peptides (i.e. AP1l.14, A(31-28 and Aal42) were ranked
AO0l1l-2a > APl -42 > API-14- Surpsy Si f 5 foi nal  14mer
from ARL. 42, inproved rather B?l):anar}ﬂikt\(;re Bh@qda?ﬁ%lé? pebﬁé_’e ﬂ-};ﬁ;@ﬁ&ﬂéﬁ@

as specified in each example.

Dose: 100 pg in 0.5 mL per immunization unless otherwise specified
Route: intramuscular uniess otherwise specified

Adjuvants: Complete Freund's Adjuvant (CFA)/ Incomplete
Adjuvant (IFA); or water in oil emulsions unless otherwise specified.
CFAJIFA groups received CFA week 0, IFA in subsequent weeks.

Dose Schedule: 0, 3, and 6 weeks or otherwise specified.
Bleed Schedule:  weeks 0, 5, 8 or otherwise specified
Species: Duncan-Hartley guinea pigs or otherwise specified

Assay: Specific ELISAs for each immune serum’s anti-peptide
activity. The Solid phase substrate was the AP peptide fragment
e.9. AB.44 or full length Apy42 (SEQ ID NOs: 67 and 65). Blood was:
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reduced the i munogenicity. The antibody response against A3 is primarily
directed to the N-termnal region, particularly the A(3isidvdnbsrapnal
fragment as shown by ELI SA data (Table 6). However, a further shortening
of the API-28 fragnent fromthe Ctermnal to formthe Apl. 14 fragnent

resulted i in inmmunogenicity. -27 25 Novenber 096350
B 8386 Tl

PCTI US0211 7] The short A13, 14 fragnent contain ‘
functional/regulatory site, EFRH |ocated at positions 3-6 of the APl-42
pepti de as reported by Solonon et al. The bl ocking of this epitope by
anti bodi es nodul ates the dynam cs of aggregation as well resolubilization
of already forned aggregates (Soloman et al., Proc Nat! Acad. Sci, 1996;

93; 452-455;  Pr 06 Nal 68 anSthoced 997 i M8 80904 HbRY pridhS ELMA LG ant -

AR1. 28 and AP1-42 an Ss"are directed agal ns e N-terinal fragnent
of the APl 42 pepti the target péptidesy t hi s epitope (Table 6). However, the
AOl.,4 fragnent by itself was poorly inmunogenic. The results of this

XPe | e 00 SHO9°S xhOfnALAREARENES offhel dibbAIst Bictba 2BbiraPRn pepica the

AP15. 28 s This™ "intrinsic epltope accounts t he nodest
I Munogenigiidtagamso thefdolibl@ 8 an geplids-wide detpimintsishy bLIGANsereypiggs. [ 0068]

The presence of a Th epitope in the ARLS 28 fragnent .is sirabl e.
However , ilipked ingraynesasbent @gsays) %P%gﬁﬂ"eilﬁb"f H%‘é‘?"qg"%}'tgr B%feé;n‘fh'&ﬁnunogen f or
a successf MPAGEIARS.EDNdE Aegfehst BEQN® NOSidRbi Badihea restrict ed
human W?%Icggiﬁgfmfﬁe%%er of aﬁp?ogri ate doses and the type of

@

adj uvant s impemosotbedt. f Aliquotsrdf0 pbkof e pertidsy immugeggr selutipeat 2he | i nkage of

a foreign or xtrinsi.c Th, such. as, t.h i J; QIDNOC 1)
fo the & Qprriiatanror spl e ooibR oy YR B o SR 82 | DT i
epi tope sigeikeidtiddtheraiBatsrattITecifeminegesitca 8% gdlatiitBSGahuBBnf r agment
as shown in Table 6. The antibody response to the engi neered jmmunogen

with the Afte blgckadaglaieatvere thenidied aadused & the assay. AIREPISANGY 1N ®fer i nal

f ragment epti [ : I idPh J8dh G 181 ct a
better i nﬂukﬁgeg%tr‘\m&ﬁé‘ﬁ%g%pﬁ%gz‘g‘ﬁﬁ%Qg%r?e%“%'?%omz’ﬂ P d Qg"r@m R s
pepti de i nensiolderriaSHQOE INSealler) were pddssbiottbe geplide ¢apded pliatesodde with the

formul a: plates were incubated for 1 hour at 37°C.

[0064] The plates were washed six times with 0.05% PBS/Tween® buffer.
100 pL of horseradish peroxidase labeled goat-anti-species specific antibody was
added at appropriate dilutions in conjugate dilution buffer (Phosphate buffer
containing 0.5M NaCl, and normal goat serum). The plates were incubated for 1
hour at 37°C before being washed as above. Aliquots (100 ul) of o-
phenylenediamine substrate solution were then added. The color was allowed to
develop for 5-15 minutes before the enzymatic color reaction was stopped by the
addition of 50 pl 2N H,S04. The Ayganm of the contents of each well was read in a
plate reader. ELISA titers were calculated based on linear regression analysis of
the absorbances, with cutoff Ayganm set at 0.5. The cutoff value chosen was

| rigorous with the values for diluted normal control samples being less than 0.15.
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(A)
w t

n

h A(31_28 being an N-termnal fragment of A(31-42; zgﬁoggfﬁ\@gg@er 2005
VWO 0 ce
der

2/ 096350 PCT[ US02/ 10293 B is glycine; Th is a hel per epi t ope
ived froma foreign pathogen, HBsSAg Th (SEQ ID NGO 1), and wherein n is
1, mis bé@@g%ﬂ%' 2. EXAMPLE 4 LONER LIMT OF N- TERM T OF Aft.
FOR THE IQ/JEﬁII OF Al BASED SYNTHETI C VACCI NE FOR A *Since the
mai n functional/regulatory site conprising the EFRH residues is |ocated at
positions 3-6 of the AP142 peptide (Solonman et al. Proc Nafl Acad. Sci,
1996; 93:452-455; Proc Nat! Aca. Sci, 1997,,94:4109-4112), it was useful
to explore the shortest N-term nal fragnment of A01l42 peptide as an opti nal
B cell target site on A(3 for incogpam@iieon i nto the synthetic i munogen of
the present invention. [0070] - Each of several short non-i nmmunogenic
N-term nal fragppKACTERIZRTION ORTHEFERIAUVETMMUNOGENICIIIESIOfs A(31. 10,
Ap, _, zi Apl_14p wmﬁ@NAFéRﬁmnSmA@ﬂmwtc FOR'GPTIRAEATEON OF i deal i zed
artificial ‘Hd) R Y mn_ @E%Eiawsawsmwﬁfmwammger The
engi neer ed St T ' strong adjuvants due to the

expected | @ons noq%rHe% éq%ya fBiaIrs?ﬁhéﬁ:%éccﬂaﬂhat“deﬂ@r%ﬁéhlgfﬂl@/ell bf ee

synt hetic ructs were fornulated in conplete and inconplete. Freund's
adj uvant awghtaé"wteanflmdleﬂﬁwwﬂﬂtrﬁ“i*ﬁ,uﬁﬁgéﬁ'iif&ﬁst‘ﬂ"@s" Fueess- Eﬁ?c"lﬁ'FVo‘@éB%res as

descri bed i I nmrunogens
were highl {° qvwg?e%‘?pé'd%s ?ﬁd ﬁb%g@tﬁggﬁ‘ﬁe @rg}@éfﬁrﬁ %ﬂg n%glril}liée ?aruc\)’Fn 4. 39to
5.6 [i.e. fdnddenifiestl \T;M,_Lzlbﬂdeitsymrergmarfmgsueemtarmchamtanaea he full
length A[3,-42 eptide aft only faour_ weeks f#gmthelnltlal

i muni zat | H#ialwo reordapiordessring thetrelagive ipraunlogical popegtiegrof the yaroNs 1o ang
AR _, a eactbdhdd%hl\ﬁhﬁﬁﬁuﬂ? Bfi@é"ld %ﬁ’@jadjﬁﬁérﬁtfshﬁétﬂé o RufSRQskDalb Bds  wer e
e-highly"i g

foundtob nic after Tinkage to
employed in the first study. The relative immunogenicities of AB142 peptide and

an N-terminal fragment thereof, AB1.s were compared. The immunogenicity
evaluation was conducted according to procedures described in Example 2.
Unexpectedly, ABs.os was found to be more immunogenic than the AR+ peptide,
indicating that there is immunosuppression within C-terminal fragment AB29.42

(Table 5).

[0066] Subsequently, the immunogenicities of ABq.z5 was compared to Ap;.
1a, @ sharter N-terminal fragment of Afi2. A more potent adjuvant suitable for
human use (Montanide ISA51, Seppic, Paris, FR) was employed for the
preparation of a water-in-oil emulsion for formulating the vaccine. Based on the
data obtaiﬁed as shown in Table 6, the relative immunogenicities for the three Ap
peptides (i.e. AB1.14, AB12s and ABi4z) were ranked ABrog > ABiaz > ABraas.
Surprisingly, the loss of the C-terminal 14mer from APz, improved rather than
reduced the immunogenicity. The antibody response against Ap is primarily
directed to .the N-terminal region, particularly the ABi.14 N-terminal fragment as
shown by ELISA data (Table 6). However, a further shortening of the Ap1.2s
fragment from the C-terminal to form the Af.14 fragment resulted in a loss in

immunogenicity.

-97-

(N-term nal fragnent of AR peptide) -(B)0O -(Th)e, wherein: Ais aNH2,




a disclosed artificial Th epitope (Table 7). These peptide i nmunogens were
designed in accordance with the fornmula: (A)"-(N-term na\,vagpenhoef AP
peptide)-(B)8-(Th)ym -29 25 Novenber 2005 WO 02/ 096350 PCT/LJ502/ 10293
wherein: Ais aNH2, wherein the N-termnal fragnent is APl. 10, ARl_12,
Apt-14 or -28 B is s-N Lysine, a spacer linked thr ' psi | on

am no groﬂﬁ@tﬁoggﬁﬂe next amno acid; Th is a helper T cg{éﬁmesg%@%%e derived
froman idealized artificial Th, MWF Thl-16(SEQ I D NO 51), wherein n is 1,
mis 1 and ois 1. [0071] It was found that further reduction in the length
of the NNtermnal fragnent of A(3 to less than a 1 Orer would result in
nore limted, thus wundesi-rable, immunogenicity. It appears that peptides
smal | er tmdsﬁo ami Ty st AS, @nagPealbisiaid Befrdin fentiphalteg@stogni ti on by
class 11 C ol ecul es (I munol ogy, Fifth edition, ed. Roitt et al., 1998,
Mosby | nt siteER Rindbcated al pogitiensrs-6 ohiesiiBg) pentide 25| repadedibhROIPRICS st udy of

of ' about  £°F vt nstol B st Oy bR iR Aol merencr Vi Ty

TARGETED RYgiegatiay bl WENr&sol REFFENRIECS ANANQBENMed| aggRRyaTes (SRIMRITERL., Th

EPI TOPE [ Q073 e Nnop-. 1ageni.c, N-ter m I . 1 14 of
AR pepti gjéoﬁélé’};:}ﬁcﬁaegc’eﬁ%%gtﬁhﬁg; ﬁ%rﬂgir\}f)il@/afs is‘%gq?g?xcge#g oga'?n&i‘rt ificial
Th pepti deodiesir@naitieApas MdaFih, antithd(cSE dbedted dgainstthethiteobgh a st andar d
chem cal coupling procedure to a conventiqnal rrier protein KLH The two
| mminogen ieamEnh st e mBrrideBNIAIRaITeRIoPRATaRE 6 HOMeVFiele rol ati ve
"site-dir ed; . 1 L Glt : t4 ial ;

r espect i vzﬁi"éhf(!??rb%;g}g%%? k‘l@s ﬂe{%? Y%ﬁﬁ@éégm—lr‘ sr%ﬁgsi; Ir)hflgs%ggt"?‘\%@t

carriers, .subhestané pfasened offém epirsipEh epitdphevitiirtHheddns.iscvegment. eThis  accor di ng

to the procedures described in Exanpl .. The shor.
P intrinsic Th ep?tope accounts fOII'Eﬁ'Ien;%OSGSE tmmunogemcntles of AP1.2s and AB1a2

peptides in guinea pigs.

[0068]) The presence of a Th epitope in the AB1s.2¢ fragment is desirable.
However, it is desirable to be able to engineer a more potent immunogen for a
successful human vaccine when faced with the limitation of a restricted human
MHC molecule, the number of appropriate doses and the type of adjuvants
permitted for human use. Therefore, we attempted the linkage of a foreign or
extrinsic Th such as that derived from HBV Th {(SEQ iD NO: 1) to the C-terminatl of
the AB1.2s peptide (SEQ 1D NO:66). The extrinsic Th epitope significantly
enhanced the immunogenicity of the Aps.2s fragment as shown in Table 6. The
antibody response to the engineered immunagen with the AB1.2s fragment
remained directed to the functional N-terminal fragment of peptide immunogen
(SEQ ID NO: 70) making this construct a better immunogen than the A1.ze
fragment or AB442 fragment alone. This peptide immunogen (SEQ 1D NO: 70)

represents a peptide immunogen with the formuta:
(A)a (N-terminal fragment of AP peptide) -(B)o -(Th)m
wherein;

A is aNHz, with Ap4 2 being an N-termina! fragment of APz
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A(31-14 peptide alone as a control.inmnogen, and the two i nmmunogenic - 30.
25 Novenber 2005 WO 02/ 096350 PCTI US02/ 10293 construct s suRiSehindrmabgt ed in
a water-in-oil emulsion containing the adjuvant |SA51, a fornulation that
is suitable for human use. As shown in Table 8 the N term nal APl_14
fragment Bygbdseish 1S non-i munogeni c as expected. The sylh@iieGes | MMunogen
conprising ADL 14 fragnent and artificial Th (SEQ ID NO 73) was found to
be highly imunogenic in eliciting site-directed antibodies to API-14. The
anti bodies were also found to be highly cross-reactive to sol uble ANL. 42
peptide as early as 4 weeks after the initial imunization (LoglO titers
of 4.094 and 4.126 for 4 and 6 weeks post initial imunization
respectively). Wem ishghgiineA[ 3-reactive high titer inmmune sera were tested
by ELI SA on the MVF Thl-16 peptide (SEQ ID NO 51) coated plate, they were
found to be negati : t4 1 ar 2 : nd 6 weeks
post initial i mTunﬁ?‘a’%:agﬁejté)eer;‘péegltefp\q}éﬁjgyé’%%v@%%gg%ﬁnréééﬁ%i%ﬁt ant i bodi es
wer e not produced. HixeAd@h ¢SEQHRING)aandbewein misThlh & Baod edag 2y
denonstrated the highly specific site-directed characteristic of the

peptide immunogen of the present d td @n. [ 0074] The i mmunogens with the
carrier protein KLH was found to b%@;nmr}#‘g i munor eactive with the

conventi onal pepti derfAERIGIPORIETRRMNAUSHACUENT OFEPGA0 titers of 4.903
and S 018 ! ¢l TARhEVERSERENPF bF A BASED'STIVILERC ORCENEEAIR XBI V)

However, t Cited Were only noderately crossreactive with

h
t he sol ubl 142 J A j Li ; 2.736 for 4
and 6 vveellgo'ﬁgost P%B{:% aﬂﬂ% '%rgr%m‘ﬁﬁ?ézﬁgblgglﬁggé@%%‘?é@?%wﬁrﬁﬁz FiE’:(swappr oxi mately
10X to 10@&sitessis Iddatet SFEQsHDNHGE7E. the AR xpaeptide {Soloman wépl Pae Mathrunogens

of the present _ .inventio e highly.site-diLecte cused. Only
functi onalﬁ‘i?gi ﬁ‘ﬂo?%géz%&‘@ﬁf ogfoecgﬁ?%ﬂ% %’d'ﬁé?a%‘fg@%gﬁiﬁaﬁ’%g and
di saggr egajseRitciphsie MRe shatddt Nitefmihaldtaghicag BEAB:.Qfpeplide APapeptimde ver e

generated rather than-towards irrelevant carrier sites. -31 25 Novenber
2005 B cell target site on AP for incorporation info the synthetic immunogen of the

present invention.

[0070] . Each of several short non-immunogenic N-terminal fragments of AB,
ABi.10, AB1.12, AB1.14 along with AByzs was incorporated into immunogens
designed with a representative idealized artificial Th (SEQ ID NO:51). Linkage
was through an eN-Lys spacer. The engineered constructs were formulated with
strong adjuvants due to the expected low immunogenicity of the short A
fragments. The three synthetic constructs were formulated in complete and
"incomplete. Freund's adjuvant and tested for their immunogenicities based on
procedures as described in Example 2. As shown in Table 7, all four peptide
immunogens were highly immunogenic with Logie ELISA titers in the range from
4.3 10 5.6 [i.e. 10*3 to 10%%] with very high crossreactivities to the full length APz
peplide after only four weeks from the initial immunization. More importantly,
fragments as small as AP1.1o, AB1-1z and AB1.14 €ach linked to the idealized
artificial Th (SEQ ID NO:51) were found to be highly immunogenic after linkage to
a disclosed artificiat Th epitope (Table 7). These peptide immunogens were

designed in accordance with the formula:

(A)a-(N-terminal fragment of Ap peptide)-(B)e-(Th)m
-29-



WD 02/ 096350 PCTI US02/ 10293 EXAMPLE 6 EVALUATI ON OF Al'i PEPTI DE | MMJUNOCGEN

BY CROSS- REACTIVITIES TO SEN LE PLAQJES [0075] Brains 9fnNpRiigdrizen$s W th
pl aques and tangles and thioflavine S positive blood vessels (TSBV)

contai ning anyl oid plaques were used for evaluation of cross- reactivities
to pol ynmernwg ogwasdpe pl aques of the imune sera raised i pcgiisegfey gs and
baboons agai nst Ap peptide i nmunogens. Pl agues and TSBV reactivities were
det ect ed by i munoper oxi dase staining using Avidin-Biotinylated anti body
Conpl ex (ABC) nethod or by imunofl uorescence staining using rhodam ne
conjugated Fab fragnment of species specific anti-1gG All guinea pig sera
were tested at a dilution of 1:1 00 with end point titers determ ned for
some of the sanmgiesin: All baboon sera were tested at a dilution of 1:50.
The eval uation of the imune and prei mmune sera were kindly perforned

under code by Dr. Skl 165: 245,
1987). [0076]. In Fi ngn aanifbeirSF@'gg ’ﬁ%’%ﬁ%f‘ﬁbf"a Ex‘pz Nng AD
patients were ini tloalAlﬁyzaexam ned at 14X nmagnification. Sections (a), (b)
and (C) are fromAD Brain | and (d), (e) and (f) are fromAD brain 2.

Prei mmune nornmal serum and i nmune sera. from guinea .col |l ected at 6
weeks post-initial iBhisEaN }uRine R SRECE inked dfoygh ity ﬁﬂﬂﬁ’B%’é‘? i39 BEYPOst ai ni ng
on cryostat sectiongydp aﬁ%&g&@oral cortex rich in plaques and

neurof i | anent tangles (N The 1 mune sera used in the first study shown
on slides Figures la and 1d wer e obt ai ned_fraom ani S i pmuni z W th

AP, -28 -eK- WF Thi -Ties @didpar (h qathepiors,deiyeddipm ﬁ“n%&ﬂieq/@ﬁ'@?'a Lo |

enul si on. The resul tlﬁ F%@WB%SHQ'IE)'I\@B?) Ringfding id @, MG h amariikq. pl aques and
anyl oid plaques on the thioflavine S positive bl ood vessel s (TSBV). The
cross-reactivities of the i sera raised . against ui val ent

i munogen B0%3hr ed |'hW@3fQ”I“éﬁ@t§‘H'§‘e§ﬁW?t'P‘h"’s‘th “itPHﬁ?Fz%?e nd 1d.
Unexpect edfyqmbht {A8ts han bhemiesituldreall # Merk Mhitdy, ke vacci ne

f or mul at ed V\%th | SAS1, preferential binding to the ARL. 28 plaques on the

bl ood vesseh@esur(a'ﬁ@B\mnm‘D@em@e#t\ﬁ@@ea@rth@mpé*ée%tsmall%féhla'h PAWIO t he

CFAII CFA v t he vacci ne

f or mul at edg(\%mﬁ%%?? gﬁﬂ I'S ﬁﬁﬁftefﬂﬁffgtﬁg ?’Eg%'% ;mg%ﬁ%%gﬂée% rai sed by the
vacci ne f oflmmharicdalyyi, I ifOFANCDESd. FMntteoale,rIQQBhMOSBerQ@nNmr@hb@r. Lzodsn,

pp88-89).

[0072] Based on this study of A8, the useful B cell site derived from AB142

shouid be in the size range of about 10 to about 28 residues.

EXAMPLE 6

SITE-DIRECTED IMMUNOREACTIVITY TARGETED BY THE SYNTHETIC
PEPTIDE IMMUNOGEN LINKED TO ARTIFICIAL Th EPITOPE

{0073} The non-immunogenic N-terminal fragment such as AB1.14 of AR
peptide was linked either through an eN-lysine spacer to an artificial Th peptide
designated as MVF Th 1-16 (SEQ ID NO:51), or through a standard chemical

- coupling procedure to a conventional carrier protein KLH. The two immunogenic
constructs were evaluated in guinea pigs for their relative “site-directed”
immunogenicities to Ap peptide and the resultant respective reactivity of the
antibodies towards their respective carriers, the artificial Th epitope or the KLH
carrier protein, according to the procedures described in Example 2. The short

AB1.14 peplide alone as a controlimmunogen, and the two immunogenic
-30-




WO 02/ 096350 PCTI US02110293 anti bodi es generated by the vaccines fornmul ated
according to the present invention provided antibodi ess§RglehEt@obhe
desired higher cross reactivity to senile plaques in the brain tissue.
Prei mmune serum gave no staining in corresponding serial sections shown in
slides Fi gupegosdssoand [f. [0077) Further | nmmunoper oxi dagergikauddhsdg of
serial cross sections of AD brain 1 wth prei mune and i rmune sera at

1: 100 dilution are shown in Figures 2a to 2e at 40X magnification. The
sera obtained fromaninmals i munized with APl _28-sk-M/F Th 1-16 (Seq ID
NO 74) prepared in I SA 51 water-in-oil emulsion strongly stained the

pl agues formng a pattern of cores as shown in slides Figures 2a and 2d.
Agai n, Sg@mitg:smm,f%ﬁlﬁétéﬁﬁl}}awbté%-ih-ﬂsnbﬁﬁjt%@’]{?Wiﬁﬂgm@adﬁg%mst the
correspondin A fornmul ati opn gave a different . stajni ttern in

t hat reacﬁgﬁqlt'iaégrmﬁ(fgwnﬁ[‘%ﬂﬁég't%E”%HF@Hd’r?Fnéﬁts{i‘?WBrﬂ"&ﬁ@etﬁ?g&g Vessel s as
shown in Fgilife 2b rather than with the plaques in the brain tissue.

Prei mmune serumdid not stain the sections as shown in Figure 2c. The
hyper i muAér-sdragmgst by dsitispenimmumoganic 8a expediehrizesydbeticde  al one in
CFAl | CFA, . i i r LM b M . gave a
surpri si ng‘g ‘?/B&g%% %#@?rﬁﬁﬁgﬁ%éf fr ggﬁbﬁinéd(ﬁ?lguéQE@%Eg@vﬁq Ebjﬁgﬁre 2e.
[00781 Si fedrairiciberhights inahomoygniafin Alciingsite-tirestadamivodipentd dfed Wig h 11
pool ed inmmuune and prei ne sera obtained from qujnea, pi gs i nized with
t he vari o@8tibRAigSYVRE 5%9%!‘31‘9 B‘?\S‘_gg SEPIHERCIYT t%%al‘r'ﬁf%égﬁ“z pﬁp%aﬁ. These
sera were e@h? Qs 4%@&? akterhkGhitidl MRk unBalibP A4 1{}@@@,%& Yidol@md. 136 idiar
functional-site by A(31.14 ELISA, and w th'the soluble API-42 by Aol-42
ELI SA ( Talahd 69)yeeksrpogtintiehimmuynizationaespactvely). Wihen these Ad-irpetiveshigh t est ed

inall three.a S. i {1 i {vities of
the pre-i rﬁ@@ﬁ%&ﬁ{ﬁﬁ%%?%@ggpgﬁgégg h%gg\ji%ns “H]gg@ﬁgg@lzp%g?ﬁ?e Al 14
al one f or ) abatdd ipiaté, MG Iweretfeund fo-lme hegativé fdiagm titgr E10.G28 ard 6.066w and t he
cross-reagtivities t | aques, .wer e. neagl i gibl.e, d WViLles were
Cound i ¢ fotbpnd Biveshs Brf AR WL RIATIR FelriendGRSiAe L ftdidant 2

; or rru: at eéﬁn‘tinod}ésJWeambtipmodiﬁéBl,The ai]lcath Adingd asehbw&t“éa%ieﬁ digaddyand

ormul ated in | SA51. ereas, Ssignifijcan ite- .directed reactivities to
he T uacs dsrnsiare e BEhE Sheett S-S chahferdia it ePapBa Ly Teav i
AD pat i entimiuabheh bshepressit inaatioder e found with sera fromaninmals -33 25
Novenber 2005 PCTI US02110293

[0074] The immunogens with the carrier protein KLH was found to be highly
immunoreactive with the conventiona! peptide-carrier protein conjugate {e.g. Logso
titers of 4.903 and 5.018 for 4 and 6 weeks post initial immunization respectively).
However, the antibodies elicited were only moderately crossreactive with the
soluble AB4.2 peptide (e.g. with Logo liters of 3.342 and 2.736 for 4 and 6 weeks
post initial immunization respectively). This is approximately 10X to 100X less
than SEQ ID NO:73. Unexpectedly, the peptide immunogens of the present
invention were highly site-directed and focused. Only functionally impottant
antibodies towards the anti-aggregation and disaggregation sites on the N-
terminal fragment of the Ap peptide were generated rather than-tewards irrelevant

carrier sites.
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I mmuni zed with synthetic AP /Th i nmunogens of the present invention. The

results obtained fromthese studies, therefore, dermnsgg%gerﬁ&ggbb§nt and
useful inmunogenicity of the pepti de i nmunogens conpri si ng t N-t erm nal
fragment of AD,-42 having amno acids from 1-28 to about 1-10, linked to
forei gn ThygrbhaR&s: Mreover, the results showed that ghe,dsasgnce of a
foreign Th epitope inproves the imunogenicity of the peptide | mmunogens
of the present invention to a surprising extent. The peptide i mmunogens of
the present invention in clinically acceptable vaccine formulations
acceptable to use in humans generated anti bodi es having the desired
cross-reactivity to senile plagues in the brain tissues of AD patients.
EXAMPLE 7 THE IMMUNOGENICITY OF REXPMRLIEEGS ENT ATI VEADPEPTI DE
VACCI NES | N BABOONS AS PREDI CT O? O: I MVUNOTHERAPEUTI C EFFI CACY FOR AD
[0079] A represent at i B¥AEL g IMMUNOGENBX- \VF Th1l-16 (SEQ
1D NO 74), fornul ated QBQ@BE%‘@E@MES\T@SEM@IWE dose | evel s of
25ug/ 0. 5L, 100ug/ 0. 5nL and 400ug/ 0. 5nlL were given to three baboons Y299,
X398, Xx11980G7610, 3 Bials6f Abeatientsivsthpiaguies anditanglesind thieflavinetS positive

Pre-i mmney, I \é/q?% | zation
(wpi) were Oc?glvlég%% c%%ta%ﬁ&?g@lo?dﬂacﬁtou ?)?)Or{ %gjgﬁ%éﬂg}ig%n
100ug10. 5nieatyvities lcmol)emeremﬂnﬂa pmqum; rttbe anolinég |seta naésetliinl gsindé pigs2hdand

roi rmune. SarSriceds sl e i A REER PR P TP e o el
four i mmnumdteairbyrimhmnwémxtd@bé etairﬁnb adishy Avaintal“bﬁﬁljlatfaaranhﬂmhf CéampleRody
eactiviti GBY FRMOYcabY dmsRORrB3FoRes Sioingla tig Fonemutacaeated Eeb ar 0, 5
and 8 Wi fraghBAt GsPesies 6pEdiIHidarit-BS. ol g;d\eeaamg sesflere(t8¥Rl 208ldnltioM 4 t he
senil e plagues and the plaques in thioflavine S positive blood. vessels

vere eval udt @4 Wip e']drﬁﬂﬂfd%’ﬁldﬁfeﬁ@'“&g feresomig ofde samplesnfiiebaboon setacwereot
usi ng anti thadhpein diltioh Be1 584 T%é éNQM@fm%f tﬁ’@%nm QR4 B?é%%n%@e’r%@?é 10293

antibody detector used is an Fab fragment from anti-human
recogni zes kindly performed under code by Dr. Gaskin as described (Gaskin et al J Exp Med

165:245, 1987).

[0076] . In Figure 1, serial cross sections of brains from 2 AD patients were
initially examined at 10X magnification. Sections {a), {b) and (c) are from AD Brain 1
and (d), (e) and (f) are from AD brain 2. Preimmune normal serum and immune sera
from guinea pigs collected at 6 weeks post-initial immunization were tested by
immunoperoxidase staining on cryostat sections from AD temporél cortex rich in
plaques and neurofilament tangles (NFT). The immune sera used in the first study
shown on slides Figures 1a and 1d were obtained from animals immunized with APi2s
-eK-MvF Th1-16 (SEQ 1D NO:74) prepared in ISA51 water-in-oil emulsion. The results
show significant binding to both senile plaques and amyloid pltaques on the thioflavine
S positive blood vessels (TSBV). The cross-reactivities of the immune sera raised
against the equivalent immunogen prepared in CFA/ICFA are shown in slides Figures
1b and 1d. Unexpectedly, in contrast to the resulls obtained with the vaccine
formulated with ISA51, preferential binding to the AB1.2s plaques on the blood vessels
(TSBV) were observed for the sera raised against the CFA/ICFA vaccine. This means
- that the antibodies elicited by the vaccine formulated with ISA51 is distinguishable

from the antibodies raised by the vaccine formulated in CFA/ICFA. Moreover, the
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all human isotypes and is cross-reactive with baboon | gG_[0081] Parallel
trends again were found with sera tested in all three as$f}SembA0850Wn in
Tabl e 10, pre-immune sera were negative. Mdest ELISA reactivities were
found with serumfrom ani mal X798 vaccinated with API-28 and API-42

f or mul at edwiore2/easm However, the reactivity of this serumasziweak for the
recognition of senile plaques. In contrast, significant site-directed
reactivities to the functional-site of Apt-14, to soluble A0142, and to

t he plaques and TSBV in AD patient brain sections were found with sera
collected at 8 weeks post initial inmunization fromanimls inmunized with
the representative conposition of the invention (SEQID NGO 74) at both the
100ug/ 0. 5nantikadies ggngratedhy theosegnes Brmviptedascaiding todhe presepldnyerdiont s

obt ai ned fg5 04k iam»g@og&@ma%wheheﬁeﬁfrﬁg&r crcs%%rreaatv&?t&gbfﬁ@g;a@ew ness of

t he i mmunogen of resent invention ih a vaccine fornulation
appr opr i at befbezin figaem sPrefmeunapewregavstno siainitgim sgeesronding setial sestiamo X

i ncrease i%ho%e?ﬁisii!j&sﬁ Lidofyadd 4fers to the functional -site of Ap) is very
significant 1 n conparison to the peptide vaccine of the prior art with the

I mune responsiveness in baboons closely resenbling that of humans. [0082]
Sinilarly, [087f xt ur Fuebat mmunppefasisase stare@oksaiieheose seetienn 6heRLral 1t he

present 1})3@38}%@1@ 0 iteRAelsBFa H0F 18 RutioN al L RDWAR HiglRSs 84 1d @ about

25 to per dose to elicit functional anti-Al3t_t4 antibodies in
genet i cal | §0XIimagnificatidtufise setpefitainedfremfagimals dnpuaized wWibrAfangeK-MMEE Abnt  of

AD. Broad | 0 LG LN _humans. i S, expect e ue.to pLe e of a
prom scuou qgﬁgeaglﬁt'\g?izx) Wef)ﬂrggg%% @gw%&mg@gﬁugﬁm#@%Wéﬂﬁ?@ﬁ‘% hat
provi des f plagaedioavingta pattemchfkbkesraachgwhiin siidesI5guvey 2ataad 280 Ggain)
02/ 096350 [0083] ,Table.1 PCTI US02110293 Pat hogen-deri ved Pram T
el per ol PUTBE PaeS g WEbEER TS {6 PP o HO A A o ssnansite SEAMB A res
ThaFFLLTRI {oihBRBbREaPT a diftediiisRittihy Matdyh i idRABRER VDY Rgldslwere
ThaKKQY! KANSKFI 3 TEL3 - N
predominantly on the blood vessels as shown in Figure 2b rather than with the
plaques in the brain tissue. Preimmune serum did not stain the sections as shown in
Figure 2c. The hyperimmune sera generated by immunization with Apy.42 peptide
alone in CFAVICFA, despite its strong reactivities with ABs.2a by ELISA, gave a

surprisingly weak staining pattern in the section shown in Figure 2e.

[0078] Similar immunostaining of AD brain tissue was performed with 11 pooled
immune and preimmuné sera obtained from guinea pigs immunized with the various
vaccine formulations described in Examples 3, 4 and 5. These sera were also
evaluated for their antibody reactivities with the functional-site by ABy.14 ELISA, and
with the soluble APz by AB142 ELISA (Table 9). In general, parallel trends were
found with sera tested in all three assays. As shown in Table 9, the anti-peptide
reactivities of the pre-immune serum and the sera raised against the short peptide
Ap+.14 alone formulated in ISAS51 water-in-oil emulsion by ELISA were low and the
cross-reactivities to plaques were negligible. Modest reactivities were found with sera
from animals vaccinated with AB1.2 peptide alone formulated in Alum and in ISA51,
and AB1.14 conjugated to KLH and formulated in ISA51. Whereas, significant site-
directed reactivities to the functional ABy.14 site, to soluble Ap, and to the plaques and

TSBV in AD patient brain tissue sections were found with sera from animals
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TT2ThaKKFNNFTVSFW.RVPKVSASHL4 PT, aThaYMSGLAVRVHVSKEES TT3
ThaYDPNYLRTDSDKDRFLQTMVKLFNRI K6 PT2 ThaGAYARCPNGT RALWAEL RGNOELKer Mdbs
ThaLSElI KGV1VHRLEGY8 MVF2 ThaG LESRG KARI THVDTESY9 TTa

ThaW/RDI | DDFTNESSQKT10 TTs ThaDVSTI VPYl GPALNHV11 CT

ThaALN WDRKD\iR/G96BaATTGYLKGNS12 DT1 ThaDSETADNLEKTVAALSI Ljansod 2637 2
ThaEEl VAQSI ALSSLMWAQAI PLVGELVDI GFAATNFVESC14 PF ThaDHEKKHAKMEKASSVFNWAS15
SM ThaKWFKTNAPNGVDEKHRH16 TraT, ThaG.QGKHADAVKAKGL7 TraT?2
ThaGLAAGLVGVAADAMVEDVNL8 Tr aT3 ThaSTETGNQHHYQTRWENANK19

HBag- 69bSDFFPSVRDLLDTASALYRE20 CTPi 1 TheTl NKPKGYVGKE21 a US 5, 759, 551 b
Ferrari et al., J din |Invest, 1991; 88:214 Stagg et al., |nmmunol ogy,
1993; 71: inmgpized wihathetic AGEEN IWBNore e 34 the] e sent inventiossobhe B2os Tabl e 2

R T
Deri vat i vasmihogemingy 6fitee peptide ivoiwho§enpiesropriig thD NNBrivivia! fragment of
Thi LSE KCMBY_E LAEV% gmino acids from 1-28 to about 1-10, linked to foreign Th epitopes.
Moreover, the results showed that the presence of a foreign Th epitope improves the
immunogenicity of the peptide immunogens of the present invention to a surprising
extent. The peptide immunogens of the present invention in chinically acceptable
vaccine formulations acceptable to use in humans generated antibodies having the

desired cross-reactivity to senile plagues in the brain tissues of AD patients.

EXAMPLE 7

THE IMMUNOGENICITY OF REPRESENTATIVE AB PEPTIDE VACCINES
IN BABOONS AS PREDICTOR OF IMMUNOTHERAPEUTIC EFFICACY FOR
AD

[0079] A representative synthetic immunogen, AB1.2s-c-K-MvF Th1-16 (SEQ
ID NO:74), formulaied in ISAS1 water-in-oil emulsion at.dose levels of
25ug;’0.5mL,1-00ugIO.5mL and 400ug/0.5mlL were given to three baboons Y299,
X398, X1198 at 0, 3 and 6 weeks schedule from initial immunization. - Pre-immune
sera and sera at weeks 5 and 8 weeks post initial immunization {(wpi) were
collected. For comparison, a fourth baboon X798 was given 100ug/0.5mL doses
of an equimolar mixture of free peptides AP1.2s and APz formulated in alum, the
standard adjuvant approved for human use. Preimmune sera were used as the

negative control.

[0080] Sera from all four immunized animals were coliected and evaluated
for their antibody reactivities with the functional site by Ap1.14 ELISA, and for
reactivities with soluble APz by AB1.4z ELISA (for sera collected at 0, 5 and 8
wpi). The cross-reactivities of the anti-sera (8wpi only) with the senile plaques
and the plaques in thioflavine S positive blood vessels were evaluated by
immunostaining as described in Example 6. Instead of using anti-baboon Ig, the
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DLSDLKGLLLHKLDA.23 EI EIR Il R E 124 SSALI Thl V V VW V V25 F F FFF F F26

| SEI KGVI VHKI EG 27 MVF Thl-1MI' RT TRM TM28 L L V29 | SEl KM EEa6s MVF
Thl -2 T RT TR T31 MSEI KGVI VHKLEGVB2 WVF Thl -3 LT MRT TRM TV33 MWF

Thl - 41 SEI KGVI VHKI EG 34 MVF Thl - 51 TEI RTVI VTRI ETI 35 MWF

Thl - 6 MSEM& o MsMEGVB6 MVF Thl - 7LTElI RTVI VTRLETV37 | S| SElp&eNisWithdaE LF38 MVF
Thl -8MI' RT TRM TM39 L L V40 | SI SEI KGVI VHKI EG LF41 MWF Thl -9 T RT TR T42

| SLSElI KGVI VHKLEG LF43 MWVF Thl -10 MI' MRT TRM TV44 | SLTElI RTVI VTRLETVLF45 MWF
Th1-11 1 1 146 MF Thil-121 SI SEI KGVI VHKI EG LF47 MWF

Thl - 131 SI TEI RTVI VTRI ETI LF48 MWF Thl - 141 SMSEMKGVI VHKMEGWLF49

antibody detector used is an Fab fragment from anti-human IgG that recognizes

all human isotypes and is cross-reactive with baboon 1gG.

[0081] Parallel trends again were found with sera tested in all three assays.
As shown in Table 10, pre-immune sera were negative. Modest ELISA reactivities

" were found with serum from animal X798 vaccinated with AB4.ze and APy
formutated in Alum. However, the reactivity of this serum was weak for the
recognition of senile plaques. In contrast, significant site-directed reactivities to
the functional-site of AB1.14, to soluble ABq42, and to the plaques and TSBV in AD
patient brain sections were found with sera collected at 8 weeks post initial
immunization from animals immunized with the representative composition of the
invention (SEQ ID NO:74) at both the 100uglO.5mL and 400ug/0.5mL doses
formulated with iISA51. The results obtained from this baboon study, therefore,
demonstrated the usefulness of the immunogen of the present inventionin a
vaccine formulation appropriate for humans. The improvement in immunogenicity
{(10to 400X increase in specific antibody titers to the functional-site of Ap) is very
significant in comparison to the peptide vaccine of the prior ait with the immune
responsiveness in baboons closely resembling that of humans.

[0082]' Similarly, a mixture containing two to three synthetic immunogens of
the present invention can be used for formulation into vaccines at from about 25 to
1000 ug per dose to elicit functional anti-Ap..4 antibodies in genetically diverse
human populations for the prevention and treatment of AD. Broad
immunogenicity in humans is expected due to the presence of a promiscuous Th
epitope in the peptide immunogen of the invention that provides for achieving
broad MHC recognition.
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MVF Thl - 151 SLTEI RTVI VTRLETVLF50 MVF Thi - 161 SI TEI KGVI VHRI ETI LF51  Th

| dentifierAm no Acid SequenceSEQ | D NO HbosAg- Thl FFLLTRI

HosAg- Thl - 1IKKKFFLLTRI LTI PQSLD53 HbsAg- Thl - 2FFLLTRI LTI PQIB?E%E)%PQZZOOS
KKKLFLLTKLLTLPQSLD55 RRRIKIT RII | L IR56 SSAL2 Th2VRW W V | V57 F FF FF
F V F58 F590guesko Th1- 3KKKI I TITRIITI I TTI D60 HbsAg Thl- 4lgdchukdabdBs! TI T TTI 61
HosAg Thl - 5SKKKMMITMIRM TM TTIl D62 HbsAg Thl - 6FI TMDTKFLL. ASTHI L63 HbsAg

Thl - 7KKKFI TMDTKFLLASTHI L64 -37 25 Novenber 2005 WD 02/ 096350 PCT/ US02/ 10293
[ 0085] Table 3 Am no Acid Sequences of Apt42 Peptides and its N-termnus
Fragments SEQ | D NOAm no Acid Sequence SEQ I D

NO 65A0142DAEFRHDSGYEVHHKLVFFAEDVGSNKGAI | GLMWGGW A SEQ | D NO. 66AN

- 28 DAEFRHISBIVHHQKLVFFAEDVGSNK SEQ | D NO. 67AP, - 14DAEFRHDSGYEVHH SEQ | D

NO 68Al 1. 12DAEFRHDSGYEV SEQ | D NO 69A01. 10DAEFRHDSGY WO 02/ 096350 [ 0086]
Tabl e 4 Table 1

Pathogen-derived Promiscuous T Helper Cell Epitopes (Th)

Description of Th Amino Acid Sequence SEQ 1D NO
HBs Th® FFLLTRILTIPQSLD 1
PT,Th® KKLRRLLYMIYMSGLAVRVHVSKEEQYYDY 2
M, Th KKQYIKANSKFIGITEL 3
TT, Th® KKFNNFTVSFWLRVPKVSASHL 4
PTaTh YMSGLAVRVHVSKEE 5
TT:Th® YDPNYLRTDSDKDRFLQTMVKLFNRIK 6
PT,Th® GAYARCPNGTRALTVAELRGNAEL 7
MVF, Th? LSEIKGVIVHRLEGV 8
MVF, Th® GILESRGI KARITHVDTESY 9
T, Th? WVRDIDDFTNESSQKT 10
TTs Th* DVSTIVPYIGPALNHV 11
CTTh® ALNIWDRFDVFCTLGATTGYLKGNS 12
DT1 Th DSETADNLEKTVAALSILPGHGC 13
DT2 Tha | EEIVAQSIALSSLMVAQAIPLVGELVDIGFAATNFVESC 14
PF The DHEKKHAKMEKASSVFNVVNS 15
SM Th® KWFKTNAPNGVDEKHRH 16
TraT, Th? GLQGKHADAVKAKG 17
TraT2 Th® - GLAAGLVGMAADAMVEDVN 18
TraT, Th® STETGNQHHYQTRVVSNANK 19
HBesoss’ : SDFFPSVRDLLDTASALYRE 20
CTP,, Th® TINKPKGYVGKE 21

® US 5,759,551
® Ferrari et al., J Clin Invest, 1991; 88:214
¢ Stagg et al., immunology, 1993; 71:1
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| mmunogenAm no Aci d SequenceSEQ I D NO

AQ - 28- GG HSVDAEFRHDSGYEVHHKLVFFAEDVGSNK- GG- FFLLTRI |, Tb??ﬁl@é@er%os
| a- EK- -1 S- WF AO, - DAEFRHDSGY- EK- | SI TElI KGVI VHRI ETI LF71 1-
A( 3, - 13- EK- | S- WFDAEFRHDSGYEV- EK- | SI TEI KGVI VHRI ETI LF72 Thl - 16

Al - 14- EK- | ﬁ 5 RHDSGYEVHH- EK- | SI TEI KGVI VHRI ETI LF73 g@lf(}fi%f 3

AD1. 2B- EK- ['S- BAEFRHDSGYEVHI\/[XLVFFAEDVGSNK- EK- | SI TEI KGVI BfLF74

Thl -16 Ali EK- WFDAEFRHDSGYEVHH EK- | SI SEI KGVI VHKI EG LF75 Thl -9T RT TR T76
25 Novenber 2005 WD 02/ 096350 PCT/ US02/ 10293 O[ 0871 Table 5 ELISA Titer
(Logla) | nmunogenAdjuvantGP I D #4 WPl 6 WPI

Ap, - 14Avg. API - 42Avg. Al 3t _t 4Avg. API - 42Avg.

Aal- 28Al un6sf12442, 3260, 8782. 4010. 8881. 9661. 2022. 405 (SEQ I D

NO. 66) 16313. 4083. 9243. 0443. 608

API - 421 L6340, 7731. 1240. 6801. 4611 812341 2031. 807, ( SEQ
NO: 65) 16351. 474@.‘%@’23’%@@23 3@@@_@%@%@! ’—2?56@%2??‘?%8?%%@&5@ Tabl e 6
ELI SA Tit ef- M\giapnd Th epitopes derived therefrom

Th Identifier Amino Acid Sequence SEQ ID MO
MVF Tht LSEIKGVIVHRLEGV 22
DLSDLKGLLLHKLDGL: 23
EI EIR IXI RIE I 24
SSAL1 Thl vV ovw vV .
F F FFF F F 26
ISEIXGVIVHKIEGI 27
MVF Thl-1 MT RT TRM TM 28
L LV 29
MVF Thi-2 ISEIKGVIVHKIEGI 30
T RFT TR T 31
MVE Thi-3 ‘MSEIKGVIVHKLEGM 32
LT MRT TRM TV 33
MVF Thl-4 TISEIKGVIVHKIEGI 34
MVF Thl-5 TTEIRTVIVIRIETI s
MVF Thl-6 MSEMKGVIVHKMEGM 36
MVF Thi-7 LTEIRTVIVTRLETV 37
ISISEIKGVIVHKIEGILF ' 38
MVF Thl-8 MT RT TRM TM 39
. L L v 40
MVF Thi-o TSISEIKGVIVHKIEGILF a1
T RE TR T 42
WVE Thi-10 ISLSEIKGVIVHKLEGMLF 43
MT MRT TRM TV 44
MVE Thi-11 ISLTEIRTVIVTRLETVLF : 45
1 11 46
MVF Thil-12 ISTISEIKGVIVHKIEGILE 47
MVF Th1-13 TSITEIRTVIVTRIETILF 48
MVF Thl-14 , ISMSEMKGVIVRKMEGMLF 49
MVF Th1l-15 ISLTEIRTVIVTRLETVLF 50
MVF Thl-16 ISITELKGVIVARIETILF ' S1

b. HBsAg Th, Prototype and Derivatives

Th Identifier Amino Acid Seguence SEQ ID NO
HbsAg-Thl FFLLTRILTIPQSLD 52
HbsAg-Thi-1 KKKFFLLTRILTIPQSLD 53
HbsAg-Thl-2 FFLLTRILTIPOSL 53
KKKLFLLTKLLTLPQSLD ' S5
RRRIKII RII I L IR 56
SSAL2 Th2 VRYVW VV VIV 57
FPP FPFVF sa
: F 59
HbshAg Thl-3 KKKITTITRIITIITTID 60
HbsAg Thl-4 KKKIITITRIITIITTI 61
HRbsAg Thi-§ | KKKMMTMTRMITMITTID 62
| BbsAg Thi-6 FITMDTKFLLASTHIL 63
HbsAg Thi-7 KKKFITMDTKFLLASTHIL 64
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| mmunogenAdj uvantGP 4 WPI6 WPl 10 #
Al 31. 14Avg. API - 42Avg. API - 14Avg. A131. 42Avg. Asi a. | SA 511§§§‘§% élﬁgér-z%@?l- 2290
1.1001. 2711. 2851. 080 975 (SEQ 10 NO 67)16591. 0900.720.1. 4 187894

AN- zel SA5116322. 3412 3. 6563. 3822. 2762. 7153. 3593. 455 291 (SEQ I D NO

66) 16332. 2¢d.0Foskss63. 1533. 550 Al31. 28- GG HBVTh16424. 7924¢px6kn19H8984. 4414
261 (SEQ ID NO 70)1 SA5116434.4324.6124. 6374.5824. 4474. 44. 081.

APl - 421 SA16362. 724864 3.6032 2.2861 3.250873 14029972 (SEQ I D NO

65) 5116371. 004. 1. 201. 1. 707. 2. 495. ELISA Titer (Logio) GP ID

| mmunogenAdj uvant 4 W16 WPl APl - 14Avg. ARl - 42Avg. API - 14Avg. A(31. 42Avg.

AP1- 10- eK- WF16664. 2934. 9244. 4145. 180 Th1.16 F 4 5 4 5 F495087320265

[0085]

Table 3

Amino Acid Sequences of AP 142 Peptides and its N-terminus Fragments

SEQIDNO Amino Acid Sequence

SEQID NOB5 | APiaz | DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA
SEQID NO:66 | APrzs | DAEFRHDSGYEVHHQKLVFFAEDVGSNK

| SEQID NO:67 | AB1rasa DAEFRHDSGYEVHH
SEQID NOB8 | APraz DAEFRHDSGYEV
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C Al .... A(SEQ 1D NO 71)16674.6965. 2504. 2255. 350
APL- le-t K- WF16644. 5775. 1005. 3206. 000 Th1-16 CFA/ | FA4 4,4 \R 495895045278
... (SEQID NO 72)16654. 3224. 6823. 7004. 555 API . 14-Elc
MVF16603. 7004. 6774. 5445. 250 Th1-16 5 6835 060625 CFAI | FA3.285.4.. (SEQ ID
NO.  73) 1666764504434 8226. 000 15B43. 3554. 6102, 7434. 48 ARl 2HaRK WF
Th1- 16CFAl | FAL15853. 7073. 2014. 6884. 3283. 7313. 5925. 1554. 901 ( SEQ 10 N 74)

15862. 5453. 6854. 3045. 061 25 Novenber 2005 WD 02/ 096350 PCTI US02/ 10293
[ 0090) Table 8

{0086]
Table 4
Immuncgen Amino Acid Sequence SEQ 1ID
NG
-GG-HBV
;'::'“ GG DAEFRHDSGYEVHHQKLVFFAEDVGSNK-GG- FFLLTRILTI POSLD 70
-eK~IS-MVF
BB, 0-€K-18 DAEFRHDSGY-£K- ISITEIKGVIVHRIETILF 71
Thl-16
BB,.1;-6K-1S-MVF DAEFRHDSGYEV-EK-ISITEIKGVIVHRIETILF 72
Thi-16
?gll'“l'gx' 5 -MVE DAEFRHDSGYEVHH-£K- ISITEIKGVIVHRIETILF 73
?’;’1'“1' :K' IS-MVF DAEFRHDSGYEVHHQKLVFFAEDVGSNK-eK - ISITEIKGVIVHRIETILF | 74
A,.,,-EK-MVF DAEFRHDSGYEVHH-£K- ISISEIKGVIVHKIEGILF 75
1-14
Thi-9 T RT TR T 76
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ELISA Tiler (Logio) GP ID4 W16 WPl | mmunogenAdj uvant ThTh

AR142Avg. pepti deAvgAR, - 42Avg. pepti deAvg or KLHor KLH 9
AR1-1416581. 229NA1. 285NA | SA 51 0 PNAL1. 080NA 975 ( SEQ IE?RE?mnhw 005

67) 16590. 720. NAO. 874NA ARL1. 14- eK- M\WF16624. 3880. 0064. 5590. 065 Thl - 161 SA 51 0
0 4.0940. QS thibéze 64 (SEQ ID NO 73)16633. 8000. 0703. 693181k (O
AR1_1416703. 1814. 6722. 6254. 876 | SA 51 342 4 2.7365.018 3903 (SEQ I D NO

67) 16713. 502. 5. 133. 2. 8465. 160 25 Novenber 2005 WD 02/ 096350 PCT[ (JS02/ 10293
10091] Table 9 ELISA Tiler (Login)l mmunostai ni nga of

[0087]
Table 5
ELISA Titer {Logio)
immunocgen Adjuvart | GP 1D # 4 WPI & WPI

ABy1a Avg. Afraz Avg. APra Avg. Abyaz Avg.

{SEQID NO.66) 1631 3.408 3924 3.044 608

1634 0.773 0.680 1.062 1.203
Abraz Alum 1.124 1.461 1.784 1.807

(SEQ ID NO:E5) 1635 1.474 2.242 1 2.506 2510
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serial frozen Vacci ne Fornul ati onGP AD 1-42A131 14sections of AD s | D#brain
ti ssue AvgAvgPl aqueTSBV in Al um 16300. 8782 1.2442 +1+4

t-2e16313.924.3.408. 1SA51 3 291 i 16323.6863972. 3412+§2§8Xéﬁ§er2005

16333. 107.2.241. P,-2e K-MWF Thl-16 in CFA/ I FA 15844.6103.355 A p,.2a-s
15854. 6884yg348e63f73. 201+4+6 SEQ I D NO 74) (15863. 6852 .pp4Rishstnrea6- eK- WF

Thl -16 in | SA5116423. 6034 5822. 7243 +4+6 510 (SEQ ID NO 74)16431.2011. 004.
in | SA51

[0088]
Table 6
ELISA Titer {Loga)
GP
{mmunogen Adjuvant D4 4 WP 6 WPI
Abraa Avg. ABiaz2 Avg. Afiaa Avg. APsaz Avg.

AB1sa 1658 | 1.168 1.220 1.100 ) 1285

1SA 51 ‘ 1.129 0.975 1.27 1.080
(SEQ D NO: 67 1658 | 1.090 0.720 1.441 0.874
Afeas 1632 | 2.341 3656 2276 | - 3,359

1SA51 2291 3.382 2.715 3,455
(SEQIDNG:6E) |- 1633 | 2.241 3.107 3.153 3.550
AB1.28- GG-HBVTh 1642 | 4.792 4528 : 4.548 4.441

ISA51 — 4612 4582 4.498 4.261
(SEQ 1D NO:70) 1643 | 4.432 4637 4.447 4081
AB1-a2 1636 | 2.724 3603 2.286 3250

ISA51 1.864 2.402 1.997 2.873
(SEQ 1D NO: 65) 1637 | 1.004 1.20% 1707 2.495
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16581- 2290 1.168129 NegNeg A9751 O, ., 416590.720.1 090. AD, .ad- EK- WF Thl - 16
in CFAI | FA16604. 6775 0603. 7004 +4+6 232 (SEQ i D 140: 73) 3668544340364

Ap, . 14- EK- MWF Thl-16 in | SA5116624- 388094 3.5513 +4+6 4285 (SEQ | D NO

73) 16633. 800. 3. 018. A ,.12-eK-MF Thl-16 in CFAl | FA16645. 1004 4.5774 +4+6
891- 450 ( | 72) 16654. 682. 4. 322, Apl., n-EK- WF Thl-16 in
CFNlFAlaggﬁ).“é{E%lé\:%. 2934 +4+5 087455 (SEQ I D NO 71) 1661’%?‘%%?%“&?9896. in

| SA51 16703. 1813 3.280102 +2+4 KLH (C) Ap3423 1.1416353.502.2.924. Negative
Control <0.5<0.5NegNeg (prei nmune serumn

[0089]
Table 7
ELISA Titer (Log1o)
GP ID
immunogen Adjuvant . 4 WPt 6 WFI
APraa Avg. APz Avg. AB1.14 Avg. 1 APre: Avg.
ARr-0-eK-MVE 1666 | 4.293 4924 4414 5.180
Thi-16
CFAIIFA 4,495 5.087 4320 5.265
{SEQ ID NO: 71) 1667 4,696 5250 4225 5.350
Atz e-MVE 1664 | 4.577 5.100 5.320 6.000
Th1-16
CFANIFA 4.495 4.891 4545 5.278
{SEQID NO: 72) 1665 | 4.322 4682 3.700 4.555 ’
Ap114-e-MVE 1660 | 3.700 4677 4.544 5.250
Thi-16
CFA/IFA 3.285 5.060 4.683 5.625
(SEQ 1D NO: 73) 1661 | 4.764 5.443 4.822 6.000
1584 | 3.355 4610 2.743 4,487
APy_og-cK-MVF .
Thi-16
) . 3.731 5.155
cranpa | 1988 ] 3707 1 4000 | 4988 1 4308 3.592 4.901
{SEQID NO: 74)
1586 | 2.545 3.685 4.304 5.061
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a: Serial dilution @1:100 25 Novenber 2005 WO 02/ 096350 PCT/ US02/ 10293
100921 Table 10 ELI SA Titer (Logjo)l nmunostaining of fr i of
GroupVacci ne Fornul ati onDoseAP142API - 14AD brain (8 wpi )Qg%vgﬁgéﬂﬂ?

Pl aquesTSBV VJPI WPl WPl WPi WPI WPl 1Aas-2s cKV-MWF T hl-1625

p90. 8942. 9 6651. 7452. 706+2+ 2in |1 SA51100
0g0. 6102. S 02 G104, B00+4+6- 5400 PCTIUS0210293

Mp0. 6962. 6964. 0500. 5394. 2503. 799+4+6 4Apl- 28+ API-42 in A unml00

pg0. 8971. 9632. 4850. 7980. 7272. 850++ 5Negati ve control ------ NegNeg 25
Novenber 2005 WO 021096350 PCT 1US02110293 1 claim 1. A peptide i munogen
of about 20 to 100 am no acids long conprising: (i) a helper T cell (Th)

epi t ope sef0@80kd fromthe group consisting of SEQ ID Nos: 1 to 64; (ii) an
N-term nal fragnment of A 31.42 peptide, SEQ ID NO 65, consisting of from
10 to 28 am no acid residues whereinrgpcsh fragment conprises amno acid
residue 1 of the A(3112 peptide or an 1 mmunol ogically functional anal og of
the N-tem nal fragnent of API-42 '

ELISA Titer (Logig)
i GPID 4 WP 6 WPl
Immunogen Adjuvant 4
Th Th
Abisa | Avg. | peplide | Avg | ABiez | avg. peptide | Avg
or KLH or KLH
Abs. 1658 | 1.229 NA 1.285 NA
P1-1a ISA51 .
0.975 NA 1.080 . NA
(SEQ ID NO: 67) 1658 | 0.720 NA 0.874 NA
AB-1a-el-MVF 1662 | 4.388 0.006 4.559 0.065
Th1-18 ISAS1
4.004 0.038 4126 0.064
1663
(SEQ 1D NO: 73) 3.800 0.070 1693 0.063
. . 1670 | 3.181 4,672 2,625 4.876
KUH-(C) AB1.1a SA51
3.342 4.803 2736 5018
(SEQ ID NO: 67) 1671 | aso2 5.133 2,846 5.160
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peptide; and (iii) optionally a spacer consisting of at |east an am no acid
to separate the immunogenic domains. 2. A peptide i MuUR9§RReMberClopsm 1,
wherein the spacer is selected fromthe group consisting of an am no acid,
Ay-Ay, ((x, s-N)-Lys, and Pro-Pro-Xaa- Pro-Xaa-Pro (SEQ ID NO 73). 3. A
pepti de i nygRegRBseof claim 2, wherein the spacer is G ypGrsehordd Peptide

i mmunogen of claim2, wherein the spacer is c-N-Lys. 5. A peptide inmunogen
of claim1, wherein the Nterm nal fragnment of A(31.a2 peptide is selected
fromthe group consisting of SEQ ID NGs: 66-69 and an immunol ogically
functional anal og thereof. 6. A peptide innmunogen of any one of clains 2,

3, or 4, wherein the N-termnal fragnment of A(3,.42 peptide is selected
fromthe §ad1) consisting of SEQID NOs: 66-69 and an i mmunol ogically
functional analog thereof. 46 25 Novenber 2005 WO 02/ 096350 PCT/ US02/ 10293

7. A peptide inmunogen of claim1l, 8 @ n Th is selected fromthe group
consisting of SEQID NGs: 1, 3, 4, 5 7, 8, 9, 20, 38-40, 47-51 and
52-54. 8. A peptide immnogen of any one of clains 2,3, or 4 erein Th
is selected fromthe group consisti ng sﬂSﬁSE@(LbsD:)N@ 'I‘m“‘BS"a“ZI"Q 916, 7, 8,
9, 20, 38-40, 47- 51 and 52-54 ...9| A-peptide |||||unug£ns:§%ﬂ @Et%ed |f rom t he
group consi|sti ngecete FSEtom NOs| 1040, Pr272 73 Priind {74, pcdibiss® pefpt i de
i mmunogen ¢f claim9 consisting of [SEQ %_g\k. # {;\aq EPULGR, Timmunogen
of claim9ijconsisting of SEQ IID NOi{ 74. 127 {The &)ep i de 1 miunogen
repr esent ec AB‘); one. of the fol | pWhg %8 iyl qef 24 Ay N-ter i nad fragment of
Ap, . 42 peptli 0¢&) - ?@h (Th) m X; or 163f A)3'92¢{ Th) m (B84 ( N-} er m npal fragment of
A(3, ., 2 pegt, sKsq Wherein eaCh63A |i368 hdgpend¥mt |, y.an g no agidf each B
is a linkif IB‘d“r'})up sel ect ed f r pme3BHes- g7 pUp cphgt I ngj of am ami np acid,
gly-gly, (4, ng4 {aeb1P o- Xap3-Peq ( SEDR

A"""”“)K"J“_Xsrm'% werAl 7585 | 4688 | 4.328 | 3.707 | 3201 | +4 +6

(SEQ ID NO: 74) 1586 | 3.645 2.540

AB12a-eK-MVF Th1-16 in ISA51 1642 {3603 | o127 | T o

{SEQ ID NQ: 74) 1643 | 1.201 1.004

. 1658 | 1.220 1.168 .

AP1.1s in 1ISAS1 w51 o751 097 oea 120 |- Neo Neg

APr1aeKMVF Th1-16 in CFAIFA | 1660 | 4677 | "I3700 [ 1 6

(SEQ ID NO: 73) 1661 | 5.443 4.764

AprweKMVF Thi-16infSAST | 1662 | 4388 | o ['3561} ., 1 6

(SEQ ID NO: 73) 1663 | 3.800 3018

APrazeKMVF Thi-16 in CFAIFA | 1664 | 5100 | "o 14877 [ " o v

(SEQ 1D NO: 72) 1665 | 4.682 4322

AP1ag-eK-MVF Th1-16 in CFA/IFA 1666 | 4.924 5.087 4.293 4.455 +4 +5

(SEQ 1D NO: 71) 1667 | 5.250 4696

. 670 | 3.181 3.280

KLH-(C) Ag,.“m ISAS1 o5 35051 232 g 3102| *2 +4

Neg.alive Control <05 <05 Neg Neg

{preimmune serum}

a: Serial dilttion @ 1:100
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ID NO 73); Th conprise an am no acid sequence that constitutes a helper T
cell epitope, selected fromthe group consisting of SE§ N\l N&00ds 64 and
an i mmune enhanci ng anal og thereof; (N-term nal fragnment of Ap,.42 peptide)
is 10 to about 28 amino acid residues and wherein each fragnent conprises
EFRH of tRgotd/ibksss2 peptide and i mmunol ogically functi %Q'}Us@‘ﬁﬁs@g t her eof ;
47 25 Novenber 2005 WD 02/096350 X is an a-COON or a-CONH2 of an am no acid
;. nis fromO to about 10; mis from1l to about 4, and o is fromO to
about 10. PCT/ US02/10293 13. A peptide i munogen of claim 12, wherein the
spacer is Ay-Ay. 14. A peptide i nmunogen of claim 12, wherein the spacer
Is s-N-Lys. 15. A peptide i nmunogen of claim 12, wherein the N-term nal
fragment Er092)3,.,2 peptide is selected fromthe group consisting of SEQ

I D NCs: 66-69 and an imunologically effective analog thereof. 16. A
peptide i munogen of any one of clala@eiB, or 14 , wherein the N-term nal
fragment of Ap,.42 peptide is selected fromthe group consisting of SEQ ID
NGs: 66-69 and an i mmunol ogically functional anal og thereof 17. A peptide
mrunogen_of . cl ai -n-This-selected fromthe group——econsi-sting of
SEQID Nos: 1, 3, 4, 5, 6,{7, 8 9, 20F-88ligGtooq7-51 and ib@nSkiningd$. A
pepti de | mmunpgen of any ope of claime—13,—pr 14 whereiy e pestioad ect ed
from t he| §eBub wensicshing PlooSEQ | DAIR: 1, |3, 4B.5 6, |77 8§ hq,

38-40, 47 51| and 52-54. 1P. A peptide i nmupogen of claiim 15 whereiln Th is
selectedffromthe group cpnsistimg|los BEQ | Do NDss 1, 83, pﬁques5’ T\%Y 1, 8, 9,
20, 38-4p, 47-p1 and 52-54.}20. A“peptPd "Frmifbgdh of"*¢ljaim 16 wherjein Th
is sel eckedf F—S D :

D
D

on
T

om-t-ha  ar oo
~{ormTTIe— yroup

A O] ST 3:’2?36\5):6,%6% SRS P ] R e i} T4 7.8,
9, 20, 3B-40. | 47ssv-yRd39 828 UK % : : : :
2 in 1ISAS1 100 pg | 0.610 | 2.967 | 3.640 | 0.794 | 2.816 | 4.800 +4 +6
3 400 g | 0.696 | 2.696 | 4050 | 0.539 | 4.250 | 3.799 +4 +6
4 ABr.zg+ ABrazin Alum | 100 g | 0.897 | 1.963 | 2485 | 0.798 | 0.727 | 2.850 + +
[ Negalive conirol - - - - - . - Neg Neg
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25 Novenber 2005 WO 02/ 096350 PCTI US02110293 21. A conposition conprising a
pepeti de i nmunogen of claiml| and a pharmaceutically a §g@§@ﬂ&gzggfuvant
and/or carrier selected fromthe group consisting of a I posyn,
saponi n, squal ene, L121, enulsigen nonophosphyryl lipid A (MPL)

pol ysor ba 21, Montani de | SA51, |SA35, |SA206 a 22. A
conpositiéﬁogg%%gﬁsing a pepetide i mmunogen of claim 2 gﬁahgéum%g
pharmaceutically acceptabl e adjuvant and/or carrier selected fromthe group
consisting of alum |iposyn, saponin, squalene, L121, enul sigen
nmonophosphyryl lipid A (MPL), polysorbate 80, QS21, Montani de | SA51,

| SA35, | SA206 and | SA 720. 23. A conposition conprising a pepetide

i mmunogen lefaiml ai m 3 and a pharnaceutically acceptabl e adj uvant and/ or
carrier selected fromthe group consisting of alum |[|iposyn, saponin,

squal ene, L121 I rbate 80,
21, Nontant o8 FBHE AandBR 8 ERsRes i hod e Y sofIRNRET T o
conprising a pepeti¢p i namalpge'ﬁ celf (1) apmmpé sahetied frqxhahergmtaousibiir;g of
accept abl e adj uvant §%E)d{[)o s%r selected fromthe group consisting of
alum |iposyn, sapofi '38%| etr‘? L121, enul sigen nonophosphyryl lipid A

(MPL), polysorbate &), @Qﬂlrtei’vhnhlafmgd&nll SA&(,.,, péER35SEQIAA06:63nd | SA 720.
25. A conposition conprisi n v:getl de i mmunogen of claimb5 and a
phar maceutical | y acEeptigiioe é’&f‘h RZBa"f’fHWSrac@aﬁeﬂdé?S whewin earheiFRgmede gr oup

consi sting of alum bhﬁﬁﬁé”amﬁué%ﬂi‘r@ssd%lﬂ%fﬁ{ée}i\ %Bélpttd%rﬂr”aﬁ' gen
nmonophosphyryl lipid A (MPL), polysorbate 80 (%ﬁ Monl ani de | SA51,

| SA35, | SA206 and | mua@ogmelimnmmehmaloswoae WW&)%QG@HWM&DZMOZQS
26. A conposition conBI:' Si ng a pepeti de i mmunogen of claim6 and a

peptige; an

(i) optiorially a spacer consisting of at least an amino acid to

separate the immunogenic domains.

2. . Apeptide immunogen of claim 1, wherein the spacer is selected from the
group consisting of an amino acid, Gly-Gly, (a, e-N)-Lys, and Pro-Pro-Xaa-
Pro-Xaa-Pro (SEQ 1D NO:73).

3. A peptide immunogen of claim 2, wherein the spacer is Gly-Gly.
4. A peptide immunogen of claim 2, wherein the spacer is e-N-Lys.
5. A peptide immunogen of claim 1, wherein the N-terminal fragment of AB..,

peptide is selected from the group consisting of SEQ ID NOs: 66-68 and an
immunologically functional analog thereof.

6. A peptide immunogen of any one of claims 2, 3, or 4, wherein the N-terminal

fragment of AB+.42 peptide is selected from the group consisting of SEQ 1D

NOs: 66-69 and an immunolegically functional analog thereof.
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pharmaceutically acceptabl e adjuvant and/or carrier selected fromthe group
consisting of alum |iposyn, saponin, squal ene, L121, eBuhgl 88her 2005
nonophosphyryl lipid A (MPL), polysorbate 80, QS21, Montanide I SA51,

| SA35, | SA206 and | SA 720. 27. A conposition conprising a pepetide

i mmunogen Enﬁ&%&§‘7 and a pharmaceutically acceptabl e @agiwyahesand/ or
carrier selecte romthe group consisting of alum |I|iposyn, saponin,

squal ene, L121, emul sigen nonophosphyryl lipid A (MPL), polysorbate 80,
QS21, Montanide | SA51, |1SA35, |1 SA206 and | SA 720. 28. A conposition
conprising a pepetide i nmunogen of claim8 and a pharnmaceutically
accept abl e adjuvant and/or carrier selected_fromthe %youp consi sting of

al um |ipdsyn, AagRiisierimnymeasalkciaim b whesein T8ilgeplectrd HOPHBS S 1ipid A
(MPL), pol ysor %h?isg%po%m M ansde 5| §Ap% o té/ﬁ%]?m, :45_9574%065@54.% 720.

29. A conposition c rising a pepetide’i munogen of claim9 and a
phar maceutical |y acceptabl e adjuvant and/or carrier selected fromthe group

consi sti ng, of ar ' W‘ﬁ;’ e Iy
m)nophosp%%ir yl %ﬁg@tyeﬁ\&?@é@wégﬁ s(?)‘}ebate SQ %s‘%%zkﬁﬁﬂét@ﬁﬁé%&f'%‘i‘@%

| SA35, | SA206 drumin A3 codisting of SHELE] NDeNnt,codpbi&iTng, 8 A P840da7-

i nmunogen of cI%‘i %?Pd:;%%sﬂd a pharmaceutically acceptabl e adjuvant and/ or

carrier selectée ‘@ group consisting of alum |I|iposyn, saponin,
squal ene, L121, emul sigen nonophosphyryl lipid A (MPL), polysorbate 80,

@21, Montanide, | SAS1,. | SA35, | and | SA 720..50 2 Y/ . 2005 WO
02/ 096350 PCTI f5BSP W%Seﬁsﬁ’gﬁ%ggiﬁgﬁ%%??ﬁsﬁag QPBEQJ?’?@@% nogen
of claim 11 and7p 72pr@ramdcaut i cal |y acceptabl e adj uvant and/or carrier
selected fromthe group consisting of alum |iposyn, saponin, squal ene,
L121, enul sigen nonophosphyryl lipid A (MPL), polysorbate 80, QS21,

Mont ani de {$AS1a pepft3mmunegeRef aamn d2b6ndigikhg of SEQ 1D NO: 73.
11. A peptide immunogen of claim 9 consisting of SEQ ID NO: 74.

12.  The peptide immunogen represented by one of the following formulae:
(A)y-(N-terminal fragment of AR, peptide)-(B)o-(Th)m-X;or
(A)p~(Th)n-(BYo-( N-terminal fragment of A, peptide)-X;

wherein
each A is independently an amino acid;

each B is a linking group selected from the group consisting of an
amino acid, gly-gly, (c, e-N)-Lys, and Pro-Pro-Xaa-Pro-Xaa-Pro (SEQ
1D NO:73);

Th comprise an amino acid sequence that constitutes a helper T cell
epitope, selected from the group consisting of SEQ 10 NOs: 1-64 and
an immune enhancing analog thereof,

(N-terminal fragment of AB1.4; peptide) is 10 to about 28 amino acid
residues and wherein each fragment comprises EFRH of the APi.a2

peptide and immunologically functional analog thereof,
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32. A conposition conprising a pepetide i munogen of claim112 and a

phar maceutical | y acceptabl e adjuvant and/or carrier sel gstegehb&pobhe group
consisting of alum |iposyn, saponin, squal ene, L121, ernul sigen
nonophosphyryl lipid A (MPL), polysorbate 80, QS21, Montani de | SA51,

| SA35, | SAWO®2/8%%d01 SA 720 33. A conposition conprising aqrapseriwds i nmunogen
of claim 13 and a pharnmaceutically acceptabl e adjuvant and/or carrier
selected fromthe group consisting of alum |iposyn, saponin, squal ene,
L121, enul sigen nonophosphyryl lipid A (MPL), polysorbate 80, QS21,

Mont ani de | SA51, | SA35, |SA206 and | SA 720. 34. A conposition conprising a
pepeti de i nmunogen_of cl aj 4 an phar maceutical |y acceptabl e adj uvant
and/ or carrier sel&d¢% é’aafé‘:g‘f*ﬂh?fe‘*’&% ‘g}@é‘r@i“g?iaﬁ'a ‘of “alum |i posyn,

saponi n, squal ene, L121, enulsigen nonophosphyryl lipid A (ML),

pol ysorbate 80, (58}s fidfas @Hdet {®GAS1, 1 SA35, | SA206 and | SA 720. 35. A
conposi tion conprising a pepetide i munogen of claim 15 and a

phar maceutical ly aﬁt'ég&oabﬂéoaﬁ?lﬂ\?‘éﬁf‘d and/or carrier selected fromthe group

consi sting of alum,id(RRYdattRP9HI N, squal ene, L121, enul sigen
nonophosphyryl i pi o'l A ?ﬁ/yPL), pol ysorbate 80, QS21, Montani de | SA51,

| SA35, | SA206 and | SA 720. 51 25 Novenber 2005 WO 02/ 096350 PCT/ US02/ 10293
36. A conposition conprising a pepetide i mmunogen of claim16 and a
pharmaceutically acceptabl e adjuvant and/or carrier selected fromthe group

consi sti ngs of @Fé’;ﬁﬂde‘ihﬂﬂfrﬁd@en%ﬁ@l@ﬁh n2, Witerainane spack? Is GBRBIysi gen
nmonophosphyryl [ipid A (MPL), polysorbate 80, QS21, Montani de | SA51,
| SA35, | SA206 and | SA 720. 37. A conposition conprising a pepetide

| munogen 4 f CAgégﬁ&eﬁnﬁaﬁlﬂm@enmaarmqg%ﬁé‘fainltueasmn@bi_m@dj uvant and/ or
carrier selecte romthe group consisting of alum [|iposyn, saponin,
squal ene, L121, enul sigen nonophosphyryl lipid A (MPL), polysorbate 80,

®21, l\/bnl;'g'ni dE p!eé(?ﬂselimmunogen of claim 12, wherein the N-terminal fragment of ABy..
peptide is selected from the group consisting of SEQ 1D NOs: 66-69 and an

immunoiogically effective analog thereof.

16. A peptide immunogen of any one of claims 13, or 14 , wherein the N-terminal
fragment of AP, peptide is selected from the group consisting of SEQ ID

NOs: 66-69 and an immunologically functional analog thereof

17. A peptide immunogen of claim 12, wherein Th is selected from the group
consisting of SEQID NOs: 1, 3,4, 5, 6,7, 8,9, 20, 38-40, 47-51 and 52-54..

18. . A peptide immunogen of any one of claims 13, or 14 wherein Th is selected
from the group consisting of SEQ ID NOs: 1, 3,4, 5, 6,7, 8, 9, 20, 38-40, 47«

51 and 52-54.

19. A peptide immunogen of claim 15 wherein Th is selected from the group
consisting of SEQ 1D NOs: 1, 3,4, 5,6, 7, 8, 9, 20, 38-40, 47-51 and 52-54.

20. A peptide immunogen of claim 16 wherein Th is selected from the group
| consisting of SEQ ID NOs: 1, 3,4, 5,8, 7, 8, 9, 20, 38-40, 47-61 and 52-54.
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| SA35, | SA206 and | SA 720. 38. A conposition conprising a pepetide

i mmunogen of claim 18 and a pharmaceutically acceptabl %Sz&d(jvglsﬁg&tzo%gd/ or
carrier selected fromthe group consisting of alum |[|iposyn, saponin,
squal ene, L121, emul sigen nonophosphyryl lipid A (MPL), polysorbate 80,
QS21, Mont @i dReesAS1, | SA35, | SA206 and | SA 720. 39. A&arRoahds on
conprising a pepetide i nmunogen of claim 19 and a pharmaceutically

accept abl e adjuvant and/or carrier selected fromthe group consisting of
alum |iposyn, saponin, squal ene, L121, enul sigen nonophosphyryl lipid A
(MPL), polysorbate 80, QS21, Montanide | SA51, |SA35, |SA206 and | SA 720.
40. A conposition conprising a pepetide i nmunogen of claim?20 and a
pharmaceutically acceptabl e adjuvant and/or carrier selected fromthe group
consi stingapf 4 BempbLiRGSYSmpr! bEpetR8 iAhRABger-dldainPTHh$A geN
nmonophosphyryl lipid A (MPL), pol ysorbate 80, 21, Montani de | SA51,

| SA35, | SA206 armapeutizlly weegbrwﬁ&lmfawgﬂscmef sgdeetest from Hsn@eupt i on of

claim?21, for t i C f ing or treating
Al zhei ner’ s di s@?@ﬂﬁgé&%%@%'a%dggng@éfqﬂiaégn”eé?ﬁzc]'%{"ﬁn}@%dfor t he

manuf act ure of monerliasahklipidod (MPLEwelysehgte?0. (A2 Mugtanideienddr ' s

di sease. 43. USI%A%%. %A%gggﬁi'éhgaoof claim?23, for the nanufacture of a

medi canent for preventing or tréating Al zheiner's disease. 44. Use of a
conposition of claim24, for the manufacture of a nedicament for

reventin rt ting.. hei ner ' | e f osition of
(F:)I ai m 25, g? It t%ggwgﬁgi*@g%%rr%%&g#g %p%%ez?%jﬁgrﬁ%%%%?%%g‘vgﬁﬁ ?rﬂrg or treating
Al zhei ner' s di sgasmacd@icallis aceeptablecadjpant bndior cdrried salent@bfrorhdie gloep

manuf acture of a medicapent for preventing,or ting Al zheinmer's
i Seace. 47, "UsrirtS BERD [iBdesn GPoE R aite LIF P larE fact ur e of a
medi cament for mphemeszbhngt lipid A ALY, polydbidhcs 8, QS2 1 ivkerstdde BAS1Use of a

| conposition of l%lA%ISr,T]SZASZOBfa%rd lgReizr&anuf acture of a nedicanent for

23. A composition comprising a pepetide immunogen of claim 3 and a
pharmaceutically acceptable adjuvant and/or carrier selected from the group
coﬁsisting of alum, liposyn, saponin, squalene, L121, emulsigen
monophosphyryl lipid A (MPL), polysorbate 80, QS21, Montanide ISAS1,
ISA35, ISA206 and ISA 720. |

24. A composition comprising a pepetide immunogen of claim 4 and a
pharmaceulically acceptable adjuvant and/or carrier selected from the group
consisting of alum, liposyn, saponin, squalene, L121, emulsigen

- monophosphyryl lipid A (MPL), polysorbate 80, QS21, Montanide 1SA51,
ISA35, ISA206 and I1SA 720.

25. A composition comprising a pepetide immunogen of claim 5 and a
pharmaceutically acceptable adjuvant and/or carrier selected from the group
consisting of alum, liposyn, saponin, squalene, L121, emulsigen
monophosbhyryl lipid A (MPL), polysorbate 80, QS21, Montanide 1SA51,
1SA35, iISA206 and ISA 720. ‘
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preventing or treating Al zheiner's di sease. 49. Use of a conposition of
claim?29, for the manufacture of a nedi cament for prevesiNsRemBé donsat i ng
Al zhei ner' s di sease. 50. Use of a conposition of claim30, for the

manuf acture of a medi canent for preventing or treating Al zheiner's

di sease. Sgodmoddessenber 2005 51. Use of a conposition ofpcgh@biRedss. for the
manuf acture of a nedi canent for preventing or treating Al zheiner's

di sease. 52. Use a conposition of claim32, for the manufacture of a

medi cament for preventing or treating Al zheiner's disease. 53. Use of a
conposition of claim33, for the nanufacture of a nedi canent for

preventin Al zhei nmer' s _di sease. nposi ti on of

f
cl ai m 34, g%é;r t gg'%?hﬁ% PALEQIPRISE9 %pﬁ%‘%lldédw&m"%%'? Ofe‘ﬂégg\éﬂﬁ)ﬂg Al zhei mer' s

di sease. 55. Usghaohaceutieaposickpiablecddje)amt ah@lsscdrﬂér deetdtireth &6d gioapof a
medi canent for prem?nt}rlg 0( treati ng Al zh ?j di sease. 56. Use of a
conmposi tion of gl aHEy IRATEN RGP e B e'}?ﬁ heMUsisRtht f or

preventing or tme:a@pmmﬁ&mhwmgmsmIp‘é@aé&atéﬁo désa, MontanfdBasit i on of
claim37, for the mapufacture of a nedi canent for preventlng or treating

Al zhei mer' s di dease: *5g06gad Ip 730 conposition of claim38, for the
manuf acture of a nedicament for preventing or treating Al zheinmer's
di sease. 59. Use of a conposition of claim39, for the nanufacture of a
medi cament2f-or A GPBPESIHOMELTBRISINGR PRRRIIA iTWRINGaeN of claischaed a60. Use of a

conposition of r%g“
preventing or t rﬂnﬁéﬁwayé&%@%b gig\gag.ggﬁ&gpéaéﬁe e&w(g{‘é%%%om tion of
claim 21, for tdeasishingibbRiuen ipasyn.csapedine anwatene, L321,mnudsigémg ant i bodies to

AN 32 pen e hatarRpASh £AELY S RonploB S RaRE e g br gl

ti ssue pl aques a conmpositlon a m 22, for
t he manuf act ur dSé85alSAAE @add®h 720o0r produci ng anti bodies to Al31. 42
peptide that is cross reactive to sol uble
28. A composition comprising a pepetide immunogen of claim 8 and a

pharmaceutically acceptable adjuvant and/or carrier selected from the group

consisting of alum, liposyn, saponin, squalene, L121, emulsigen

monophosphyryl lipid A (MPL), polysorbate 80, QS21, Montanide ISA51,

ISA35, ISA206 and ISA 720.

29. A composition comprising a pepetide immunogen of claim 9 and a
pharmaceutically acceptable adjuvant and/or carrier selected from the group
consisting of alum, liposyn, saponin, squalene, L121, emulsigen |
monophosphyryl lipid A (MPL), polysorbate 80, QS21, Montanide ISA51,
ISA35, ISA206 and ISA 720.

30. A composition comprising a pepetide immunogen of claim 10 and a
pharmaceutically acceptable adjuvant and/or carrier selected from the group
consisting of alum, liposyn, saponin, squalene, L121, emulsigen
monophosphyryi lipid A (MPL), polysorbate 80, QS21, Montanide 1SA51,
ISA35, ISA206 and ISA 720.
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AR peptides and brain tissue plaques formed therefrom 63. Use of a
conposition of claim23, for the manufacture of a nedic grg{g oduci
anti bodies to Al131-42 peptide that is cross reactive toaso 8%41@&&8@5
pepti des and brain tissue plaques fornmed therefrom 64. Use of a

conposi ti im24, for the manufacture of a nedic f pr oduci
ant i bodi egp?g{/%%ﬁ- 42 peptide that is cross reactive to?’g@%ﬁ@{gﬁ?

pepti des and brain tissue plaques formed therefrom 65. Use of a
conposition of claim?25, for the manufacture of a nedicanment for produci
antibodies to Al131-42 peptide that is cross reactive to soluble A(3
peptides and brain tissue plaques forned therefrom 66. Use of a

conposi ti @1. of AcdomiposBi6n choprising agepetide tromenagenaf sleéin ddraedta for  produci

Lo, S e B T S O PAp 0

conposi ti on of cehditimgdT alinanipblyn, sapofiaciquelenefL 2 inedutsigesnt for  pr oduci

anti bodies to A(31-42 peptj.de t is .Cro reactl | AP
AL XA Y I RN S e
conposi tion of |SA%s N5R206 &kd ISAE20NUf acture of a medi cament for produci
anti bodies to Al31-42 peptide that is cross reactive to soluble AR

‘peptides and brain tissue plaques forned therefrom 69. Use of a

conposi ti g of AckhiBsABn doftprisiy ApepHiiae iimanederpoffiincE@daf or  produci
antibodies to A 31-42 geptldp'e that is cross reactive to sol u%e A(3

pepti des and bihrrnagestcallyfcaeplableradivvagt aneraarighselpste e group
conposi tion of L , M iACidl=fenal L fo1Tedisag@nt for produci
anti bodies to ,&ghgg@ggée}gﬂrg'el"{oﬁg?'rgi%@a@?bsdgar eactive 10 sol ubl e A(3

peptides and bmagnephpspiyey! ipidy 84PE) paivgorbaierdd: RSAT. Mentapide ISAS],
conposi tion of A@“‘gﬁgﬁ%@?g@a @f,{ggzganuf acture of a nedicanent for produci
1. I de [

anti bodies to pep hat is cross reactive to soluble Al13
pepti des and brain tissue plaques fornmed therefrom 72. Use of a

conposi tiap, of claim - : t. ' for produci
anti bodi es™to &Fgrﬂﬁo%gdﬂéogﬁep r{sﬂ& %%@%é@@é‘%?‘?@@%‘: gg?ﬁ%f’e Al3
peptides and brpharmatasioallyraeptable atjuent ahtioedarden sefstedfemdhe group
conposi tion of c%lngi's mng’f’ aIIlr%,rliéo@%nf%%%%ﬁfg&ﬁa?en%f. L%ﬂ%%ﬁ@iggﬁ“ for
monophosphyryl lipid A (MPL), polysorbate 80, QS21, Montanide ISA51,
ISA35, ISA206 and 1SA 720.

34. A composition comprising a pepetide immunogen of claim 14 and a
pharmaceutically acceptable adjuvant andfor carrier selected from the group
consisting of alum, liposyn, saponin, squalene, L121, emulsigen
monophosphyryl lipid A (MPL), polysorbate 80, QS21, Montanide {SA51,
iSA35, ISA206 and I1SA 720.

35. A composition comprising a pepetide immunogen of claim 15 and a
pharmaceutically acceptable adjuvant and/or carrier selected from the group
consisting of alum, liposyn, saponin, squalene, 1121, emulsigen
monophosphyryl lipid A (MPL), polysorbate 80, QS21, Montanide ISA51,
ISA35, ISA206 and ISA 720. '
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produci ng anti bodies to A131-42 peptide that is cross reactive to soluble
AP peptides and brain tissue plaques forned therefronlzgﬁhvgﬁgmqbog
conposition of claim 34, for the manufacture of a nedi canent or produci ng
anti bodies to API-42 peptide that is cross reactive to soluble AR peptides
and brai n 4 g54eessh! aques fornmed therefrom 56 25 NovenbgigRfoiea- Use of a
conposition of claim35, for the manufacture of a nedi canent for producing
anti bodies to API-42 peptide that is cross reactive to soluble A(3

pepti des and brain tissue plaques fornmed therefrom 76. Use of a
conposition of claim36, for the manufacture of a nedicanment for producing
anti bodies to Apl-42 peptide that is cross reactive to soluble AR peptides
and brai n 36 ssAecqmnregilion dosmrisingieheenstide immprogansef oimal Scvddsi ti on of

claim 37, for bhgmnauiant e fboR ARALEATRI: difer IR IRYRRII o5 to

A(31-42 peptide that i's cross > to soluble AP peptides and brain
ti ssue pl aques cobosisting affadernf linosyn, Z8ponis csqpileseclotdio enulsigerof cl ai m 38, for

t he manuf act ur f ' ' I bodl £S5 1-42

pept i do t hat 1 S pResTRRLARPR oheh pRERAHERTR. Bt RN BR AT T oste
pl aques for medI|$A%s dEARDG af®ISAER20.0f a conposition of claim39, for the
manuf acture of a nedicanent for producing antibodies to APl -42 peptide
that is cross reactive to soluble A(3 peptides and brain tissue plaques

f]?r med fjh@?efrwr?orﬂ;ﬁbsiﬂds\a:wfﬁpr‘aingmmmb éiﬂbdmmﬁogérabfm!diﬁ\, 17fmfjdahﬁ manuf act ur e
of a medi canment for pr.oducing aptibodies tg AF31-42 jde that is cross
reactive to soIpUBT'Ba%Q“C%E(p?CngB@E%rﬂﬁ“‘ﬁ'raﬁf?f“ﬁ?rs%aﬁréerpﬁeé%%&?rﬁI"?ﬁegmf"ﬁer ef rom
57 O 02/ 09635QoSESkIgNFRIkh SPodm, <bpiinrigleneh BTN, Ymuidigl> | munogeni ¢

pepti de conposition as vacclnes for the gr evention and treatnent of
Al zhei mer's Di Seansehesriyysyl fipgA (MEL). pelysprogle£0, AS21, Montanide 1ISASH,

ISA35, 1ISA206 and 1ISA 720.

38. A composition comprising a pepetide immunogen of claim 18 and a
pharmaceuticélty acceptable adjuvant and/or carrier selected from the group
consisting of alum, liposyn, saponin, squalene, L121, emulsigen
monophosphyry! lipid A (MPL), polysorbate 80, QS21, Montanide ISA51,
ISA35, ISA206 and ISA 720. "

39. A composition comprising a pepetide immunogen of claim 19 and. a
| pharmaceutically acceptable adjuvant and/or carrier selected from the group
consisting of alum, liposyn, saponin, squalene, L121, emulsigen
monophosphyryl lipid A (MPL), polysorbate 80, QS21, Montanide ISA51,
ISA35, ISA206 and ISA 720.

40. A composition comprising a pepetide immunogen of claim 20 and a
| pharmaceutically acceptable adjuvant and/or barrier selected from the group
consisting of alum, liposyn, saponin, squalene, L121, emulsigen
monophosphyryi lipid A (MPL), polysorbate 80, QS21, Montanide ISAS51,
ISA35, ISA206 and I1SA 720.
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<141> 2001-5-25 <160> 76 <170> Patentln Ver. 2.0 <210> 1 <211> 15 <212>
PRT <213> Hepatitis B virus <400> 1 Phe Phe Leu Leu Thr Angoeh®ermtosThr |l e
Pro Gn Ser Leu Asp 1 5 10 15 <210> 2 <211> 30 <212> PRT <213>

Bordetel |l a pertussis PCI/US02/ 10293 <400> 2 Lys Lys Leu Arg Arg Leu Leu Tyr
Met Ile Tyr Net Ser Ay Leu Ala 1 5 10 15 Val Arg Val H's Val Her Lys Qu
- GQu G@Gn Tyr Tyr Asp Tyr 20 25 30 <210> 3 <211> 17 <212> PRT <213>
Clostridiumtetani <400> 3 Lys Lys G n Tyr Ile Lys Ala Asn Ser Lys Phe Ile

Ay Ile Thrﬁ1t ot al.hseo?f mpos!T%H ofcllc\(i)ﬁﬁ for 11>a% factL@é‘%Fa ﬁ%&ma%?e%?for

Clostridiu
' preventing or treating Alzheimer’s disease.

42, Use of a composition of claim 22, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

43. Use of a composition of claim 23, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

44.  Use of a composition of claim 24, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

45, Use of a composition of claim 25, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

46, Use of a composition of claim 26, for the manufacture of a medicament for

preventing or treating Alzheimer’s disease.

47. Use of a composition of claim 27, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

48. Useofa composition of claim 28, for the manufacture of a medicament for

preventing or freating Alzheimer's disease.

49.  Use of a composition of claim 29, for the manufacture of a medicament for

preventing or treating Alzheimer’s disease.

50. Use of a composition of claim 30, for the manufacture of a medicament for

preventing or treating Alzheimer’s disease.
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25 Novenber 2005 WO 02/ 096350 PCTI US02/ 10293 <400> 4 Lys Lys Phe Asn Asn
Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys 1 5 10 15 Yahoehbd moeSer H s
Leu 20 <210> 5 <211> 15 <212> PRT <213> Bordetella pertussis <400> 5 Tyr
Met Ser Gy Leu Ala Val Arg Val His Val Ser Lys Gu Gu 1 5 10 15 <210> 6
<211> 27 <212> PRT <213> Costridiumtetani <400> 6 Tyr Asp Pro Asn Tyr
Leu Arg Thr Asp Ser Asp Lys Asp Arg Phe Leu 1 5 10 15 G n Thr Mt Val Lys
Leu Phe Asn Arg Ile Lys 20 25 <210> 7 <211> 24 <212> PRT <213>

e S T 5 o RPN R L 2™

preventing or freating Alzheimer's disease.

52. Use a composition of claim 32, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

53. Use of a composition of claim 33, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

54.  Use of a composition of claim 34, for the manufacture of a medicament for

preventing Alzheimer's disease.

B5. Use of a composition of claim 35, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

56. Use of a composition of claim 386, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

57. Use of a composition of claim 37, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

58. Use of a composition of claim 38, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

50. Use of a composition of claim 39, for the manufacture of a medicament for

preventing or treating Alzheimer's disease.

60. Use of a composition of claim 40, for the manufacture of a medicament for

preventing or treating Alzheimer’s disease.
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<210> 8 <211> 15 <212> PRT <213> Measles virus <400> 8 Leu Ser Qu lle

Lys Gy Val Ile Val Hs Arg Leu Gu Gy Val 15 10 15 $23Rcbershbd> 20
<212> PRT 2/ 17 25 Novenber 2005 WO 02/ 096350 PCTI US02/ 10293 <213>

Escherichia coli <400> 9 Ay Ile Leu Gu Ser Arg Ay Ile Lys Ala Arg |Ile
Thr H's Val Asp 1 5 10 15 Thr Qu Ser Tyr 20 <210> 10 <211> 17 <212>
PRT <213> dostridiumtetani <400> 10 Trp Val Arg Asp Ile Il e Asp Asp Phe
Thr Asn Qu Ser Ser An Lys 1 5 10 15 Thr <210> 11 <211> 16 <212> PRT

<213> OS%rI! di \{ﬁ}etso?%gﬁ%hpf)%ﬁgﬁ o%%laﬁﬁrh\,/ﬁ;r t§§ ﬁlaxnfac{drg oyglmgc{i(?ar;[gr{t e Gy

Pro Ala Leu Asn
for producing antibodies to AB1.42 peptide that is cross reactive to soluble

AB peptides and brain tissue plaques formed therefrom.

62.  Use of a composition of claim 22, for the manufacture of a medicament
for producing antibodies to AP1.4; peptide that is cross reactive to soluble

AR peptides and brain tissue plaques formed therefrom.

63.  Use of a composition of claim 23, for the manufacture of a medicament for
producing antibodies to AB442 peptide that is cross reactive to soluble AP

peptides and brain tissue plaques formed therefrom.

64. Use of a compaosition of claim 24, for the manufacture of a medicament for
producing antibodies to AR+.42 peptide that is cross reactive to soluble AB

peptides and brain tissue plaques formed therefrom.

65. Use of a composition of claim 25, for the manufacture of a medicament for
producing antibodies to AB+.42 peptide that is cross reactive to soluble AB

peptides and brain tissue plagues formed therefrom.

66. Use of a composition of claim 26, for the manufacture of a medicament for
producing antibodies to Af314, peptide that is cross reactive to soluble AB

peptides and brain tissue plaques formed therefrom.
67. Use of a composition of claim 27, for the manufacture of a medicament for

producing antibodies to AB1.42 peptide that is cross reactive to soluble AR

peptides and brain tissue plaques formed therefrom.
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15 10 15 <210> 12 <211> 25 <212> PRT <213> Chl anydi a trachomati s <400>

12 Ala Leu Asn Ile Trp Asp Arg Phe Asp Val Phe Cys Thr Lawnddemb&® @osl 5 10
15 Thr Thr Ay Tyr Leu Lys Ay Asn Ser 20 25 <210> 13 <211> 23 <212> PRT
<213> Di phtheria <400> 13 Asp Ser u Thr Ala Asp Asn Leu Qu Lys Thr Val
Ala Ala Leu Ser 1 5. 10 15 1le Leu Pro Ay Hs Gy Cys 20 3/17 25
Novenber 2005 WO 02/ 096350 PCT11i S02110293 <210> 14 <211> 39 <212> PRT
<213> Di phtheria <400> 14 Qu Qu lle Val Ala Gn Ser lie Ala Leu Ser Ser

Leu Net Val a N _ | b lle
dy Phe Al 1681, 2 Ushs s dmipusfion dfioRiuh 28, Kir o ftdatRicyfi o Gibecitnefiior |
producing antibodies to AB1.42 peptide that is cross reactive to soluble AB

peptides and brain tissue plaques formed therefrom.

69. Use of a compaosition of claim 29, for the manufacture of a medicament for
producing antibodies to AB4.4, peptide that is cross reactive to soluble AB

peptides and brain tissue plaques formed therefrom.

70. Use of a composition of claim 30, for the manufacture of a medicament for
producing antibodies to AR+, peptide that is cross reactive to soluble AB

peptides and brain tissue plaques formed therefrom.

71. Use of a composition of claim 31, for the manufacture of a medicament for
producing antibodies to AB+.42 peptide that is cross reactive to soluble AR

peptides and brain tissue plaques formed therefrom.

72. Use of a composition of claim 32, for the manufacture of a medicament for
-producing antibodies to AB4, peptide that is cross reactive to soluble AR

peptides and brain tissue plaques formed therefrom.

73. Use of a composition of claim 33, for the manufacture of a medicament for
producing antibodies to AB1.42 peptide that is cross reactive to soluble AR

peptides and brain tissue plaques formed therefrom.
74. Use of a composition of claim 34, for the manufacture of a medicament

for producing antibodies to AB4.42 peptide that is cross reactive to soluble

AB peptides and brain tissue plaques formed therefrom.
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<210> 15 <211> 21 <212> PRT <213> Pl asnodi um f al ci parum <400> 15 Asp Hi s

Gu Lys Lys Hs Ala Lys Met Qu Lys Ala Ser Ser Val PhesNoedflerlimohsn Val

Val Asn Ser 20 <210> 16 <211> 17 <212> PRT <213> Schi st osoma nansoni

<400> 16 Lys Trp Phe Lys Thr Asn Ala Pro Asn Gy Val
5 10 15 H's <210> 17 <211> 14 <212> PRT <213> Escherichia coli <400> 17
Lys Hs Ala Asp Ala Val Lys Ala Lys Ay 1 5 10 <210> 18

Gy Leu Gn @y
2005 WD 02/ 096350 <213> Escherichi a

<211> 19 <212> PRT 4/17 25 Novenber

coli PCTI U%?/ 1%%:& E%Q)Rﬁ)o%%on of claim 35, for the manufacture of a medicament for

76.

77.

78.

79.

80.

producing antibodies to AB4.4z peptide that is cross reactive to soluble A3

peptides and brain tissue plagues formed therefrom.

Use of a composition of claim 36, for the manufacture of a medicament for
producing antibodies to AB4.4, peptide that is cross reactive to soluble AR

peptides and brain tissue plaques formed therefrom.

Use of a composition of claim 37, for the manufacture of a medicament for
producing antibodies to AB4.4; peptide that is cross reactive to soluble AR

peptides and brain tissue plaques formed therefrom.

Use of a composition of claim 38, for the manufacture of a medicament for
producing antibodies to AB..42 peptide that is cross reactive to soluble AB

peptides and brain tissue plaques formed therefrom.

Use of a composition of claim 39, for the manufacture of a medicament for
producing antibodies to AB+.42 peptide that is cross reactive to soluble AR

peptides and brain tissue plaques formed therefrom.
Use of a composition of claim 40, for the manufacture of a medicament for

producing antibodies to AB+4, peptide that is cross reactive to soluble AR

peptides and brain tissue plaques formed therefrom.
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Gy Leu Ala Ala Ay Leu Val Gy Met Ala Ala Asp Ala Met Val Gu 1 5 10 15

Asp Val Asn <210> 19 <211> 20 <212> PRT <213> Escheri ??'\Iﬁv&g{)érz 90> 19
Ser Thr Au Thar Ay Asn Gn Hs Hs Tyr dn Thr Arg Val ™ Val “Ser 5 10 15
Asn Ala Asn Lys 20 <210> 20 <211> 20 <212> PRT <213> Hepatitis B virus
<400> 20 Sgb odagsdghe Phe Pro Ser Val Arg Asp Leu Leu Asppchinfiseth@eSer Ala 1
510 15 Leu Tyr Arg Au 20 <210> 21 <211> 12 <212> PRT <213> Chl anydi a
trachomatis <400> 21 Thr Ile As s Pr Ay Tyr Val Gy Lys Au 15
10 <210> 22 <211> 15 <212> PR$E@§T§€ 1hﬁ)“f?es virus <400> 22

<110> Wang, Chang Yi

<120> Immunogenic peptide composition as vaccines for the
prevention and treatment of Alzheimer's Disease

<130> 1151-4167

<140> TBA
<141> 2001-5-25

<160> 76
<170> PatentIn Ver. 2.0

<210> 1

<211> 15

<212> PRT

<213> Hepatitis B virus

<400> 1
Phe Phe Leu Leu Thr Arg Ile Leu Thr Ile Pro Gln Ser Leu Asp
1 5 10 15

<210> 2

<211> 30

€212> PRT

<213> Bordetella pertussis

<400> 2
Lys Lys Leu Arg Arg Leu Leu Tyr Met Ile Tyr Met Ser Gly Leu Ala
1 5 10 15

Val Arg Val His Val Ser Lys Glu Glu Gln Tyr Tyr Asp Tyr
20 25 30

<210> 3

<211> 17

<212> PRT

<213> Clostridium tetani

<400> 3
Lys Lys Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu
1 5 10 15

Leu

<210> 4

<211> 22

<212> PRT

<213> Clostridium tetani

1/17




Leu Ser Gu Ile Lys Gy Val Ile Val Hs Arg Leu Gu dy Val 15 10 15 .
<210> 23 5/17 25 Novenber 2005 WD 02/ 096350 PC | US02/ 10%9@05‘%%];&26@5 <212>
PRT <213> Measl es virus <400> 23 Asp Leu Ser Asp Leu Lys y Leu Leu Leu
H's Lys Leu Asp Ay Leu 1 5 10 15 <210> 24 .<211> 16 <212> PRT <213>
Measl es ViwaSad9&™ 24 Gu lle Ser Gu Ile Arg Gy lle Id@ddgioshs Arg lle
Gu dy Ile 15 10 15 <210> 25 <211> 16 <212> PRT <213> Measl es virus
"<400> 25 Asp, Val Ser Asp Val Lys Ay Val Val Val Hs Lys Val Asp Gy Val 1

5 10 15, 210> ,26 , <211> <2123 PBT. %2132, Meas}.8Sp 4 [us <400> 26 Asp Phe
Ser Asp ¥ hcia’QSL;E/’ge & ‘QQAjﬁéePhéﬁTehrPhgei % ISBLS pe Ay ™e™ 15 10 18

Val Ser Ala Ser His Leu
20

<210> 5

<211> 15

<212> PRT

<213> Bordetella pertussis

<400> 5
Tyr Met Ser Gly Leu Ala Val Arg Val His Val Ser Lys Glu Glu
1 5 10 " 15

<210> 6

<211> 27

<212> PRT

<213> Clostridium tetani

<400> 6
Tyr Asp Pro Asn Tyr Leu Arg Thr Asp Ser Asp Lys Asp Arg Phe Leu
1 5 10 15

Gln Thr Met Val Lys Leu Phe Asn Arg Ile Lys
20 25

<210> 7

T<211> 24

<212> PRT

<213> Pertusaria trachythallina

<400> 7
"Gly Ala Tyr Ala Arg Cys Pro Asn Gly Thr Arg Ala Leu Thr Val Ala
1 , 5 10 15

Glu Leu Arg Gly Asn Ala Glu Leu
20

<210> B

<211> 15

<212> PRT

<213> Measles virus

<400> 8
Leu Ser Glu Ile Lys Gly Val Ile Val His Arg Leu Glu Gly Val
1 5 10 15

<210> 9
<211> 20
«212> PRT

217




<210> 27 <211> 15 <212> PRT <213> Measl es virus <400> 27
Lys Ay Val Ile Val Hs Lys Ile Qu dy Ile 15 10 15 g}gf,%g

<212> PRT <213> Measles virus <400> 28 Met Thr Qu lle ng R ga%ﬁ%%
Thr Arg Met Qu Thr Met 1 .5 10 15 6117 25 Novenber 2005 WO 02/ 096350

<210> 29 <212> PRT <213> Measl es virus <400>
Lys Ay Va?%]t'%’(g%%% Hs Lys Leu Qu dy Val 15 10 15 é%b‘isﬁgb‘é <211>

<212> PRT <213> Measl es virus <400>
H s Lys<3iBe Egcber@eliq feli 1 5 10 15 <210> 31 <211> 15

<400> 9
Gly Ile Leu Glu Ser Arg Gly Ile Lys Ala Arg Ile Thr His Val Asp
1 5 10 i5

Thr Glu Ser Tyr
20

<210> 10

<211> 17

<212> PRT

<213> Clostridium tetani

<400> 10
Trp Val Arg Asp Ile Ile Asp Asp Phe Thr Asn Glu Ser Ser Gln Lys
1 5 10 15

Thr

<210> 11

<211> 16

<212> PRT

<213> Clostridium tetani

<400> 11
Asp Val Ser Thr Ile Val Pro Tyr Ile Gly Pro Ala Leu Asn His Val
1 5 10 15

<210> 12

<211> 25

<212> PRT

<213> Chlamydia trachomatis

<400> 12

Ala Leu Asn Ile Trp Asp Arg Phe Asp Val Phe Cys Thr Leu Gly Ala
1 5 10 15

Thr Thr Gly Tyr Leu Lys Gly Asn Ser

20 25

<210> 13

<211> 23

<212> PRT

<213> Diphtheria

<400> 13

Asp Ser Glu Thr Ala Asp Asn Leu Glu Lys Thr val Ala Ala Leu Ser
1 5 . 10 15

Ile Leu Pro Gly His Gly Cys
20

317

IIe Ser

30 Ile Ser u lIle Lys Ay Val

Ile

Ile
15
Val

Il e
15
Val



<212> PRT <213> Measles virus <400> 31 Ile Thr Qu lle Arg Thr Val Ile Val

Thr Arg Ile Gu Thr Ile 1 5 10 15 <210> 32 <211> 15 2 mﬁﬁ%ﬁ}a 33>
Measl es virus <400> 32 Met Ser Qu Ile Lys Gy Val Ile % #%HI ys Leu GQuu
Gy Met 1 5 10 15 <210> 33 <211> 15 <212> PRT <213> Measl es virus <400>
33 Leu Thr Arg Thr Vval Ile Val Thr Arg Met GQu 5 10 15
<210> 34 "é@f?g’hﬁ <212> PRT <213> Measl es virus Pmlu&{!ﬁ@’é’ 717 25
Novenber 2005 WO 02/ 096350 PCTI US02/ 10293 <400> 34 Ile Ser Au lle Lys Ay

Val Ile Val Hs Lys Ile Qu dy Ile 15 10 15 <210> 35 <211> 15 <212>

PRT <210> 14

<211> 39
<212> PRT
<213> Piphtheria

<400> 14
Glu Glu Ile Val Ala Gln Ser Ile Ala Leu Ser Ser Leu Met Val Ala
1 5 10 15

Gln Ala Ile Pro Leu Val Gly Glu Leu Val Asp Ile Gly Phe Ala Ala
20 25 - 30

Thr Asn Phe Val Glu Ser Cys
35

<210> 15

<211i> 21

<212> PRT

<213> Plasmodium falciparum

<400> 15
Asp His Glu Lys Lys His Ala Lys Met Glu Lys Ala Ser Ser Val Phe
1 5 10 15

Asn Val Val Asn Ser
20

<210> 16

<211> 17

<212> PRT

<213> Schistosoma mansoni

<400> 16
Lys Trp Phe Lys Thr Asn Ala Pro Asn Gly Val Asp Glu Lys His Arg
1 5 10 1s

His

<210> 17

<Z211> 14

<212> PRT

<213> Escherichia coli

<400> 17
Gly Leu Gln Gly Lys His Ala Asp Ala Val Lys Ala Lys Gly
1 5 10

<210> 18
<211> 19
<212> PRT

417



<213> Measl es virus <400> 35 Ile Thr Gu lle Arg Thr Val Ile Val Thr Arg

[le Au TYir Ile 1 5 10 15 <210> 36 <211> 15 <212> Pli‘g %ﬁé\%@%l es
virus <400> 36 Met Ser Gu Met Lys Ay Val Ile Val Hs Lys t u y Met
15 10 15 <210> 37 <211> 15 <212> PRT <213> Measl es virus <400> 37 Leu
Thr Gu Il r Val Ile Val Thr Arg Leu Gu Thr Val 5 <210> 38
<211> 19 ‘EQ@@G%E{T <213> Measl es virus <400> 38 Ile SerPCIJrfU(%0 3’%9]36! ulle
Lys Ay Val Ile Val Hs Lys Ile Gu dy 15 10 15 Ile Leu Phe <210> 39
<211> T§13xF3erbifia<®ld> Measl es virus <400> 39 Ile Ser Met Thr Qu lle
Arg Thr,\Val ;tle Val Thr Arg Met Gu Thr 1 5 10 15

Gly Leu Ala Ala Gly Leu Val Gly Met Ala Ala Asp Ala Met Val Glu
1 5 10 15

Asp Val Asn

<210> 19

<211> 20

<212> PRT

<213> Escherichia coli

<400> 19
Ser Thr Glu Thr Gly Asn Gln His His Tyr Gln Thr Arg Val Val Ser
1 5 10 15

Asn Ala Asn Lys
20

<210> 20

<211> 20

<212> PRT

<213> Hepatitis B virus

<400> 20
Ser Asp Phe Phe Pro Ser Val Arg Asp Leu Leu Asp Thr Ala Ser Ala
1 : 5 10 15

Leu Tyr Arg Glu
20

<210> 21

<211> 12

<212> PRT

<213> Chlamydia trachomatis

<400> 21
Thr Ile Asn Lys Pro Lys Gly Tyr Val Gly Lys Glu
1 5 10

<210> 22

<211> 15

<212> PRT

<213> Measles virus

<400> 22

Leu Ser Glu Ile Lys Gly Val Ile Val His Arg Leu Glu Gly Val
1 5 10 i3

<210> 23

517



8/17 WD 02/ 096350 Met Leu Phe <210> 40 <211> 19 <212> PRT <213> Measl es

virus PCT/US02/ 10293 <400> 40 Ile Ser Leu Ser Gu Ile LysNd¥m¥elo2dose Val
Hs Lys Leu Qu Ay 1 5 10 15 Val Leu Phe <210> 41 <211> 19 <212> PRT
<213> Measles virus <400> 41 Ile Ser Ile Ser Au Ile Lys Ay Val Ile Val

H's Lys |l @ddaedssy 1 5 10 15 Il e Leu Phe <210> 42 <2111¢W}S%m 12> PRT
<213> Measles virus <400> 42 |lle Ser Ile Thr Qu Ile Arg r Val 11e Val

Thr Arg Ille Qu Thr 1 5 10 15 Ile Leu Phe <210> 43 <211> 19 <212> PRT
<213> MEgsley virus <400> 43

<213> Measles virus

<400> 23
Asp Leu Ser Asp Leu Lys Gly Leu Leu Leu His Lys Leu Asp Gly Leu
1 ' 5 10 15

<210> 24

<211> 16

€212> PRT

<213> Measles wvirus

<400> 24
Glu Tle Ser Glu Ile Arg Gly Ile Ile Ile His Arg Ile Glu Gly Ile
1 5 10 . 15

<210> 25

<211> 16

<212> PRT

<213> Measles virus

<400> 25
Asp Val Ser Asp Val Lys Gly Val Val Val His Lys Val Asp Gly Val
1 5 10 15

<210> 26

<211> 16

<212> PRT

<213> Measles virus

<400> 26
Asp Phe Ser Asp Phe Lys Gly Phe Phe Phe His Lys Phe Asp Gly Phe
1 5 10 15

<210> 27

<211> 15

<212> PRT

<213> Measles virus

<400> 27 ‘
Ile Ser Glu Ile Lys Gly Val Ile Val His Lys Ile Glu Gly Ile
1 5 10 15

<210> 28

<211> 15

<212> PRT

<213> Measles virus

<400> 28
Met Thr Glu Ile Arg Thr Val Ile Val Thr Axg Met Glu Thr Met
1 5 10 15

6/17



Ile Ser Leu Ser Qu Ile Lys Ay Val Ile Val Hs Lys Leu du @y |. 5 10 15
Met Leu Phe <210> 44 9117 25 Novenber 2005 WO 02/ 096350 7RG/ MeB/ 2H8293
<211> 19 <212> PRT <213> Measles virus <400> 44 |le Ser Met Thr A u Met
Arg Thr Val Tle Val Thr Arg Met Gu Thr 1 5 10 15 Val Leu Phe <210> 45
<211> 19 wdhdmerRl <213> Measles virus <400> 45 Ile Serp odibhosG U 1l e
Arg Thr Vval Ile Val Thr Arg Leu Qu Thr 1 5 10 15 Val Leu Phe <210> 46
<211> 19 <212> PRT <213> Measles virus <400> 46 Ile Ser Ile Thr Qu Ile
Arg Thr Val Ile Val Thr Arg Ile Gu Thr 1 5 10 15 Il e Leu Phe <210> 47
<211> 1%i10s242> PRT

<211> 15

<2125 PRT
<213> Measles virus

<4Q0> 29
Leu Ser Glu lIle Lys Gly Val Ile Val His Lys Leu Glu Gly Val
1 5 10 15

<210> 30

<211> 15

<212> PRT

<213> Mzasles virus

<400> 30
Tle Ser Glu Ile Lys Gly Val Ile Val His Lys Ile Glu Gly Ile
1 5 10 15

<210> 31

<211> 15

<212> PRT

<213> Measles virus

<400> 31
Ile Thr Glu Ile Arg Thr Val Ile Val Thr Arg Ile Glu Thr Ile
1 5 10 15

<210> 32

<211> 15

<212> PRT

<213> Measles virus

<400> 32
Met Ser Glu Ile Lys Gly Val Ile Val His Lys Leu Glu Gly Met
1 5 10 15

<210> 33 -

<211> 15

<212> PRT

<213> Measles virus

<400> 33
Leu Thr Glu Met Arg Thr Val Ile Val Thr Arg Met Glu Thr Val
1 5 10 15

<210> 314

<211> 15

<212> PRT

<213> Measles virus

7117



Hs Lys Ile Qu dy 1

<213> Measl es virus <400> 47 Ile Ser Ile Ser Au lle Lys Ay Val Ile Val

5 10 .15 Il e Leu Phe <210> 48 <% ov&%ber%ég> PRT

<213> Measl es virus <400> 48 10/17 25 Novenber 2005 WO 02/096350

PCT/ US02110293 Il e Ser

Thr 1 5 19’03{)3/0%3?0 Leu

Vi rus <400> e Ser
Gy 15 10 15 Met Leu

ir <7082 o 1| er
¥Ihrusl gflﬁerlglﬂ/aﬁei g

<210> 35
<211> 15
<212> PRT
<213> Measles virus

<400> 35
Ile Thr Glu Ile Arg
1 5

<210> 36

<211> 15

<212> PRT

<213> Measles virus

<400> 36
Met Ser Glu Met Lys
1 5

<210> 37

<211> 15

<212> PRT

<213> Measles virus

<400> 37
Leu Thr Glu Ile Arg
1 5

<210> 38

<211> 19

<212> PRT

<213> Measles virus

<400> 38
Ile Ser Ile Ser Glu
1 5

Ile Leu Phe

<210> 39

<211> 19

<212> PRT

<213> Measles virus

<400> 39
Ile Ser Met Thr Glu
1 ' )

Ile Thr Qu Ile Arg Thr Val Ile Val Thr Arg Ile Qu
Phe <210> 49 <211> 19 <212> PRT, <1l%ﬂ.s%> [Jy%asl es
Met Ser u Met Lysd@y Val Ile val© |syfys Met Gu
Phe <210> 50 <211> 19 <212> PRT <213> Measl es

HeUvANh A e Y Gl dle Val Thr Arg Leu G
10 15

Thr Val Ile Val Thr Arg Ile Glu Thr Ile
10 15

Gly Val Ile Val His Lys Met Glu Gly Met
io 15

Thr val Ile Val Thr Arg Leu Glu Thr Val
10 15

Ile Lys Gly Val Ile Val His Lys Ile Glu Gly
10 15

Ile Arg Thr Val Ile Val Thr Arg Met Giu Thr
' 10 15
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<210> 51 <211> 19 <212> PRT <213> Measles virus <400> 51 |Ile Ser Ile Thr
GQu lle Lys Gy Val Ile Val Hs Arg Ile Qu Thr 1 5 105 Jdksbberooshe
<210> 52 <211> 15 <212> PRT <213> Hepatitis B virus <400> 52 Phe Phe Leu
Leu Thr Arg Ile Leu Thr Ile Pro A n Ser Leu Asp 1 5 10 15 <210> 53 11/17
WO 02/ 096 <211> 18 <212> PRT <213> Hepatitis 8 viru 10293
<400> 53 L gof@%ﬁys Phe Phe Leu Leu Thr Arg He Leu Thr%&gﬁi&gn Ser 1
5 10 15 Leu Asp <210> 54 <211> 14 <212> PRT <213> Hepatitis B virus <400>
54 Phe "fiel?%et™eu Thr Arg Ile Leu Thr Ile Pro Gn Ser Leu 1 5 10

<210> 40

<211> 19

<212> PRT

<213> Measles wvirus

<400> 40
Ile Ser Leu Ser Glu Ile Lys Gly Val Ile Val His Lys Leu Glu Gly
i 5 10 15

Val Leu Phe

<210> 41

<211> 19

<212> PRT

<213> Measles virus

<400> 41
Ile Ser Ile Ser Glu Ile Lys Gly Val Ile Val His Lys Ile Glu Gly
1 5 10 15

Ile Leu Phe

<210> 42

<211> 19

<212> PRT

<213> Measles virus

<400> 42
Ile Ser Ile Thr Glu Ile Arg Thx Val Ile Val Thr Arg Ile Glu Thr
1 5 10 15

I)le Lewu Phe

<210> 43

<211> 19

€212> PRT

<213> Measles virus

<400> 43
Ile Ser Leu Ser Glu Ile Lys Gly Val Ile Val His Lys Leu Glu Gly
1 5 10 .15

Met Leu Phe

<210> 44
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<210> 55 <211> 18 <212> PRT <213> Hepatitis B virus <400> 55 Lys Lys Lys

Leu

I'le

1 Leu Asp Phe Leu Leu Thr Lys Leu Leu Thr Leu Pro okR6hber2089 15
<210> 56 <211> 18 <212> PRT <213> Hepatitis B virus <400> 56 Arg Arg Arg

Lys Ile lle Thr Arg Ile Ile Thr Ile Pro Leu Her 1 5 10 15 1le Arg
<210> 57 <212> PRT <213> Hepatitis 8 virus <4

Val Arg Vaﬁ%%%ﬁbéﬁir Lys Val Val Thr Val Pro Ile Ser g@@”é%ﬂﬁ%il
<211> 18

hbvenber 29%% WD 02/ 096350 PCT/ US02110293 Val Asp <210> 58

PRT

<212> PRT
<213> Measles virus

<400> 44
Ile Ser Met Thr Glu Met Arg Thr Val Ile Val Thr Arg Met Glu Thr
1 5 10 15-

Val Leu Phe

<210> 45
<211> 19
<212> PRT
<213> Measles virus

<400> 45
Ile Ser Leu Thr Glu Ile Arg Thr Val Ile Val Thr Arg Leu Glu Thr
1 5 10 15

Val Leu Phe

<210> 46
<211> 18
<212> PRT
<213> Measles virus

<400> 46
Ile Ser Ile Thr Glu Ile Arg Thr Val Ile Val Thr Arg Ile Glu Thr
1 5 190 15

Ile Leu Phe

<210> 47

<211> 19

<212> PRT

<213> Measles virus

<400> 47
Ile Ser Ile Ser Glu Ile Lys Gly Val Ile Val His Lys Ile Glu Gly
1 5 10 15

Ile Leu Phe

<210> 48

<211> 19

<212> PRT

<213> Measles virus

<400> 48

10/17

Lys Lys
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<212>



<213> Hepatitis B virus

<400> 58 Lys Lys Lys Phe

Phe

Phe

Phe Thr Lys Phe
Phe Thr Phe Pro Val Ser 1 5 10 15 Phe Asp <210> 59 <23ixl8nbsdbdy PRT
<213> Hepatitis B virus <400> 59 Lys Lys Lys Leu Phe Leu Leu Thr Lys Leu
Leu Thr Leu Pro Phe Ser 1 5 10 15 Leu Asp <210> 60 <211> 18 <212> PRT
<213> Hep o V|rus <400> 60 Lys Lys Lys Ile Ile Thr Ile
e Thr |?‘E’a"b| Flﬁ%%nr Thr 15 10 15 IIe Asp <210> 61 <21‘?L‘l>%"?sf'}’t‘1‘;2 95 PRT
<213> Hepatitis B vir <400> 61 L e Thr. Ile Thr Arg Ile

e Thr“iel g1 fe Thw G*fg.rﬂelﬁr@ i ¥ )(’%1211'}0{5 a9 I_1EL§/ 61171 W 021096350 <211> 16

Ile Leu Phe

49
19
PRT
Measles virus

<210>
<211>
<212>
<213>

<400> 49
Ile Ser Met Ser Glu Met Lys Gly Val Ile Val His Lys Met Glu Gly
1 5 16 i5

Met Leu Phe

<210>
<211>
<212>
<213>

50
19
PRT
Measles virus

<400> 50
Ile Ser Leu Thr Glu Ile Arg Thr Val Ile Val Thr Arg Leu Glu Thr
1 5 10 15

Val Leu Phe

<210>
<211>
<212>
<213>

51
19
PRT
Measles virus

<400> 51
Ile Ser Ile Thr Glu Ile Lys Gly Val Ile Val His Arg Ile Glu Thr
1 5 10 15

Ile Leu Phe

<210>
<211>
<212>
<213>

52
15
PRT
Hepatitis B virus

<400> 52
Phe Phe Leu Leu Thr Arg Ile Leu Thr Ile Pro Gln Ser Leu Asp
1 5 10 15

<210> 53

117117



<212> PRT <213> Hepatitis B virus PCT/ US02/ 10293 <400> 62 Lys Lys Lys Met

Met Thr Met Thr Arg Met Ile Thr Met Ile Thr Thr 1 5 1023%dvk@b&Sos210> 63
<211> 16 <212> PRT <213> Hepatitis B virus <400> 63 Phe Ile Thr Mt Asp
Thr Lys Phe Leu Leu Ala Ser Thr Hs Ile Leu 1 5. 10 15 <210> 64 <211> 19

<212> PRT wdh3mgocsippatitis B virus <400> 64 Lys Lys Lys Rhgushr4dzs: |1 € Leu
Ile Thr Met Asp Thr Lys Phe Leu Leu Ala Ser Thr 5 10 15 <210> 65. <211> 42
<212> PRI, <213> Hono sapi ens <400> 65 Asp Ala Qu the Arg His Asp Ser Gy
Tyr QuNal Jps Hs An Lys 15 10 15 Leu Val the the Ala Gu Asp Val dy

Ser Asnchiys Hebyridhia sl beukl e 20 25 30

<400> 53
Lys Lys Lys Phe Phe Leu Leu Thr Arg Ile Leu Thr Ile Pro Gln Ser
1 5 10 15

Leu Asp

<210> 54

<211> 14

<212> PRT

<213> Hepatitis B wvirus

<400> 54
Phe Phe Leu Leu Thr Arg Ile Leu Thr Ile Pro Gln Ser Leu
1 5 10

<210> 55

<211> 18

<212> ERT

<213> Hepatitis B virus

<400> 55
Lys Lys Lys Leu Phe Leu Leu Thr Lys Leu Leu Thr Leu Pro Gln Ser
1 5 10 15

Leu Asp

<210> 56

<211> 18

<2i2> PRT

<213> Hepatitis B virus

<400> 56
Arg Arg Arg Ile Lys Ile Ile Thr Arg Ile Ile Thr Ile Pro Leu Ser
1 5 10 15

Ile Arg

<210> 57

<211> 18

<212> PRT

<213> Hepatitis B virus

<400> 57
Lys Lys Lys Val Arg Val Val Thr Lys Val Val Thr val Pro Ile Ser

1 5 10 15
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Gy Leu Met Val Ay Ay Val Val Ile Ala 35 40 <210> 66 <211> 28 <212>

PRT <213> Honp sapi ens <400> 66 14/ 17 25 Novenber 2005 YWONILEBB&3IDDS
PCTI US02/ 10293 Asp Ala Qu Phe Arg Hi's Asp Ser Ay Tyr Qu Val Hs Hs dn

Lys

1

5 10 15 Leu Val Phe Phe Ala Gu Asp Val Gy Her Asn Lys 20 25

. <210> 67 wodtdssd? <212> PRT <213> Honp sapi ens <400> g@rgnfapidba G u Phe
Arg Hs Asp Ser Ay Tyr Au Val Hs Hs 15 10 <210> 68 <211> 12 <212>
PRT <213> no sapi ens <400> 68 Asp Ala Gu Phe Arg His Asp Ser Gy Tyr Qu

Val

1

10°%210> 69 <211> 10 <212> PRT <213> Hono sapi ens

<210> 58

<211> 18

<212> PRT

<213> Hepatitis B virus

<400> 58
Lys Lys Lys Phe Phe Phe Phe Thr Lys Phe Phe Thr Phe Pro Val Ser
1 5 10 15

Phe Asp

<210> 59

<211> 18

<212> PRT

<213> Hepatitis B virus

<400> 59
Lys Lys Lys Leu Phe Leu Leu Thr Lys Leu Leu Thr Leu Pro Phe Ser
1 5 10 15

Leu Asp

<210> 60

<211> 18

<212> PRT

<213> Hepatitis B virus

<400> 60
Lys Lys Lys Ile Ile Thr Ile Thr Arg Ile Ile Thr Ile Ile Thr Thr
1 5 10 15

Ile Asp

<210> 61

<211> 17

<212> PRT

<213> Hepatitis B virus

<400> 61

Lys Lys Lys Ile Ile Thr Ile Thr Arg Ile Ile Thr Ile Ile Thr Thr
1 5 10 15

Ile

<210> &2
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<400> 69 Asp Ala Qu Phe Arg Hi's Asp Her Ay Tyr 1 5 10 <210> 70 <211> 45
<212> PRT <213> Hepatitis B virus <400> 70 Asp Ala G u BhayiAembE ossp Her
@y Tyr u. Val Hs HHs Gn Lys 15 10 15 Leu Val Phe Phe Ala Gu Asp Val
Gy Ser Asn Lys Ay Ay Phe Phe 20 25 30 Leu Leu Thr Arg Ile Leu Thr Ile
Pro G n SegolaShechP 35 40 45 <210> 71 <211> 30 <212> RTsiddedss Measl es
virus 15117 25 Novenber 2005 WD 02/ 096350 PCTI US02l 10293 <400> 71 Asp Al a
GQu Phe Arg . His Asp Ser Gy Tyr Lys Ile Ser Ile Thr Gu 15 10 15 Ile Lys
Ay Val<2llgg ll,\@l Hs Arg lle Qu Thr Ile Leu Phe 20 25 30 <210> 72 <211>
32 <21233PHEps213> sMeaskes virus <400> 72 Asp Ala Qu Phe Arg His Asp Ser

Ay Tyr Au Val Lys Ile Ser Ile
<400> 62
Lys Lys Lys Met Met Thr Met Thr Arg Met Ile Thr Met Ile Thr Thr
1 5 10 15

Ile Asp

<210> 63
<211> 16
<212> PRT
<213> Hepatitis B virus

<400> 63
Phe Ile Thr Met Asp Thr Lys Phe Leu Leu Ala Ser Thr His Ile Leu
1 5 " 10 15

<210> 64

<211> 19

<212> PRT

<213> Hepatitis B virus

<400> 64
Lys Lys Lys Phe Ile Thr Met Asp Thr Lys Phe Leu Leu Ala Ser Thr
1 5 10 15

His Ile Leu

<210> 65

<211> 42

<212> PRT

<213> Homo sapiens

<400> 65
Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys
1 5 10 15
Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Rla Ile Ile
20 25 30
Gly Leu Met Val Gly Gly Val Val Ile Ala
3% 40
<210> 66
<211> 28
<212> PRT

<213> Homo sapiens

<400> 66
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20 25 30 <210> 73 <211> 34 <212> PRT <213> Measl es Vi mgNsvaRBar 795Asp Al a
GQu Phe Arg His Asp Ser Ay Tyr Qu Val Hs Hs Lys Ile 15 10 15 Ser Ile
Thr Gu Ile Lys Gy Val Ile Val Hs Arg lle Qu Thr I1le 20 25 30 Leu Phe

<210> 74 <212> PRT <213> Measl es virus <400> A u Phe
Arg H s As‘ggééirﬁ%g%y Tyr Qu Val Hs Hs Gn Lys 15 10 %@r@%ﬂ@gf‘ Phe Phe
Ala Gu Asp Val Ay Ser Aspn Lys Lys Ile Ser Ile 20 25 30 Thr  Glu Ile Lys
Gy Val*PIBNAR FPE RGP ST T Y S BT PHE M3so 0 s 16/ 17 25 Novenber
2005 WO 02/ 096350 <218> 75 <211> 34 = <212> PRT <2135 Measl es virus
PCTI USO2L19:498h<4RO 3214 51u Asp Val Gly Ser Asn Lys

20 25

.£210> 67

<2131> 14

<212> PRT

<213> Homo sapiens

<400> 67
Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His
1 5 10

<210> 68

<211> 12

<212> PRT

<213> Homo sapiens

<400> 68
Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val
1 5 i0

<210> 6%

<211> 10

<212> PRT

<213> Homo sapiens

<400> 09
Asp Ala Glu Phe Arg His Asp Ser Gly Tyr
1 5 10

<210> 70

<211> 45

<212> PRT

<213> Hepatitis B wvirus

<400> 70
Asp Ala Glu Phe Axrg His Asp Ser Gly Tyr Glu Val His His Gln Lys
1 5 10 15

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Gly Phe Phe
20 25 30

Leu Leu Thr Arg Ile Leu Thr Ile Pro Gln Ser Leu Asp
35 40 45

<210> 171

<211> 30

<212> PRT

<213> Measles virus

15717



Asp Ala Qu Phe Arg His Asp Ser Ay Tyr Qu Val Hs Hs Lys Ile 15 10 15
Ser Ile Ser Au lle Lys Gy Val he Val Hs Lys Ile Qu GWdvk@ber2thod> 30

Leu Phe <210> 76 <211> 34 <212> PRT <213> Measl es virus <400> 76 Asp Al a
Qu Phe Arg His Asp Ser Ay Tyr Qu Val Hs Hs Lys Ile 15 10 15 Ser Ile

Thr Gu Il\@o'ﬁ‘ﬁf%sggﬂr Val Ile vVal Thr Arg Ile Qu Thr IIeP&%S%E,m%% Leu Phe
17/ 17 '

<400> 71
Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Lys Ile Ser Ile Thr Glu
1 5 10 15

Ile Lys Gly Val Ile Val His Arg Ile Giu Thr Ile Leu Phe
20 25 . 30

<210> 12

<211> 32

<212> PRT

<213> Measles virus

<400> 72
Asp BAla Glu Phe Arg His Asp Ser Gly Tyr Glu Val Lys Ile Ser Ile
1 ] 10 15

Thr Glu Ile Lys Gly Val Ile Val His Arg Ile Glu Thr Ile Leu Phe
20 25 30

<210> 73

<211> 34

<212> PRT

<213> Measles virus

<400> 73
Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Lys Ile
1 5 10 15

Ser Ile Thr Glu Ile Lys Gly Val Ile Val His Arg Ile Glu Thr Ile
20 25 30

Leu Phe

<210> 14

<211> 48

<212> PRT

<213> Measles virus

<400> 74
Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys
1 5 10 15

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Lys Ile Ser Ile
20 - 25 30

Thr Glu Ile Lys Gly Val Ile Val His Arg Ile Glu Thr Ile Leu Phe
35 ‘ 40 45
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WO 02/096350

<210> 75

<211> 34

<212> PRT

<213> Measles virus

<400> 75
Asp Ala Glu Phe Arg
1 5

Ser Ile Ser Glu Ile
20

Leu Phe

<210> 76

<211> 34

<212> PRT

<213> Measles virus

<400> 76
Asp Ala Glu Phe Arg

1 5

25 November 2005

PCT/U502/10293

His Asp Ser Gly Tyr Glu Val His His Lys Ile
10 15

Lys Gly Val Ilé Val His Lys Ile Glu Gly Ile
25 30

His Asp Ser Gly Tyr Glu Val His His Lys Ile
10 15

Ser Ile Thr Glu Ile Arg Thr Val Ile Val Thr Arg Ile Glu Thr Ile

20

Leu Phe

25 30
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