WD 2004/ 007538 PCT/ EP2003/ 007572 MOLECULAR ANTI GEN
ARRAYS BACKGROUND OF THE INVENTION 5 Field of the

WO pwe/075651 The present invention is in the fiePdFERP{003/007572
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medi ci ne, i munol ogy, virology and nol ecul ar bi ol ogy.
10 Rel ated Art Vaccination has provided one of the
nost effective ways of fighting infectious diseases
and has led to the nost significant benefits for

public health in . vacci nation
strategi es used I“é@gEbgi?‘%gﬂé%é%ﬁﬁg%% vat ed

pat hogens as the i munogen. Safety concerns within
the public and the authorities have fostered a 15
search for nore gdafdierodngd &af8IE RACENTRSN Thi s
search stinulated a new direction of research, where

i ndi vidual antigens were isolated or reconbinantly
eXjicle o8 thd Iavshtionj ect ed as i nmunogens. Exanpl es of
these include the devel opment and use of subunit
vacci nédie Pirent inseniionds in thefielis of medipinsninrevnalogy, viselogy and
aqr%l&iu(feﬂb%lo adj uvant to generate a sufficient

i mune respofse 20 agai nst the antigen, as an isol ated
protein is typically not sufficiently immunogenic to
generate a protective inmune response. Although
s&ed#ted Agt rong adj uvants are known, such as conplete

Freund adj Mvant . th are.general Loxic d, cannot .
e A LB BT i MG A s
NRfiaic dnbchasged &b thOmosenbBfbdhY dhstits BHCHMIIcYhealth in the last
research on the principles of discrimnation by the

i reeniuey. Eydy vacciifioh etrategies wed five nitefvatedi gy maetivated pathogens as
reveal ed that_,the deqgree .of qrgapj.zatjon and.th

r dpermimAgAaTely conrE ity i TORLE el Gpwheinesdpve fostered a
V'séﬁéﬁﬁr%&e@egﬁé&aﬂ@a Bg%(%hgg_al for an antigen to be

recogni zed as forelgn mann & Zi nker nagel ,

| r nnundhis searthystinlifat&bB8ndb BirdctidA 6 Jesedbth, wheredpdividnaldntigens
viral ,structures was Br,ade usa of .i.n the design of _ new

v AEEF FeLqsrapcqsmbianiyexpreried gad injeqtedsas ipnpmpgensh Egamples of
c g [ . ctur.

" RERCBRA S S AIRIAE o Yl b UEVMERR, A,

v afiehnefuirel the tatidision \vi@a iadpsant tth gedethe edutficierdiibid@ine response
fused or chemcally attached to virus- |ike particles,
t heaiapidhs aticent asapnsalaied preteins emically not sifficiently immunogenic to

B
Stsuuble b pletet Framal adjevhnt, Ghdynde @BhdralBNtoRI¢ dndWshid bk RSed in
humans, Great efforts are therefore being made in the search for new adjuvants.
Recently, research on the principles of discrimination by the immune system
between self and foreign has revealed that the degree of organization and the
repetitiveness of the antigens on the surfaces of viruses are a very strong signal for an
antigen to be recognized as foreign (Bachmann & Zinkernagel, Immunol. Today
17:553-558 (1996)). This property of viral structures was made use of in the design of
new vaccines based on virus-like particles (VLPs), which combined the
immunogenicity of viral structures and the improved safety profile of non-replicable
vaccines. In those vaccines, the antigen is eithér fused or chemically attached to virus-

like particles, the chemical attachment being covalent or non-covalent. Thus, the



antigen to virus-like particles. A variety of VLPs
have been used for the attachnment of antigens. For

wezaapbrs3s WO 00/ 32227 descri bes the use of Hepel/EP2093/8)7572
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core antigen in the production of certain 5 types of
vacci nes. A new class of highly expressable and highly
i mmunogeni ¢ VLPs has been disclosed in WO 03/0 691 3
vimr@ahzqgsﬂip pepeph PRe Y aHar NIy rprsiEresie theantigs gthe
S are conposed of the coat protein
%Vélgisela‘i—ﬁ %ﬁalgré;s The coat proteins are

ex IO r esg Qekidte 690’91’@&% Ibged ukel sttty dtachraad of hetiggh Fdoeample,

not contain the phage RNA genone and therefore

cHIhed/33287 | desraibss thAUﬁwgfmAt% g@@ﬁ%@%ﬁé’g@“@&%@m’fﬁ@m‘n

been rtecentsli% identified (Klovins,J., et al., J Gen.
23-33 (2002).) The AP205 RNA phage

( Taxonﬂ'ﬁéwl &ass &W):xpréss@blélaﬁa thesh$t inkfdeshenic VLPs has been

positive-strand R no DNA stage) virus, which
bdisdnsgd in &V 108/056905 M&m@aélrxcamorested hessin by referegemipgts entirety.

RN S L A0 R con

Q&%H%deﬂ i PacietRg bW AR VIR IdWéEnot contain the
z’teé’\{m\’%egﬁ%ua S D o L Mo A

Fiﬂﬂagémb@gmmnd andathcreﬁzdmnnomphcawl GA and KUl

gﬁtj )b gir Upgl l Ab l&gm?ﬁqzégéﬁ%% %#Fqsp rgge@glghcgegl 1eé bﬂovmsJ et
h

Z%,Sé%e%n%;‘% %4%%:%3 @'n e%o bZ)O)O -ThENEPIR RNAl phie J(Té’}fonhhﬁ ID:

phage 1's 2 acter spp. (Kl ovins,
al54784) isCe nvingle-stednde® positva3tradd (RN}QZO@ DN‘Aestwhomas which

o 1 oy P BB s 5, K RS o
TR b SRR 008 s B b SV 7 T

Pa&@RaBtd DerlitieusT@bpifoaps olude felloving RN phages: 6f TR, £2, M12,
proteins coded by these ORFs is unknown. i h

gt BA7 (whescind) o Ak dP 38 68 g K Gabatons - The

43505 36030 B3 S st 6B et BT b Rpic Rdgpgoce

dh&eGise AFBBaL 11ARR05002760. Phet witutalc Abstbef the AP205 phage is
reconbi nantly expressed in_ bacteria using the vectors

oflctratobinetoromipi GHovivat hetvid, hiCxs. Gisdle$ S 3 d3-A3 (RUHSD- Fb@ genome

P58 AD B carme TRRE oPee g xR ot 388 e coce or

PR BhfiBatioR! A€ ¥6&GnRYhd féﬁhéh%@ gﬁﬂémm B@dltish awb &A1 ¥mall
formed capsids, as evi denced

ORFs are present at the 5° terminus, precedmg the maturation gene. The function of the

proteins coded by these ORFs is unknown. It has been postulated that one of these
ORFs might code for a lysis protein (Klovins,J., et al., J. Gen. Virol. 83: 1523-33
(2002)).

SUMMARY OF THE INVENTION

We have discovered that AP205 coat protein can be recombinantly expressed in

bacteria using the vectors of the invention. We have also developed methods for



El ectron M croscopy (EM and i mmunodiffusion, and
therefore the coat protein alone together with RNA
wae@4®0fsBs ci ent for assenbly of the capsid i n BCT/€B1003/007572
This rules out 5 any role of the proteins coded by the
two ORFs of unknown function. A surprising feature of
the invention is that no sequence honol ogy exists
behwERatidhef sepRiEn eaustike thaeichR2 0foreoat, frot@2A5 andt proteins
ot her RNA phage coat proteins from whi ch t he struct
hasrotsn ) thei dateal meflad snoatagequsht frmed seBHdD t%seeéflcrwced by

SRR S Y a2 A AL B Ocht bR slone

negétierkPith RiAsire ROHfcidne Birerssshibily (Sielﬁél capsldEiME éli [ehierules out
di scovered that AP205 VLPs are hig I mmunogeni c,

5 arahyoals dfah¢ prefeins Wdeﬁ hyrthaiive Oﬁ’@s @cf @-plé@wrbﬁlgléﬁm A% gurprising

GRS TRERY e Se 1 5 UE PR PG TG Buencor
el fheiAreds %Qﬁ'ﬁi‘@t&mtdﬁ@ ofiter RINA bR G0N [@aRInG R GRitheBe structure

showi ng that "bound organic nolecules are accessible
f dnasibeereelacidated, et tie séwptubd@yommeé ofithescapsid formeed by the AP205

- GhBTIREng CaRp AR, e o Rl p B P RO phgps e nearly
10 2 Pﬁﬂfsﬁﬂﬁﬁﬂﬁblé VARReeR] RN Whate &1?@%&9 Rt aP2b5 WP ﬁire'hlghly

pacteri ophage AP205 reconbi nantly expressed in
c oimmuﬂdgemc; aeidatue te hlslpadomh drpmni¢ molecnlesin ggenaté dassine constructs

ent nt for . of AP205 VLPs,
@P&gﬁ%t 80 gagiessiles eriehieg o TepRENG, pERTeE Rlig itgs were

pr Shh

Thés%@@f%&n ALl SofacRRlepAct Sl P bt cpganic
( SnQlekiles\ide addessible forAft2fabting wit anfibody mblesules amd yrelimmunogenic.
bound to at | east one organic nolecule to produce

15 order edTﬁ@P@Eéﬂt iMRnaoh Ebbifl&fs redol®iineA Bk sresiell Saus-Hke particles
Organi c nol ecul es of the invention include antigens

an(i\/lal?sb,u s;p@ntand@xsb'r assermhbled  from lak legeinene eoet pradeiniqydasteriophage

AP g G8bENy Rorear 75 Pelirn § FaRl ances B3 Rensign provides

dr 538mBly-RBipRent mh&nﬂfo@m bNEPRRYIAR, ﬁ@mamgmg.s coat Brotem with
thereof . |'munisation of ani mal's using a en- A

VLthe substiogmned prajine atamiposicid Son shreonipe (SQQ@ (0 B) These VLPs,

20 &7 BBV ERs iR bt Lacuee (M) ML F AP A irghaprsices,

The, g bEbQAind Bt !e5§f %ﬂé bl%’émcsxn&@ﬁﬁe to lﬁ&fu’dé ofd@fedtrgﬁetltlve arrays of

attachnment and di splay mol ecul es and in particul ar
of themtgagisoletidec @rganidmolemﬂq:sw@ ﬂieetwen’oampdsdet antigensandantigen
nmet hods of the inve on are useful for the 3

st AStEIIHBRNST 2HFTeERs, SThRecPL SpRiRSecang sl Atgeny avgmf@qt'gwaﬁisease

no BT 5o TR B B3g Bl uet MR Puf MiGyine and

25 t héerpraciseythereofl Bninunivatiunofiadinsald L&[ngamugan%PIOMP conjugates, or
particle conprising, alternatively &@efer
C O FRMBISItRES EQMBHEING FUAh cewug@iﬁsaamoaﬂﬁ:étby fgvegtion, nduce astrong

immune response against the displayed antigen. The VLP of the invention is thus

useful for the attachment and display of molecules and in particular of antigens. Hence,
the conjugates, compositions and methods of the invention are useful for the
30  stimulation of an immune response against a variety of displayed antigens, and thus for

the use in animals.



preferably consisting of at |east one protein selected
fromthe group consisting of: (a) a protein having an

w@rinoomes d sequence as set forth in SEQ | D NCPAT/EPI)3/e07572
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5 protein having an am no ati d sequence as set forth

in SEQID NO3; and (c¢) a nutein of said protein of

(a) or (b). Preferably, said protein is reconbinant,

Thus, Inhdirkiraspent ibﬁpmsw iinyestismproidea fusiadifuarlike patiigle
east rot Se ed f.romt he P

c R g i Ra sl o sFsRElFonkoRTRFSafly fb Baliematively or

S §HLRAHS; @cﬁlsﬁﬁhg Bpa:tq&hst BneEldein delded flom ¢Hp) @uﬂ)écﬁisﬁtlﬂg of:

havi ng an am no aci d sequence as set forth 1n SEQ
N B3 prbeinhavipg pn amme asidhseghensaiag sgh fotleimSHR Il()é\jods (b) a

st A g ao B5eainey g T st ) N ol lge
Serhut%f?{ Jﬂgidg)ropg% (r% %}” ProBGbR Ebl@brdtﬁg?ére%]ﬁb FhiPhus,

acl d resi t hree am no aci resi
nutheinverti@r priolides fay azapsid famied by atleastene pantein evlectedrfmm the
preferably . one m no a%d resi due of, SEQ I D NO

r,
sa&?wqw@ngg - ABLERrOtR haRg ANAMIDS agidiseqiange axset forflin sEQ
t
conser vé%)\%{ 5{0@%%{%‘1% tgtllgﬁnlmloﬁgﬁefe urt ﬁg%’&%?%ﬁgﬂrnﬁﬂg%bﬁ)ﬁo 3
erdndqe)emtuieis of hidpioesim of @k on(b). dmalp@ef&@ecﬁembcﬁﬂmeﬂt‘; gaids
set forthin SEQID NO 1 or as_set forth in SEQID
Nanstein e agiaming acid segiencsis sehfertBimaEQIE NQd, or as set forth in

%(? Bﬁ%@ét Wﬁer%ﬁs%ﬁéaggor%?ﬁrgg g@d?és%ﬁg%ltﬁar@ ﬁﬂ’eeogxnlno acid
preefitiabmpregietbratly tveshinoneid ré8dws el évieh Yndr¥VBreferably one
substitution is a conservative substitution. In a

stanlnno ﬁudtrmduqﬁfeﬁm He NO:dris SRQEANO:3 i afldaditdsiatedhers

dse as orth SEQ ID NO. 1. or

SBTRAT P R TLEMRE A & Kol Seltnbelpeiimits aoBipcvariv®

I )@%ﬁﬁuﬁ@@ T8l W BurthiRh pFereradd amBdaiBent, dadShiRid Biiad WeSno acid
nore preferably two |ysine reS|dues and even nore

préﬁt}@ﬂmb hy s dierth InSEQ D INO:SE0as st Kigth in SBQ 8EQQ:B, Wxrein at
added, del ete S, itute whet
et b a T Sidne bl i stliof FeidRisnof §8Q D NO: Tor
C ONSG MHNOBCiseRIEd dribubQuted, szlﬁréﬁ %&@&a@?@%ﬁtat letapteone
i nvention pfovides for a mutein having an am no acid
s qureferebly tveo, selstifuiionts a norBE@ative $WbstButidh.tle nstll ifwthey preferred
thei ventlon I‘O\(I esfor a tein of th

& 53 Wrs%n? BPifépquenes assetdorth iIRGES ID NO:1
8 SO S S L ity

anhymne Bsidties, msord pﬁerab\llydwe\l/ﬁmer‘r‘esfl@qs; afdeavab moropeferably one
amnoaC|dreS| IS 1 or SEQIDNO3 is
adyne OE%E@tIQcNQr t §¥J§EQ| J‘t@é Is \‘M*l@?ldeﬁiﬂetﬁ@ &r gpbstifujeds wherein

VORI Bl S ERRIUBO £ Bonschyitve!ERSHtRIN

: n1s a conservative su

still further aspect, the ilnvention.provide a

nut ei n ]&a ﬁ%nda asBec% the invention provildes foPa mutgin%avmg an amino acid
sequence as set forth in SEQ ID NO:3. Alternatively, the invention provides for a

mutein of the recombinant protein of SEQ ID NO: 1 or SEQ ID NO:3, wherein at

least one amino acid residue, preferably three amino acid residues, more preferably
two amino acid residues, and even more preferably one amino acid residue of SEQ

ID NO: 1 or SEQ ID NO:3 is added, deleted or substituted, wherein preferably said
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reconmbi nant protein of SEQID NO 1 or SEQ I D NOG 3,
wherein at | east one cysteine residue, preferably two

wa@yeuedTses r esi dues of SEQ ID NO 1 or SEQ | D 5PQNOEB2003/807572

del eted or substituted, whe¥ein preferably said at
| east one, preferably two, substitution is a
conser vatiye, suybstitution. Alternatively, the

i F@Rt PRTEUBFEv el acGRSer Aty SWhHOEIN he r econbi nant
protein of SEQID NO 1 or SEQ ID NO 3, wherein at
| east lorestillyfvither aspest,dbeinvpntisnarraitss fohe switsin of the

ase Ry ver B RO ARAD 17 MEs, Wit Rag Pikeq

@siéﬁe%e@lauel 9@9@@15’/ twé %%rﬁ&ﬁé* re@fdu§é19§SE<§ uh eeh: MWHesE) D

preferably said | east one substitutionis a
Sk ivdeletod osmﬂvsmutedt wherein prefarabishsaid aémt one, ptﬁerably two,

bSO is ARy e i i, Aty dY. ghe T i oigogides for
p;[ Rl REAEF the AcohASht &%%m BPSEQ IPNGOET Qxb.‘ﬁl(!;%zlb N@as (Nhere%n at

95% and even nore ferably 99% 1 dent to tha
SE@‘L bie lysinki@e2de; pﬁﬁf}mly’)ﬂm lyéme Asideesnanore preferablydwo Iysine

areﬁ HEm RSl mots Pee a5 e D SESUAL et s SHQ, fLD i
d8d,RIeBk&l & subWRREE! @éﬁ%%réféﬁﬁl?" sHid 21 ?é cﬁﬁtsﬁgstftﬁt%}? isa

t e group consisting tein av ng
aconsavaiivecdsubgtijudsice as set forth in SEQ ID I\IO 1 (b)
a protein having an am no acid sequence as set forth

i N SEQnlddotie} pedttthe (enfompiovides &r aSeb@r B pro@icifbon 8P205

20 (a) or (b). In a further aspect, the invention
prioviltkepattisle whesstsaguenos ismt trasidi0fg pacferablyGes laast 0%, Imdre

RAERLRL P GOIPLS! At L8 L eRS a0l 08, BERL Ly de spo D

aqﬁol.ze&ssE(g@J%NqswaﬁfeﬁMe B! th %%hu&@{ fovilRs SorklRERE ?&lwfe
at | east 95% and even nofe preferably 100% i denti cal

t prodmion@tf a SO tidnan fro&in 2ompriSELr polyNgitidé fused to a protein,
vi di ng, a vector, conpris nucl.epti de sequence |
e s Battn isGeieCit By bp By ncorusie bgis) & Aien having
. 0,
e i e o5 ey U RS
i aviid seduencegs setifdrth un:SEQdZDeN@dS ; eind &b thwen bdsaid polypetide of
host [1; (c) expressing said nucleic acid or the
és%@?ge of said vector in said host cell to obtain a

protein or a 30 nutein capable of formng a AP205
vi rus-Inj &@ﬁb@rrqsp@qt,ethe mventignapyidesstor d ntetiind afgirpducing a

2004/ Q07538. PCT/ EP2003 7572 [ 1
AP R R St (G ey ol Lo Rdine 2 Bl
R epsgggga ﬁme‘b?a@ §eq<1bﬁ¢é96é1ﬂé<eﬁ 16031 $09% ;ﬁefeﬁw 4134430909 Smore

?rOV|d|ng a nucleic acid or a
%, and even more preferably 100% identical to that of SEQ ID

preterably at least 9
NO:2 or SEQ ID NO: 4, or providing a vector comprising a nucleotide sequence
being at least 80%, preferably at least 90%, more preferably at least 95%, and even
more preferably 99% identical to that of SEQ ID NO:2 or SEQ ID NO: 4; (b)
introducing said nucleic acid or said vector into a host cell; (c) expressing said
nucleic acid or the sequence of said vector in said host cell to obtain a protein or a
mutein capable of forming a AP205 virus-like particle. Preferably, said host cell is

E.coli.



vector encoding at |east one protein selected fromthe
group consisting of: (i) a protein having an am no

wa@ceded/ogmsgeience as set forth in SEQ ID NO 1; (PCIER2003/007572
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protein 5 having an am no akid sequence as set forth

in SEQID "NNO 3; and (iii) a nutein of said protein

of (i) or (ii); (b) introducing said nucleic acid or

sai d ve@ttHH aitprtherasprsstthe waentjon(mryvideiives sietigpdsafipoducing a

oSt Sk Sl S e Slph o) S a0 g R el acid or
CaRatk endididg0dt B a3Lork p‘f&%ﬁﬁsel’éc’feﬁ%ﬂn{l Iha% %@”{é’; dé)‘rf'x%ulggng of: (i) a

Preferably, said host cell is E co
ersoimianing asfaniine apgidstaiense avmdt &dthrin SBIQED NGJ1;qH) &grotein

under. (i) and (.i,i have al rea een_i ndi cat ed above.

S et st sl RRfn SEETGA: @b G a saatein of
C hiel . Bl : . . i VLP

C PERLIET DRI P IR saidRlchid RIEEPLARUeciof'th o hos
f wellhe) expredsong sazhtucldihacid ovehe séquangy d\shidector in Sai% host cell

conppsitions conprising one or more AP205 VLPs an _
o?ﬁ% Ogi?’“lﬁﬂ‘gpf&?e@%ﬂx %914@11&% fapable\gh &oraning 2 AB2AD Visuulike pasticle.
at ¥ d.i.eq. boun to
RSB s\ R R SO B Bl e nehis g i B
nuhwteins endicateinuralet {ipeml (i) haweiicadybeeh ieficLsadvaent s,

the organic nolecule is selected fromthe group

consi stth AGrPEmbbdineat) HRYiBAM:; Ik i

i nduce an irmrlalne rgsp(t)nslg@églgg? stV%ggg%@ﬁésth%éso;?np(nrgﬁngoneor
amaye treambinant EDS of RNA thectetiophiagel AR20 550 miutanid@ereof, In a further
res oaseer@qgi nst 20 infectious di,.seases; (c) an

oregg)ﬁ WG B GVERERR PEYYIYES CORBORHORSCOMHIISHE eresprones AP205
agdiFySind @hk ' g(aﬁijl: | | uited.to ..

i nduce an i ﬁ%gﬁig r esﬁﬂ%@&%@%ﬁwggﬁﬁgﬁw5%?1‘"4%68’ linked,
( eyupled or fyseul ice. hroleis td the AF208 VIPe. Inadotber abddimEmethe organic
resdiocgl?e. in farmanimals or pets; and (f) an organic
nELU S 4B ARE%F™% 0 | nduce a response against a drug,

a hornpne or a toxic conpound and (g) fragnments (e.g.
an epi Ibgsstaiyotherempedingents $edugasiicmoleculn js sefecteddrom the group

0 S N -(.f)... I.n anpt her  enbodi nent, .
¢ BRGHsEReRE) of laghiahQbahe hirego e Shimpens resprnse gsinst
S uate 6RE (BYBM orgd i€ nRM duBeRS: i | ;
pglﬁyp.ept [ dgs. I rfganot her enbogf@ﬁ(gﬁ{d,ﬁgé)ﬁgﬁgn el‘,{]egg%nsgra%amst
e ?h@@% diseasem &) ﬁatomgalanlic Hmlmule,suiﬁettto hngugmhzh ﬁﬁmubﬁ €S ponse
pat hogens or =~ tunors. I n yet another enbodiment, the
a%é%sg r?ﬂf:?e‘%?el(gg?‘é 81’%3{“&1%”9??8“15 rs&}l}iff toingdhes amémpoved response
( 8daist BAF-YRARKE;EE) HY &@vs ' i i e eshonse .
aaéai nst cangggr gg)l I s;ré( ‘t“gleb‘gg%‘%éig{i% gggésj%}lp{éﬁm%cfesmnsem
i iraals Prpveis end € pongeniagmiaeale suiddo induds a BspERE BSiinst a
(ﬁﬁ) a i{\o 2004/ 007538 PCT/ P2803/ 007572 7 pol ypeptide
sT" B PG A §G & 4O%HCq g Epdrgmenis4¢-gsan egiifope greantigenic
( @dmBinRALYPEPLE 41 j pndyce an i nmune response
agarflngt ge)lpf -anti g%%%%stsgﬁo&&%egaﬁ‘gﬁ.pol ypepti de suited

In another embodiment, the organic molecules are one or more antigens. In one

such embodiment, the antigens are recombinant polypeptides. In another embodiment,
the antigens are extracted from a natural source, such as pollen, bees, pathogens or
tumors. Inyet another embodiment, the antigen is selected from the group consisting
of: (a) a polypeptide suited to induce an immune response against cancer cells; (b) a

polypeptide suited to induce an immune response against infectious diseases; (c) a



to induce an immune response in farmani mals or pets.
In a particul ar enbodi nent, the antigen conprises an

wepitops3of cytotoxic T- 5 cells or hel per T-ceCT/EP20081007572
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a rel ated enbodi nent the antigen conprises a B cell
epitope. In a related aspect, the invention provides

met hods for attaching, i.e. binding, organic nol ecul es

t obstrepttde208ed/icRindios apémiming respie iapEndt sl letgers; 6d)ganipeptide
nmol ecul es, are. bound in an oriented fashion to the | )
AP Bt A B e REO AP e o UEHB: STKUEKRobtPepidseuited

CoHj : [ d in nethods of

[ %%ﬂrgggéa??wg{lan anﬂ' mgfi Ey [ %?irﬁloa(lf%%ﬁﬁgs'ei t into an

ani mal In g phitigtilanembsdiynent, ther anpaccdmprisgs ah BpikBaS 3V toroxic T-
ingﬁﬁ%agfgléggljf gl travengusLy_ transdermal ly, )

£ Liic5ls. dparelgted gmbedimentthe antigen camprises A BreeH epitope.
I n anot ' t: L ' ded .. .

| ocal |y eSS RR i, o GRRRS lekitds 51 ARAE T binding,
agaganit moleculbs ke ABR0IVLP Ke cértri embodiafets, the ofddfic molecules
present i.nvention l@l SO relates to a vacci ne conpri sing
aR's PRYRA & By Prented faskipp S e 29500 M of the

conposition of the present invention together with a

phar nmadeengthes gmbodinsens o thesinvéritioanthe comjugates oogompositions are
excipi.ent... | fut her enbodi nent, . the vaccine, i

£ APechay Hisshosh; S amininlzaths 38 sitagl BY, Rirodusiign Laigtoap nimal
OkubiERBTIS), € ftamDstutarlyadi; Thepi o
provi des rrsg}t’hodgﬁ%ip gcllﬁn%rrb}ﬁl zlﬁgﬁgaarlllgi oﬁnﬂtr%&égﬁa%lﬂg algljtr%genoudy’
altriansderaallyp tiagsmycaadly, nirsilye rar ntiret thy tilte abingpd nede. In another
[ nol ogical ly effective anopunt of conjugates, . )
c SPBgimenh 12e compasition i gRplsf 19oALy: Meah sk or fasal viFsb owervoir
VhESin& i 4AGRSWAlld BRERPFCEIgRS can be used to

vacci nate agai nst tunors, viral diseases,

sel f - nihepekas inventimmalgepiatditca atinke c&ﬁbﬁ@iﬁ? esimrh@fologically

exgjgl e. The vaccination can_be for prophylactic or
PAYS LUt Rin Bse somppsitini R thepposens Myeliion: togethst aith a

0 i 1y e cei.nat nst. ..

CPRATRATCH AP0 Uitk ol A0 CRRIT S, e

antdchedyirthasponsies A a1k aljieam) Sueh BEATunS bt thédthSled Freund's
treatment or prevention of allergies. The

t he . ! A D
i AYEKto N ieURY etion s prasislesymethods of immuairingranddor treating an

p WaleRyel , i cal .disorders .or.conditions

AT b S R St A G B BRI P PR Rt ot of
t béenjugdlespelith posiidng] droacethesCMROEVEdtRAS conpri sing or,

al ternativel éﬁ consisting essentially of, an AP205 VLP

bound The AR20Y ¥&&s compitecen aompositions @indeeredmpactinate against
i mol ecul es WD 2004/ 007538 PCT/.EP2Q03/ 007572, 8

RIS, TR s seenfuRelaeg RO peamicicomaell aobsahies for example.
OFReV &AL GOSN R oS PhyIRHR eﬁﬂlkfag@gic g?P%ﬁS%,e of 58 AP35 vLps

treatment, prophalaxi'sor diagno sease,
ceondiatesor compdsitiomschan be used to vaccinate against allergies in order to induce

immune-deviation and/or antibody responses against the allergen, suitable for the
treatment or prevention of allergies.

The invention further provides methods of treating or preventing diseases,
physical disorders or conditions in an individual or a population of individuals, by the
administration of compositions comprising or, alternatively, consisting essentially of,

an AP205 VLP bound to an organic molecule. In a related aspect immune molecules



I n anot her aspect of the invention, conpositions
conprising an AP205 VLP bound to an organic nol ecul e

wae@4p0798 ded in the formof a kit. |n another P@EpRTN3/007572
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of the 5 invention, conpos§tions conprising an inmune
nol ecul e and anti body, respectively, isolated by the
use_ of an AP205 VLP bound to an organic nol ecule are
aPBoAaPIedigdagsreEvalheuthorsangibodiek generBetbigakist suchrempositions

A Lk e R AR e r

ant i boti &othérasRRe bf ¥eliMveniiBA don}sitifng SIrIRN;
mol ecul es pr eseﬁ?ed on the VLP, or det ec%yrl}ﬁ%?nAPZOSVLP

obgui te arergssirnesleciloare previded is thedemi oy if. I amodre aspect of the
Iveec#l es- andt.ant I bodi es, respectiyely, and/or for
t HEHT A FLPEsIies ORISR A A oleanie za apljbadyerespectively,
PisER4A8, FOSER B%%ﬁ% :
anti bodi etg;é u’r es pegtgi)z\;fgl\{/ﬂ.le})ér)dlmgggt&al r elllllgoﬁgc&ﬂ]&e also provided
eibthdifomm 0§ 2 kithBuddi kits avé usdfel fonw entictof padposARFIading but not
conmponent s such as buffers,

. ddi ti I
iR jthe ds Ertigneafimmun clksales and atbedier sespeetiigbirescting o

ebfpanik i ot | | s0_provid :
F ot molP A RORDATARHT VLS Pr KR BB RE Rt e i he

c satenugntfimmuk nidlécubaand bh Gidie SrefRe ey, A iloR ortitediagnosis

yhf:us- | ke articles. Host cells include prokaryotes

[

P ,
¢Qnditiogs eharagterized by the pessepee exabsense wlithvgmnymanglecules and

api J 3 L0, anot.her aspect, .the .
R bR IR pr B s R PR € MR o tieapentipmymay
peahpise @fe dNAokarkiidnabbasordis Qack B bl Vditss, dkBients,
pg{gtl cles thereof. In another aspect, the 1nvention

Y

brandss dpteetiRadrsagests asari fyi ng and i sol ati ng
' -4 LGl . .bact eri oph AP205. h
enboa BB Esbech &% i P F S b PRER R v PotoR i el Felintor te
t expoessioafof the clad proteis Hif IRNA abtbiidphasd Apbed fdrﬁxiﬁ&%iﬂu?like

the art, the follow ng drawi ngs and” 25 description o
t Pratielay &fast eells iaplude peoketyatardnclBIRNEE. (DESOR Bikafiite®Fncluding
T, IDWW Figures 1 A-B depict electron

ch(‘Jgrlap S ?:lgﬁ%egr%ﬁ'g AP205 phage particles to AP205

Vi rum i ke particles spontaneously assenbl ed from
r econbi? B rAspestnthoeivEgtian peovidss etipdsriog G3presiag the coat

1B SORRA dat i levirGla; iclks Dier& O
2% el ectron r% 5588%ﬁ\%iﬁgtaﬁ&ri‘{eﬂ_ea)fr%gkbgbguﬁﬁgg}@m& ivanother
pasptétothe syventior grovideemethbdofor Flutly a8 otk Wis-Bke particles
sel.f assenbl eolI) Eartl cl es of reconbi nant APZ05 VLP Fs
s?f{hﬁﬁteflﬂphngA 0B, Fi gure 2 shows the SDS-PAGE
anal ysis of the coupling reaction of AP205 5 VLP and
Q 3 VLPthepembediments of gstriretent ifventioamillds apgarentrtolBne of

P i t.i

u&glenraryrs%% fn' lli]gqlt %P Cv%lat 1|s %]gwn in the art, the following drawings and

description of the invention, and the claims.
BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-B depict electron micrographs comparing AP205 phage particles to

AP205 virus like particles spontaneously assembled from recombinant protein
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on a 16% Tris-glycine gel. Lane 1 is the protein
mar ker, with correspondi ng nol ecul ar wei ghts

wo pauoersesl on the |eft border of the gel; | aneP@I/EP2003/007572

derivatized Q3 capsid prot®in; lane 3, the

supernatant of the coupling reaction of Q3 capsid

protein to_the Derpl.2 lPepti de; lane 4, the pellet of

t HPTEStp It AerdicadtiieicdFIQ 3 A spsisinplotenmicwgtdpd picture of
0 i de;.lane 5, derivatized, AP205 VLP;

AER0% phogke Rl Tl ARcp et iR PR WY bpembled

AR268e3/bf et GmbientDEr 5. LPRRLLARin FANG B, the pell et

of the coupling reaction of AP205 VLP to the Derp 1.2

pept i déigursod phawigthp SEHURASEcamiysmpafiité ooupling rédveion of AP205
l .4 and_respectively 5 peptides per.

aign égf‘}e%; %ﬁ@aﬁ% aelmf{é- Ths satples wveraian radgy reducing conditions

i o, : i ed to AR205

U A TR A o o Db BRI E bl R ER M 0 el B pptecuer

BilvéiSits amditated on dfe 1éthBordgfaiand bd10BhES, R QR Spsid protein;

"Derp 1.2" in sera of m ce inmunized agai nst 't hé

dé’fleiog’. the supsrnafantes sl coupting weAOE AGP capsig frotedmpsihg Derpl.2

prot.ein respectively. Total 1gGtiters, as well as 1gG

IR0 dode Bioeiéfsticsevoftng wdetionas Qi ieppdaraein o e Derp1.2
i gr : I egt.ed i the ..

T e e doRvized AP el skt of tne Kiping

g‘amtljopgtﬁ AB’HBt MILguo leths fMT;}q lbqfotitfep tanb O, fthe HEIRO B @coupling

, .Su cal of a lmune response are

nga&f@’?%é r%ﬁ% tpdpa Dernli Zepentide rfeeupling @?mlucts lsarrespioading to

I 1B~ TANSKR T i.speptide i mune .,

B oUIEgof 1208 (OB ARRETAY 2 B TR hioBalae fugicated by

baotolws\th Bise Figntd. Moldples napbet 6 spifofés dolRI ESEdupRid tlo‘Qﬁ?@S VLP
or

al so neasured by ELISA, and these were conparable
Bhamnio QP eamsidpropin. Fi gur e 4A- 4C shows partial sequences

ot R BTN 5 B Aol 7 1
F— *o- i

R e e B HR DD 1 A S CIPIE AP T or B

tchpsid muoisimtepedivalye foml (SEQiteR, MOwell03 BT s d Eéel}pwere

1%234 ..T&e rrovégindi cafes the cleavage site of t

@%“Bine al‘%r Hitthedies speqfic 43 Deipdg poalgdbe; detenged3tn any of the
. ! . q

FROMSGER sbid ARG 0 O DD HRS Rl 1 (RAE S i for born

YeRPOS a0 QESED LY B3s NPical 6 BNCinPRGAd A RSe kO Blducdt)§s the IgG2a

arrow WO 2004/ 007538 PCT/ EP2003/ 007572 10 indi cates
e ixmaehhigherdhandholeGlHiereAsongapaeif eantifaptidemramesresponse

g%‘g‘ag{?én\%ﬁ ”v‘lmﬁaf t}g% Efepti?gc]gtmlg "y E&W t%%%iﬁc?fo% q%g carrier
PRAISIRE hehsurédBYBLIITA Fhi Hﬁs@@glie%hfﬁgragfe fﬁp Foth ichgﬁts.

peptide on and different features “are shown above 't he

t r ans IFiguse| 44etfuehmyes asizQs¢qen®s of € diffeteEQkhDONexpression
5Pl RS Gl FoaRfadnes ok shevm 1 1Bonas pCep-XaTet: e
sequence is shown from the Bam HI site onwards and different features are shown
above the translated sequence (SEQ ID NO: 103 and SEQ ID NO: 104). The arrow
indicates the cleavage site of the factor Xa protease. FIG. 4B: pCep-EK-Fc*: the
sequence is shown from the Bam HI site onwards and different features are shown

above the translated sequence (SEQ ID NO: 105 and SEQ ID NO: 106). The arrow



The arrow i ndicates the cl eavage site of the
ent er oki nase. The sequence downstreamof the Hnd III

W@ 2408/00538 dentical to the one shown in FIG 4APCHEBR0Z007572
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5 A-B depicts rMF construdds, and an SDS- PAGE

depicting expression and purification of rMF
constructs, for coupling to AP205 VLP. FIG 5A 10

S hmh@t@ the leraet sitcefshy ¢nserpoimasst Thheeques dowsstrasot of the Hind

r 0L i eph g8 ple S RACE P o8 G i

PYEjuEh&Tis shbim BBRShE Bgé Anip f‘thlé ROSH| SRUC {)1? 8nd d1f%fent features

condi ti ons and stai ne Coonassie-bri
L excbawn nbm\rﬁehgﬂhrslmdaequ(HEQ 2O 467 amllﬁiQ IZNO: 108). The

L Mg Rt €S Cupse sk ckervod Obhytie sisadl Mol SRwhisbold
me hSof iRlIONS: ﬂg@a \;ﬁgy&t &Qhééﬁ%ﬁ@?ﬂ&%'ﬂﬁsiﬁéﬁéé &Q@%eam of

MF-C1to AP2 ane 1: ul ar

21he/¥ﬁﬁdﬁll\4ﬁ6’1s idemtraBto theonewhbivada FRP205. VLP.  Lane 4:

di al yzed, derivatjzed AP205 VLP. Lane 5. dialyzed

derl va? F%%gAPéOEABPLCﬁS rWEnéowtmetéumnﬂn@nr%la& \AE odlepicting
e AR T R0, DA MBa0q v . 5

Vvsh(gm ® sdifentalie descripdon pf %Mmcﬁfs&uctgﬁmﬁmﬁﬂdédfaﬁﬁn@ﬁbid linker
the | eft border of theﬁ% . Flgure7shovvsth
aﬁ‘éﬂt?/@n‘@ %WSEH}GSASIQFG t 5!% P&&E:mab@lx ofithe purified

M E- C
e iy i g ToASbRTHI A8 hill el pitan
obluehkoddgoantid fedireshepeifielirgt doastrARIMIFLC1 mwo N14),
the sera of the three mce (1 -3) inmunized on

aﬁwﬂi@24§5m&N@héls>,z@dw&a (SHApiLT N6- 4 50pdescrivegn PIG. SA.

o1 sef B Hifadh sl oo p e SO TR O B,

Debhdi £ Molseulaf Marked Lowd m%pmfﬂ VLPI DR DI RriGHIPEAIATRYS VLP.
of concepts commonly under st ood by WO 2004/ 007538

PW@M&@O@MHRMXM% \GfP. diadé Pratiglyzsd ddrmahzdcmaP205 VLP.

A Bninlblng ool GRHEFRY Spabp Sul P iiotmfles mecuct is
”ﬁﬁﬁ@atédoo}b& Arovh 1 théfig e, "Pl{e rﬁ&@culéi‘ V@&% Y 1218 nﬁgksét} Proteins are

acid linker: An "am no acid |1 nker
t exdiaatbd’ dnuhk&ﬂ‘bmml‘mfmhe gelt hi s specifi catl on, as used

IR REEAN S T Y TR
Piefhesah!of midd ﬁxﬁﬁ&ﬁz&ﬂmﬁ IRBRCYcoffIRS & RE209'0Lp,

Figure 8 shows an ELISA analysis of the IgG antibodies specific for Angio I

peptide in the sera of the three mice (1-3) immunized on day 0 and 14 against the

Angio I peptide coupled to AP205 VLP. Total IgG titers were determined in the day 21

scra.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The following definitions are summaries of concepts commonly understood by



second attachnent site, typically - but not
necessarily - as one amno acid residue, preferably

WwW@32004/08%3% ei ne resi due. The term "am no acid | PekeP200&807572
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used herein, however, doedinot intend to inply that

such an am no acid |inker consists exclusively of

am no 10 acid residues, even if an amno acid |inker

COpsioFtdrhthanf @M MOHRCIlbvhEShAURY it govﬁéd?ff@xf dedpurposes of

enbodi nent of the present invention. The am no acid

r esgubensidn efthe Entiorang diselosurs hikers matencapt tefhsmdismijation of the

ang][% sed of naturally occuring amno acids or

ufiRECEF &1 anmino acids known in the art, all-L or

all - D @fmiffh %4l Ti8Rert Rﬁ“‘@lﬁfno aRMRKEF”, ol At Amed Slisker” within

| i nker conprising a nolecule with a sul fhydryl group

0 thlsgmt:rﬁcanom asistddieicm, aitlsw adScietes dmaSg%)d)rwmgﬁmm dﬁmmlnan‘t

i ny |on (fuch a npl.ecule co re erabl a th

al“f% e se@gp& nt(ség, cw}ore B{'}%ra y, es,ﬂ§|‘3818t91n3 e
rattaélﬁnéhq el f%lgr a t"’H'Gt rﬁ@ces%ﬂfi |aé Bﬁ@ kmirf acid residue,

Ilner conpri si ng ra a Cl-Co =l

c yedferabliyyk a cyst&ine ©6idne.dihy Itemﬁ?arrimm mda]aﬂget’ -as mddte;ena hawever,

devoi d of an aci d(s) shal], also be enconmpass

widpes Bptinendsiod ﬂyet?‘ameh% Fhoiagi Linkeseansistsiespiu nEl@?l\x,@gﬁnmo

Ne [ t of%m

¢ AGOTEHUAET o, Tkl AR e NG RSB of Uil LR tes is o

| prefpriaf @nsdliemors ﬂmprea‘enahvérﬁmt Tieneniao et essidueeofthe amino

nor e preferablézﬁgy of at |east one, peptide bond.

AﬁP nkepgre e ,@pmpoqqdév fnatrallyaerwing amigo ggids or wepatural

!,1%%%1%{1%0@%%% &, allhlfl @Q?—D ?ﬁrmaﬂeseﬁlgé?f (f—lﬁ)%&e.’velj% §mino

orses, cat

250@‘1}"&1{%1; coiRtssin @in@lecﬁl@tvﬁth bty did pSp oﬁby@éi@@re&due is also
reptiles, fish, g|:nsects and ar aclzn%s Anti body: As

usaepmpassschwithinethe dnventiemtSushdymoleewle r@%swr@@rablw C1-Co

BT e REE B At PLRG PR P in RO of amino
a@bidhﬁﬂtbleﬁ 1@!&5& RprER pBdbrh ¢1-a6 mﬁms c;tck&mg@f (C5, C6), aryl-

i ncl uding single-chain” antibodies. Such “ant i bodi es

i mlhaweoanylnm@mmgdwmdmﬁamg aemm b@dgﬁ) fSh@lbniémbs eapeinpassed
30 .i.ncl but

F(V%‘lﬂl 53 g%opes?fn&e emg‘ﬂélloﬂ gﬁoc aél&rg\}:)etweegll tﬁa | aémg% or. antigenic
Aol dAARiags ot e ﬁscsﬁaﬁy AR bdcBi® gttfcmeﬁﬁ Sk AncPhd afn'hﬁg raslat Inker is

conpri sing her a VL or VH domain. The anti bodies

C apmefbmbfyrhym/arqf atleastahe eovalgintbandchondipnefetablydhy veayef Wideast one
2004/ 007538 PCT/ EP2003/ 007572 12 mammal s. Preferably,

t AEPUdR PPWdi es are mammel i an e.g. human, narine,

rabbi t,5,008f: As %Edrlﬁ:?enp'tﬂe tefrft "‘Elluma[‘ CiE ﬁﬁaﬁ’t"’cg 1ﬁcht§ie| Fdf @xample,

or other suitable animdls e.g. chicken.
hehumalns, shbnp;ra]k’s deed, ninbectices mmkz:l mzimnmis nhmﬁe;sshdraes; cattle, pigs,

th d f | obyl d
AR AR R T Ll e e PR
S5 |1 bragifs,q0r A];s)r 8 LT {éﬁég@aﬁm&ﬁﬁf&ﬁ tPMG1eRhledRhich are

human i‘nmunog] I NS ant
capable of binding an epitope or antigenic determinant. The term is meant to include

whole antibodies and antigen-binding fragments thereof, including single-chain
antibodies. Such antibodies include human antigen binding antibody fragments and
include, but are not limited to, Fab, Fab' and F(ab')2, Fd, single-chain Fvs (scFv),
single-chain antibodies, disulfide-linked Fvs (sdFv) and fragments comprising either a

Vi or Vg domain. The antibodies can be from any animal origin including birds and



do not express endogenous i nmunogl obulins, as
descri bed, for exanple, in U S. Patent No. 5,939, 598,

wo b@4@06$ osur e of which is incorporated herei PCh¥EP2003/007572
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reference inits entiretyl2Antigen: As used herein,

the term"antigen" refers to a nol ecul e capable of 10
bei ng bound by an antibody or a T cell receptor (TCR)

i fnapmeds rﬁ@ﬁbﬂh}y,l\h@nﬁmﬂiie&mb esmiidian eer uhan inuges, rablisgoat,

d_h T-cel | it . A T-
g%%we&rgte il a8 B Sbginar Sl PRySOCR SFitkan Agused
: %E&Xt'htﬁﬁar?’ Mﬁ E?ﬁx@lu'de aﬂt‘i s%thav{ﬁ% AL b Jtcf’d UqubD€ of 2

ody er yt present on

except rocytes, ass ,
i hmnamumahh@lablﬂlm and inghurde Ianmlbcﬁiiesamlat@;iaﬁomr}ﬁﬁﬁﬁﬁmo globulin

cia s recognition_ event |eads to activation of
E@PP%OI U&%&E@Q&F@Fﬁ Oé?neé&tnmre hunamimmirogdeltingand that
POk &tsg HioBindu b GIONE XS QLS. REELAAEH U.S. Patent

or| secre on s ad

CNDa51%9;5f98bﬂ1en@scldimgflwhﬁﬂ 1@Mn&di§omm4{b@elﬁ)b§'t1@f6rence in its
and/ or bei ng capabl e of inducing a hunoral inmune

r@@ﬂ%‘ﬁfse and/or cellular i mTune response | eading to

th

novever gt bt e e 3o gl o RE B ES 0 il Bgpte of
ap¢ihgHousd WOk ahfiSod9" of & T icBlk §8cdpRry TUR)CH! freRBtddORE MHC
and 1s given in adjuvant. An antigen can have one or

anl,ﬂcgl@m Shetsrm Bantigen', 7 usep hereimealyo erEhmps*ses:T-helt epltopes AT-

 Rar PPy infedentien ben 3 Fosoprosdt e obPelatp )Rt s L bresent

hbﬂhl'l Yel&&) i .
oG VeIRRIAR BN oxBIIFMhrochc ricls A RAPA BBt oells and in

aparfioaei @mgem pfﬁsmlng\mltshThmyecbgmavmkmaﬁ leydsd:b heivation of T-cells

i gt ShOErm SR audh SRt uraon Ahiieghmells, gokine
USREbt{AR! ?efforlh Nebiden SRt A%{a %{1 %én id ThdiGbnd] A Iaa)éxble of being

al l'ergen sel f anti gens, cancer a
i refcegtizenilsy thei nmaamysmml apdios being eapable asingueihg a nirg@al ilmune
nnlecules H@S drugs of abuse (like nicotine) and

f FeSRRSH ARd ﬁae %&Wégsppﬁﬁer léaqlmg fo therpstivasioa of B- and/or T-

antd S r t

o BEERcHhsLl, hy B AR NP0 60 P, pisn
I ccmta?lﬁs arris Bkesitah Tywell esitvpe ancsiS(gl’veﬁ$n adj@vang X!%ﬁ'ﬁitigen can have
steroi d horpones_and fragnents and der| vatives

t A darorpepitorss/(Boskh apetvpeshobbsrceifis reaction referrederabeve is

T T

ammm Nwith as cbﬁeépbﬂd&hé hteoldy of FCREMIZRE WY B tlRTtudedF other
ynph nphocytes respond to foreign

0
amubgdws er a@éé Wr‘hlmmsbw\@ke@hl’ pthevantigens datigens,as used herein

t d t f |
N AR o it TR T Y e Bl d A olMEE R oo, s hfpingincluce
ab& a&éhﬁ@cquﬂ@édtté aHErgélﬁb M ArfigBns, A&t Sancer antigens and infectious

disease antigens as well as small organic molecules such as drugs of abuse (like

nicotine) and fragments and derivatives thereof. Furthermore, antigens used for the
present invention can be peptides, proteins, domains, carbohydrates, alkaloids, lipids or
small molecules such as, for example, steroid hormones and fragments and derivatives
thereof



recogni zed by antibodies, or in the context of an MC
by T-cell receptors. An antigenic determ nant

W@ eoAdTIS8 one or nore epitopes. All ergens al SOPEEERBO&E07572
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antigens in vertebrate anitbmls. Allergens: As used

herein, the term"allergen” refers to antigens

associated with 10 allergies. An allergic response is

char aCt&ﬁtﬁ%@%ﬁ: D¥erhhigint:eA L8868 efeih,Nhe HMBLEAYerl Q8@ ESnant" is

particularly histanmne, |eading t'o pat hol ogr ¢

| nfehuirtoatfienio that mmqnmf iy potigen thatli spegifieslly rmeegnized by either B-
| | al so anti bodi es

obF S mphgr o B RBRa S Tgann0. orcls ARTEsaF dstyminants vin

aﬁnﬁ&ﬁ? 268 Ry, x@llle?&s e[”fi’ﬁiﬁ%@@ssare Fhd ﬁécﬁ%r 6K EdIRGE Smmunity.

I"'ergeni c epltopés anmpl es of | ergens

i by ctmtlgbnm @t@mmnﬁntd omEpibapes Gire mhxtsleepvsts (uf a;; agfigen sthat are

15 ra r and m) nt ai n ce 0 t and

dtRsOLRY ?igy SRIF. PR EPHEXE © QI@E by in%éhz PERigTS. An

d [

Vgtnﬁg%ﬁft: Qe%nhq%a?xggo t%iggéh% or gﬂg@ Eﬁltokfazqg Aﬂ%ré’eﬂg afsQ §<ﬁ'9é as antlgens

ARPOdrtebidtel snitnakse partl cle or AP205 VLP As used

hereln the terms "AP205 virys-like particle" or
" AP205 Allergens hpsed berelg he s difagen bl fq atigsgassociated with

a?{ éﬂgfég Exna &810 r@si; %étlé Mﬁ&%ter&?@* *h%'r%l??se g? inflammatory factors,

nati ve essen

abﬁmwlaﬂy\hwtamlae,deaﬁ@te lpambmgmmhmtn’aﬁgn m‘anahdﬂvﬁlaslt Allergies
one rotei n _and coat proteln respectlvely, of th

gmmblﬁ a0 amponafed with Agk entihadias divectad against fhe allergens The
.er b

251{@ l?rgo P%Idﬁ%k é%esgfege pe%%rs]eesI glg%%en gztgac?s Ond a'ilergemc

péﬁ&@feableaiplle@ dfallageintiade, bt Bt dimitet Us:-Adllkss (e.g. grass,
particle. In alternative and preferred enbodinents t

echweé@lrcmaa@momausceﬂar%éloy& qustangt du@trmltm&snmam epldermal

used herei.n r to I tions
DRSS Fulisl aFh s oid R i) Bafl S Bt Jemom:
C QiuPiedd; DM, %ﬁ&ﬁﬂlgs?(’é}g)/pé}ﬁmlhr?r al ternatively and
preferably consi sting of at [east one protein and coat

pr ot ei AP206 eépedike ‘p@itlyle oo fAR208 \HaR:tAey vsep hergin, ArR2GH)s ‘WP205

SWguPt% Bk ppteled s atA05 GigRlchispemBRtions du i fike paricts,
?@&fvel}s c@tﬁbﬁsﬂié) o@ﬁ%&ﬁ@ﬂv@lg%gnéléﬁﬂg d3éknflally S1USr AitkiBtively and
p ar ment of the

Icle” In a very preferréd enbo
ppﬁemblyl consistin@of at tehst dnerpreteinAmRDBoatipratsin) i'dspectlvely, of the

B e e oSSR At o
S S U

plf@imn@hl virselile pdriiclg, Imfal&tndﬁ&a&hdq:nefeﬁecabm}bbdmenfs thé terms
bact erj opha e AP205 hayi n an am no acid sequence

2?89 S yigperhikg Y rHARe> YLP ewéuhﬁretryfﬁf%rm poyuResigions and
g&g@%?@ b%rtléﬁk qeﬁ)%cﬁx%ﬁﬁkorﬁ%? r?é’ % aelPe;rl‘ri: Qcoﬁ%ﬁgg%sseﬁ)nally of,

VI'rus
r 98 AREinhedLY and Preferabliyt doasistidd 6f Mallehston¥ Qhteidr Sldedoneprotein,

respectively, of the bacteriophage AP205, or a mutein thereof,,wherein said at least one
coat protein of the bacteriophage AP205 or said mutein thereof is able to assemble
forming a virus-like particle. In a very preferred embodiment of the present invention,
the terms “AP20S virus-like particle” or “AP205 VLP” refer to compositions and

virus-like particles, respectively, comprising, or alternatively consisting essentially of,



5 enbodi nent of the present invention, the terns
"AP205 virus-like particle" or "AP205 VLP' refer to
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essentially of, or alternat#ively and preferably

consi sting of at |least one nutein of a coat protein of

the bacteriophage AP205 having an am no aci d sequence

a@r akdrndtdrelh and HERrdbly NOhdstingMo€ragi Bassadret adat| @akin of the
ne mutein of said coat protein is able to assenble to

abarrqrwghrgw@aw bryving 2 @ninp el segpenes s setfarth i $RQ D NO:1,

T R

rﬁf‘&f-h}%eop&ﬁmé%idt dapKid, ARpLcYivEltsin hifi@hadailfetali®s very preferred
res ectively, conprising, or alternatively consisfi 9 p205

nf ﬂ@ﬁrpressnt inggntionsthe toymb YABMRS virvsflike pastigle” or

oL BT BB e SR S
aﬁte’i@e{uvfe@ratn'a pré¥ebly ddasidNiiglofOdt 1ddat @b\ a?i)oat/‘fil%fe‘?ﬂ & the

sai d "'east one nutein of said proteinis able to

alwmni@phageoABZOi/havuu% 41 minpactd ssiquence @s setfforth re$EQ ID NO:3,

aI ernatrv ver pref.erred. enbodi nent t he esent .
Wb i 15181 g e S SO PSR b oA T3 Vs fke

ﬁﬁ%&é I}{la%lrtﬁ@rfaﬁémﬁﬁ’ve ver-meerr&d eﬁeodaﬁan\srﬂle §rekédfﬁ1venuon, the

particles, respectively, conprising, or alternatively
cerms SAPRQS eissseliltd perfigle’br, “Ad’tQOéI\t’IeR”rmfachequlmsmons and virus-

preferably consis of, at st one 20 nutein hav
fﬂ(%meeaeﬁ%pegeﬁ%%ﬁ%31pg§1nge?r Flisraakively capuisiing aggsntip ligBe, or
SR B0 s YOG Gl SogPBtin ot
r W@mhagmmﬂolrae’i@rmbmm md sequenceassiset forth irdSEQ IDANGE1 or
even _nore prefer @Haéone am no acid residue js added,

d%E@tIEa\I @3, w@sr@rrr éeasware rré—rtrvrn@f s profaiy sehledo agsemble to a

RS BB SABYGHIA Kby g o s

prn@émrdredth%te@mbomm vﬁﬁs-hlae purgdentori NAR2OS (VLP”t h&fer to
terms "AP205 virus-like particle" or "AP205 VLP"

r@freposﬂwr@omsbyrw -bke rariglos; r@s@ﬁr:tr\reky pRMmprisings or altematlvely

t .
ETBRES KRorhge B xRt oy bRIb oot &' e one
C@rﬁl&!u?hé\ﬂﬁg ah atino dcRBehue adTit Ebrth MBEM D ND: 86} Hdset forth in
acid sequence as set forth in SEQID NO 1 or as set

f BEQHD) NOSEQ/heEEm@ Bastwine amnrm zeid residue, eksrablysthesersenino acid

resi due, re three c e|n 30 r.esi dues
KRS e R e RAPLY i oAt sttt il R HiR, pFeRerably one
pﬁlﬁfr%ra@ﬂ Esi@REis G Edeid18ed d)lssugﬁitﬁtteﬁ AyiVreift Hf%?érétﬁlyh@&iat least one
wher ei n preferably said at | east one substitution is a

ceutsttutiah iiva consbmtivaigubstitutiom Ingatill fanthetr blernative very preferred
ver referred enbodi,

aI t ative aof o
b0 Dot (hOH eSS o SATALS \Irusa g particle” or “AP20S
| 17y PRLLAR 10 L POSHBEs aftP¢ius-HkE Particles Srel c'ﬁ'vél#r 'f'(oerﬂﬁrising, or

P205 VLP" refer to conpositions and rus
paltdrnatively; cansisting edserglajly of @mplternatingly ard mhfeﬂbt}&tdnmhng of at
consi stin sentially of, or alterna%rre(1 g

stong [y elgilﬁglpggp ﬁlgln@facg{seqléegg@ agggbtorth in EQIDNO 1 oras set

forth in SEQ ID NO:3, wherein at least one cysteine residue, preferably three cysteine
residues, more preferably two cysteine residues, and even more preferably one cysteine
is deleted or substituted, wherein preferably said at least one substitution is a

conservative substitution. In again another alternative very preferred embodiment of



nmut ei n having an am no acid sequence as set forth in
SEQID NGO 1 or as set forth in 5 SEQ ID NO 3, wherein

wW@rol@ersss one | ysi ne residue, preferably threePCEPIIO3/007572
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residues, nore preferably1fwo |ysine residues, and
even nore preferably one lysine is added, deleted or
substituted, wherein preferably said at | east one
sihb ptdstuitinemtios, the teennSAPYRR vine-lehsttidaitar SAP2FUVILAtefer to
pr eferred enbodj nept s of. gﬁhe AP205 VLP becopne
aPPERASHONS AN s ek PPYTCIES 6%95918@5@cf@mpﬁﬁ@gmw#ematlvely
S
e PBHaE <STRRAR, 39, ARoASERDy 20 MiclpdBl Ropiste DA ER: one
mmu@kshaMg arahrhirorsaidi seghoncaast furit iyt SHQ IMBIOAP3O4s Wit Brth in
wﬁjr}pts are Ilnked to other AP205 VLP., subunits

Nf;?e? r%lff@f?lmaé epst odE dYinG TaidBe. Rigfernbly thres dydne residues,

subugllst s are |1 gﬁ(g%frgéla%‘% ul}dp%gngrl g)ges{aﬁ%%glﬁ\i&srﬁw is added,

AR2€EBd \BrPsulsstituted, twh&iuemhpﬁfdrklﬁy peid 12| Rast Léne substitution is a
Associ ation; As used herein, the term"associ ati on" as

i fong@pRiesubgitufien. Fprther paefarredseraberimants aEWARRR08 MLBDecome

%Jtp a Fré%?ﬁ%ﬁ)teggﬁ gﬂt %%?r%eetdg en¥ era (?53@1% C%%OS% the AP205

| ¥BBtm#Nsll betinRedptd &ﬁelb@ibdmts'rﬁ'ﬁhmaﬂhb' fp@rtiéie byn@isulfide briges, or
associ ation nay be coval ent, ionic, hydrophobic, polar

otlteanafivelyronAiRLith of the &Pags VLPpﬁﬂ’@ﬁlé\’f%@B)hnkﬁbtormmrrﬁé’M VLP

t L t ach It

By QAN EPye BN RR prARetl BT o Ry nory o
Shdn@ of Bief APFS VIP dubusll R Mnk&f by \@Bulfias Hﬁ@%’es & otﬁatAifﬁ)ls VLP
origin, to which the second attachnent site |ocated

oTubipigs Wﬁhlingbmpmwlantl geni ¢ determ nant may associ ate.

The fi statac site "b a qQt ein,
pol yp ?SP‘&‘@ 41}661”%‘81 paﬁpfﬂaﬁ on" s g@gg}}es to,the first and

péélcé(ﬂﬂléﬁa@&hbﬁeslte@ refBRtk fil bl&ﬁné Mf‘ﬂl@ rdt Gnd SV AR Ettacﬂment sites

secondary met abolite or conpound (biotin, fluorescel
2bat ist pretdrablylibyowny efiian leaseba¢ nooweptide bond. The nature of the

t%§$%%f%‘?ltr§¥y e pig: hkorbobis. GPBL BT HotosgRnatioR dhercof,
rEﬂ' %@%%@%@Ef&b%&gbﬁtlbﬁﬁ%%@% qt typically and

pre era on the surface e core partl cl e such

as, p rz&ftmaiehysntdq EirstvAs used|hetetn, tizy plirade firsbhttachmest site" refers
ment S|tes are present gn the surface of

first att aé}tﬁl
tRe@ncFRent g opmatisal or etugalarigan. do W@@b@étspwﬂwﬂachment site

LB e kg R R B AL O e 3 ) SR
ahhyplbdarproteis,iatlypeptides bs athinoaldide b peftide, @ﬁfg@ﬁ b @b@ﬁué&é&tﬂﬂe a
t he ant| gen or antigenic determnant to which

natwel osyntbetirarnlymer @sm@mkme@hohm er mmoaoé(hmtlm fleorescein,

ARl LRl hsins 1t 145 st mBRlyfoRupiindelona gomppgion
386e0f] oﬁfatohslhiﬂéﬂg éalcﬁ‘@e g’tfouf) e redTt THE Ars? Ettté’dﬁfﬂeﬁ@ﬁte% located,
detennl nant ma e a protein, a polypeptid

gepicale andaplzgfﬁgably oa theobyrfage) efothe dere particle such as preferably the

virus-like particle. Multiple first attachment sites are present on the surface of the core

and virus-like particle, respectively, typically in a repetitive configuration.
Attachment Site, Second: As used herein, the phrase "second attachment site"
refers to an element associated with the antigen or antigenic determinant to which the

first attachment site located on the surface of the core particle and virus-like particle,



natural or synthetic polyner, a secondary netabolite
or conpound (biotin, fluorescein, retinol,
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phenyl met hyl sul fonyl fl uori de), or a conbination 5
thereof, or a chemcally reactive group thereof. At

| east one second attachnent site is present on the
aFsPgpéifclyr masipEwenic He SeoncthattchmIticsie Of the atigery ehansigenic

ant.igeni det erm nant_ wi.th at | east..one second .
e e Thel Mol o P reafite of BP1e8 S igmogieotide, o
apAtuQAEHH s@rnﬁféﬁébélyﬁbr,‘é%ﬂéhﬂézB&tﬁoliie%%bm AB1dFBLHEEMoREcein,
antigeni ¢ determ nant and the second atiachment ‘site.

Hestisoke rdigd:nigauém, traesal Eons,f Prenginseindsuifoayfhiotidenor sidombination
o I gﬁlgif,:qsga%&ﬂ%mao ﬁ}? {nq_qgt?\ﬁt urﬁrr &lgae gzlggf %ﬂl'@sﬁgwe&%&n’&a&aﬁéﬁﬁéxx site is
deteednt it a}lﬂt%ﬁ r %‘ﬁigaﬁ@ deferfitah e Crefi) ek %ég\t Gt antigenic
conprise an "amno acid Iinker”. Bound: As us

hédeteinmipartivath o taast 'dne wendtd sdohment site Diafels therefore, to an antigen or
attachpent that nmaybe coyval eﬂ chem cal ly

t, e.9., b
c BAHECRiFFongiruch GAmpHyiag ghleastdheantige or énﬁ'){%ﬂ”ér%&ftm’&ﬁ& and the

CLERBARRY e 54 03 it RO B9t Bt s of
phos-pitos$ taigin,ant. deot pamallgeoccuding ewithiar the narfigkh Wi antigenic

bonds,. carbon phosphorus bonds, and the Iike. The t erm
" fefemminantsthpseradarn onanigame CPREIGE 69mPEsTAN “agiinp acid linker”.

"coupl T Leand " rotein(s).

S0P B, A RE bR Ak S PRl BASREL LR
pray et edeendfe. @, liabtkRidallp bagi 'ng,for abn-CHVxIaN2AL, 1680 R tions,
of being incorporated within 0 the capsid assenbly

ohydrpehopigintaraciiona dedmgen hendmneic. phepdent Predssanbe, for example,

[ [ f t GP...| L L
LB RS, A, St s, caton
PpBRIsPheuS bords, drteth&iKe, PRI ANRI" iFBFRJIARIH ldSaclies terms

used herein, the term"core particle" refers to a

r paghds Seq It 'dusedy’ end tattachedér ent repetitive

organi zation., .A core particle as used herein pay

Che " 2684 BRftGrAS 6, brer oB3 i ceoit prehin et the
O o . o
SR P BB an IO SABE B0t O i
r tieenpsid assambhtfdhe bactaivghageo tiof REA-phage Vitdwaht protein is also

i ncl udj ng t s, cancer, al.lergies, addiction
BB ST s SAPD byeind i ok B Ul e to the coat
NBivkdh(sPof RORNA-phigenepian. " Conditions” as used
herei n 1 ncl udes di seases and di sorders but also refers
to 30 Pbregiadiodyils usedbasn, thotermXeorp particied rdfers kd yrigid sttucture
%gy i ol,ogic state. but not a disease qr, disorder.

h‘B@é‘il BRY ISPEHINE QreRPEAHIPBNA SQTe Rastigle fp psedy heyein may e the
p [ f i : fore be
FESANAYEY sPihoEHioERs ofthe Fdich bt bR B8R 06 7056
PCT/ EPRa34e)@igqrder, cdrdifidre Misiubéd heyein,hbid tefind “disehse® @t ra¢trder”

of a disorder or d(i',seaste. O her conditions are )
ukeder teragy gdverse condition of an individual including tumors, cancer, allergies,

addiction, autoimmunity, poisoning or impairment of optimal mental or bodily

function. “Conditions” as used herein includes diseases and disorders but also refers to
physiologic states. For example, fertility is a physiologic state but not a disease or
disorder. Compositions of the invention suitable for preventing pregnancy by

decreasing fertility would therefore be described as a treatment of a condition
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used herein, the term"epitope" refers to basic
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i ndi vi dual antibody or T-cdalll receptor, and thus the
particular 5 domain, region or nolecular structure to

whi ch the anti body or T-cell receptor binds. An

anifdrgBey), Mynaenhsicn0bf iR iaus depist OP@sr whidltRngare understood
hapten, typically, possesses few epitopes. | nmmune

r dspbesseof ondingrysliilliartks #t- the term "i mune response”

f tion. d t
s do R SRR ATHER SR S ot op st
C QR RébogSide bitan Mdivadvial @fbody br TRENBcEptof, BRd fhieihe @articular

response includes both the activities of cells and the,
prdsduain,iregionpr molegnlpestrisiue il whick thetantibodsyardicpallsceptey binds.

" A GtEsT i it SF Mot e RLSHIRY PlicalTgtfigsses fow
ti‘g%,i@ td vation or proliferation of B- and/or

T-I'ynphocytes. In sone instances, however, the inmmne
r es ponslesnuwsyresmoned: Asawed hereins theyerantmpaimeresposse™ refers to any

SR IR & s Hater Lt g doRl i G Biseled e g desute o
It i"({/ﬁ?ﬁpﬁﬁ&,%cﬁ' s€h M%%%Llﬂlfﬁﬁﬁrﬁal"sﬁﬁe b £ rﬁ%‘&{sﬂﬂ deii1 R%th the

g organism s at one or nore functions o
i naativéties oS tcelfs aneé thenprodasten ahsblubde neddontbstsnvians sytokimes and

o eger abe £ by it o B anbSiRBRe tedg S immune
RSPt RAARS e MASAIGH ot oF- LUKy yes.nsome

| niffsfagceDeib@évedthe AlnugRdreBonetsnmay ve dfelom inmensitg and become
deviation refers to the stinulation of an i mune )

r edgiesiahle oy whes usigat dRast aeanbstange i acqogdagee with the invention.
preexi Sti i o~ F l.e -

" ndroT AT Hp oS, L E R o e FIEHE Rl sysiem of g fiving
al drgafien, soleat bhebr hitfre dickibAr b thedftnicQybtefitart Bitteased and
exposure to the allergen may be 25 induced, | o
endloiiadetomards thehimnpyrogenic dgenkntAbnimmenqgenidupdypeptidel’ is a
[ ne r.esponse. agajnst the.allergen. Such TO

- oBSIgrEebe PR i LEl SRS ok iX be ) By oniSpomyS-sther alone or
I ERRIQINIS a 3iMdic M @b bRYERLQr AbdeBEdbfanidRRAHE -

| munot her apeutic:  As used herein, the term

" i mmunolnirevzgpPevipicon: Asfused hetoing thectomp oinuhe deviigiont ihgers to the

treat nent di seases, di sorders condi ti ons. re,

t R hon TnERAS rabye R & 58 dfferiO Pt 1O reqiting immune
fe L n s o figl ' :

ek 3 R ORIALT RSB i B G vt

PG deg008H tHa¥ Fsfantib8diksrane poddiged apdmexpbuee td the allergen may be

a nt: used herejin, the term" Il mungl ogi call
induced, @;embod(fments olf the present invention, to proguce% Tyl 1m¥nune response

against the allergen. Such Tyl response will counteract the allergy inducing Ty2
response and so alleviate allergic disease.

Immunotherapeutic: As used herein, the term "immunotherapeutic" refers to a
composition for the treatment of diseases, disorders or conditions. More specifically,
the term is used to refer to a method of treatment wherein a beneficial immune

response is generated by vaccination.



effective amount” refers to an anount of a conposition
sufficient to induce an i mmune response in an
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anount of a conposition ndBessary to be

i mmunol ogi cally effective varies accordi ng many

factors 5 including to the conposition, the presence

of ot hBﬁm@@I@%B@[}i@’febﬁvd deoBOrRased hedsin, thete@n “Immunologically
adj uvants), the antigen, the route of inmunization, .

t Héectine mpeiareiens tanpmaent of agamnesision gHfisicn! o giduceanimgune
efc. 1ndividual: ' t.er.mJ LNy yi )
FlsFgr? B S pRviaupl pHEF e tned Wy ST Y e of o
Pbcsittmtheddts it She iRl SRehlIfefibbRVatibodcc Gt SifBactors
are 10 animals, nore preferred are vertebrates, even
nivckidingebehe eempesitiors theabresenag af pibst compaseais ik theomposition

humans,. Lo undet ect abl e: used herejn, th .
olirB cp. dhe e SRl of RRELadd e e g prior
tﬁlﬁ%@wgig@%@ﬁa&@&el, refers to a | evel of

expression which is either significantly | ower than

t hat shdividuadn Ashesed dreseins ﬂmasemta'rincjividndlﬁ cueter &0 gnulticedlular

15 least fjve fold |lower) or .is nat .readil ef ect abl e
oxpeemannand BBt RAR kafpneis sl ml bl eSS ar
Uéﬁ&aﬁ?ﬁ%&%rekﬂ%d%ﬁ%&éﬁa@@}&@ﬁho&@ﬁl%fe?reﬁgreﬁnaﬁﬁﬁﬁis,aﬁﬁ%ost
whi ch "1 nduces an i nmune response to an antigen or

apefayeediace Wen@sni nant. CGeneral ly, the term ni notope
Wl be used with reference to g partigul ar anti .
For - exbAsIo undetomiatiet A v Rerein el Aiease Sloppfr UAeseRTtle iyhen
T e K B R R At Tt SpPpan whict
acitlieb sighd#reaitiynkbweAthan ithett sgpa witey thogenedy mavimaligweluced (e.g., at
subst ant | structural siglarity to or share .
stepsf t\@rflaffi foMesphen s dt ey dsifty Fibgéﬁe B’FHR% Pgfdrinexamples
d %r yym nant to which it induces an inmmune response.

ods for generating and identifying mi notopes

whi ch Migidtpei Ause Heesipahs esmt"mip@idpet téfers to2bsubstance which
antigens or antigenic determnants, are known in the
atduggsndmannedemopEdioansdjigRl ar antigewis deterninantn :Gengrally, the

' M Lo f .protein. or
o Pl AH gl whl B b et (05 iR BBt B Yl
apéitide Ahie @icRe el fredwbtion ¥ Whihodisdith & phyfMolipAk A, PLA,) is a
pol ypeptide, wherein such difference is caused b

agdmptopp of the petigenistdetsmminantio vduehthe entibedieabing.oh stimgioge may
am no aci.d or .a. c L natiaon. t.hereof. Preferred . .
oay RSB R St o PRy oy Pl properties with
S sibsritigeh bt Atiglhic AbtetBinght +O WicAN AQuRS hslim MR r&BIeY Methods
derived fromconservative substitution of at |east one
afvir goncagting anGadenti fyingminetoyes 2OEh/i0DESB8mune responses to particular
Pgm{ggﬁsz 819 %tggggi?d%temlu%ants are known in the art and are described elsewhere
herein.

Mutein: As used herein, the term "mutein” refers to a protein or polypeptide
differing by one or more amino acids from a given reference (e.g. natural, wild type,
etc.) polypeptide, wherein such difference is caused by addition, substitution or
deletion of at least one amino acid or a combination thereof. Preferred embodiments
comprise mutations derived from substitution of at least one amino acid, preferably

derived from conservative substitution of at least one amino acid. Conservative



substitutions include isosteric substitutions,
substitutions where the charged, polar, aronatic,
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mai nt ai ned. For exanple, d@bstitution of a cysteine
residue wwth a serine residue is a conservative
substitution. In preferred enbodi nents of the present

i snbeitticn, intihde fsestarit sulistiutibn§ spbdtgniions ovlmrpthetcbarged,polar,

ol ypeptide differin . t hree, ef erabl y.,two and.
ARy toRa or PorBvaHin cuaEs of Fhe i oS ufBfined oFor
( n al . i . t. . i .
ol g £ o0, iyl BSRL e bBEg R

debeitinden. dn peefapedembodiments tfiehepisent invenfiorn, ttheterm "mutein”
preferred enbodi nents. of_ the_ present érg‘éenti on,

th
tTstens o gupretpior pplypeptidedifferng by e peferpdly M%H%tgreferably
di ffer.i . v t . .

S e £ R0 ! MR TP S ) 68,

Nahéttialsuchifdrehydie cakd by additionpapitittigon ordbletiei or avombination
difference is derived from substitution of three,

pheeef. alpl fyrtherprefpedensbodiperts af the Preses Bvapioiy thederg "mutein”

f bly derived f ' ' '
RS e AR L PP i Bt
a¢letamiNatadiBtroRY 4 Given réerdhse de. peniinal, WiltetypeS éc.) polypeptide,
"natural origin" means that the whole 15 or parts

t Whereinfsueh ffarsncsigdetived feora sebstfvition OBﬂxrwrme%retkgwmndmost
R . A S IR B o

e ftab® twd énd%@&lﬁﬁgrablﬁ' dMRlaufif ad¥pN- natural : As used

herein,” the termdeneral'ly means not fromnature, nore
speci fNatatdl priginhAs tierdrhenaimribe term fimatimal driginl’ méansdhat tieovhole
Non- nat ur al . ori gi n: d )herein, the ¢t

As us , er
- At ARsFofi T, P ihcEe AT XiStor A BioduesstipmEture: Bspferbly, as
f upe. 3 ot i
TR P RS ALyl U I AR it
antprghioédindedt@eni nant array: As used herein, the term
"ordered and repetitive antigen or at[nigenic
allygm

det er nNPRANEIUEH A usedeiising the P genes 9§ ngt FIP A Jore
p r f ] I i t erm nant,

c g&%@?&?ﬁ%ﬁ%%%%ﬁ%?@gﬁ; gﬁ{gn nga?l'ef erably uniform

spaci aNos-nafifg emgit: Af udeti chesadi, i the temohoanbiuge ririgin" generally
determinants with respect to the core particle and
vineaRs SyRtketiqeimot Epm napuse merre sResiigally, thedera weans fiopghe hand of
o] the invention, the repeating pattern may be a
geonetric pattern. Typical and preferred exanples of

sui t aDldRrad A@retitinclartigpedd dntiyeniadetdr@@nntiragnAd @edhdein, the
determ nant arrays are 30 those which possess strict Ity

r et prdened apd repetities atigemer apfigeniedeernupant gy geperally refers to
antigeni c_.determ nants.,.. f It Ci Q

C Bresf e habRar e Ay Byl ELPRm M BRA R ana
2PfAdr 84l 2dorRPhSIRPARBLERAR 62the antigens or antigenic determinants with

respect to the core particle and virus-like particle, respectively. In one embodiment of

the invention, the repeating pattern may be a geometric pattern. Typical and preferred
examples of suitable ordered and repetitive antigen or antigenic determinant arrays are
those which possess strictly repetitive paracrystalline orders of antigens or antigenic
determinants, preferably with spacings of 1 to 30 nanometers, preferably 5 to 15

nanometers.



20 Organic nol ecul e: As used herein, the term"organic
nol ecul " or "organic nolecules” referring to the

w@e@dants3g nventi on i nclude preferably anti genspemdpr2003/007572
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antigen determ nants, allepgens, self antigens,

hapt ens, cancer antigens and infectious di sease

antigens as well as small organic nol ecul es such as

dr ugsoRhnAbYsRoAlki ke ke Btrkie thea@h “Brdahiofieltslcant, organic
derivatives thereof. Polypeptide: As used herein the

t molectlps] pfrenng thahe p@ﬁ@ttsnwe@u@n méluylﬁerefer@@m%%@s and antigen

gl Rt S yRRAT Rt pRon Rl B Rl o disase

PRYYRRPAS W] 1 Mg deE MERBMLES duch8s Hiugk bEMubd(like ARotine) and
and 1 ncl ude both proteins and peptides. A peptide is a

pﬁagm@mmtbdwi‘va'avctsymr@(aﬂ size of 10 about five to

e g Sgpepiide b&%dﬁe%%a%?jgeqpaypol e ?éfgss 4 Bofmer
Oéot%ﬁﬁ%g&‘ lof |a‘ﬁﬁﬁ5 Pacid EHSl&é@r@%h@raH? doRirdi28niho Cacid® MdsitRies, linked

aci Protein: As used herein,"the termprotein

r '&)fgeuhsr thoough peptydecpnidsie gtﬁmeﬂpﬁﬂb maphotnecessardly be liatited i size,
about of nore,, 10 re 20 nor e, r re, .50
oS hafgroteins and peptden dl BREUHG ek PPN oGt aPiewigze of
Ol dP Five td 90 30 iﬁ'ﬁ § acidd Qg a?? ﬂ%‘b A1 cﬁl@'vﬁﬁun this general
Proteins generally ave a deflne ree di mensional
stange.tAlpeptaletthiny bbweheyalstobe ofdbngee tagtig for examekdurt t0,120-150
and are often referred to as fol ded, as opposed to
pé’ﬁtﬂ%?é‘@sand pol ypepti des whi ch often do not possess

dont | aEfoudinl AEGANTERGL MRl dhets ol bolpb MKl ofa
agiee bLiE @botd (ﬁ'Smé’L@, 10vérahere @0 o?ﬁnire,@éa)rmrmje, Idawewee,,75 or

al so have a defined three-di nensional structure. .
PaYord, 108 :or moras eranaien >0G ot d09Qpinops, 2090 gymoreamino

c Bt e RIS e ARt B Rk A i ey a0

i ﬂ§tf1ﬁ:€§£éhlry%@d iovVand e bB4ECRRE t@@ssmmeatmpmsrea td pepnmes and
its natural envi ronrrent or envi ronnent in which

vvaglyp¢mm198: adhichf @f@mwddcnnotsgmsds%g idgfieed ﬂmecm@lem}onal Stucture, but

te I I
BTG Ghapdls TRbe bR OTHYE: Bh a0 aus DHE'H ez o
Wath®ldedPPétRIES mad rl‘lb\ﬁe%ﬂ mb S5l gstideq thveé-aindmionBstructure.
integrity or facilitate the purification of the

ol ecul Bubified Agpuseil fhexsth, vihen tiextarm "pyrifeadé as msedmRN&rc@e toa
ot it B RCR OOTHRRAL o b RUSCAF B8 Prifigd b been
“Iﬁ oaS0d gag@ﬁg{@meaufes NRL4A Wi G iRl Rl %hﬁkcﬁxment or

acids an r 30 bi ol ogical nolecules do not bind
t hmlmhmemm iramiiichrie wae peordatet) fcbmnimrtsymthssumde av atumﬂp%ssomated

s, BFIog PEteH UEHC gt Lo s St DUSGRAREA do not
m?ﬁc?udezlxgﬁéﬂ foufRfsCanPRYpGMrs SR8 to ﬁﬂ@tﬁh tHPfegrify o facilitate the

purification of the molecule being purified. For example, even if mRNA is diluted

with an aqueous solvent during oligo dT column chromatography, mRNA molecules
are purified by this chromatography if naturally associated nucleic acids and other
biological molecules do not bind to the column and are separated from the subject
mRNA molecules. According to this definition, a substance may be 5% or more, 10%

or more, 20% or more, 30% or more, 40% or more, 50% or more, 60% or more, 70%



WD 2004/ 007538 PCT/ EP2003/ 007572 21 or nore, 80% or
nore, 90% or nore, 95%or nore, 93%c) or nore, 99% or

woe0d/00388 100% pure when consi dered rel ati ve POI/EPB03/007572

10

15

20

25

30

contam nants. Receptor: As2tised herein, the term
"receptor" refers to proteins or glycoproteins or
fragnments thereof capable of interacting wth another

B gloW, R00CA Bt 90% brl &R J05% Br Me:,@&%a@xdmﬁ%{ ob%| @@rigore, or
to any class of biocheni cal or chenical conmpounds. The

r é6etre whedcmsideroebyae tOI ifs destaminantirr ane- bound

protein. Solu ot ej | ke

D ot o1 epPlpadhs Nt 5 SHNOhel eepi el B bR a & g ftotens
Wek g RERS %?eof’%ﬁpéﬁ@egf RERtiRg W‘itﬁ%nbﬁémnofe%ﬁledéhﬂed 'tlfe hgand
meant to mean a specific amno acid in a pol ypeptid

b Ttk Higard mayshed@gcﬂoaanly clas® oﬁémhtmmahm thegtical @Iompomgis The
used herein, the te 'reco nt host, c

¢ decaPIoBBgediof Regentag i ARCTB AT G PRdgelein SPLAI’JF iglfiy. ke e,
. Host

CBFER; SRl Ol PSR BRIR o hAEEric BRI

i nsect RepidaetAs usew hamn ﬂxeaﬁ‘tn “residhe]) isakeany i heane specific amino

coil, B.subtilis, etc. RNA-phage: As used herein, the

téﬁﬁmﬁmlmﬁﬁg@ backboner ide Ry i r uses 15 i nf ect i ng

bact er 'R% ofiBinin %%&P&eﬁll. R@hée}fl HER rrc"tl{é.%l?n 'qé(fom&&th tlc 11" refers

positive-sense ViTUSes  ThEecting bacter ¥

amd b ®ekt ceRSntéSwhich ene bfe, mbleawtRiv ac&Binf)leaml‘es gﬁthe ifiveheos have

to nol ecul es or conpounds capabl e of being encoded by

t b@emmﬁpd@cewostvnlé%@cmﬁwm%ﬁémq lydew, g. mpyynaliggsinsect, plant,

car bohydr.at e cl nd ot her
oA BLTeT biEpraRi ol E ol b WL 3 ) an
pr ef er J@NA-phbf® ALiedIRldin, Al tea@NMRNALDREEE réfers to RNA viruses
m%/’peptl des or proteins encoded by the host's DNA
clingsbagtanias arazel spegiffpally & singlerstrapgrdawsisivedersg RINA viruses
ar e al so defined as self. Proteins nodified
tﬁ’? ﬁtbtfgq% Bt ranslational nodifications and

pr ot eolgelf MmtiBbRCAS Sbdti0h&@binPhe abh ekEl@bhiEnS Rbfefs BUnSMecides or
sel f-gene product are also defined as self. Products

genapateds day»alpir: o dieing mom&yethe st BYA. Hdessinelide peptides,

Pﬁﬁ?{rﬁf ‘9 el?ﬂhaf 3@5%; flﬁ‘gﬂc @ﬁldg,f lplgwdg?thglp 618£o§ilcalc’ motfecules More

Q}zé *n%?er%lytﬂl‘)@ttel‘he‘%l?%ﬁﬁ%ena bfefCld 1961%196 tlﬁes or protems
nol ecul e and roteins that have a high honol og

t @nsadefl-bydhebost essDI‘éA Betlicte dereiatadeby pro&igs or;RIéAenablegi by the
sdosts URIA o a8 GBat reved A’?Ff‘%w"é"n?cs‘?v%d {Faiy posf Gpasagional
t %@cﬂﬁ@aﬁﬁ% ah8: [QO'L’COI?TIP' ﬁfc‘& by:')’gln\!ﬂn?t?’\fe) 's&ﬂﬁ 5€a self-gene

transmt genetic materia host ce or nmay
beprochurpmsatiodefined dself. PIBNAlctBrgeﬁ%Mﬂted by proteins or RNA encoded by the

host’s DNA are defined as self. In addition, proteins that result from a combination of

two or several self-molecules or that represent a fraction of a self-molecule and
proteins that have a high homology to self-molecules as defined above (>95%,
preferably >97%, more preferably >99%) may also be considered self.

Vector: As used herein, the term "vector" refers to an agent (e.g., a plasmid or
virus) used to transmit genetic material to a host cell. A vector may be composed of
either DNA or RNA.



WO 2004/ 007538 PCT/ EP2003/ 007572 22 Virus-Ilike
particle (VLP): As used herein, the term"virus-Ilike

w@aoioeise8 refers to a structure resenbling aP@I/ER®03/007572
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particle. Moreover, a virug2like particle in

accordance wth the invention is non replicative and
noni nfectious since it lacks all or part of the wviral
genorne; 1R h t ' j
Copome B A L B s PRI reers 0
parﬁnucﬂum Tescraltl gy ateincepaniidlt Mbeovearyenirisslikepartide it aicordance
nucI . acid distingt fromthejr. genome.

typi.cal
& TBiEReR 15/ASBAFRHAR G RopIn L10y§ ggce %\E&% alf & pagof the

oAl AR, th picife TR REMEaly o I RS kbl pf e via
Vi getiane. Kavires-libe ba@ele iancéddarpb agh. th§ hevehismBiay v&omtain nucleic
apS|d or " sid", as |nterchangeablé used herein,
I%i’c‘ﬁ1 6

r @eurdigtinch frpmcheigraens. 4 typirahadarsionred smbedimeng of a virus-like
vi raﬁ}cleoﬁlo c%bﬂar?&ébgiﬂhtt pr-gﬁle%lt gl"g}eht\fm{a da, P anfc gﬁg Isé{ch gts{}ﬁe viral
vitha s assenbl o a vir

andpidps i, corrsparling/ ek, bhasidpliage, ok mmlph@gél\/l’[ﬂlb terdid “viral
inherent repetjtive orc%anl zation, wherein said

stcaped‘UPe “rapsid’y g8 daterghangaghlyr nsed | hegein, raiesuions . mmemolecular

T T M R T T .

S tstibitd aSsentbie MbPLlving fc@;béiki aﬂd&faﬁh& &@e@tl@ﬁ 'h@ﬁ'ﬁh @GHh@hre with
15 assenbly conposed of viral protein subunits

r @asehﬁnd:ntrrgpettme @agmzatlmmrwmm ggadustrucﬂu@ isatypicelly, spherical or

,_,

flne sense devi. t| e C
o e FERE SR Aafes P Phé Bt frmogippsabedral
d %Qﬁﬁf%t 19 TIRY e, « ?Eildflﬁ&%&héthfée BESSd hMlelr fefbik kc?a macromolecular
partlceof a bacteriophage: used herfein, term
" \aissenEbly cdmposp@of vicd] praddin subivais ressembling e calﬁichnerphoiogy inthe
wégg‘zer lfll p%rntselo l}lﬁ &gﬁggp?ttb&g@tg?ggéglg%gﬁﬁ&%ca assemgly while

n%élgfg %%%{ﬁ”ﬁ i re&?&iﬁf%gde?tan& éﬁtn’eﬂ@ss?e?ﬁeor genes

encodi ng cation machinery o
bact er iVipisalile, paticle tofpi matelippkdgsnAs Iuaerkhergmt e gandviows-like
genes encoding the protein ar protelns respon3|ble for

v .na&lc c el bR IHERRage hradyrs MYler IHee patticde ergpblnprhesstructure of a
{pt@h%r&@e 5&%@%’ tn r&H}p@ﬁt‘f% and bR %HBﬁﬁgﬁcﬁacmxg J55{ the{ne or

eI‘IO ages, 1 n

afgénmebdlﬁgl ¢t therplicdtiog enehindfyeof e dctdriophig@ s @it typivilly also
i nactive, and, therefore, also leading to

ndﬁdﬁlaorhecgme\@ gangs eﬁemhmg thet Protein @f pueieinp jgesponsible for viral

pad %L@%ﬁ}‘% or q%gyaﬁg@% oglf' ﬁgl?Se e%‘n 1@)?1 éﬁcgulﬁl e erTgleo ticompass

rmmmllk@ Phfrles fo@béﬁtéﬁopﬁag’dsrmﬁvhlélﬂhé @imemeﬂtwﬁea gﬁﬁ%r igbnes are
co rises a genone surrounded by a protein capsid

r prefentebuld diactivhatnds t thensfare.eslsg eleggding dnved)ro}:ﬁ@h;:atlve and
en the terns "one,

é‘omntg‘?‘%‘oﬁﬁz’lr‘éqr'gk%%aéﬁd?snof%l?aé’%aﬁog Ssure, they mean
| ﬁ'(:jl Lgf\gﬁuso RerticR: TIRNQerAY "PRAE partidlR}! €55 uSdN AEMAS Sefers to the
morphological form of a virus. In some virus types it comprises a genome surrounded
by a protein capsid; others have additional structures (e.g., envelopes, tails, etc.).
One, a, or an: When the terms "one," "a," or "an" are used in this disclosure,
they mean "at least one" or "one or more," unless otherwise indicated.

As used herein when referring to any numerical value, the term "about" means a



As used herein when referring to any nunerical val ue,
the term "about” neans a WO 2004/ 007538

weEAUBPABO3/ 007572 23 val ue of 10% of the st aPeDERZNBIG)T7572
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(e.g., "about 50C' enconmpag8es a range of

tenperatures from450 to 550, inclusive; simlarly,

"about 100 nonf enconpasses a range of concentrations

f a0 90 +1Wwd of 130 statddi Nighd! $4.¥.8)'abodt GUET'Y bR sda e range of
di scovered that reconbi nant AP205 coat proteins can be
eteprpesteds from 458G te 55U, iadlwive; similadpt'ghost HI0 mie encompasses 2
i nventLon and obt n f.or.m, Reconbi nant
A’ﬁ?@%c’t ORCCTAORS 78 mﬁgg)r‘@&%;ﬁp}gﬁ? 5%1%1?’?) sel f-assenbl e
within the bacteria into AP 205 virus-Ilike particles.

The invention provides for host cells and vectors
sui t abOeerfviaw 10 expressi on of AP205 VLPs and al so

oy ot o1 Ve b et Busi o pS T ARZbE S pictcierien B Shrpsein
pr ot ei

NBLHE ?aus &@e%tor%f th@‘f’r%@éﬁdﬁ dnd |obﬁﬁ{eﬁ hl?f)ﬁﬁiedrf&?{n RRcombinant
bound gani ¢ nol ecules to produce ordered

r Amos t:oat prcﬂcmaherebj s;:tohuanemg;bmelf -asdneld e Within Qe dagieria into AP
I f ot t | ti . .

ZE@§° < Tkl 1Bt B toHBTSHS o SR CH Rvpriam sulishle for

o : g‘f‘r‘é§sio%§rfxqjé’f®? agPshad %[},B'ags%ﬁf’bi Joﬂlﬁéib%t €a&pa91@ FOMRE bf the A&®205

ani ¢ nol ecul es are pol ypept| es or proteins.
Fosatetitein. Dhese @npregsetiOLRe, AM265 MiParleiivey fromenativalsbiuregs, or

SO e S ORI
e%gjogﬁ%re%ﬁyg ?ﬁﬂ: \/{é%nﬁ 18811esCEY hﬁ%ol@&ﬂ‘%%f tﬂerin%ﬁon 1nclude

a| ns a | rst attachment sit
t betigengadlleezei®, tibigens)tlapras,ccanea amtigaist anhimftious dlsease
site. Association 20 between the organic_nol ecul e
ogwligess-Ay ong prbeIERE the Qrg@m%\ml%l@@ﬁ@ PRbyPsBlidas 9 proteins.
sites directly, or via a third nol ecul e, typlcally and
pr ef er aBbymatioa of conjogated berthemventitum; b Mhinsting eigamis medgeules to

ocC atural | intr d t d
Mot P Yol bas.aﬂmﬁ%ereﬁwes Sidoruied pihRie, ieiidine

Cayaheh Bn(?ﬁﬁi}gcm}%[ af 66 Dﬁbon‘é QbR 3P FEP 'cgﬁtaf?@ 'dchr&r
al ternativel'y and preferably conprises a non-peptid

2 5ttihinednt ditepthei OIMG)molﬂcu]ambmnins awedond AR2Gmnevt Fite. Assomatlon
conj ugat.es, or. Wi conpositions _copprising such
cbﬁﬁ?@&fl@sor&ag%meiﬁcw@@csw :bﬁ §nkigg i Hispnd Sﬁgfmei@ﬁachment
s

ol ek 48 8io 4 GRANAECAID Sy oS pRIGRADNRE, olomNcr
t bﬁfttabmﬁ&ﬁtsitémmay 6cclws aftutallypsr hayebesiirodicad.ilan ppéfeaed

i mune, response 30 against a variety of displayed
afibgeinent, shribinding cp@pnﬁ%@t lpast qng caalens bend, pretersblys ent

| %ﬁ}l%;egg p%gﬁ?@ﬁ(ﬁ{drac;r% Ielt\;xguge n% %cfﬁ@%ra%%dﬂﬁﬁé@ga ﬁgn-pepude
bond.

Immunization of animals with AP205 VLP conjugates, or with compositions

comprising such conjugates as provided by the invention, induce a strong immune
response against the displayed organic molecule. Hence, the conjugates and
compositions of the invention are useful for the stimulation of an immune response
against a variety of displayed antigens, and thus for the use in animals. The present

invention also relates to a vaccine comprising an immunologically effective amount of
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of one or nore conjuagtes of the present invention

wo ogetbmss Wit h a pharmaceutical ly accept abl e BCT/ERIN3/007572

10

15

20

25

30

carrier or excipient. The AP205 VLPs can be used to
vacci nate agai nst haptens, allergens, tunors, vira

di seases, or self-nolecules or non- peptidic snal

Bk %%ip%moﬁ QF ofX @frﬁbfe colNRgHAGF HIRAIEQRAT FREnR {ogéther with a
prophylactic or 5 therapeutic purposes, or both. In a

r plhaamaelemdmccep‘mlm diluent, earvibes cagipicainThedaB205sYLPs can be used

respective uch as.anti hodi es,. ner at ed
sipd C@B#ﬁ&g%{lqtglﬁgte%al OIS fira ?y@ﬁ?w 924105 8es or non-

pf@@iﬂ?& ﬁﬁm ecqleé%f’%kﬁnﬂ% afhg a&aSRion COR BE tfbpﬁogﬁylacﬁc or

der. Such antibodies, and conpositions of
| themptuthnpapesea) arcbotls di alelaisd kspest infifuE moleogeofnd dngibodies,
AP205 Bacterjop ha Coat Pr oéel n The_ AP205 genone
c@ﬁm%wg ofich ahho dies.gRNGAGH against é“%&fnpﬁfdg‘%? Tay b used for

Felt{n%gts gf]ogﬂﬁ‘lng‘s \6@?19@%@15 W28, oA (UsoRfet SS%@IH adtBodies,

ene and an open readin

f @ rppationg oﬁtlfedh‘&ntlln afeeﬂstomaﬁlll ad htm of the
mat urati on gene (Klovins,J., et al., J.. Gen. Virol.
83: 1523-33 (2002)). In one aspect of the invention

the co [ t reverse
tr ansc?:itlopl?ﬁ% Akéggg\@a hgtg%gﬁﬁl‘x fol |l oned by
PCR, ughe M&O@g@hoﬁﬁ&obﬁﬁﬁs bfa ﬁlﬂt@ra’ﬁoh probéia, £ddifproteid, Aeeplicase

coat protein including a ribosomal bindi ng’ site
upest eappasfreading Ganes potaresent igaplatedabagasohbygisigendand an open

| .
| il IR g I ragbiah o 80wl B lovipe . eral
AG2Qen. omAd1. B3:0152BI33MEN00DY. B &ﬁ%&gdzdﬁ oY @l iaveridn thS8oat protein

repl aci ng the bacteriophage O coat protein gene,
nlaNtAhwss ldoiaméfoy 6150 fratlﬂ%lpt1®rbt@fs°df2@|5 bia¢teriliphagesRNA, followed by

P EERC Lisingkogoy mEEIOL bR i 58¢ BPRES BE et 02 glidpip ncluding o
TRYSsomd biﬂa?ng%‘it% S &tcah BFSRY doproteliref®fbs ﬁBl?éd%t% vE‘ﬁbfr pQb10

be expressed fromvectors containinhg a ribosonal
b (]ﬁohlngpks; T.Mwki @ h Gese hitt 1 B3 7AP29D).Mn brmsherapprioacitine gDNA of

0 ARGRS G Protes e g s U LB EiF SR Paceaimiage QB
?ggaég B2k W hd AL 00E Y BNl ol NEHRS LREDALS in the

etr prono OZ ovs

etve(ﬂbr ,BOGE ﬁl@rdﬁ:ﬁes’l&ad ﬁfe)(pl%ﬁ)h)of tipAPratdr afil fobhdidDoNapsids.
Z)rT nprises a putative AP205 ri bosomal bi ndi gﬁg site
htlsaemf@remmeng nyggiindbe copti RrAteins may dignnresspd dront wectors

g%t%i%g & rﬁ®g%af£1§%g§%1ge§¥hlﬁp 3 [‘1&%%%65 h@&oﬁ]&@oﬁlﬁﬁ% gite, such

t @8 MAE@ST@T %E%IACCCAT
CCOGGGT GAGGAAAATCACat g (SEQ I D NO_5). The
vect or Veptgma@%@mpﬁm&i%é agh VeromDedeaiyednbiont HUEM evector, and

d%%rggsrlc?nao ¥ Tone%egeégs in etsee vea}:tgrs is controlled by the trp promoter
(Kozlovska, T. M. et al., Gene 137:133-37 (1993)). pAP283-58 (SEQ ID No. 2)

comprises a putative AP205 ribosomal binding site in the following sequence, which is

downstream of the Xbal site, and immediately upstream of the ATG start codon of the
AP205 coat protein: tctagaATTTTCTGCGCACCCAT
CCCGGGTGGCGCCCAAAGTGAGGAAAATCACatg (SEQIDNO: 5). The vector

pQb185 comprises a Shine Delagarno sequence downstream from the Xbal site and
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start codon (tctagaTTAACCCAACGCGTAGGAG TCAGECCat g

WO 3EQobB3INO  6), Shine Del agarno sequence undePCT/RRZIN3/007572
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which is also present in w&ctor pAP281-32 (SEQ I D No.
4). Ot her vectors known to the Art include, e.g., pKK
223.3, pET vector famly, pBR322 (Sutcliffe, J.G Cold
5@%3&1:@&11 kiR st r&edor&lé@ﬁgﬂm Beloa ASGEGTRGELPOCAGGCCaig
(1979)), puC 18, pUC19, which are all nodified to

c(ihs} D3eNQ: 6% (BhimbDelagarpmst@enenunderlpedh nmalticlh imalsmgresent in
sites if t, P or.n suitabl e for . expressjon

of® %@A&’@Eﬁ)—%@?@&ﬁm 4 hetiisn Mﬁeﬁ? fetide, 2.5, KK
v - r e . \

s%%jljf’gg Trﬁec?ﬁ‘eﬁlg?#f’. P %1?2%2} (BSIEH&?%@??G&%?I vgoilﬁ roc?hz't Ee p. Quant
aBiol. effePrt 1:6i7e20 (1622 EJ@NAE, pi@E?, wiidt e allsuwodifidd © domprise a
expression of proteins in E. coli 10 or other hosts

(P ARLe; BrogiqBersHId Tiberoral dinding: eitesn nos RyeNTRY 9 nghguitable for
v e | . . Cnee i .
e
i Wegldt b Recogpized ibglaxhet dkéliedainl the gt p Ol votond detieedefrarh the
protein and subsequent formation of virus- like | | )
pafiorquzqnéiened yecineangkqibartvegiprsishisalie &5 expressiRpaprpins in £ coli
Vv sSi.op:Qfi : . .
PERBh R BRa ARy RY i IR AP in YeullRr, OB suigble for

Séxésafoniof gidtéiﬁs inBEolAd: Alict ho@t ateistitdbiot Practicin€®k invention,
K802, JM 109, RR1.O her E. coli strains are known to

onwvidsfl theydillaarexpeersion of the eqsépmiein anthwbseguenitipmnation of virus-
C Ebizg'ﬁtlio s of ve%tﬁ s _and.straj.ns can ?e i.dentified
b§ ¢ RAHTRY RN AR BHINE PP T VS AP O VIR ACTS PSSO N Bene
aBHAPAPSEdAt pRftTRblc@AnsREEd A%S ENRIIY StYabiPE | @Natrhins idohgle, but
purifying the capsids by gel filtration and

satesetiimried {0, A edi K8QR 1M A0S, RRal Qthardi oefi stfairs ase kegywabp one

(Quchterl ony .test) or El ect.ron Cl.0SCQ 20 .
(RSl 0 16 Bt Are bbb 35S ostofangigtyeins can be
i ’ 1 _ . .

R O R R RO IoBy SIS~ REEIAS capsid foymation

Metdhassemn bly baiwptioradly ifidst pdufyirtgdhgeapsidsisyi ged filtratiothand subsequently

cytopl asm, of .E. col.i.. .The methi oni nhe-cl eav .

pgﬂs @%’3@%@@}1 I‘Qﬁ’dlmﬂ‘i'f@ﬁﬁn AREH QS?Q%&EEHY tetsﬁér %?e"tfon Microscopy
QN lre rey EQ ID NO 1 and SEQ

B O RBCT LR 1 P 185389 (BOSPES o of 't e

AP205 BeRgPepitipietsink erptessgd from/tRE Octdtis PAH283 58 and pAPRS1-32

wWith the present .invention, or mxtures thereof also
| &y bp geaid afthe mitial plethigning awsiadasith dugioprpcessingin tgepioplasm

[ t] e ' Lt of . &
| Y oeih, Pieo BB GE R Eec] PRPIAR e BT Parkcifr e
e radbiiBetleatdibpdlypepiilié ONSPQADI MO AIXIEQ TONO:B! & WEINSs the
that form capsids. Such proteins are reconbi nantly

eXpeleayed dornas ofpthe #1288 pplypeptides leadingdo RS VLPs in accordance

with the present invention, or mixtures thereof also leading to AP205 VLPs in
accordance with the present invention are embodiments and within the scope of the

invention.

AP205 Virus Like Particles
In one embodiment, the invention prbvides AP205 coat proteins that form

capsids. Such proteins are recombinantly expressed, or prepared from natural sources.
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may be generated by deletiagm, either internally or at
the termni of the coat protein. Insertions in the

coat protein sequence or fusions to the coat protein
skeposrideant AR5 icbhteprwdcinhirassamdtye todsesmbly/idfo ard.P are further
further 5 enhodi ments of the invention. The outconme of

i feRadimgns of theaysngan. Hiser Fegmensmey be generaiehby geletian; pither

Ry T
Thsiops sthatodt presini sequeptOyintiRsibIeBlHioskseably R ial VIcRre Bther

for the reconbinant ~AP205 coat protein. The particles
f Sehadimpyts phike ipzotion dAe opieeme phinsertionse deletinnsapd fisipns to the

AP LR A3 BBl R BB P cane
fdleltérﬁﬁﬁédlfyel&thﬁrmmw of isolating virus-1like

particles are known in the art, and may be used to
| sol at Bhe prgsent dupentipi proyides imsithasls OfpRsficagion for the recombinant

RSP BRI A Brict R B oAl ot o Gl be solaed
F§iré ﬁixflrg%sa‘)&ﬁ@lﬁnat}'dh dfFraf8SakibR SEpd By Mecf;iﬁtad%ataﬁafof ﬁ{ﬁ%ﬁcaﬁon

4,918 which is incorporated by reference herei
1gerisipyigebiilnatipn.ddther methodidifisotming oingediké pdrticlas areknown in the

A BB PR vied e PR R B LT (ol ca P AR20S.
At RxABpMSRE use @i@ﬁ&%ﬁﬂﬁ%ga%? {80152 A 'of‘lﬁ? ﬁ(&é&j 1%{03ransposon

coat protein |eads to assenbly 1nto virus

phy isidescaibedvin 1S, PathitiNa 1§66 whicleis acbmporatedbyrrefsreomherein
have identical, appearanpce .and size as phage )
i ey 1o B Pkl odhe Brasebani stset steh as fon
t Babadaer . . . S e .

s ARGl oD oS K A by

hi gh Exyression ofithereqmitendnd ARL05AdS208rodéirAsads to assembly into virus-
sel f-assenbl.ed in E. coli have identical appearance

perticdeshichysihen apdigsd by sleciren mdcroseap havasdenticaligppgqrance

ALl o P 3 B oo
(ARERY) Thishivieptibrtherford provides ¥ pewiVTER) wblichcan 8 bbtaimgd B high

fusion of epitopes to the VLP nay lead to VLPs with a
AUt 2 RiEef@nbf assenbly. For exanple, particles of

| i ' . than; . i :
par t1 chRRFE TSP BB in b Bl s agBBl@icgandsize o
OAPZ0BRpHaRE paiticles. ADRI3 b%ai%mﬂ@gsth@ﬁVLPﬁP%ﬁlroln%{ VP1 VLPs and

m xtures of AP205 VLPs of sane size and sndller size
t Pepillosmplb VhRaehaskeriand. etal aP NASI96 02 3AH3A8 (903, maniphiletion

B i AT R S A
rafrerett fhte WEABBINbINRE: cib@pleaniNEEEr 10V e B An R er than

show ng
the wt or major particle form may be obtained. Therefore, AP205 VLPs of smaller size

than AP205 phage particles, or mixtures of AP205 VLPs of same size and smaller size
than AP205 phage particles are also embodiments of the invention.

When analyzed in non-reducing PAGE, the AP205 VLP subunits runs at a
higher apparent molecular weight than when analyzed by reducing PAGE, showing

that the subunits are associated by disulfide bridges as described in Example 17 of



that the subunits are associated by disulfide bridges
as described in Exanple 17 of WO 2004/ 007538
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aspect, the present inventi2dn provi des a vector
containing an open reading frame suitable for the
production of an AP205 virus like particle, said
veehes/o2fat her conprising an additional nucleic acid
such that the resulting vector is capable 5 of

pr oduc ilmg fiarthree agpebi, temreséRiEvon psoviidds @ vpetot ¢apkadning an open
conprising amn cids epcoded. b jd additiopal
na%%dg}gcﬁ%t%? aigbly @ﬁ%{envé?dquag%%fi an Y@@gﬂ@ PR B Hector
p % o % 1

DRt PR RS SAOADRICG 100 0By AL e AP capl
paf ptodheing 8 acdmbiieainoAP205nitusdike partipleicdinpgisiBg amino acids encoded
restriction enzyne site suitable for the introduction

oPy saidiaddisionnl nusleigiaqidi ¢ acid such that the resulting
vect or i Walom ' Vi FuS-

e pdb EnREA Rt the pleBeH 1R bERET: 0800 bl an open

adeldingoff@he Buicibe for eripdoductidiganircARI e tseike phiaieleeBifid vector
and Antigens Organic nol ecul es used in the nethods

c SWithey sOBBTiBiNG 2aesRsiNENBIE e suwble fos theratsedwetion of additional

BRG0P B B G81 cB Sy DO g virs
| ke phitRle dotshrisiey JHARb QElds erRbB&NbEsai®h&THbRS nudsle acid.
antigen fragnments that are thenselves (ie not bound

to AP205 virus or virus |ike paticle) not capable of

i nduci an i ne r onse .in an animal. Oganic
mol ecul gﬁmgmgcu?%ﬁséﬁtgwng:&t%em organi ¢ nol ecul e
sui ted Grgaﬂi@ et oudd UsBIHNGe ERARAIBS@niRAted 9hd E&F&tions of the

cells; (bB) organic 20 nol ecules suited to i nduce an
i poesaat inespionseclatpaing shtigenf leptdng orgadic s ewmids, of fragment thereof,

or.gani ecul es suit to induce an i ne, r esponse
i FeiexlRes Burionusrgating S HaraR YRl i g eppRaEments
| REGE @Bmb e N DBORPH @5%&5 eV fradnte r@ﬁ@l@) n(gt%zlpable of
ant1 gens or aptens suited to i nduce an | ne

r éshripendgansrespongsn atunimei @sganic hobetuls include for example: (a)

articularly drugs of abuse and (f)fragments (e.qg., a )
g SfeAnH me C%lﬁyuléﬂ% t® H@uswamr@mezép%eegw% s:én&t(altqeﬁ%ﬁ@orgmc
or, . . i - . . ' )
o ROBBAENREEL el Rl Elponb OB IS RARARSE i
mohsledles, s@tdd geinduce adnimmg@ eespeiser agahRntalleige™)&d) organic
that is useful faor the prevention of infectious )
dinzlgeies sufed tmduqerandming resppasesgainsiselitantigens (@hentigens or
Wi s of i nf ' ' es_af f i wide . .
UL b SF R, RSBGRESGaBAL 855} DB cois

C ParticOlgT driBTIRAIURE afid EfkREnentN@. g0 d&ﬁﬁﬁg}ibf &ty of the organic
e

speci es as well. Such vaccines may be us
p ﬁ‘@@mlg@pngmsmy haptens set out in (a)-(e).

Infectious Diseases

In one specific embodiment of the invention, the organic molecule, antigen or
antigenic determinant is one that is useful for the prevention of infectious disease.
Such treatment will be useful to treat a wide variety of infectious diseases affecting a
wide range of hosts, e.g., human, cow, sheep, pig, dog, cat, other mammalian species

and non-mammalian species as well. Such vaccines may be used prophylactically, to
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I nfectious di seases for whi26h a vaccine is known or
desired are well known to those skilled in the art,
exanpl es include infections of viral etiology such as
Hr¥vedtahlin@bdeh inHRriRgisidudl drdlopiRAa, i dr iferae e ATy NtoBaikiBate an
polio, viral encephalitis, neasles, 5 chicken pox,

eorgoing infastpi.omgecgbutdisaasssifol whith avengine éalainvasr desired are well

CREVETR RassihRE bR el i i D B Folggy such as
| AR Ghiieasa OfferpPa ’Vﬁ§] Heb&tltﬁt EfQs Baﬁ“lﬁﬂlloaﬁrdl'&h&f)ﬁaﬁtis measles,
trypanosom asi s, | ei shmaniasis, trichononiasis

ashoelksingixs glogt infectiprs drhap@enbetmﬂogmucg @mjppeumonia, tuberculosis,

PR DR s sUelRi SRR g SE RS g S ireBftns of
OpLhAAE ¥tiskoky lsuéi ad Hﬁla}fa bR aRhiasis ] Elshﬁéﬁ‘fa"ﬁi's EficRimoniasis,

antigens or antigenic determ nants iInclude t

f athbehiasigy:etc.t MdheHinv gemst orgmtsgeglp dﬂﬁnnmmsgpse%m the ltenjugates,

i nfluenza an ut|n|n te| nd .. .

n%%?awwnaagém%ﬁ@ﬁapf {iE Sfhghiom et kaduin i ek o grfiary sill n the

7
CIIGUFBRR! T2 3kt O nd IR e Ao GBI fllowing:
dthbé{IM andigéns ghd 40 andsgi 1601 tkel nﬂuematdnaggrsdnamagginﬁms,tMﬁ grotein
(a) a rgcon‘ol nan ]groteln of HV,

r@t‘bﬁﬁ#ﬁ%‘iﬁl ?ﬁFoH@PW"’éf |SHHRGFLIgED, Ak cl(%mgspomaﬁlte protein of
blagnza virus M2 protein or a fragment thereof),

(H’) a reconbi nant protein of Hepatitis Cvirus, (d) a

reco nbhrmtsuclpémb@hmem‘ofmxmn&smhe z{rei)gemoxr mngei’ﬁb dé@eininant

protein of Plasnodiumfalciparum (f) r econbi nant

pisotedgciedofromy e rasenm gonsisliag of( @ aare%@lamt rmﬁ&emp@foklé\( n(b) a

0 ( Lecg ot €y
p{ecggnggﬂﬁﬂbqu%ﬁ oto%ﬁ{l%rllz)a \Fx)uls ZC ng‘#[ﬂwﬁo‘? hi 19['2 pr8te1n or a

asno ariae ﬁbl n el’n of

Cith@iyli there &) d(c§ h YecdndbirgtBrotei0bf Heyatiis ¢ W?usp (data%ébsnbmant

set out in (?- i). In another enbodi nent,

i m@&m |06 Horeplaraw(c) dragambinaat protepn of Pi@mgdlwof@ﬁﬂp@umg @a

oypeae e BEOROL PR Sl Bhf rerOh B B ey ot

S H&dle ‘(HP&ﬂeB&nEExﬁHﬁ%t%in‘Hf ?zdssazoaimpmbzgmwn% réc%‘ﬁ%ﬁﬁ&ﬁotem of
Ch peC|f| ¢ such enbodi ment, the Inf uenza antig

ieand (ol etﬁelgmcntaaftany of tha pMEelnp sestont m (AR3Y. an

XEJQLE#E%”%B%V el TEREEHE 5 st Dpposions

f LR 4118lseSHe 4nf éh AR @fdrASndnk d@cﬁ}“&n

ab ou}?ﬁg Posrt |eonsg ol H%/E pr ot ei nn o asIg%\ii avxral

pnadleic lasldaq;mi the tisevf lsndh vaaclne mmpmitmms (mdhcrtemnnme &spcmses In
with the invenption conprise

soug Ie for u
Scats ughe s PIeTA2 HHREER OB BRtigenic fefcamgRent t5@n M2

P 11 8 3 04 A A N

3D0681, PIR A ctbssidrONo SBIFIV62, or fragment thereof (e.g., amino acids from
about 2 to about 24). Portions of an M2 protein, as well as other proteins against which
an immunological response is sought, suitable for use with the invention comprise
peptides of any number of amino acids in length but will generally be at least 6 amino
acids in length (e.g., peptides 6, 7, 8, 9, 10, 12, 15, 18, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95, or 97 amino acids in length).
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60, 65, 70, 75, 80, 85, 90, 95, or 97 anino acids in
| engt h). WD 2004/ 007538 PCT/ EP2003/ 007572 29

woleomoamsss 5- Toxi ns and Drugs, Especi al |y DrugsPOf/ERI3@07572

In an additional aspect, the invention provides
conpositions suitable for stimulating i mune

responses agai nst haptens. These haptens include, but
are not 5 limted to, hornones, drugs and toxic
conmpounds. | ne responses against a variety of

dr ugs %%%%W@E@P@ SRRl darugsy o Ausg” t o

prot eqh ANaddiflbydl depdct e hdhti i Gl
conpounds, aas t hera yc 1’i nezi%‘?%h}}lgfl\ﬁr%g?gsgérg%(gssg%&}goﬁg%lﬁ for
ctmpdaiingsimmwre tespqusevaminsphapifigaThaRdiapten® Mcldde, BuiChe not

onpounds. Representative toxic conmpounds include, but

j@%@f’q}w{lgﬂ 3{%5 and{gxig spmpaynds 1&%&@6@@9@86@ poainsk variety
, ' ' i.SIs,. _Suc r.oduct .

R PR) S0 A R RRLORC SIS YR oML v of

terposaiotoaucincotibdiats, aeheRpe i B ih¥ieiduakdxpoSATD MRS mpounds,
produced artificjally, or as a result of netabolism

iOh &0 Drguen) ot ispiddicsiopstoguckyeampanpds.n) . anti cancer

conpo _ i.hb ine). a hem cal, warfare

agent g&? gegs ?%%‘_r’? %O,Xﬂ: Jﬁ’u%iéogpgg 5’8@‘%6’335%.”%@ Igg’ﬁ‘gﬁf‘)ﬁ Gge natural
fpheivictv eNtoxio plaek usdmalsh andrAdpsIrbaind. Ak HRLES iddude
aaal nst toxic metaboljtes of comonly used
gHaloxHE 1gupetara teyenerd tetraddtoxiha@then represeitaiivhmikicnmynpounds

' 40. ' t fi.cial fect.s . of .
0O AT G S 0l
whiidnb@XtdinpRindb Qb.bt Omblattitts 'atnggbg@nﬁéa?fx@irfa?éj agents glegt ﬁgrin,

enbodi nent, the toxin is a he Ite generat
BBEiard gas Y X)n dinei aspest of thi grvention imaudesnthe plodutticd dfantbodies
' In a further

FRARr ok 3 BBU A FBRmonb ed fermicsufial repAaiich that an

Wiiviahsl A8Leedntine g@fgceivg%etegegxllefeiéi]al SRl OGS pfrmaceutical agent

anti geni c 'determ nants sul or use in

sdthpuy aides effeaparsodiated swistndoxiet hetbolites.t Taas, BNt Bfeferred
drgg addi (ﬁtll on, .in partjcular recreational .dr.gia '
§RGPdimegh thefoxjn isa teiggnerpisd an the bedpimadydividial] wherein
&4 tig ar S ' of organi.c
R b R P KB, TR oo
embodisteent, f the texiangd eheniqil eiatfareadntor phi ne deri vati ves
such %s codei(ge, fentanyl, heroin, norphine and

opi unPrEARIGIR eSS ARYEECAS o Fphesnigrilsterminays iswigablevBviuse in

i Ox ' t h 1 ne, .
B S R AR o 08 PR EAR R e
teSRatineal dalg adiaiod, wisl Hedayhh t the @ uTeRI ey $k8ll R eRSant arts,

gashi sh and marijuana, other addictive drugs or
SRSETRIYe exampdrs qf \paganieolesyles, Imtigensdercantigenia demhinants

ﬁ{éﬁld@f’ﬁﬂle%éfflf)le?fopﬁ?c?shan%olﬁgl%ﬁﬁgSderi'elatliv%rs U o die%aep e%rtanyl,
heroin, morphine and opium; stimulants such as amphetamine, cocaine, MDMA
(methylenedioxymethamphetamine), methamphetamine, methylphenidate, and
nicotine; hallucinogens such as LSD, mescaline and psilocybin; cannabinoids such as
hashish and marijuana, other addictive drugs or compounds; and derivatives, by-

products, variants and complexes of such compounds.

Allergies and Cancer
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used for the treatnment or ppevention of allergies or
cancer. Antigens or antigenic determ nants suitable
for use in conjugates, conpositions 5 and nethods of
t r eat niantlard epibed@idniDthe Ofvealidrafieiies compbetibe skitbfol e as
those of ordinary skill in the relevant art., .
Rappesthifranguies @ﬁ%’WﬁY be ugsd for b tigatn eyl AL PISVentightal gleigies or
?e?tngérm nants include the follow ng: bee venom

osphol i pase A2, Bet v I (birch pollen allergen), 5
Dol I NAMidet bf antigagie defeaningits Mﬁt@@l@f@ds@mg:@ﬁmgatb@bémpdsmons
and Der p | (House dust mte allergen), ut en,
gandamethod% RE eftmsnt af mewg@tmsl owmmmuh;gb%\kn@mé@@ose of

nut n e ut al | ens ther ..
by Sl B e bainr SR Spnh R0 of 03 antigens or
féxﬁ@@&'ﬁ@ H@te%uﬁﬁ@ hnam&me bt l&%%eh&nqihbsﬁﬂohpase Ay, Betvl

i mmunol ogi cal responses. In a particular enbodi nen f

o(i’mnch polilaw%htgemh 5 IPolen M (whitgdaceid hogek vertondaliargan), Mbkitin and

i}%ﬁ‘;éustgibx? gﬁer eé)g,oélgfeoﬂggil (ﬁl{l] t p t el rgﬁg)ts bgockroach
ail e?%@%’ ngéﬁat ah@6@EPhR @ﬁér B{solta {V@eQd aﬁlfd oft]%? goﬂ’éﬂ YRS grevillea

nmbi nant prote ns o
r@llmgdn; asamtellpasdiragnments ofCkech myhicla pamb@l ugdd toaehcitrmgmtﬂmtoglcal
of any of the allerg f hr ough

aﬂ&éwsesahsﬁ priigplar %S@‘S@ﬁm& t Wagmneﬂ)(a@ilérfgﬁv aﬁ;ﬁﬁ*iec?eélfrom
88 1B Nonsf WRLTR, roEOPRISAE biASIR O6r BEE NPHR Merdy! ) o

preobiebinentf piotedns of Imuusﬂergyn,s(c) rrbctcﬁntﬁm qiroaaﬁrstasfcfoea #letkies,
A@sresents the major 20 all ergen of house dust

ERCamBEIant p@tﬁ%saf agipa, (8) 3 BEQMbinaRiaT@iginet ﬁ&(;@n@dm, and (f) a

R Lt A
anong the{ea are kno to conprise e pes, Whi

o 00 BtgybRHE b OtHR SRt BCEaRe B aRh /G Bn the
- r

{O%déguéa%g ?i‘xgﬂnc??%gﬁ %rb fnﬁih%%éjct)f tHe IﬁrgeQéﬂé ]lcflﬁe%’lc'ité’x; is I?e?{%ﬂgﬁgr bQisa

P2KD gmtrasgifoundsa- Botis¢ dustRhite Smoal Makticdesyaibreptesearts the major

mé%%%&%%ﬁ% gt acgornaie gt e o %g%r@g%ﬁ% AR
o RSO R bfo il B P HE, L RRLGSADY i ot PP 55698800 No
attac e Wt

ment Slt I'n aécofr the 1n entlon

nG4jedrhonpethes,iagrisnavant coraprigieditopts whikh @&rb&o@&’éd bpardtibedies
surface of the whole protein (Jeannin, P. et al

vBreeidig far the et Deb gy 186-antihadiesraised s pylyciopalavpenonse to the
%Hgl% a£ eg%%"ﬂ?&f ftltf? Blg{hg?ﬁl%rto e gbﬁﬁ&trgéﬂfl ﬁ 5—96 :Zg?é?ﬁson-Mullany

opes sw

i a\ae r(lw(m) Mblectaaxﬂrrﬁﬁmfon@gb OthadediBiy ale bih@ BR WKE RighVffinity.
conposition, the antjgen or
The peptide p117-133 contains a cysteine at its N-terminus representing the second

attachment site in accordance with the invention. 3D modelling assigns peptides p52-
72 and p117-133 to the surface of the whole protein (Jeannin, P. et al., Molecular
Immunology 30:1511-1518 (1993)).However, other fragments of the Der p I protein
may comprise B cell epitopes suitable for the present invention.

In a preferred embodiment of the inventive composition, the antigen or
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am no acid sequence selectdédl fromthe group consisting
of . a) CONQSLDLAEQELVDCASQ I GCl-j (SEQ ID NO 97); and
b) CQ YPPNANI gl REALAQTHSA (SEQ ID NO 64). 5 In

aaimgenmrmtemnrmdismﬂm@ I febeidd, aMé vheh PIORECESpHEEE il said
conpositi suitable for use in nmethods for
p?eé%%%ﬁ% %ﬁl@ hapln URGA BFiA geguenes sgleated dpm the exoup sorsisting

7L o P S PRL RS O e Qo S MO 7 e ©

c@@mppnmemm‘u)eﬁgbﬂz(s@@mpmm}agal nst an antigen
|l eading to the presence of |IgE antibodies.

St i nul Bt pdditignal emhodimpatnethe elsmﬁmspramles veccine compositions

an o e o s B R B Aer e Rt G ieh a
i ﬁll‘dr%ﬂ eeaeHOROPWhich 0 thlhaiyla@Rd AsQidciRed E@é’&k‘l?etré H&efﬁf allergic
anti bodi es that prevent and/or attenuate allergic

r @a@ttqus meay bErberacienizedbyt the dx2rdspaliseeagaist apantigeeleading to the

PIRRAREpf R arbodidh SN Geion 1 GubieEbiars o B production
abf %@ﬁﬂtbo@é@'miyeﬁle‘?fatesélfé 1é‘H s@&sgef'ﬁus' V&écﬂﬁecomp()'s}tlx% of the

phosphol i pases such 15 as phosphol i pase A2
pmcmlqmsndﬂdepmidns fadaich lc{a@en Beipkodactesefiantibdsies that prevent
44 89, .CGen Accessi pn 229378 Api s _dorsata

Banie fetgic l\ﬁacuOBSQOé@Ps’ Mpi Srtamy, gmbodimentsa yeccine

{1RAs NG th&%%@n inHagd b@?gﬁﬂm AN 65t anl ERRR M ical

Accession No. B56338), and erma suspectum
( CeprBaakgabust es sllaygen. I‘Examl@&@ 008:chelarBamskindladesiwbsholipies such

S 14764; Bank si on, No. 2267 20 Usi n t he
i o DGO RBA v LR BroBioAS! dred!iiets Accession No.

e e
presiiad %ﬁ*’%&ﬁ@%%%@ N2 PPR) ot %%%9 e %ﬁﬁém gigy No.
| B&305Sahdpis cefma(GenBadi Ascession BogRB905Y)] BbmbBPenas Nanicus
an ortion of the whole PLA2 ~sequence, may also be

PRk A6RESIINNNG RHOP3E), ﬁlkdeb’%lﬁdqrﬂ'g sypRECEIm SienBanlaAresgsion
oL, SRS RIPE 7 APMESRAA s)

aci ds Using thedthino asidiseguedfl ot PIAY &j?@teﬁﬁdfdﬁns?@elﬁﬁm (GenBank
am no aci ds 30-90 am no acids 4 , amno acid

scassion Mond H8P dserdinnk Agcessinn Ne. 2293 88) fonillustetion, paptides of at

chpit g b nR e BT bEndR. ieR ertdnesy pbftion el Tregipte PLA,
Pleiderie Oth 8y AlSo BESRE P ESnitRANE) for pHivERELg %@@t&ﬁlaﬁﬁg allerglc

such peptldes i ncl ude peptides which conprlse am
atsaeiong- ERamples eisuak peptidss inBludepéptide3@hiah Doiapﬂié-aﬁﬂno acids 1-

B 00 S 3 B0L5 i e TR s 090,
aghfis aEQrs%1tﬁmaﬁﬁn@%iés%4ﬁ©9,9&mna%fa9 5851 185 a0 4s 60-120,
amino acids 70-130, or amino acids 90-134, as well as corresponding portions of other
PLA, proteins (e.g., PLA; proteins described above). Further examples of such
peptides include peptides which comprise amino acids 1-10, amino acids 5-15, amino
acids 10-20, amino acids 20-30, amino acids 30-40, amino acids 40-50, amino acids

50-60, amino acids 60-70, amino acids 70-80, amino acids 80-90, amino acids 90-100,



WO 2004/ 007538 PCT/ EP2003/ 007572 32 am no aci ds
100- 110, am no acids 110-120, or am no acids 120-130,

wa@asommb1s3s correspondi ng portions of ot her PLA2PQT/@PEI03807572
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(e.g., PLA2 proteins descri3ded above). Portions of

PLA2, as well as portions of other proteins against

mhich an i munol ogi cal response is sought, suitable
u{bsgc\ﬁ’bt LD, | BURA L #:Qi@ %Pr@réﬁﬁﬁm ids 220-130, as well
ernatlv y consi st pepti'dés which are general l g/

aboﬂr@@@ﬁdlﬁg poitioas afotbar Hlmzlpemgm (e.£ ePI:.;A; plpwpm d;wglb@d above).

7, 8,9, 10, 12,15, 18, 20, g tWh1h

55, 60Pogipnsaf Pk, ‘asgiell %PO@’@“S § Dﬂkﬁf P Ak rhich an

&ﬁBﬂibe or
o b DA SO AP iy Aty ingy B0Eh
Ofalt&ﬂﬁ’dﬂ\)elﬁﬁb‘nsiﬂt 1) poptidee whlichthrt gememyliysat heststeh a:tmr(oeacgis in 1ength

e upcitsies 616 % 8 Mo, OF: O dSr Ll Sariid Aaptth 551 G065, 70,75
agbegﬁgwa% 6}9{?89%%10&”@%{1 ie%gﬂng antigens or antigenic

conpaosition nd et hods of
t r eat mpMA,fRptideare.er, thcull tenth M}Q)ImotemsthSSSedhbove as well as

ordinary skill in the relevant arts. In a particul )
eisbloptirfienst ofo¢achhe1ay nlserheucghpled fie aBh YRS ERCG (€. St é@%&%capﬂd
15 deter nant t h "

oPr S BB P A Gk L B R o BB pie

( Bhtiged £FRRDI nant prote| n of ki dney cancer cells; (c)
a reconbinant protein of prostate cancer cells; (dz a
r econbiTimnselqation eif rantlgere kirnantigaeie rdeteeqnprgmtS( foy cqmpositions and

r ec %@e%@m e Oﬁ cmce{ gBR@nl?egﬂp goe hoEé 5)1( %1)d1nary skill in the
r %81%0811; QL 14 g%‘tﬂtﬁ:ﬁlﬁﬂemﬁmméﬁt) ofathé ERAQABRA, (B akiBén@hr antigenic

the protelns set out (a)-(g). 20 Represent ative
emrqainmanoﬁs slackedt frpre sho groap tcogsstingoof: f)td pepinbinant protein of

d%gag%a%acgyéllgl{ C %g‘petg WA’(&%@&E}%@%&%@%E& ?% arecombinant
C[%g‘%hagf te.c (zgl‘?sd 'G(Il al‘é}{orhmﬁlﬁ gﬂ'ot@ﬁ‘f&%ﬁn caBét cells; (e) a
em a)

Gvan anoma protein gpl OO hunan
n&bw@b‘iﬁalﬂrp@étemmf Bﬂm«:&nédrl\iblﬁ[{ﬂ aréopniisnanapetein dfleTketnia cells;
rotein, MAGE-3 proteijn, p53 r ot ei and HPV 16 .E
pr(g arasombinapeprofiling; and (Madiaemes Foany ot the RRYtGIRS %f‘éﬂutaeé) (®)-

used tq El{atljvm Ingéf%ﬁél? f)&gfgfé‘%ﬁ%enf Aahf8&nic getermmants

ant i geni r(éjsei erm nan use osition
nEhbleds theffollswiak TaD (brodst moed G2 eleumbllafstmnaesEm (malignant

antigenic determ nants involved in _angi ogenes
Argjac%@@mm)s e i consens BAS DI Lo lakenia), human
B P58 o BB Qo Sl BRART.L e

SONAd 7IAI Ao i) MAGE3DproRE) 963 proddil, anbeIHMEE7 Protein, as well as
(1995) Nat. Medicine 1, 27-31; Folknan, J., and

Kl @Wm of eagh Wlmhw)me@ut@%téo shi@t immpnojggical responses. Further
antl gel¥1c I%e{erminal%‘s useafﬂldfor composmons angi me%ho)ds %ﬁeatment for cancer are

molecules and antigenic determinants involved in angiogenesis. Angiogenesis, the
formation of new blood vessels, plays an essential role in physiological and
pathophysiological processes such as wound healing and solid tumor growth,
respectively (Folkman, J. (1995) Nat. Medicine 1,27-31; Folkman, J., and Klagsburn,
M. (1987) Science 235, 442-446; Martiny-Baron, G., and Marmé, D. (1995) Curr.
Opin. Biotechnol. 6, 675-680; Risau, W. (1997) Nature 386, 671-674). Rapidly



Qpin. Biotechnol. 6, 675-680; R sau, W (1997) Nature
386, 671-674). Rapidly WO 2004/ 007538
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depend on the formati on of 38l ood vessels to provide
the required blood supply. Thus, it is believed that
anti angi ogeni ¢ agents are effective as anticancer

t et aReUinotSinit RPN EpMeT & the Yb@idtleg oZBBoAFERER to provide the
factors that have been identified, vascular 5

erﬁqit@mdéﬂp@d suppbwThus, aids belicted ey antiangiogenieagents are effective as
en ot hel j cell specific mtogen and a primry
M4 eﬁpe?%cé vascul ari zati on of many solid tunors.

Th us, Ak a8er?butaFingdfbbhRFadtSrs that Ai@eetd Rlentified, vascular
intervention in tunor-induced angi ogenesis, as a neans

ahdothebalkgrayth factor OdBGRels iamwenaﬁm@theﬂhhwllt specifigmitogersand a

?qgéé?tsﬁg{q}qrg Ogggeh%?t?gm%% g‘ %}hdaﬁumofslgglfglf blockage of

N@EGF bt a¥tEe@dihterdtion 1rﬁﬂfn'or Mﬁ@%&f dricRBhdsROEYa means of
MC-1011) and an anti-VEG- anti body have “been

d»leddmg‘é\d efdathelinm wtheathan (lﬁaam))r dk.a sBiategy toCrghttun2S(Millauver,

1.6 6 §8098 0eire . 1657 R 1 06 NG teania1-s44).

anti - Igﬁ:—% 1-\%3%51[( 'IP&&Q}{)&?%W@'\}EQ% g SR LhEREGH %ﬁuﬁbﬂ? have

been identifi ut at1 VEGFR—I I bl ndi
sheen d{sE’loseds(ékl, DCet ah(%OOO)l BT hai2Gh6, mélanHPresta L.G,etal

A08A Corier ke i P3Pl R oA dsuEgamonogens) anti-
!‘?]]\Elgxggﬂ-i‘ ga%liﬁécgr ?&Wg&gést élgpeint%e ?F%r}%qs%e%fl\@@ghidl as putative

CYRGARLVEGFRAEI bﬂiﬂing she Pidsdelg caemrmw) BN Ch&E, 24, 5612- 5619).
vacci ne conposition in accordance wth the invention,
whi ch Heip, lppe cmbediment Qf@l@qme%madh@ antigen prasfigenie determinant

h %%r%éo%@jsgn}eeg co pgggisése orfmetﬂc? ?31" gﬁ?w%gﬁm 1% nﬁg@tﬂ%gglﬁved from
dﬁHmFm%n{aV‘ﬁdme T plovtles a CaRPEXItidipdnd & addAd EdniidsiBion in

1160- 1165). Therefore, further antigenic determ nants
sascorgphes widh the frventiony @Jhmbmwskwa anhignglegedic properties useful for the

ntl,[aﬁ&%t;emc :;I lne s itiops.in.accaordance w '.%hf
CREPRTe R Pt (RIS oTCes eowil il ick Vikeeeks specific for
deRGFRD asdosée%emohara&é%yén YQE&%'I gzmj PRIRGE Medlcme 6, 1160-
CTARTELNVA DFNWEYPSSK KK NO™ 99) and/ o

t HéSpnikhensfoR5 fivthermitigenid dcﬂemnnhapte pitabde fmamvngtlvdﬁcmmposmons
amdno .aci.d sequence CTARTELNVG &FHSPP@%P HHKK ( SEQ
| 89 Mé“a&%l§§em FIUF COMBOSIEPNS 1R Apcordance with the mnypntion comprise

géﬂﬁi-‘ltﬁé eﬂﬂ?ﬁi n%Flg-IPfdth&l Xw%gf: & Whith ¥ TandiRb | %:ch Sequence

30 I'n sp I ment I nvention provi
v@'EARnTEhNM@b DFNWEYPSSKEHIEK (S&Q 113 NON99eahdds tHeomurine

tjin nd/ or attenuatjng diseases or conditions
%{Eéﬁ@eg derived pept?de Lav%ng the amino acid  sequence
CTARTELNVGLDFTWHSPPSKSHHKK (SEQ ID NO: 113), and/or the relevant
extracellular globular domains 1-3 of the VEGFR-II.

Self-Antigens
In specific embodiments, the invention provides vaccine compositions suitable
for use in methods for preventing and/or attenuating diseases or conditions which are

caused or exacerbated by "self" gene products (e.g., tumor necrosis factors). It is
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caused or exacerbated by "self' gene products (e.g.,
tunor necrosis factors). It is WO 2004/007538

wEOUBPAGO3/ 007572 34 usually difficult if noPCT/EP2003/007572

i npossi ble to induce anti bedy responses to self

nol ecul es by conventional vaccination.- The present

i nvention provides one way to inprove the efficiency
afusiheditfivadf ifnobinpiosgbleas imiged hetitddy r8pomEs to self-molecules by
repetitiveness of the antigen to be wused for

Cﬁﬁ‘ﬁwﬂfaell Recinghens Uiy MPSTE ﬁg wg'%tﬂoq WeViat PBeivay do tpprove the

’%[f&&é %}IH? bh IBﬁ %dcf‘éﬁlsiﬁ% g s ﬁg %S euﬁ’%ﬁ%ﬁ g)%gxgg%ﬁ%eg tobe

ofsecamt mﬂ;uumm thetubh Mntihlgaﬁdhe/mﬁig@m to the @&205 halpp
(Bachmann & Zinkemagel, Ann. Rev. | munol: 15:235-270 .
( 1997)@mm1$q4@i9@ﬂ0tﬁm8u§é§emd@¢ peaswigiand effigienfimmune responses

b Baer B Anl ST R ) SBF BT R Bachgpnn

Bi gledrhadeE SPANBAS ImikindIS1 KIBHWT ¢ h18H7)9. U@tlfo'hgﬁ yRhsel 8REPLonsist
for the 10 i nmmunogenicity of viruses is

108 pew iprotoiancibey anedbler tadriggst nwhfstm@ee pintnuipe sespdimay than their
Line rface t

PSR B SR sy is6E e peem Sl creialfctorfo the

ehfhflogitivy 6f GRS
ok o Rl AR LRSS A 4o e g My

ivirsesogxhibith d aasi7¢15§3HiR6 8111@1@5153’() displfyiss wgolas bnralsk ofMgpitopes
| B | tr

S ARG PERSIRS PlfoPaPeife pniingd il on s I (Roplemann

RE PSRIRSSISRN) b T REP 99854 ‘3?8 io @Mgglﬁe&%%hﬁmg of surface

Further, such tri ggereéd B cel to actfrvate
Tmtminpghobubms sy Budells lis a sirdngr avtivaihncsigreal shvit titrhcttyr @dudeg kll-

S SRS S Sheb S e gaegp
L Y TN L TRV

lantikedy produdiiende Bevedls iand thefgeadthiionof lohgdives Bidall 2&mory - the

aut oi ne di sease d as a part of the natural

288 vlagc%ag{()ﬁ a Zindgenagdl, AnistRevalmmurnpl B3235-270
7 ( 7 Thu ie [ SE nt ed .

LS A58 s O 5 LS

|an’(d>ummuﬂé disagseand as Syt dfathhatiRsizeddHdase to Ebtﬁogdmg Fehr, T., et
st em usual ijgéf ails to Produce ant i bodi es agai nst

th78etldP2 €199k Thup.astibodins iptaserteqd by sehighly

| , .S _due.to rance at 25
%ﬁﬁe “%d“vﬂ?fﬁ#%sé‘%f W Nehe Mo bR BB g
the sdahk-imptir@eRsttd Wusldr fail@f f)ﬁbﬁhcecﬁﬁlbg&ﬂeé ngcﬁns-{ sg!? H&wed
may break tol erance. For sol uble proteins present

mrgcﬁu@é e gelubleiaptigens present atlowrrencenyrationas thig lerfuBtt@tlofesance at
and TH cel be tolerant.

s, L 00T S0P s Ronf i sg e Bt oeaig at can
deliver aheiemBY Bﬂé@lﬂto@fanc% drgy @blﬁBfe"ﬁr&tEﬁHs Bxfes frﬁ’ &t }ﬁ%{ o6 htrhflons
a highly organi zed fashi on coupled
eamembrane3esqeBuetpratvinsat Ewdoacctm)@ebn, BGeImLTHReHs may be tolerant.
Hnwevel! ‘B ésell2 %oqer%gc% ygbc) reversible (anergy) and can be broken by
administration of the antigen in a highly organized fashion coupled to a foreign carrier
(Bachmann & Zinkernagel, Ann. Rev. Immunol. 15:235-270 (1997).

Thus, vaccine compositions of the invention include conjugates, compositions

and methods which lead to the production of antibodies that prevent and/or attenuate



Thus, vacci ne conpositions of the invention include
conj ugates, conpositions and nethods which lead to
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attenuate WO 2004/ 007538 P@3¥/ EP2003/ 007572 35

di seases or conditions caused or e, acerbated by

"self' gene products. Exanples of such diseases or

C @@ ics @R Sohdi6ibadenugs Porl e:¥8rBMSd B84l it RABRucts. Examples of
| gE- nedi ated allergic reactions,” anaphyl axis, adult

r S8¢)1 digeasey ovpenditéans inghwdir gk veGpo host slisgasse femediated allergic

arRLPnE el g S RO Sy (i esasd, allrgi

diaS@ABe acsty Iy BPhdhlAstR USRS (EIBY, Qb3 tds Shén- in'
i nfl amggoryﬁg%toi mrune di seéased, myast enﬁgdélﬁlg\s}il}g?phoma

i iivEQprlavésr discase, dysenise lufduy nplytideraopas WELE),Plidflammatory
angj oi munopr.pliferative, | ynphadenopathy (AIL), . .

i ﬁﬁ%ﬁ%ﬁ%‘%‘gt i Ggeﬁﬁﬁph&a@%ﬁéi@ hySHeYisy ) ,IWWH&LI@%“W disease
ar i b ’ g L ernsi S .

i phdeop A OPED: Rl opSRIEIAR TrfhaibiRly (),
asmouninablkestiv hmptadawmpathy (IBLX ehdunonsidi ardirisd] dinbetes, multiple
rheumati ¢ fever, scarlet fever, |lyne disease, and i

i iF SESiso{NzhepRerdiserssy gstsoporosip,and aiptewimens conditipns agwsigted with

or i i . M . C i . . .
o e AECl s A I A Rl QBRI S s, andneions
dipsbaghdtior condi ti ons associated with self antigens

woul d be al so known to those of ordinary skills in the
r el evarfheapelection mépartigens e atigsnigmieterminanty cfor conjugates,

j ' [ j tS. f . | .
LR L N
( lsdlf BhigerdNWohld iR khdwn (L aRBS Of %rdiﬁ(ﬁgﬁﬁlirl(%in the relevant art.

activator of nuclear factor kB |igand '
v &sprasentatiearxompdsiod puchaotigans prantigenic iE@apinanta sy fonexample,

© R onis (e Dy bab PE 1, DI RPbto g (L E), agslymphotoxin
] : _ _ B
Fgebors, Recebtoridiivhior A pdeh0thabir WG HIgAAG TRARTY), vascular

Nendahélial Erotth factordWEGENwheulr ebothefialpirovwih f{oAirIdoedid) (VEGE-
can be used t

: whi ch
R oSt 6T EBn e 13O S SO L MEP-L,

S R B R A REDTER R P PR o

2BVebfdsNFacir,o. eindanfyleld bemtpephies @ .., R WeRhi ehass 8f each
central role in the neuropathol ogy of Al zhei nmers

divdieisean raedip disddmmunological wspanses. ar accunul at i on

of Al3 tide i,s Cco ni_ed m cragliosis, . .

cyt osk ;}F g’ﬁgﬁ %ﬁ)g%eé'g tﬁﬁl %Eﬁgegbchfl%&ﬁ&ﬂ?mtlg glea?fﬂf’]g%]ée& pgptide

| 048,.,, JISAEFRADYS VOV ARQIE VIEf A D YGINK 6

I ?nEéﬁy{% the cogniti egbdech ne that de‘ﬁIE}gwﬁ(e}Wﬂ?SEQ

d IR @¥3ET), or a fragment thereof. AB peptide has a central role in the neuropathology
of Alzheimers disease. Region specific, extracellular accumulation of Ap peptide is
accompanied by microgliosis, cytoskeletal changes, dystrophic neuritis and synaptic
loss. These pathological alterations are thought to be linked to the cognitive decline
that defines the disease.

In a mouse model of Alzheimer disease, transgenic animals engineered to

produce ABi.4; (PDAPP-mice), develop plaques and neuron damage in their brains.
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2004/ 007538 PCT/ EP2003/ 0073%2 36 Recent work has
shown i mmuni zati on of young PDAPP-m ce, using A(31.42,
resulted in inhibition of plaque formation and

NEROTL B YR G Sn oL ok PR i vl Bl oot

Oirﬂﬂ:ﬁtuﬁ{}éﬁﬁ afficCRribiddn Addisedcigalyysdeplal apardis (SCH@kL Dka‘ al.,
neur opat hol ogi es, reduced the extent and progression

oNate sl o A HI9gi es. I n anot her study, _
perip hg}g%k lrélb ?edlﬂlr{fhrﬁ%aﬁi{gﬁ%f gfclfef PB%'P?’Smfcg i ﬂad"‘ﬁ?éa?f Hevefoped

1-42, uce earance o

apy- Hk@eﬁl&%a%ol&gleﬁkedabed thé\adant ald\ﬁidgteissit@l b ﬂﬁh@urb@athologles
(2000)). This study utilized either polyclonal

ardo amihhr@mdwap@@helagﬁ admmlspe(rglam@od@s raiged aeainsd Afh-o, were able

HIERE R TR R ey
cgjd gpdi %133&9& ﬁﬁhz%(l?éltﬂ@ﬂ ;?tﬂ 41561 GRIEbAIEA @Red against ABI .42, OF

| tions a nmet hods he present invention can
bmoﬁoﬂsmed emﬁﬂbodres aaiped egmlnsalsynﬂlbm dpements derigad Ment different
for Al zheinmer di sease. is. well establjshed that the
atEionssafr ABi odhus lrmcwrr @ﬁ ap%qdé@%gaam%r@ USIng Siie | copjugates,

B T e

W’tﬁe'i’aﬂéﬁﬁ@@éatﬁ%ﬁﬁﬁ)ﬂﬁ%ﬁlrﬂ@dhs%&seadl uvants. Wthin these
adj uvants, the admi nistered antigen is Erot ect ed

agai nsitis weil ésteldishedithes thradministretien ofgpd @drnrosgirn@\aloaéis usually
TR A e SR L ul R RASL i ST st v
LR ARG HAWHIOSESHr Gubdidneskadnlled agﬁwmé om&emjwmts the

do not necessarily TGEUITG an a Juvant
i pdintusterdd antigends protesteld egains eanid degnadanm@mdﬁte adJuvant provides

3 SFaia e Bl RISl O igrl: 1B DL L v g AP pgptice o
| BraefiEhs RSk ACHIR L EoBE RO AN EPRBDASVED AHID not

Cer eb vessel s r review see
Sekdesarilreqdire bl 4@y adiat ure. 399, A23-3 1). The maj or
constituent of the neuritic plaques and congophilic

angi opaishirdicatedMsh@iod tRe k&Pkverdd i Qugkihbes DidaROBADF is the
25 al so contain other proteins such as

gldypaitaom obginyloiches dmsd boflblpu@ msﬂSr(gmyM®g'p@esm) resulting in

S Fﬂgﬁg%hﬁaé ?‘%‘lﬂﬁﬂﬁf@\é S g,aﬁs o corebral blood vessels
(AidkSevieWlHe SR IGRID! . £R9) Nmr 599, 23695 T hafFe&Rtituent of the

s wth a single “hydrophobic’transnenbrane region.

ARetudtiomlaguey andigongbphitip angieymthyps amyléﬁi B althaughdsse deposits
| ength showi.ng consi derabl e am no- a
c &}Sﬁd’)@maﬂré pﬂ%e% proteing s élé,ggfcp§am1noglycans and apohpoprotems AB is

proteolytically cleaved from a much larger glycoprotein known as Amyloid Precursor
Proteins (APPs), which comprises isoforms of 695-770 amino acids with a single
hydrophobic transmembrane region. AB forms a group of peptides up to 43 amino
acids in length showing considerable amino- and carboxy-terminal heterogeneity
(truncation) as well as modifications (Roher, A. E. et al (1988) J. Cell Biol. 107, 2703-
2716. Roher, A. E. etal (1993) J. Neurochem. 61, 1916-1926). Prominent isoforms are



30 (truncation) as well as nodifications (Roher, A E
et al (1988) J. Cell Biol. 107, 2703- 2716. Roher, A
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Prom nent isofornms are WO 3004/ 007538
PCT/ EP2003/ 007572 37 A13 1-40 and 1-42. It has a high
propensity to form B-sheets aggregating into fibrils,

WA qlyoudidd mab eﬁ)haé §ﬁﬁ|¥¥1 frOpcnfiey RMHRIRkheRe @,ggt&oa&ﬁ—;g dhte Fibrils,

have denonstrated that ‘a  vacci nati on-i nduced
r etigh tultimately beadk rio dhyy laviytbidl persit studiss bave denansirated that a

CORSS ) SLERR: S PR B oty rGHE o
il AEREToL pR(B0E SR, 4l 1S T o

AR 3itabls foApertating vacditkslof tedivendof irsbae tmt bdeeot limited to: AP
am noaci d sequence of AB or AB fragrrents to all ow

C bupl Afig -2bandAB AMQSAwmlnoaislddgﬂc@r isiesgd & thegpinpacid sequence

ST AR B P R R
| héﬂaﬁleﬁimtlﬂb s liARGY QNG Ble 5 Pua b T KNKShinhd dTHEY 6¥ AB fragments

suitable for 10 fusion to the C-term nus of AB or AB

f mabpde busarg not lirdidediotheseguanoe CGIGndCeCHENK b Linksrpsaiiahie for

.| nmbodi wh I i nk f d h
R ontP R R REN 37 M g R PSSR0 8 o he
CYRLEARGES, ﬁ&%fé%%@dlm%ta vﬁa@na !1ﬁEéﬁ£‘fusé‘dt$5hé C-téH3Re FFAB or

an am no acid |1 nker and has the sequence:

DAEEﬁgﬁsmahur@mmms@ﬁms amilanict. T8 ABviegmennl -4 fiés fused to
oS 4 E R ALl
000825 A R B gy e

ThemiB] FNHGNETIhe AB-fhgment I-03 aduted tarmnaminwadd lidkdriand das the
and has the sequence;

T soes: DR EIORE S AR LHOS IO GRS GEINO: ).
Orl"h@')&ﬂ gr% 8 td% grﬁrfk ?@s{élh ngag‘r ﬁﬂﬂardcf’c?finlt(&r%ﬂr ﬁefset'hg héeﬁence:

ens n ragmen eof .

t @GHGNngamvmvvpaegs&@mm 183ed herein,
enconpasses any peptide conprising the sequence, or
any frhyranembedinesst of dhe dnehtione it #aigan or ARHEPNC Aetpyinant

A BOR FLERE e, p ROBH ARG Rl oS R 6 T e

( 2803Dtdnsin pepRACT 8 uSesdnherginl @BcorEEHIRASAyOPeridd dBRAPIBES the

of present invention suitable 25 for redu0|ng | evel s
osecnln@qeomeansn fragaeat t@aﬁe@ﬁ of @gfcmnsm@gem, engipteasin [ ox angiotensin II.
ensi.on

hyper ug
C CREAFERR Sesgoh R0 EPRREA TR bl BE T Rfift g 178
T 08 TRerdfoké! &ﬁﬁtgﬁt@@ %n@@ﬁ%ﬁ%ﬁ@ fhefodPERIrbRAEnI ISR Htable
errbodl ments are as foll ows: i ot ensi nogen:
DR YSduRiztg e ¢iNo { SBEQtenBInNe: suital)lp Guribe weatmentiof hypertension. In one
?%{l gx%tlgelggjugate or comp2>§1t1on c%lm%tri"asgssat ﬂaalstI one wglotlerlfls%:peptide.
The amino acid sequences sequences of peptides in some embodiments are as follows:
Angiotensinogen: DRVYIHPFHLVIHN (SEQ ID NO: 11); Angiotensin I:
DRVYIHPFHL (SEQ ID NO: 12); Angiotensin II: DRVYIHPF (SEQ ID NO: 13).

Typically, one or more additional amino acids are added at the C- and/or at the

N-terminus of the angiotensin peptide sequences. Those additional amino acids are, in

particular, valuable for an oriented and ordered association to the AP 205 virus-like
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acids are, in particular, 3aluable for an oriented

and ordered association to the AP 205 virus-like WO

2004/ 007538 PCT/ EP2003/ 007572 38 particle. The

s epprasied’ h@fsedmmc@mghe negistnripeptiddesnesomdspahanian sequence,

the men se e, Wwhich is identical to_ the murine
Bl&ﬁ idertich! iy F @IUT{NSEATIERE: (THAreEre.dmmuRiFRtion 04a human or a

Jelolauslels r
E‘Eéééﬁﬁi‘wﬁg VERERLS 6F OB oA ely” ERERiAY Shoh anejgrensin
anpapgides o5 adentpen oramtigénic daaafigkan aeadsbidantd@ith the 1nvent10n isa

invention, is a 5 vaccination against a self-antige
n@%lﬁ%tl%ﬁ%m%ﬁ%amtgﬁ% laﬁfgmwmmilmmtmth@@mtmmmn@ with

SCRATHeBhd AT Sht 3ol 52 s iR Bk STRUEE iopy the arowp
aCdodlsﬁt('ﬂﬁgkﬁm() ﬁlecafmﬁ&mmhkiﬁ% of SEQDIVNRIPEAQEQ I N@h @4), b) the

am no acid sequence of CGGDRVYI HPFHL (SEQ I'D NO
c)amln@ agidh sequense ©f GRGRRNOGHBF N@dS)| @a@a ammo acid

cobpef PR PFRER SRS AN R RRT ol Ra avid sauenceof

t hEDRVWHHIPF SEy@E)pmjlgg nic determ nant i s RANKL
( Recept or Actlvator of NFkB Li gand). RANKL is also

known a{Q ame¢hRicEn Yorimentrof thetiescenion, ithearitiganik deltensithant is RANKL

k t.D t t F
LR R O L A L B0er B
f I
ol Rgras ks oo OB OBy fhon o

Se@l?@h ¢@stedmotegbrin bighnd)cElhd anhiao agid s¢quehcanofitheexti@édilar part of

2 an }Jﬁg m ar ggg\émg’slﬁhgﬁ/lzla?wgt aba e%ﬁgtejrsmy ts . Juman:
f ormBITOTYBES. @ea&é%eérf& tﬁ%&ﬁ&?ﬁ t of HEHRRAKR T 4and an

20 it has been shown t hat

| nisebtne ard swtvage BMBE .databaseidepssite RANKLhobde: QYEMBLQMSBS

of RAN hits receptor RANK can |lead to a

s lﬁ?ﬂr ’é‘s meuteedRics stoBBE nESIMBhIPIWRE saq@r SVEMBLQIIIKY,
d;top excessi ve bone resorption as seen in

ost por sis and other conditions. The RANKL/ RANK

i nt er adt hanbswasshbwhithatt RANKLB @R chiénBalRANKr Eposftéb‘éla%genesm
proa@l n or _the sol uble deco 25 receptor of RANKL,

t dpRBHIopsel Hisr Mtesemionnof R NﬁthbﬂﬁéeceRMIKLANK can lead to a

355850, 9120 SR i B e
| ntegin @8 Ren RANKstepdrosANIHd othes FdémbRlons.f Phe tRENKI/RANK

devel opnent of osteoclast precursors to mature
odhigpetion wes inttbitedneithenby h RANKFc fusion protein or the soluble decoy

receptor of RANKL, termed osteoprotegerin (OPG.)

In bone, RANKL is expressed on stromal cells or osteoblasts, while RANK is
expressed on the osteoclast precursor. The interaction of RANK and RANKL is crucial
for the development of osteoclast precursors to mature osteoclasts. The interaction can
be blocked by OPG. OPG-deficient mice develop osteoporosis that can be rescued by
injection of recombinant OPG, suggesting that OPG is able to reverse osteoporosis.

Thus, inhibition of the RANK-RANKL interaction by providing suitable conjugates,
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reverse osteoporosis. Thus$9 inhibition of the

RANK- RANKL i nteraction by providing suitable

conj ugates, WD 2004/ 007538 PCT/ EP2003/ 007572 39

CoaRPSLitil Jrastsi ' I -

RANI a- Apg%%él\c}%%&%gﬁ Ugat Ielg%nﬁtg?geg QAR APIOFILP conjugates) are
r elleeidiony rovergngvepkieanging skteopwoessi s. | n addi ti on,
arteril\m1 ﬁéxl.ci ficatj op. s observed in OPG knockout, .
i ce whi RdItieR, frigripkealcification ap gbserjeddr OB lsrockspts mige which

eleofild-be rbydrERl byl thiRBridh Dol J! BePlle s

adr sy BP0 R el B e e, Q0000 Tnan
aladpviuet-ipdeced redrthbitis enddel OP@ihjectoh iWad gBledoireweat baie loss and
but npot jnflammtion %ﬁaw swelling). It is assuned

t IFAEiilagedegtacian, bt pel ifdammation Gy S%YANQE)- Hegasgummerl that activated
: m{egé%ﬁd Wa -h?e%i}a?e%qﬂc%gésﬁ o?@ec*%?a@%gé@%%&g%&e&oss. OPG

Its prostate cancer-in uced osteoc
armhipitspresthte c_ﬁﬂi@ﬁ-ﬁr&h@ecﬁdﬂﬁéﬁﬂa@dﬁ%ﬂédﬂs anld'prévefts BRRAteMmor growth
m,ce. OPG di m ni shes advanced bone cancer pain in
mit Ehe bpge pigige. O Gudipyipighasadimnspd bpnaraater pein in4scas

bel [ h E- fam |ly. -Rart t h
oxt r ac PR 8 e RBRE 0%le of 25| s belatiipe do the TNE-
TAGferfankisy. Pt of #RR trhdellllaetegidn (178 28 @b bERRAVed by a TACE-like

274:13613 (1999)). In addition splice variants
| ®ENpasg (LHa e/rddnSndieb Caere. AbHE30A3 HA999)hdernddidon rspheedvariants

(I et al Endocrinol oqy], 42:.1419,.(2001)) .. The
c!liég\gigd tt(l:1>e<t ¢ Serp?rﬁgr © pg?tpiﬂgn haget bists ‘ilq%g%i%}) ddp et al.,
himgbboriks168l1920U819 @099)UThe cId¥ed cRBskellffaP®ortion contains the
honotriners as seen for ' TNF- a. The C-term nus seens

t domein gldy hemologoutie solublediNIEa nhdiforms horaotri@res as seen for TNF-
cysh,giezje iS. LIoresent Ln,this region of the sequence. =
W -BEninUs seers & b Bvolved imihe thiges iconfast siter Que oysteine is
o] : : i ion of RANKL and found that

i Iﬁ)retsgxﬁ ift %IF Fe;&gﬂgj tﬂeg §qu1§&

C. . .
e natura presen ystei ne may not be accessible

20 in fWehiwl blgld ashodet fotrtBe BRlimemida§hichite WF i @rresponding
first attachnment site on the carrier in accordance

wirggion R ANEd ernd fovndethatithpnatumally nresent aysteine ingy notde sidessible
S f10 is second.attachnmen ite .
o RloFcueu Bk R lrag ok RO P WREGHSRRY Bt B e carrer in
Cyisdopdanee with Sheitesentinbe A FRNKlerMARS i e bitdMulthbl&fdr Maching
termnal amno acid |linker containing a cystelne

r 85¢aoud attaehuapnt site ¢nmpisinganaining soid faker vith ANKitional cysteine

T N
S 8psRifk redidud FVEB S IR dkfaMt1aP Bhr? 8 RUSGE, & onreréﬁ'lboﬁiln}ﬁng of the

C-term nus of the RANKL sequence or the extrace
p dventpdn. RANKiver, eadamino-atidr litker centhindigne oysseind rdsfile as second

I nyention.. Hu - RANKL . constructs are generated
 Ee D MBS SRSl S o RS e o e
extracellular part of RANKL leads to further embodiments of the invention.

Human-RANKL constructs are generated according to the teachings disclosed
in herein and one of ordinary skill in the art is able to compare murine and human
RANKL sequences in an amino acid sequence alignment to identify the part of the
sequence of human-RANKL to be cloned in the vectors. Fragments containing amino

acids 138-317 and corresponding to the C-terminal region of the extracellular domain
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t he sequence of human- RANKK4Ot o be cloned in the

vectors. Fragnents containing amno acids 138-317 and
corresponding to the CGtermnal region of the

exf hameh RUNEL ct@nqu'rse Vi 20bddifemsE $heRaTdrERADGRY MOMDdTied for
40 of hu W npri se one enbodl ent of the . .

" OPHIBIR ALl VA Pers gEeES Beportne to s ags efdhoupesst igyqtion.
as hremhfl@lgal%g&ﬂﬁg&@ thQ s'i.lﬂ 1L §& :fégk g&a e gﬁﬂ%sﬁﬁ ﬁf‘tﬁg%ultable
i nvention e |nve Ion a so e I es ot her sul

v dobiodescrited belowr. Additicambhoman-RANIEL sonstrabts ¢hat sintended to be
descri bed be] ow. . Additi onal human- RANKL constructs
t ﬁaeorawaésqdnmaé@ 89PHE @emm@@@en tictusieihesseomprpag the

Olpal19 R SIRALIIAYENEAA78 D8] H4R 8RS GOTPHERL A% ey by o

race | on ra me

t ﬂ@[@@ﬂll{é bﬂitea@@(LL’@ﬁfeﬁM ?.ﬂBh)l C@em DRgE3bL k@ 999))&&@1%0&#}@1‘[’5& the
et al., JEiol Chem 2 74:13613 (1999)), or that

c @W%quﬁépo@é‘@ﬁj@rfb@ altesnative spiingi vagiakts lacking the transmembrane

SRR YR PR BB PR e EPBRAP Ao o
HlH_I‘ﬁNKQ dofpfistial arhin® BRIt 1550517 kPe B@N&nb@@ﬁ%ﬂtsﬁ bi'he invention,
am no acids 165-317 are al so enbodi nents of the

i Mvagmangaof R&NKémhmh enﬁomaﬂKmewhtlmrex@n@dinbammﬂ(ammo acids

a5 iR e R sohplnt ROMBs08 i o terid afiaing o

r %H@ieaaﬁlga@ﬁﬁe gfeggnttlﬂ’venﬁsﬁ a?éeﬁ&mvﬁ&n%e §c|3§e BF 8= &Rfention.

invention, are also within the scope of e I nvention.
RANKL IRa@\IKbelnasebqenwpmdsednmddlffémne Bitstemyss et . dodi, dnsect cells,
E.coli cells 15 na lian c and ha )
bé%n@mc ) el b s DomBia P PELves \hs%%@reessar-‘réi gxRapssion
AT HEER oA BRLEE B Tl IR g O e Bifsiton. In
exips ess Merwéxrirdssslomrafttbe proitesin @l dimcteddo tige pdrtpladar opk.asl the
of ,E. coli, the signal_ peptide of RANKL, or of RANKL

c Siemelreptide GIFRANEL, AP ceniugtsSppsisting of heextrggllular part
t d

o8 SR LR R o BhosiRP B! (TROlblGER o8 RichenPite in

| Aveditlames, witls the phwmeion Wst RpRchbotir & dact@tigngibnal peptide. For
peptide. For expression of the protein in the

c Waﬁﬁ%@rmfdhe proteinin the pyAnMaste ohs teo I RANKLecopstustspredevoid of
%}Qi eg)a él de. I n one enbodi nent of the invention,
R geniic determnant is MF or a fragnment

thereof s.,a C ne that functions_ as an

i b £ on bR 38 B Sy F.aaﬂgenm determipag is MIF o a
Ky eﬁftﬂ?éo?yﬁﬁb’ %9% %Jkﬁ?eoﬂl%ﬁnw&fs Bﬁ@?b{ macrophage

gl yCosyl at1ion 1 nhi Ing factor or p eny pyruvat e

t amgmmen.dss aldlkirohass Heleyedsdadywespansk prdte’m bi(DEREY giyosylation
lcli}tla range of c%ndltlons M F

ibiting Tactor or phenylpyruvate tautomerase.
MIF has been shown to be implicated in a wide range of conditions. MIF
(mRNA and protein) is upregulated in delayed type hypersensitivity (DTH) reaction
induced by tuberculin, and anti-MIF antibody inhibits this DTH reaction. MIF is also

upregulated in renal allograft rejection. In a model for ocular autoimmune disease,

experimental autoimmune uveoretinitis (EAU), anti-MIF treatment caused delay of
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reaction. MF is also 30 uptegul ated in renal
al lograft rejection. In a nodel for ocul ar autoi nmune
di sease, experinental autoinmune uveoretinitis (EAU),

apki i £ ided RO AT 9B is also the
P@%wgglggﬁ%%%%u@%uéﬁu ldevﬂllxroeggfﬁeé}r?% In patients, S

t bgeein Barei’ncdiease patiesdr and ofatibhiF, sulrig ifonal ISIdOCYClltIS
the case in Behcet's di seaide g atients and pati.e

sEPRERZAEeT AgRstMEB APl Provie | FERO5H a%aél?%gﬁeumatmd
I@fugv oﬁﬁ.lggte@’aé’ongéosftése%{d@%{hoﬁg Y rtﬁé e ﬂﬂ@%ﬁ’i‘téﬁle for

ar conposites and ods of
t hﬁnﬂuﬁi@ﬁigt dgaints MIF ;’i@ﬂ fbr fedncing isemmniviEF nge aﬁuhnsthévlrﬁa,tment or
or for reducing serumMF, are useful mthetreatrre(ri]
oprevsmémé}ftth@ﬁ%meaqeﬁdb@r@ﬁr%%@@ ditepsgsyasiated withoverproduction
coFgm:ons associ ated with overproduction of MF. Hi gh

M F concentration has been found in atopic

der mat Higissepah NIF dncdnratiSikhay be@sfoandin dibpic damatitis patients. In
ressed instead of being found.in the

di ffusely ﬁ’fﬁ
b akiallesiasis) MilAipdlitfsely expresendiinstad of Reipg Eumd énthe Hﬁﬁab"‘r?ll layer in

decre fte I

e R S R
t @f MR inBlbinghation IR Bitaiblbeahidaid to@bntribute to the estabhshment of
gl omerul onephritis. Animals treated with anti-MF

a.gmmarpnmmsswgnmlscamd/ wifheati-MF antibody show significantly

G BNt i s P A g2 b8 s
e@ﬂ&hf%m and %@&&ﬁte@ gérﬁdoto%@ﬁﬁa '\A&;ofaﬁbgw,n BhtRiIMIF &@b inhibits

endot oxeni a and septi c shock, while reconbi nant
menéetdkeminand sepsie shoakt whilé lteyombmarpé.ﬂtharkcdls mCmaBES ﬂ@hahty of

Sﬁo%ﬁt??t Rkt ko aatthopBeo farduirpeior Shoebkind hrcdfetion, and
&P{}@Qmmﬂ{ﬁw&ﬁhl s (TH2), supports proliferation of
Fee S, an

anti-M F-treatnent reduces T-cell
prol i f eviltis atsogrodicgbbl Sveells (THY)esupporss pmohfanau'roaasfé“dcells and

20 M F concentration_jn_the, cerebro a i d.of
mantiiMFetreatmepigsiuces dcel axelfemsting @qu @C&egeé% ere is an increased

f s
Ao AR oS a8 S mcers
f Qimasd patisets AHh MIE mvarsivme aled ifdund m atraeifpatidnd withiextended
Crohn' s di sease patients. gh M F | evel s have been

f m&aﬂasﬁm Hjgh MB} eyaks.aéwf@mw mwe@r Sridlperatives eolfis. pagepds but not
25.] 189, JURL ated in synovial fluid of rheunatoid

%rﬁﬁﬁl ?e%sgtp g%#% Anti-MF treatnent was effectivly
decr eagijgR MIre&sR 1ive bédnt fhiind ih Serh afpmeﬁte wéth Bronghic asthma, MIF
nodel s M kul owska et al., J.. | nmunol

198:2®1 upregulaled)in sywetisl duidapf rhenmatniel tarthritth cuapients. Anti-MIF

treatment was effectivly decreasing rheumatoid arthritis in mouse and rat models
(Mikulowska et al., J. Immunol. 158:5514-7(1997); Leech et al., Arthritis Rheum.
41:910-7 (1998), Leech et al. Arthritis Rheum. 43:827-33 (2000), Santos et al., Clin.
Exp. Immunol. 123:309-14 (2001)). Thus, treatment directed at inhibiting MIF activity

using a composition comprising MIF as an antigenic determinant are beneficial for the

conditions mentioned above.
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inhibiting MF activity 304&sing a conposition
conprising MF as an antigenic determ nant are
beneficial for the conditions nentioned above. WD

2004/ ORFIS FonPlabh&20 8 Redmidnsidd oMM Aarhing Bridans Sontdidithree
and human consists of 114 amino acid and contai ns

t Renserved ghigeinge @s sheveimbBE_rak SEROIMMNG 1RPAVilRimogge@EQ ID

21 S88 i PR, SGRIDLNG: 0 e R e Sty o

hﬁﬂﬁbtfrinfi@fthit%tnot §ta'8ﬂ’i%ec§ b@ Btshtﬁ%te Cboﬁ&s qf}félX-fré}ﬁﬁr&ﬁﬂé’ $ias been
The X-grg%/ structure has been sol ved and shows hr ee

f saleed @omshx(esﬁme@ystanes (SRNASalQ:PNAﬂQi ﬁ@lf%qgﬁ%)) while

G KT o TG ReELE oThaal e Negifatbne of th
AL GKtEdI0RE Qx;fo@@d‘&{bu Hlfo bR Intdr R a6 Qﬂosiéir‘ﬁ)iegﬁﬁt attachment

possible first attachnen site present o
caite present Diuibe carsiet. ﬁléhuﬁ; aseherCrasninfis ohtheproteini is ekposed in the

exposed in the tl‘lﬁEI‘ géructure an amino gcid |inker

c GHPS SHUAYTS 3R PEHRe AY d ligker fgntajming 3 GySHHRC 198idue 1S, Imqne aspect,
r

oA 16 e Oferbtin B cFukRorn, 1 BoithAllf e ol B ocPlte in

t kids embediment of Tﬂmermrentmm Mhyreois &néhono amiriodacid ah@ge between

bet ween rmuse- an -MF, and sim|l arlé a ver

s @HEsH R dnsidL 3 aoilelyon very high sequsacs @tﬁptogy)(abou 90 %
b F
i e ey apren e VR

matveadieh enbptiescagudatibeompiittiond bndiidaRdMcbmpAEisE hiu@ ks and
associated to the AP205 VLP. An am no acid |1 nker
c Hnuse-NHIH gomstiets aspordatechigtthe APAMU¥EPat the N-termi nus

of th r

o hoAgERHTIER st Ry e L AR s o
Etigedequeniel bf MIE Geads ¢ fldererhsbdaferitsibf the icHSSﬂth@st@t'tlon. MIF has
(Bernhagen et al. Bi ochem stry 33: 14144-14155

( bogveKprepprisin A, nalyﬁetsleanéﬁbwggeleﬁ fully funcgional (Bennhagzg ez al.,
T RlIE T R M ssTRoR TE Aefimpdfe eRbiEfbet & g, qoti for

MRt AHghRe h&fﬂ%wdﬁﬁé&ﬁﬁofﬁté vehigh, construct. MF

constructs expressed in E. coil show tautonerase
act | VI gutometase m:tswtyfof MIF ipvnbibited hghe start methEomine isinotcleaved

BB Y koot Rebeastl ah Exrors Sh e i Sotivty
almxttﬂtseoetvﬁp viRrdek semﬁet%ntre # QBRI 38 ettt YrMil residue

represent further embodi ments of the invention
i migbtefed thecstdmameﬂnmnmmasﬂmbequmhc rs rmltteted togeniné alkédo not show

invention. one specific _enbo nt, 05,is
c&ﬂt%fgt%attwltm SBiRDiHAS TWRED A BSRReER Gl gention and are
aGitbafell Yo be encompassed within the scope of the invention. In one specific
embodiment, AP205 is conjugated to MIF mutants devoid of tautomerase activity.
In one embodiment of the invention, the antigen or antigenic determinant is
Interleukin-17 (IL-17). Human IL-17 is a 32-kDa, disulfide-linked, homodimeric
protein with variable glycosylation (Yao, Z. et al., J. Immunol. 155: 5483-5486 (1995);
Fossiez, F. et al., J. Exp. Med. 183: 2593-2603 (1996)). The protein comprises 155

amino acids and includes an N-terminal secretion signal sequence of 19-23 residues.
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30 protein with vari able gl4ycosyl ati on (Yao, Z. et

al., J I'mmunol. 155: 5483-5486 (1995); Fossiez, F. et

al ., J Exp. Med. 183: 2593-2603 (1996)). The protein

COTHY dr$ifls adidfveqddicaor AL U5 sﬁ&ﬁﬁaﬂ d?z%} tédﬁﬁe@@sdﬁz}\;%&&bmhsvm
secretion signal sequence of 23 residues

2004 /i90752811R07/or? 098k aMoxmwrbwmsaﬁhmmmlaﬁld sequence of

DB b ag o i ek fC GPRO) P B GRRER" e Bvsrarorin

or I
S S ARSI, RN, O o

ndisseespndtdl hnesseajuatad ¢hd mRNz?otsm:nsbnpt@acnﬂmg«ILA@ﬁEﬁﬁeﬁlibtected

et S e s Pprter o LS and cell
h b

DR Cab BB PEE 1L L1528 sag0099,
pd?dsslbgrfal ethdl oodl EanMBMCIc‘BaQSQEQBSB (M@G)) Botlehurdhn and mouse
| mmunol . 155: 5483 5486 (1995); Fossiez, F. et al., J.
E>869uspEes confpin 6259eno wyulues.996) ) . Bot h human and rouse
Sequen _;gé)egrtcﬁ"fé}elﬁ 48 bide gﬁ g?esské?ﬂg ﬁian% 91@ uese 1 Cﬁg ?ypes (Yao,

for |L- expre sue

Ced.ler &1y @’ﬁokﬁﬁé@J%%OO @It99 @)). Al thda@mﬁo aci® 8&Q:eofthehuman
1997)). Al though the am no acid sequence oft human

(
| IL-1{reqepies860 ae()mua&; pl@tmw@hg smgbrtwmmﬁmhrmc dpmainand a

LA SRR T T —

anHati 6f dQtofSth@irb@ptokPfromNit cOfokafeYer&ftht ﬁ@tof @&%ﬁfo? 'fe?rmly This

fromthe cytoki ne?gr owh fa ?{)r recept or

150uplap métd the tapk efsemilarity oBH-ET itdel e Dilhyr quOWanroteﬂis 1ndlcates that

ﬁ.g_e]] 7fa§1tdrcl)té getecgs K nognB%[ %I&rpv%fflalgl iﬁg eﬁc’aflt nat Hrg,teglfanglreceptors
si@nadd] kiR Erﬁl@dtﬂLafﬂnﬁfﬁﬁH{f&{@d in nfdn &%ﬂ"«?x}lmétnéﬂdlgeises IL-17

indicate IL-17 may be involved In man
diis eeeseisd by kyiowial iTscedle droat dutuimgtosd/ mhntfsl patientwslahd sﬁmuhites the

L%&é@%ﬁ%ﬁf @?ltan%H o Eﬂlt%?fg (e %i\}&' &%g@aﬁnq@@f 409-414
o (1538 CERBI B O by 8%9?@199"3?)?%2?1%% ofIL-17

| dhaet beaf rdported in patientbedth rhepeatbddarthmitio qZictkdveskaiNher al, J
r eurmtfgirthrltls (Zi ol kowska M et al., J
1964858842 @0@)2000)) Interleukin- 17 has been

shovvn ty f I dati,on
T e
53nurii29nd2j o(ilﬂ@ QO0dleralngl of. Qi RAMaEDIs259: 529-92 %OO% bhdPdbntribute
of the synovium matrix (Chabaud M et al. t oki ne.

140 @2‘10@10(12@0@1}3)3}’11%%111&@@ @a@MM aattdy iGirakinm dSt 1992-9
' Q2@6U)5mfh°‘eré Afe 'iqu\;anp %n}xrht?s ode t1noan1mals for testing the effect of

immunization against IL-17 (Chabaud M. et al., Cytokine. 12:1092-9 (2000)). Elevated
levels of IL-17 mRNA have been found in mononuclear cells from patients with
multiple sclerosis (Matusevicius, D. et al., Mult. Scler. 5: 101-104 (1999)). Elevated
serum levels of IL-17 are observed in patients suffering Systemic Lupus Erythematosus

(Wong CK. et al., Lupus 9: 589-93 (2000)). In addition, IL-17 mRNA levels are



i mmuni zation agai nst |IL-17 (Chabaud M et al.,
Cytokine. 12:1092-9 (2000)). Elevated Ilevels of IL-17
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patients with nmnultiple sclH4érosis (Matusevicius, D. et
al., Mult. Scler. 5: 101-104 (1999)). Elevated 30
serumlevels of IL- 17 are observed in patients
Sitfeadedrig lsyalsqmlge& GiSle oAl iR omdtRsltsn (TeWisgnOvKB. et al,, J.
al ., Lupus 9: 589-93 2000;j . In addition, IL-17 nRNA
|@weﬂst@wwmlollzlo@45@6 6988PCT/ EP2003/ 007572 44

ki n ( TRurPebisy Sl gy P Ricd B HEHAEP o Has TS been
%oﬁﬁé@@@o&é@?sét)al FRRINFDLNBTE 540151 éwgez) ERidence for a

rej ection of kidney raft has al so been enonst r at ed
(1edsafilbzl 7Hn organallo graf]% rajectimabas a,lﬁmhmg presentgllyy Autonysamy ef al.

P bine T 6 25EE S Yo, P i, T2 o082 funcional

ANTRPNERMIM St deBlritideell ﬂ?@%&‘ﬁﬁbrs Thelr ﬁﬂc?mﬁﬂsu%ée%?g}ale P-17 in

showed I L-17 pronotes the functi onal erentiation
oillcrgemic iTtded peadiferatioietasobesmediniei in pirhdh A gutwaiigestucing

ol e L-17 in aIIo eneic T c olife
et %@%eﬁm%@&h? bR fenous (laa e piths 7 ienadrngrion
e [ Ren t
f’f 9@3 59 QZ@H?) a rH{e f_?_)r? %E%Zﬁg g?gtuﬁngfgﬁcl)%dt@%%%%sgsog% héute vascular
(&@@Mﬂ) vehero Iratertemkin-17 Amagaomisnh énhibits aopa bhioge ehsorsc efiscular
acute vli u7|ar reJ ectiogn where InLerIe kin-17
ali‘?ﬂf‘éﬁ%l nh /i APREAT 10aXE PRIENTE, BS Ve W&?ﬁ ¢ hpapepiiciptervention

%a?ﬂrej n 17 appears to have potential as a novel
targe or-t erapeutlc intervention in allograft

r ej ect The. anfiFé- Bhtmenotlofal amﬂmdlyommwa(ﬂdhbmg@m&gﬁ Research
(Scherl ng- Pl ough Research 15 Institute) is

P df 3pls teicpmipletely whﬁaﬂ&h%qorlsﬂl%fof 1% 6érom l@ﬁumatmd arthritis

%8*1%95’&&%%%@ £/ fle BYRRKAEY SBENGIRNER A clvane

| A mnthadrn%beﬂf%l lhatﬂlSn@S@f friRabs5 i o RolseaSEGY oblafed after
is a nmouse 1 gGl obtained after immunization wth

himmunigation with human s o kbt rarsepmbinand eprceatratim off1 pg/ml of

Ji f 5 hi b h
R By coRBeRD Gty IS, Piaforti. Bl Sy sptem
a{Chabéud TSRO Ii%ilnol 468 469411(1%9;@@)) Thu-Enﬁﬁnmuzatlon against IL-

i fmruni zati on agal nst IL- 17 provides a vvay
t F¢ptovides afvay dfftreatnzent fou thecamiding cmmlstlcdlsslescrlbedialmcb/eve

Thus, one enb |mennf; élﬁt he |nv ntion

o s TR et AT rodEems of e iebientifly (H6 &PPrich copasisgs alinker
a t n
LAGRARN soBdd b lRAth L8 Al G HEC TR ERHRAIPRMN 7. 1n

cfnther ambgdimenissaneamiao iasidf luﬂqed comtaihing NeRteideeis fusedsto tlie N-

the se gnce correspondi n he sequence of the
plegaBws Of thssseusnge cefrespy %% e é?quteﬁ%‘f o thepioressed pretein, or

t BRetROLeRE N miR Sk rs:@qlfeﬂéébe’{het R REG! & thgproteln, C-

terminally of the signal peptide. For eukaryotic expression systems, the signal peptide

of the IL-17 gene, as it is the case for the other self-antigens indicated herein, may be
replaced by another signal peptide, for example originating from a specific eukaryotic
expression vector. For expression in bacteria, the signal peptide is replaced by a
bacterial signal peptide for soluble expression in the periplasm. For expression in the

cytoplasm, the construct is devoid of signal peptide. Constructs of human IL-17 devoid



termnally of the signal peptide. For eukaryotic
expression systens, the signal peptide of the IL- 17
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i ndi cated herein, nmay be w©&placed by another signa
peptide, for exanple originating froma specific
eukaryotic 30 expression vector. For expression in
bfciganl geptidb evil) ignaine pebbdideniss complisaeddizg 24-155, 22- 155 21-

bacterlal nal peptide faor sol uble ex SSi 0
pedi 451 s kS F%pnw%%fsm@ﬁellh k7h<éev01fk/9f§§5§%§ REPY o i Some
f
B o 5 P o0 7
A5 XpreséinalC\PEBBNGecells] bconibinge WE-¢Whaxbeme sliceyn to be secreted

conprise residues 24-155, 22-155, 21- 155 or 20-
Comsthvglrcsyletedand senalycosylatgd fasma (80,4 gichi . é@@fmé 55:5483-

2y TR S SO P AP sy s

SAOHBSSSFCkhE T @Vp%tglﬁ%nﬁﬁk |f§smr[ %‘éﬁéﬁb iIDaTtmd3l dlsdﬂe elﬁpx&ssed in
been shown to bé secreted ycosyl ated and

nthn yeast BEfiaaastor s Vivephy¥ab, etzrl Broteip. xpaPurwfrﬁ%r?@B -14£1298)).

b FEd 7 pirg oty tesbiisnd i, el Sl AR i T m e
({ﬁ?ec'teld 1 Zh@ﬁ&fp%sﬁl ftl'i@sﬁ%ﬂahﬁeﬂti!d@ oPIL-P7 ¥ 18placed By-a BabtefBlsignal

so be expressed east Pichiapastoris (Mirphy
Kpdptidet In ahe enbodinsng Ekplﬁ cansirud® :ar@ dgvoid of 153@B) peptide for
Human ] L-17 ma asobee [ess d in E. soli. Wen
e?@ifilf‘?%’@in&%tlaﬁpl%/’f_lri}f’tpﬁcﬁo E s"i’@ directed to the

peri pl ﬂxsréh tth&e e?dtflﬁﬁherﬁe@ 'tl%enﬁfenh«l}ﬁ thed dnfigtae! @e@@ﬂuﬁ%ﬁt is

a bacterla eptide. In one enbodi nent ,
Chmnstenldint B3 (de 3§Iiemdj3ds méytsklgmﬁlht ip eemmtdcébsf aptivated T lymphocytes

expc{alfrfsﬁ' dy 1@%&5&9@&%&@%&@2&%% e, i‘*gﬁﬁt 2 fRigo acids
ﬁﬁthﬂga%Oﬂ &Otélﬁ tC%E"L’ lég& 5 e i(gh&l %ﬁl}rl ég’aﬂs&xt%f the

i's secrete act rvat 1ynp ocytes

1§ro@lﬂs@lecl3£I Hofe.i The nhdsa sdqBente rha@alb@beenmamrltbpdla?gewn Kalckt BL., J.
cells e first 20 am no acids of the pr

pfmyﬂ@mq{ EE:10s0HA98D)- Dspending o the exression ?‘Qﬁdt ghéli% construct

P 000 sl g BERE B AE D BN heinTBF, BPHMRGEAME etion in
| BuRiRtic hb4id; 6/ @mbisY of(tﬁ@ﬁx%ﬁu}e pﬂ@&ﬁﬁnﬁg fgr @hb]ilimuc expressmn in

expressi on host the I'L-13 construct w |l conp
t Eewbeagé arregsion: Hetherpesiplagmr ofpk oeall, rihe siggal Pﬁ‘ﬂtlde of IL-13 is

d cre in 20 eukaryotlc hosts, or
%@‘ngﬂ’ btagt n%lsﬁl LP%PS?GI n, for cytoplasmc
ex Pr es#i-a8 id AT HelgePbiderit@y cyﬁ?kﬁl{ &b OD-4i [1-5 tBatles kdeb@Bibeen
of E. coli, the signal peptide of IL- 13 is repl aced

bymplidatesk israllergie |agway r@emspsj éastma) 1Qpregulathn Réllzé3 and IL-13

2- der i ved -4 |}-5 8 Y
bé“é’%lgtloi'/ﬁ?ﬁ tfc%g?%}ﬂ‘l i1p yﬁ.],anu& types b@a%,)ﬂ ; a ! ese[%erlgukm
( 354 8Brete 4By SR Bnl®iteOthe Idovi® ﬁf‘l%déklﬂ- §nd R@ed—S&ﬁi%@ cells

has been found in nany tunour types (e.g. Hodgkin
| Vifrpotfedt.al.| dtkap Meadk 1 89:1939-46 (1999)). Thus, immunization against IL-13

provides a way of treating among others the conditions described above, such as

Asthma or Hodgkins Lymphoma.
In one embodiment, the composition comprises an amino acid linker containing
a cysteine residue and being fused to the N or C-terminus of the sequence of mature IL~

13 to introduce a second attachment site within the protein. In other embodiments, an



13 is secreted by and stinulates the growt h of Hodgkin
and Reed-Sternberg cells (Kapp U et al., JExp Med.
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provi des a way of treating4anong others the conditions
descri bed above, such as Asthma or Hodgki ns Lynphonma.

30 In one enbodinent, the conposition conprises an
a%ﬁﬁ’o ﬂ.glkér%gﬁ‘é @in@ G adle8 YSthe Nl rh RSk 8l aidre form
belng ed to th C—tern1nus of the sequence of

et UL.el 31, lsinck3it tio fiealyr @dessﬂala asweding tatthadfiviBnstrusture of 1L-13

D GBieuRs s TheT e 0P Bb7E 140 48 GAPhY Tacir SFhedjments, the
f%.g{iﬁ% ?éiﬁ%x@(ef Yol Pﬁ’xg d c}' Affled fRdkh ﬁaeN‘JIt&EﬂlhﬁkUéf 1@k sequence

ure since it is freely
ageassiontlmgac fhersehu’@gcd of tha‘}ﬂodesseﬁ psdteingtr insertesfat the NEgrminus of
(Ei sennmesser Z. et al J. Mol _Pi ol 10; . 231 .
( zabmgqpenqemfamatu@maa o iscE0EAn E- P S EEppepide. In
Eﬁ 3 g&&gglgge Q’ g%?ﬁra{e}lg) a'g i d{nf’(@lec%nttd?ﬁgg g S%ééﬁ‘f; fepsiglﬁ@ls%ﬁded to the

pr@@ﬁﬁﬁm&m%mﬁn or |nserted at the N-term nus of
t he sequence of the mature form of thﬁagrotep, . ) ,
C- t er nilhald mavbe expeessqdgh Bicoh dBtsprpessitiE. 2 gl Rloyl Totein Expr. Pur.

o ARBT Dn oATLOSR3Eh chhh RILE FEfof coppon . era
PTBLoRdiR Expi-Pukip me9i4s(1s)9tsyp)essed in E coli
(El sennmesser Z. et al otein Expr, Purif. 10

20 186 In%ne 2ObOJimentef theinkehtion e p@tlae@@l@law@maat ig Byterleukin-3

Ca
1) 155338 gt ey iposeosinppels SR pipys an imporant
"k{a@@fn‘ d:i’é?:asets t&@so%{%&édg&@ﬂl e itinitRAbT dosinophity, kedhidsasthma.
(I -5 is a |lineage-specific cytokine for

eosi nop’ﬁhd bxph)ml fungtich pf By hambgempsbewa in sevgep! stutligs (Coffman

0 goeen, 50 A A DlE RSB BBy 4 1999 it

AP e o PO g e v

KONsneiphﬂsk Inhibition wif the a¢tidGeoDlL-§ pe98Ie) thuataivedy oftusaiment egainst
a beneficial effect of inhibjitin 5 function in

di &b andelPLdisasesASHsHF ty ‘??g‘b‘ﬁ’hl | nhi bition of
the act 1o £ brl g8 % 5RBfe ch
agai nat L34 %ﬁ%&l"%@é&eﬁ‘ﬁz. R AR A TRgle chuin o)
eosdrvepst Has be@®rdpbrtéd fvherein tavodhoromers off Hl-6rard linkeidriiyeripeptide
by a di sul fide bridge. A single chain (sc) construct

nk@en reported wherein two nononers of IL-5 are

I|nked
i nvent i roR ARGy qrbiitendo, £RRIATRARS MBRainie 4 QRieine i

adgedbdak tHerN-té‘ﬂnﬁﬁfsmflﬂtéSseqlﬁenb@ of the proeessed 6drnt ¢fdL-5. Addition of a
processed formof |L-5. Addition of a
linker containing a cysteine is also envisaged at the N-terminus of the sequence of the

processed form of a scIL-5. In other embodiments, the amino acid linker containing a
cysteine is fused to the N-terminus of the sequence corresponding to the sequence of
the processed protein, or inserted at the N-terminus of the sequence of the mature form
of the protein, C-terminally of the signal peptide.

In other embodiments, a linker containing a cysteine is fused to the C- terminus

of the sequence of IL-5, or to the C-terminus of a scIL-5 sequence.



25 linker containing a cysteine is al so envisaged at
the N-term nus of the sequence of the processed form

wobtood/osBs-5. I n ot her enbodi nents, the an no PCT/@P2003/007572

10

15

20

25

30

i nker containing a cystedhe is fused to the

N-term nus of the sequence corresponding to the

sequence of the processed protein, or inserted at the
Nt er mangsaHef of I rasia §ReesHavt B&n"&é&[&dfﬁﬁms @i chdnee used
protein, CGtermnally of the signal peptide. 30 In
omw:pmigctue nempasitians |of theainvesinatientgrial @peaseion aystan using

+ B0 poCbsea ernived b PR BtnoF g BRREMIET g gl @opslhip the
P&Eé BR2RGB. d@igéfé&%sse&ﬁnﬁe&u 8¢ém Of £%B! @8 8 -9 osishiedevoid of

have been crib for I'L and can be used in
pa, eigaalipaptideh nseatopitrsna;i alsesbeafsed foe piodueing Nloh condtructs for making

e cPBRtaYe o B GHIeTaPieRP! C. 0 -BReR BiokTor 3% Gopmn

(399293d.60t ES} H@@é@tlﬁﬂﬁf&u{l&e)ﬁ) és§10ﬁ)§?§t§rﬁ§@9) eeﬁnsiﬂageyS E. et

cytop%asmo e IL-5 construct 1s devoid o
aak,i pral. Riegiend £96:6182 €199¢ phddBrosyn FaMVs et die Pugreid Bxpr. Purif. 6:

produci ILSCnstrutsfor makj n the conpositi
D661 SR tsitamlsh o B ¥ Rl AGHRaeh s iR Y s hiave S0 been

B

CHBAMAE CITBR R o R (82 R Y imentin

e{Kodiima S Etul., JJBleE@hQka}&BGleSBQOI 59)). and Br own

P.M et al Protein Expr. Purif ©. 63-71 995))

can al BecWavigaseaprossiongysipms iiteheli %ﬂl Bigyihew Q§nT rans. 21:3328

I een I

b£f9‘9§831<“ﬁ BiGSF oty Qe 3208 30 GRR bl 3L AR col
Bdsi b stéiﬁQ@ﬂiﬁ}ﬁ) eéllsé(Kodania S G kWHyBobloladsy P} 19-27 (1992))
:693-701 (1991)). Bacul ovirus expression systens

(MYQ:EH%Q bee@tde@qubeds’pbmm I8éc. Trans. 21:3325

gﬁgg g) ;Fg%)gﬂ)rgs?faoo%o murmg ﬁb I5 é:g%%x%lt(s Syg/ 2e ééfrlnﬁﬁe;llL ﬁSOseéJi%geli% }used at
Cak Nt KRR amifb adill- linkEdsysoRbiigth® @Yeystethd Qeﬁc?ue( 48 3diable for

15 have al so been descri bed for nopuse |L-5.
emmimglonf BL-6fto APROR HLPLHEm@o ngmstmens @amh@ge@mtqdw@wrdmg to the

" R EPE e T g Bl R CTS N e S0P 384 e -1

C@@kmw@forlcbuﬂlﬂ AR VLP anH'llé@'ith%hér%?ﬁ&dﬁﬁéhtpsf the
generated according to the teachings herein yield

pimteations hunman C-1 L-5-E, human C—I L-5-F and human C—I L

20 5-S_suitable for c i P205 VLP.and |e

to ot h&® Oéﬁﬁwmog%tlﬁ‘é tiopy Hicaneei¢ folg ’i‘i’émaf?t (vor-it
e di [

TR ol SO T A 1A A P eable
t legokine AD$0ask mantins-2s as ISR (Senohdanb lyenphoyyte ldytodking),1as TCA4

as exodus-2, as SLD (secondary_| hocyt e cyt oki ne
a&thympg-derived chemotac’ug agent 4) or ockite 0 Y Y )

CCL21 inhibitis hemopoiesis and stimulates chemotaxis for thymocytes,
activated T-cells and dendritic cells, but not for B cells, macrophages or neutrophils. It
shows preferential activitiy towards naive T cells. It is also a potent mesangial cell
chemoattractant. CCL21 binds to chemokine receptors CCR7 and to CXCR3
(depending on the species). It can trigger rapid integrin-dependent arrest of
lymphocytes rolling under physiological shear and is highly expressed by high

endothelial venules.
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cells, but not for B cells48macrophages or
neutrophils. It shows preferential activitiy towards
naive T cells. It is also a potent nesangial cell

chenoagiyriastant2] H6b2Ed hinnes gilov/tk Aedrakdiogerteie e@tacmnan lung
CCR7 and to CXCR3 30 (depend| g on the- s eci es)

c@nccxrs(?g@anoms&m@el Gzﬁtré@?ergﬁmé éffﬁnﬁw @tlmaﬁoﬂwi 49 587-92
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2{04/ ﬂfb@gQ&OlWh%%ﬁ@@%@@&ﬁ@ﬁy of fulvHE TR, 2¢%ka4 hlso detected ina

i nhi bited tunor growth and angi ogenesis in a huma

Imhgomczdmrop@ék@ammé&otﬁﬁﬁdl,%{FAF e dgadtSel. U S A 95 8205-10

C‘@Eg rhnmunol . | munot her. 49: 587-92 (2001)) and a
‘carci noma tunor nodel in mce (Vicari et al,,

| nnmupghs bk 3howrt H3212RARIE R0 CCM@(@R&%hﬁmgﬁmd

activity of nmurine CCL21 was al'so detected in a
cirbreast cavicer aefle akbthat(SChRY1 #8dTXChi2, alie r,esmptm: hgaatlst are highly

Acad. Sci. USA 95: 8205- 10 %1 98) .. |t has been sho
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CENBEERAE fhiadPe P61 (SRNIE I GfOICCIN b hed Shrich o@D Eould

e respectiv expr essed
| Be dslgéelRd be pﬁaﬁnalitmgl gartth€CLRT santibedits nat mesCKtR4-med1ated
breast cancer netastasis 10 (Muller et al. (Na
selpmataxigby thomaspyetive anibhadics. szl@lfﬁ%@ﬂé@@&%@ﬁ%ﬁ%ﬁlé’& iprovides

R N S

regeecti ve anti bod| es Thus, imuni zation agai nst
CCL21 gr ovi des of treatnent against netastatic

spr ead ﬁcﬁe"@é&,@l@ COﬁﬁiﬁfeOfslpiQ(ﬂf flilé ap in/mige anddwaans, respectively.

5 Secre 60 f O S
ot B e SRty BF SRSl YA nRpd B Bsbllpror
SSYIENGETseal B SoHaMEt foNoti @@Rfyﬂikme@%s lOOTED1 énthin Awo more
Swi ssprot: SY21 nouse. In contrast to other CC

coystdinesauitiin e cxionded region alithe Evierminuselt isgestupdthst all cysteines
Wit hin ep ?it ,}dc{s%? ?%I on at the Ctermnus. It is

a8 B R SHHC R8I nes  are engaged in disul fide
bonds. 2@ lfBldwiRgf @Rk hd kPRSI bHIGsfeniNle @es@ﬁsesisfopmakmg

systens are described for naking conposi tions of
i nemepesidensodithe irvientipnt ¢reni@Eigtha €1GIgd mintigelsc dﬂmmmmt In the

e ST raChg B BREIOISZ0RE OIS CRiAaiEs dRBb OB Aot oC g are
59{(1[%((%93 to Itﬁb SS10E PR ERb ttimBfks 240 ARinACASH |l1hl€éfecronta1mng a

alning a
cysteine residue as a second attachment site is added at the C-terminus of the protein.

A fusion protein with alkaline phosphatase (at the C-terminus of CCL21) has been
expressed and was shown to be functional, showing that fusions at the C-terminus of
CCL21 are compatible with receptor binding. In specific embodiments, the amino acid
linker containing a cysteine is fused to the N-terminus of the sequence corresponding
to the sequence of the processed protein, or inserted at the N-terminus of the sequence

of the mature form of the prbtein, C-terminally of the signal peptide.
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at the CGtermnus of the protein. 25 A fusion protein
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has been expressed and wag9shown to be functional,
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- ePdatiaaobmasRgb b BN SxaloR BB P RgeAS A fhstpad of 100%
\r’]V'ot gtgﬁgglé 1n@<1%%?1s)3\%§ QAV &P Thid) Jﬁlﬁﬁng{]é}i Sl (tXUEm %rowdes a

a reduct on metastasis to the inguinal
axivhy &ff tyeakiiem fagﬁiﬁdeﬁe‘cés’ﬁe&%olf natoemdmrof‘e Sp@@fﬁcal&ge@f&tse%sca&cers

in contro Q;SA)) observed, Thus, ati on agai nst
CXCL12 Breo¥Pldd CaXC%s}hEéﬁolqneerSWPé?ﬁPag ? %‘ftﬂs Wi & 1getease the

20 1%&,%76 X}Eﬁﬁﬂ{gh()frsrlglg %ﬂnﬁﬁiv]e eﬁ{atcgio?é?ﬁt 1o % %g sTREbe bone

e receptor alr ee

t OthGWeESaﬂditf@ﬁ CROReafahd sBEY1 afté stspokattto Oﬁﬂlmncethe dlstnbutlon of
primtive hermtopm etlg@g gﬁﬁnltor cells to

. | . bgstgoge
rracrhronw lymplmyxmct lewlsemie g cebyinvariably iafiligiedaeibang marrow

di st b |
ﬁh@ﬁggﬁ ﬁg Biﬁéégyﬁgfﬁgﬁr%@ar¢§2 &ﬁ o q&%g v CXCR4
boalfpat | A&t OhroBfc l?ﬁ‘l‘i:h@d}f‘h@ 18kemiid cms\nﬁlamﬁobmstmasg they are

on in the bone marrow was CXCR4 deE)endent

25 Chccmultureﬂynﬂfmmal cellse¥RBtiblockisg atiberies epyldipbibit i protective
unI ect 0 strc}/maef cglls (Burger et al., Blood 96: 2655-63 (2000)). Immunizing against

CXCL12 thus provides a way of treatment against chronic lymphocytic leukemia.
CXCR4 has been shown to be a coreceptor for entry of HIV into T-cells. SDF-1
inhibits infection of CD4+ cells by X4 (CXCR4-dependent) HIV strains (Oberlin et al.,
30  Nature 382:833-5 (1996); Bleul et al., Nature 382:829-33 (1996), Rusconi et al,
Antivir. Ther. 5:199-204 (2000)). Synthetic peptide analogs of SDF-1 have been shown
to effectively inhibit HIV-1 entry and infection via the CXCR4
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25 cocultured with stromal cells. SDF-1 bl ocking
anti bodies could inhibit this protective effect of

wateoanedsscel | s (Burger et al., Blood 96: 2655-BGI/EP2003/007572

(2000)). Irmmunizing agai nstS0 CXCL12 thus provides a

way of treatnent against chronic |ynphocytic |eukem a.
CXCR4 has been shown to be a coreceptor for entry of
Hlenepiﬁm‘(w()l%&@%él) gbes, lmmun:mrubn tagainsf EECLOR podvidBrway to

nt H VvV traln erlin et
ooty ety iy Eoslts SRR GRS T bty obeBRrE BOS | Natur e
382 82 %299 [alglt [
5: 199-%%1?1%(%00) )@te%éﬁt het?rgg’lﬁgkipf)g@% ch?’ s %bgfcée#c? T
M@c@ﬁmﬂia’émmrhemmteﬁfaﬂhmwﬂhwmmﬁ\hnh eHlVZﬂO(BHﬁﬁmnnzatlon

and, in n via,fhe CXCR4 WO 2004/ 007538
ﬁ@?}fﬁb@gg SzBszufeSe ¥y 0é a@em@mmmmmwms

'H.”‘J“Q'n P I RO B e Sty P R g o

dﬁ@&eﬁtlal@mﬂg f10ied agdle gage Wﬁé}edﬁfeﬁﬁl fo8POLtERHndl Amino

g{sacentral role in CD4+ accunul ation in
rthataraiprasent in $DE- 18y ed) amd @Mnt(m SBF-ad (70 200The. sequence

@ﬁ{mﬁgﬁ bR BOVR B S B0k S RS ang giassaiie of mouse
RHFNGs Wn@%& %B?;W)Ptlom@ﬁ SngF Iy 50%@% {ﬁsconéz%edl gstemes

and SDF- 1( 3, entl a icin oma sin
ghateforr rey mtref—frxelecular ﬂxsulﬁdélbblaisnﬂ‘habry@lﬁi fitnchiRe bﬁSDF idws a

3 d ab DE-1 a
(70 B! 35%@11@%5@%&3 ¥iiedrt EEDS 6041 R GHPDn The SDF-1

quence of nouse 10
?g@%&{@g% |ﬁwteﬂjaﬁ?f£%ﬁ§% fmuse. SDF-1 cont ai ns
f our anﬁmexseainﬁn§hﬁ1tdgeﬁes1st wad ufedr @ idemify (part of) the receptor-
intra-nol ecul ar disulfide bonds. The crystal structure

Srindipg sit DR 1 (Rbishiossal hdtsfaromfcpiokise Res. 200694+ 70042000))
ez\ g?hg eeWalggf B?ozfé‘lée?nmzni ?8’@? %(215 (?@%(%Pgndl HevetkEr et aiJ (Eurr

ABzammmgp%ygdmha@mmuﬁemed ed MhibHEY deéeptor bindi
(part._of) the receptor- 15 bi ndi ngagflate or‘?q’{%gt éf)or 1nding

sprd H{GsAighi et al., J Interferon Cytokine Res.

691-7 d, El t

275: 2@8%@&”‘%%5‘“%%’%’%&@?“ Bstegf S“E@j? for %éﬁe’aﬁrauon
SfIROcotbpdsHBAR)AX thlemoedRadellol1d SHRL Hz%die@&meadﬁﬁe N-and C-
i nhi bi t| ng receptor binding (and HV entry).

ftenmisug ofp DIc-d aestaxpesed taithd s@xpttdwpmnﬁcsgmbcmmemsumam acid
eneration 20 of conpositjons of the
PP e 59 Qe e SRR o e
toFrthd Ptb%elﬁfseq?t%cel WHIR 180008 8fediffc E%ﬁo@ &% andiflo ac1d hnker
speci tic enbodi ments, an am ho aci er cont ai ni ng
Foplpgting ﬁe;:yammea:smedorat steachumenit sitei it cfused tb rthis N-teﬁﬁﬁhuﬁ of the
of, the ei n sequence, while in

he C- termn |ol
c}if% & S9EERE; ﬁsm AgiAt @i%cmlﬁelgaac FYPlging jeefused to the N-

terminus of the sequence corresponding to the sequence of the processed protein, or

inserted at the N-terminus of the sequence of the mature form of the protein, C-
terminally of the signal peptide. The genes coding for these specific constructs may be
cloned in a suitable expression vector.

Expression of SDF-1 in a sendai virus system in chicken embryonic fibroblasts
(Moriyaet al., FEBS Lett. 425:105-11 (1998)) has been described as well as expression



contai ning a cysteine as second attachnent site is
fused to the N-term nus of the 25 protein sequence.
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to the NN term nus of the $équence corresponding to

the sequence of the processed protein, or inserted at
the N-term nus of the sequence of the mature form of

t el pelo(Holmes € alt, rod Aepd Jurdf 21136717601 ) papk dhdmicaltyathesis

PESEE D Suts & abt EVEs BPadiat o BB 50 Expr essi on
of SDFrl ahdthé SEBSRe b1 fhe smggg@eé e CRMEKER SIRLXOR G B-

fibroblasts (Mriya et a

4@5@165}*‘:& tmelﬂ(%ﬁractehm@ﬂ:@ X OeE)r BhEds expreveddin 88 spleen, Peyer’s
resan? 2004/ 007538 PCT/ EP2003/ 007572 51 in E
trhes gy aphatodss (G npebal., 1398). lisaypresdan isgiggngepst in the germinal

OB eSO YA 0Ty AR s
thet(ﬂeclcﬂvﬁﬁkin@ Familjl@nd s OBt QoG HIGRO (GinPer al., Nature
iﬁgﬁhoc te chernoattract agﬁtﬁ} BLC, CXCL13) LCis

e

EX580B (1998 ndHwpheBhC i ehomologowato mwme BME Ity raoéptor is

RERS GG Rt bRty i o TR OB E¥elach el Cloa s

NMyHcahdady ;ﬁﬂﬁhé‘lﬂfdréﬁrk}éu@l?tay% k}ﬁébn Add P%JeP’Q %tc'h@s ﬂ(EROaS also

CXC che y, and its cl osest honolog
( ©gnitedsfor ederyitment of B-celbot c@pargtent ofithe Bmph ﬂddmmhaualhcular

DesdtteielB FRENE el bl 203 108417 GO0G] BLE atso nduces
rﬁx%fe%éédsex?ﬁgsgﬂoh% %9&1%}1!)‘30&&&?@2 gﬂl‘&ﬂﬁ? %?1%]9 'eéy)ge(fli Irhis

organs su een an eyer

apmoldeg @g@ﬁlﬁﬁﬁfeé@badl@%pl binGeDTo 02 ﬁoﬁﬁ{éfs Slﬂ(,oexpressmn (Ansel et
in follicular

npart ment of the h nodes ric
D@ln qurtwec‘l@@BD%-S(‘i:@ti%( Bh&echasealsabeen shmvar t be able to induce
2000)
S RieBRRt St aR ibtsr ot her BB T4 F298 BAOEHR Rt appears that

rFDCb“als%dex%ré‘s@'BEC ks SmnRfrP4tE8 SoBinROSLE! HE IKE’SET bagﬁgy of

| oop, since LTal(32 pronotes BLC expression
1%eaiinent againgt aeltmmm disgas¢s vheedymphdid ﬁ:edmﬂeswd is mvbbed, such

LRt gitovis o iy eioid It o 2000) siebnes. dppassieuctof
t BBE berigSa é'—t@ﬁmﬁ%@h@ %aQ%}ﬁls beenk Jbgérlﬁem i§ c%l}af‘fl@xmﬁsﬂigls kM.

BLC may provide a way t reat ment agal ns
detgéaée@cpm@delﬂ?@zﬂ]bm}ﬂwﬁé%{émem s is involved, such

as Rh rmt0| nov and Rheunmat oi d arthrltls or
Type &‘J‘d%nﬁﬁg’t eﬁy megt %‘%ir‘f‘erP%BEmﬁfle& tﬁ@nﬂt@émpﬁ@ofépnsesahnker
FEBIES o fand Mg, R JRRSAL e Wk o e -
Itea8inhd 8#the BI9O}equendes. one enbodi nent of the present

i nventj € .conposition co rises a |inker _
cont ai ﬂ‘ﬁﬁg’; éf"qlé%lls dpmelogaus tg iRl-Ga botlNvand Gritersdm semfiree. Fusion

Shiid Ao Q&Hqﬁkg%ﬁgalrﬁﬁg 4 &%te%e residue as second attachment site to the

N-terminus of BLC leads to one embodiment of the invention.

In other embodiments of the present invention, the composition comprises an
amino acid linker containing a cysteine and being fused to the N-terminus of the
sequence corresponding to the sequence of the processed protein, or inserted at the N-

terminus of the sequence of the mature form of the protein, C-terminally of the signal



term nus of the BLC sequence. 25 In IL-8, whichis
honol ogous to BLC, both N and C-termni are free.
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resi due as second attachnmeld? site to the Ntermnus

of BLC | eads to one enbodi nent of the invention. In

ot her enbodi nents of the present invention, the

CQIEPRE. TR eGP diSeHr flksc SPHcii: amksthudts M he CRIHAINE REitabl
aqjggstei nergand beir% fused%@o t he I\I—term’ﬁug gdf}&t tlwe e

3Gxpugsienvectaond espossdd aggordnglhd s sepenaofbimbhBLC is shown in
prpcessed in, ,or insert the N term nus of .
PSS AL Ob! e Tin 17 197 e Sqmenssauiby Aignal peptide The
CrhaiTEalehye BhnLbeysianaiolGr2A4500 ids 1- -
PCT/ IESPEg%lgl 06075872&?%1; %gptl? e. “%gsg'e‘%@?% cagl [ r%gzlf%‘? the signal
t hpeptids eaifositionoofthe inetiomaith R Chsahedhtigeniad&edniiadt,én some
expr.essi on vector and expressed accordingly. The .
s édRadERens, sk theringie fpan oF thsProtain fap ewnsBitiga the compositions of
N%Q%%ﬂ.@on Am no acids 1-22 of the sequence are the
signal peptide. The nouse sequence is shown in
AccessilaandiRe3pEdhdembodimentathiedatidenzcldebdrminaneis Hogxal. Edtaxin
pepti de. Conpositions of the invention with BLC as the
arl® P gBsmekine spscHicfanthemoking raseptaid dueseninscosipophilsy basophils
r of [ enerat i . .
Cop0 P REM© dehfip Nebh® tbvleBkr 4R ALIRCAYR fop Bosinopils
er@ntmerindn et bhe/. dnkiggnics: SB3046TR0GDNY. Ebsindphtl daibiation is reduced
Eqgtaxin .is a chenokine specific for Chenokine

r &Wepd6r i3 they cataxinr] dmoelyenin 8151se, swhishskqwives can ostidindevelop

Tho . ' . . e
rRRs8bA e (FOHBNED, REIT AUTNG 145 88 )AL THSLAS o
588Poh6ibledBPBE miglatish HPRRBInbpHil i 6th beRe-ndrrb RIS BRAd, 80 eotaxin
70% i n the eotaxli n-1 knock-out nopuse, which however

c 40 the lqcpl migyatiomgn thedissued Pambles ef /o /hBubdfed. I86: 601-12 (1997)).

Exp. . 185:  785-90 997))., I.L-5 to.b

r egponsi | e, gelnﬂglerﬁoé}%g}si %%Otgﬁme%g%gggﬁ?ﬂlni‘z‘r &c!i‘ﬁ%’ share 30%
b MRETIIEEY 1B WaklP ot Owo PBAesCRE RdWn 48 43R tAd Yol @btaxin 1 and
mgration in the tissue (Hunbles et al., J. Exp. I\/b)éll.

186tax802 {Zimipe@em) ¢ al., Thimhumdn] Ge 388246 ¢2A08)NThdy share 38%
eqt axi n es, eotaxinl-3. share 30% honol ogy to
e SR N SR MpiEs 3o BEI0RE T AR FRIBGR2. Tn the

e 1 n P . 1 - y _ . .
Sy 88100 LIPS gy s

hovioleagiaxinv? s¢anes te bt pradomnamkigersre 884 hiheidjngyn @itmmerman es
hu otaxin-2._1lnt use, eotaxin-1 seenms to )
ot e apy: SaBASSZUE. Moty faresont becohmiveolar fluid
t et a j7 | t axLn-dnS 5 '

o Reieira Y0 7 CoRE BXL 1000 BETRed (0B ). MoRSAMA G rWors 3 1Da. 1
| ignimreqhilibiiGim beb8&a-nddhofiR N )dim &0 baeti awidle tad g6 BB i0hd) with
br oncho- al vegl ar. fluid %Tei xeira et al '

. J. . din.
| phestimaedoid pEg A B @1 997 YCrumn axelhn hdkiola Chrnof73.22471-9
K I%)7139985} The monomer form is however predominant. The structure of Eotaxin has

been elucidated by NMR spectroscopy. Binding site to its receptor CCR3 is at the N-
terminus, and the region preceding the first cysteine is crucial (Crump et al., J. Biol.
Chem. 273: 22471-9 (1998)). Peptides of chemokine receptors bound to Eotaxin
confirmed this finding. Fotaxin has four cysteines forming two disulfide bridges.
Therefore, in one embodiment, the inventive composition comprises an amino-acid

linker containing a cysteine residue as second attachment site and being in one



Is in equilibriumbetween nononers and dinmers over a
w de range of conditions, with 25 an estimated | nd of

waz2@4nomsag 37C (Crunp et al., | Biol. Chem 27BCT/EP2003/007572
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22471-9 (1998)). The nonoér formis however
predonminant. The structure of Eotaxin has been

el uci dated by NMR spectroscopy. Binding site to its
I RGERIIRherfedRd 18 tRIC- ity of BE Ebfd}éﬁpsecgs%ﬁ’eet ﬂﬁ‘uﬁﬁ&'eﬁlﬁ diments,
precedi ng the first cysteine is cruc P

J .anBingho aci@hipker RT@miDa Fyistedng it F&84 Jo th@ébtenﬂﬁﬁls Of the sequence

chenoki n rec%pt ors bound to Eotaxin 30.confjrnmed. this
f iSRGETRED Tingia HesoqiRacy © RrpessEdREcin gy fsaed ajih ajghe N-terminus of
ditftlbdhelfe BE tHGEture f&ﬂ%ﬁﬁ@#ﬁtem - @Hﬁmﬁ@@ﬂhgﬁg{m HE@%G The
|nvent|ve conposition conprises an am no-acl d
c @ehed ouding far thesd specific cosstiu aasclenaling saitilile bemadsion vector,
site and being i.n qgne V‘(P 2004/ 007538 PCT/ EP2003/ 007572
53 enbdehtdahcan hgsewmicallyngynthesigedri(Glagk-bewishe ®EotBigelemistry
S t no...a

%@%?&%? g}gnﬁp? B)gﬁres%g}lgﬁmﬁg als%@ %Paelsﬁr %fgr Eotaxin-1, in

| i nKer Ine’i's use

Nthecytoplasn Q@nmeemqueme Cleor L% A% -0q1998)}. Bpression in E,
sequence of the processed protein, or insertéd at the

N<plasiiRdusion bodipe with qubsrauenfrefoldingiviayee of ot nBiothaniery 39:

th I i.de. . Th
TR AR gk R SRR RLA5  d g7
i 6@ 9919? hald ReR YQCHBS PPEYRKINT, and Eﬁ&%bfao%fnbé)@sed to arrive at
chem cally synthesized (d ark- Cewi s et .

Butbemmﬁetembodgmem@hemmémgl)) ExpreSS| on |n E
been esc Eot axi n-

| |
cyt op! eNeBPREPEs AERSbbG ey e o g anisgnipdepminant
( 1988k ophkddE RS- Qﬁhdlﬂu% fac®P (NI-CSF bf‘@bFﬁ O0r- QF“O?@SF lisa

W th subsequent refol ding (Mayer et al %I ochem st
3geguigongproliferation eidifyrentativn and wlvahifhnaerqphemlanﬁ the1r bone-

E 185: 1997)
T R e s The Fotpip MG SR Lok ool e Jyionias Ebbseteceptor
benssrd Hyoth@ beéen%%o : ‘{1 BEVEPAG glh&at@d:gsg%émt S ﬁ;f ggﬁ %nd its

i nventi on. yet er specific e I ment
i mec@ptor has betehessmnlategenﬂtpadmpmgﬁbsimtseversl ebbihélip bagers such as
%%Ipé)a'rslty stimul ating factor (M CSF or CSF-1 M CSF, or

uferine ape ovarian capesr. Epmﬁy BloRrcasian hesbeen studied in a mouse
d'sfrﬁﬁrx%ﬁhhl\?é iRt MR Sing (\{\ﬁée @hs %rrﬁ&g‘g%ﬁiﬁ @@ettg %Iéammary

bone marrow pr ogenltors re ep or

C ehnces @MTRwith nasiuse chitaiaiy o Reapive hull nenatmhad thycstheene.
gleoonpo gene cFMS. An el evated expression of M CSF
a

s gice s piteiated datp slege Hyavvs erduoma and papenary metastasis

br eag ?éh ut e rg Fﬁ@@%@& 5 allrnltegn é}g ’f:ve?ﬂ 84938?”"3583@8@1 B cause

haeeretede Hiclbs@de bfmacrophagereéRiitiiehttb Redpdatl ’élésﬂgs Sﬁ&ﬁﬁaneous
the crossing of a transgenic npuse susceptible

merRvER P Lewisdens comenimalse lmaaec}m@s@ wdhmigedi m@oatulated that the
Qn_in -1 gene.,.. These m ce
N B Y
P fHoEs adrywitefaamtsamid proteases produced by the macrophages.
Structural data on the soluble form of M-CSF are available (crystal structure:
Pandit et al., Science 258:1358-62 (1992)), and show that both the N- and C-termini of

the protein are accessible. However, the N-terminus is close to the site of interaction
with the receptor. In addition, M-CSF is present both in a soluble and cell surface

form, where the transmembrane region is at its C-terminus. Therefore certain



conpared to the PyMr nouse (Lin et al., J. Exp. Med.
193:727-739 (2001)). The cause seens to be the

wa@ab®enes3of nmacr ophage recruitnment to neopl ast PCT/EP2003/007572

10

15

20

25

30

ti ssues. Subcutaneous 25 grséwth of Lew s |ung cancer

is also inpaired in csf. 1 null mce. It is postul ated
that the nmechani sm of nmacrophage enhancenent of tunor
graMhduiveM! 6F Be JrieRUBReRRG QABRE anfAGhO Rid BI@M:tntaining a
factors and proteases produced by the macrophages.
Staysisingr aiid teing, dn ahesngwidirthéns, fdslech a6 ftheiEBEmame of M-CSF or

SRS o568 5 A RS or FER ot o MR o
C-duBdMimEnt®fthe éﬁmbfai@idmmwoﬁtﬁﬁﬁ@g PERRR iDhRed HWEY Srminus of

the NNtermnus is close to the sitée of interaction
wi thi s¢quenceamepsmndinigrio tigdequcoes ofvhEpBcessepprttmor dfthdsoluble

e R P wigied & the R Faniny i sauencr g mgs form of
caht A6t ol ﬁ&%é%%@ﬁfeﬁitgﬁgég%zély Fthe signgmer%ide. M-

enbodi nent of the present on conprise an

acCHF Isiadimer, adietestheriwegnenontyrsire linkedavia adbiiterchain disulfide bridge.
enbodi nent, added at the C—termq'_r{;us f M CSF or )

f ragment8 SKRERHERR Sysigm {hE- eoli bp csftiRadeios an hfegminal 149
f Qe . _ : hadi ' 1,96:31-
ol (VR0 IR RS0 PR B 315

N-(189Tj).NTkis dtagmenb @f IS eeodifed &s pattided abbwe, réi@esents a one
sequence of the processed protein or of the soluble
f crYagemic tdsterminank ith accgrdapess siithdhe gmbopisnauts ef Hienigyentipn. The

UGS Rl SO0 R G Bl o

Sitge ples@f Pivetiflon bbmpee theSNaerein® FraghdBi nbib@nd Vesidue 33 -181
mononers are |linked via an interchain disulfide

brardge-18A0f Eeprbeye paguensgsecarespanding to dlhe sohiehde framrof the receptor.
described for an N-terninal. 149 .10 ' j

F agnen o SieRPaivaiets SioW inddCessipR BT8R Th ppture sequence
Refpareicht alfi6 acftf3 3 Thik! o:ile_( Zﬁi% detdihiBardth PRTBRIan@fwith é[he present

M CSF, nodified as outlined above, represents a on
annvggoncomgrisesaminpracidid3at8bor3neldSwi t h t he

enbodi nents of _the invention.,The hunman, sequence is i
shown i1 e E2EP menﬂﬁﬁ%@@%@?‘fﬁﬁ@m&ﬁti ’ée‘?‘%&sun &GS)' Passive

d q{lﬁﬁﬁﬂi%{&%ﬁﬁfies Whe 891"f§1§1fea.twiitl{‘él fﬂ)ﬁ)gg{&g&gﬁ‘%gérﬁ%ggﬁg generated

N-term nal fragnent Consisting o

oragaihst d®Sionfprdtbia cimouse Rasistie (0Bes)doged es 68Tk xpeested ih beteria.
o) a}%l e f.orm of fhe re%ptpr. The nouse sequence i s )
shWs Rassiyg EranigAtion\jopd i taprovedbelyeqss uptake 4y an @aimal obesity/
ot . . . U . .

GoreTt Banadl 0dATSut of BELBor ARRISRBNIISOR0N. 1 on

conpr i sResistifi(Res)dsa t 433 peptiide hoFmS of hfroxinthtd €2 KD. It contains
enbodi ment, the antigenic determnant is Resistin

( Rels§ystemesefi which she mashNriteradnad ane wadiskewinks be pspdnsiblefpr the
e 87 A L RPNl SOt
GShtra@sRealss efduifidle bRl (Baherjee and Lazar, J. Biol. Chem. 276: 25970-3
(2001)). Mutation of the first cysteine to alanine abolishes the dimerisation of mRes.
mRes with a FLAG tag at its C-terminus remains active in an animal model

(Steppan ef al., Nature 409: 307-12 (2001)). Similarly a C-terminally HA taged
(Haemagglutinin tag) version of resistin was shown to be active in a tissue culture

assay (Kim ez al., J. Biol. Chem. 276: 11252-6 (2001)). Therefore, in one embodiment,



Thi s passive inmmuni zation lead to inproved gl ucose
uptake in an ani mal obesity/ Type |1 diabetes node

wQ@ Sieppmss et al ., Nature 409: 307-12 (2001)). ReBEB10031007572
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(Res) is a 114 as peptide Bdrnone of approximately 12
KD It cont ai ns 25 11 cysteine of which the nost

w1 L
o EPEeaT oaMr R e iRl ERERHR B iy Pfine e
belsi ¥l daclhBeritRiOhEsEihdfuséddttRIO 1 @6nthad ofdhétﬂsfstlﬁi cquence.
bonds (Banerjee and Lazar, J Biol. Chem 276; 25970-3
( ZoGupther tbberdiment, ti atrieo aqlqi Hnker y@mt@mmg a qystgingns fused to the N-
abol i shesg‘{hé di nerisatio

AT PEHESp AT RO dEY 15T of ifofhared Sotin, or
'T[’l‘ﬁ?értedgﬁ thSNeRPAMuS lof Fhe seqlﬂéﬁdérﬁ' the Inatdfefodd dfAA0 Protein, C-

SSmlarly a Gtermnally HA taged (Haemaggl utinin
t agiminely bhthe signalgeptidé.n was shown to be active in a

glllzégeGﬁ‘l(J %&gyo Ssa Q;I( T-gl g’}gstf?ﬁt lgﬁ@ltlgﬁbgggm u%ngy%lso be
20& 1 QQdPASFE %élgl? %&9@&%7\5113 a ﬁéteﬁgéecl%\%é@ Bite inserted between

ositions conprise an am no-acid |1 nker containing
a Rysiitfrl and thesB¢ phurof thescometnuomt,buel s(Cheratinallyité enaodnore cysteine
bei n fusdat the Cter s of the resistin
s el o henhiaio fosian hAsh b Rt of i T Brolgin dn a eukaryotic
i ?555?0?1% &k ]ﬁ B8sudh %yﬁéc%]rcﬁ {cﬁthfe Us&iptiBnd ﬁbﬁmﬁ'ﬁ Cleavage of the
term AUs ('hé sequence Cory espondi né) e sequen%e
of fusihod plbﬁﬁﬁﬁ@@esﬂl@iﬁhmddﬁronﬁly carpisiog aﬂthet e am1n0a01d linker
N-term nus of the sequence of the mature form_ of
pr SAUEHAING @ cysisine tasfve orgrark prealkolthe hings gegiae of the Em@rt of the
arﬁxg{qug&oté %@2‘2 dgé%%gg E)Fslté’fﬂ%%&ﬁdrg?%t Cl@ %‘erﬁﬁ%uﬁ Ui (8 Yitable
Pr i QA6 Hliry WB% VLPeTh E@hae RekiinveRfiend3ds Bdwil 1rﬁAdcessmn
the Fc part of the construct, such as C-term nall
on&F323G#dr Jhsy@p@qen@qmcp dgishaws inf Acerssipn 3230 ofh favored
of t sion i el kar
oxBPBSERGRE S be Bvehtih 5 Poinl e GhieleYH ¢- fenfous to an
deg@ioPAdi® MekfeéRitdiinElaca¥RaR RbidhdeHuhbs rQRtAr@hsidt can be
rel eases Resistin additionally conprisi dg ei t her an

angerssatediadcpriieg to tb@twdnn@mbscéosw b@l@nrn@l lstamparipg murine and

i 5 A T B
eh&@ §f Ritfan WRiiGH {5bé bioha® ko Jecloy h&ieiuRlri iRtbthé? suitable

AP20 VLP. The human Resistin sequence is shown in
Acexmsisom VOREER3PSmplTlof hnmaaaessiqu enstructs sgi’ua:bflm fpmgenerating

Accessi Qn AF 3080. A favqred nbodj.ngnt, of th
RSP RBFHe 08 SRR Eukbcbigpan Regstn-C-BK and
C L&kt Psih& an  amino acid linker containing a

cystelne residue. Human resistin construct can be

gener at éimaa®esidtingostudthe dgeaaated ags ote smbadimedntod theiinvention.
and by conpar | mur.ine and 20 human Resi sti.n

sey@efnion; aga@srg‘i@tsanHS@gat?eafﬁ%rémsw%é@ﬁmw%twr&éﬁﬁheflpventwn

th &a@re}ﬁﬁs I%vﬁigg way of treating Type II Diabetes and obesity.

In another embodiment the antigenic determinant is Lymphotoxin-p.
Immunization against lymphotoxin-f may be useful in treating Prion mediated disease.
Prions are cellular proteins existing in most mammalian species. Prion proteins exist in
two forms, a normally folded form that is usually present in healthy individuals (PrP°)

and a misfolded form that causes disease (Prp>®). The current prion hypotheses



sequence of human Resistin to be cloned into vectors
herein or in other suitable expression vectors.

waEx@aph B30t human resi stin constructs suitabl eP€DEP2003/007572
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generating conpositions ofSéthe inventions are human
resistin-C Xa, human resistin-C EK and human
resistin-C. 25 Human Resistin copstructs so gener at ed

ar postulype thehtisdiisfoidedgfrianferh Rye chn patalyseaibe irelatdiegof healthy

o B PR ke R e (B S6ih Heeay oo Lagr {0 In
TyRfnd lardIRRRESS HANEaRRRR thiy alkd o@dﬁ@%ﬁ&iar@ﬁ@s@@'cﬁﬁﬁﬁg classical

the antigenic détermnant is L%/ nphot oxi n- ( 3.
| @il in dtuinens.a§ame stutitjons o tRsR are( Bsongtedavithsaf incré¢ase in this

treating Prion ned ated di seas 3 c
coRBIFOYBRHY e h P ﬁfawﬂm?ﬁiﬂ Hueyer L™ may
élQ@bﬁfn%c?i'oﬁ§a&i( ﬁ}ibé Gaﬁsﬁﬁﬁé@ﬁﬂ vﬁd;Pih]Q §8bd chain.
formt I'S usua Yy present 1y |n
( PIR) lattenfdrm offpridromeidatet disnast Imaltno&mws KsdeﬂBamd used to occur in
(PrpSc). The current prion hypotheses WO 2004/ 007538
ARGl 7HY Beversiss spesietial aieizading Rn theis pwp anddviduals are
Prh&iap i At ﬁ{lgfoglaﬁﬁgra? Fi3h¥iRed 8 eafsg%@% %o@%e%b%@hﬁlgﬁed for
prion [ seas causi ng ZZ1,

Ha@ulmﬁ@ieagsca 85, 3-10 (2000)). In sone rare
i nstances, this transition nay also occur

spont anfébwpw%@a@n&g @%ﬁs\gﬁﬂtb@ef-p@ﬂms phieughons Eusgpgghanged
muf 8ty g&ﬁison agd PhbGeROEARS 18? c?eh%thvﬂ ‘r}z{ﬁsﬁl S bﬁ] foﬁ%%?BSﬁ-causmg

thr's spontaneous "transi

f opsp°, @fanfa@ﬁétl? iabrefstBin fdoue ywrs aﬁllaﬁfg Hﬁﬁdred@bﬁﬁo&@nds of cows.
i nfecti ous an may be transmitted by bl ood transfusion

or Thisguddea appesdansh af massiveHanbgts ofBSfodiggased ﬁm’wsmused great fear
msd tsd di sease.i s

S B B B AR A e 1B IR Bimb S e, in

ar @é@ﬁ%‘ gt @Re bh&vdriaMorinHTEWa ©p@ted thitQould be attributed to
abundant, this form of orally transm tted di sease was

t othercansanpsiopef Bt unﬁnteédbeéfoUntllm“o thissfeardype flirtber, indieased, since

E SRR R eg R G PO RO L e EYngyears and

' nfl@ ELR 5k Wistdht. EM&I%@\F&? %&%‘sﬁée@ shQumbab a Bbn-SRldskafdisease called

Prpsc, dramatically increased in recent years,
af $drapie and) since dithexhaammatibo smaresl sammbe nfavsed wifln Pep°% uthd @ossible

E"@ ég clg(gdf massi ve nunber, BSE- di seased cows
£ ridkeliseases may QoRiy ok SR6J5% ation that a

| i 0 . \ i .
L AR SR B A BYERS koo

r eplracé ﬁd Iyhphoid disduds lhed atdsrshbwhed dependt bre pnom@mmhi @xpressing
Prpse infected beef. Until now,_ this fea

0 i dedige ealls (EDRELIMOWE chamMATs R g bl 1312 (1999)).
hufgg ﬁle@lgails?ﬁ’ 8P Mt&%shﬁ‘s@foﬁ%ﬁ?%e&%ﬂd@ ih fé?eai Qétln? \‘lﬂhﬂ %ow clear
years and no ¢ | €ep

St nce
S uiaupitordsdire replicar-inte Ilﬁhﬁ%lcﬁm@@mﬁ infedtbmice and are subsequently

transported to the central nervous system. It was shown that mice lacking functional

follicular dendritc cells show an impaired prion replication in spleens and a (small)
retardation of neuroinvasion (Montrasio et al., Science 288: 1257-1259 (2000)). This
was achieved by injecting the mice with a soluble lymphotoxin-f receptor-Fe-fusion
protein (LTBR-Fc). This soluble receptor construct inhibits the development of FDCs
by interfering with the crucial interaction of lymphotoxin-B on T, B or NK cells with



20 scrapie and since other manmmal i an speci es can be
infected wwth PrpSC, it is possible that BSE-1ike

walk®emasm™3s nay occur al so in other species. Scrp@i/gPioa3/007572
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prion-mnmedi at ed di sease) agéft replication is believed
to take mainly place in |lynphoid tissues and was
shown to depend on prion-protein expressing

f aht lyedphatoxeepeedephics of HelFDC fidbidor(cBNO PP Rtardd poorly studied cell
Nature Med. 11: 1308-1312 (1999)). 25 The nechani sm of

priypmbutritisswise earthatdbeyispendianedi thel produgfioseal Ipreplatexin and/or
It | .that. prj i rst i cat.e i.n th

| PR o7 B Sl Bt O BT ool e Sifecliutory 2627
tr@@@@?rm@%d,qnlc?ed&ﬁf&ﬁ Fbr BRAHOUSKIS X! £67 AbYFDCs (M. S.

shown ‘that m ce | acking functiional follicular
devdtsimotog eff all.s Seibrane 26, T035H7 (EP6px. Iroadditiplto ERCs cmtibodies may
spl.eens and a (snall retardati Qqn of neyroi nvasi on
(iR Bl dieas rbereivic Galndnust Bl o Ao, ranss
T ﬁnﬁ%lﬁ?ﬁ-ﬁ@bi@@?‘? by injecting the mce with a

sol ubl e | ' ynphotoxi - (3 receptor-Fc-fusion protein

(LT( 3R- Fhys, vabdisationl dgainst Iyagphptorin-p qalsé calddd TNRY)DLTs or LTR
the devel opnent of FDCs by interfering with the )

c rigespiar, thereby shiminghing FDGp rﬁ‘{?ﬁblrymphﬁldmg@ﬁ, npay pgogide paccine for

oSl fnl b B AIOHLPORTS ST BERANFGTES 3 o chfmadied

oxXl receptor on recursor ce

Ffiscasdsesush RO BOVivie S}Bdl%icﬂ"drn@ ehdephdlyRehyo@SE)tant ShisPhevent prion
clear that they depend upon the production of
I yﬁ?ﬁh@ﬂ@&?ﬁdaﬁHP@WaSIWF by B cells for their

395, 2013 45i98) JEEh IO i o R e way of eatng

| H . . | ) .
o g e S D o i Y iyl Tpeschaberc

FOOSD mict bhektddiabags deatlopmpihtbyt otimsubtis Etdhgeease, J. Exp. Med.
progr essi on _((S. Br andner, M A Klei n, A Aguzzi ,

e L6 T35 4B G0 Ve o i Moy 1324132, (300715) diso used NoD
{58756 OB HREPhBI B Y0 RSP B imas

| iEBP @iddnRECRB S, TPIEY RIsRYI fiGteR. YRGEIaREa §tRing idllbition of diabetes
treatnment” or prevention of Creutzfeld-Jakob (variant

f odevilopment dvek inpibitoom ofdd$witie dMdstsiotesetinglycthep soudd evenereverse
spongi.of or.m encephal ppat hy (BSE) and -t hus prevent .
g PO e A In iRk e formation of
agri L X I (To\V . :
P R P antdy “VaPlngtion agains
L TiygighbtoxinP ntiy thuisodrevide b wap offi bsigentligabgt fype-1 dfabdicdd

m ce bl ocked di abetes devel opnent but not insulitis

( Et t i ng@rong emipdiment, thednvepkiye comppsitionpempnises an2guug geid linker

Wi al . (J. . . ; - 1 al so used ..

ncisPaftoga byt Byt 9 sl S Gt PO e oS Pbhaing

bufo thE‘Efo%@ﬁe&’ffoﬁrf SNSAPAbOXAIB, B iSserted 8¥wkA He W GRS the

LT(3R-Fc fusion protein. They saw a strong inhibition

of sediaiive tegesponding to the mature form of the protein, and the signal peptide, C-
terminally to the signal peptide. In related embodiments of the invention, the
extracellular part of lymphotoxin-f is expressed as a fusion protein either with
glutathione-S-transferase, fused N-terminally to lymphotoxin-f, or with a 6 histidine-
tag followed by a myc-tag, fused again N-terminally to the extracellular part of

lymphotoxin-B. An amino acid spacer containing a protease cleavage site as well as a



devel opment and inhibition of insulitis. Mst
interestingly, they could even reverse 20 preexisting

- Woraulodtsds by the fusion protein treatnent. | nPCH@P2003/007572
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pancreas the formation of 3SBynphoid follicular
structures could thus be reversed. Vaccination agai nst
| ynphot oxi n- (3 may thus provide a way of treatnent

aBRl s §TIUERgsecontagpd @ iesteing #6 adlaehneens ok, faetermingH to the protease
[ Y 0 Sy ti rises,an amno.acid.linker
L SRR SR S e Bl e o
Nyh@ihBloRiss g ah ohb emBEHAMERGR aﬁﬁh yrpRofoRint i

pr ocessoed ?or f% of | ynphot oiig}%{a%%ﬁﬂo i Eglert e?ﬂlbg’gtgv]\goélrs}lsm()f
t fregrhenteroniespondafg to hmircepidsiOe 06ar 1 26O Inmphotokined. These
mat ure form qf S:RI_}e protein, and the signal peptide, C
t%?eﬁﬁﬁl‘iéPP’?O%lBOl’t’ the N ERIgRaREY Reclonsq and egpregped in the pCEP-Pu
e ' f ] J : X art.
CFUIREIATESLacP T LA SOLRR, LSy AL SRR Bide

eathineacitMinler cghtuiniidd @eRinSrésidrshratle g sebotiiRftachment site, and
N-term nallé to lynphotoxin-P, or with a 6 histidine

3ering fsediq tasipizpsrafdymabotosindbdr bigwhatonin-B fragmentsyln a
0 ST b b e NEPRR SR L Ao g S e
WthinoagidliMéer 2004 GORKRRGtsEIE LoERAR 0&%}@%?1%71%sid§§ ,f{)ﬂgmﬁ%ﬁng to

sequence contai ning a cysteine as attachment si
CAP20VhRisl fysaddo tHedN-prnimaeftheekeaveglar girt oflyrapleotbsiaSabr of
to_the N-f rm nus_of the sequence of the extracellul ar

pafregment of theskisacsiplar past ofj lymphetoxinth giekding theipeoteins human C-

f | i n-o 3 i sts. . of .
Lot B2 RO B8 Ok 00Bb b gomsponaing
12608 Qhoteihs byproded oxherif JectdIEP-SPSPELEKI 6r vector pCP-SP-his-

conpgsitions of the invention may be cl oned and
aRpeE€sed in the pCEP-Pu eukaryotic vector. In

oy 1B gRE BRBLATL she i e e SRR 50 B aviga protein,
rfesdrobigs thetebPdildsn ﬁéﬁﬁlﬁﬁp%h?tiéést&‘%ﬁliﬁmn p?&t%ﬁalrr%%mbgain{wn of

fused to the C-term nus of |ynphotoxin-(

| thaphisnts, rih¢ 3ntigenimdatersninant is theppriani proiedn by fibgmente dhereof,
odi.nent , t.he am no acid sequence LAl conpri sin

R D a3 S B SR 6w CL B tmeg A qrsisnon of

UG- TAIRDI (§ak@ankt I ; - Wbdsel SlsResb ot

to the N-ter n(?nus ofmﬁ%gm&??‘gcgﬁqﬁ?%?@gg%e%ym Fep’udes

| qomshanditign 1¢ 3fragmasits of ftheagmenme qfrionheroteinr an;]xbl dfulsejuence
S . : . o
SR M B,y o
SCOSIHEDRISIRE IR COLBBAENIAPA ) ) LB .
pOmisH- dystsine ISsidwecfoEor dhemiced ceupiingitodPR0S5 tVIEP aadf le@Et one

L R LT —
B0 o0 SURRONIRR! i oy GG i
fABRIPEVILR ist dieerethfoughout the application. Mouse prion protein constructs are
disclosed, and human prion protein constructs can also be generated. Further constructs
comprise the whole human prion protein sequence, and other fragments of the human
prion protein, which are further compositions of the invention. Immunization against

prion protein may provide a way of treatment or prevention of Creutzfeld-Jakob



| mmuni zati on agai nst prion protein nay provide a way
of treatnent or prevention of 20 Creutzfel d-Jakob
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Muri ne peptides corresponddbng to fragnents of the

muri ne prion protein and of sequence

CSAVSRPM HFGNDVWEDRYYRENWR (SEQ I D NO  17)

("@prigitdgy)or ather prOBNDWEDRY YiREMY Rn(dinpmismasing'the (GQsitions

IDNO . 18).conprise an added N. term na] cysteine .
SR i o R e e BB o BroXPEaSYAioh taepent agans
| §@tbri Ae@RRJ 2pse88HR Gl b hniffald Hfie ﬁgﬂﬁj@%‘g@%erllhg%ﬁp&ion protein

enbodi ment the prion protein ist
progrrsspondidy tdahe envoine poptides desmiibty abewerandpsfi sating bt §kduence

SRR Y DR K R Cawign o GG SRR IDNO: 19) and

copasDIStRPREANER] P3my B REY, ASKED 87 B, 1

c cmyhddémertthef thipiventioanlesp péidepeonipdiss as Nou@nes cyadnk residue
ts of the_human 30 prion protein, i ch

ofﬁgcelr f.ragme ) .
ariddeq, fqrrfé?ﬂlpg%%rffbé\if’g% Y4-PoCorreapondingnbevare and sheep peptides are

: . . . ) o :
TR O QRS ARG TR GBI an
2 QENDYFINSY PRENEERABh andobipshiol”( (88 ENG: opy1)  or
ot her prion-nedi ated di seases. | mruni zation using the

S RREL P CHDYHAR T RERNR Ehepp revplmgeDREQEDMNO: 23) and

c
pr, i ' A of treat I 1S pri.on,
s SPARIR CRREKUAT R MR Yooty T, BN s Bicading to
t RenHodieehtPsf 108 invenlici. N corresponding to the nurine
pepti des described above and of ami no acid sequence 5

cN:soAmlsgm |qngm®®eﬂwgegggmwmnﬂw mpigehinnﬁétémﬁx)%?éﬂizglmor
i ) "human cprpshort™ (
| BRI 285107 @RS, CrBER e AEoloft BGdPDEARF 5k In particuler,

TSP L i T YA
anlitesthé tvapdythe ddsleprdein GHANRIBRIZ MR BRI ARENMBRth vaccines

("bovine cprplong”) (SEQID NO 2 and 10
o@%@mﬁmﬂmﬁa@&b&» iCABPEPINE ShAdrneplid¢sSEGagDeMOin @29)rdance

NG R R Rk PSR 4B L 5B bohology ghyman
| Pepiides bk hawd bech@BSRED BelborREPYAhABMiSs Iféﬁl_trﬁﬁh?n% fhe activity of

i nvention. I n one enbodi nent of "the invention,
adiNIgen(¥orgete ki dadioli Chemras0: 10509405 18)i andf &&kqrinaanother

e PSSR ool oo

usgeg. to induce a self-specific i nmune response
directed towards the whole protein by inmmunizing a

human MuBENF@peptide; thet fequare OGS wasidea P @&l NiteSinus of the
respectively, conprising such peptides or fragments in
aEpiR8 srpgsting of amino acid residues 22-32 of mature murine TNF-0, giving the

sequence: CGGVEEQLEWLSQR (SEQ ID NO: 25).

3’TNF II peptide; the sequence GGC was fused at the C-terminus of the epitope
consisting of amino acid residues 4-22 of mature murine TNF-o, and glutamine 21 was
mutated to glycine. The sequence of the resulting peptide  is:
SSQNSSDKPVAHVVANHGVGGC (SEQ ID NO: 26).
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with the invention. The follow ng nmurine peptides are
the nmurine honol ogs to human 20 pepti des that have

whe@n/081563n t 0 be bound by anti bodi es neutral i BCTYEP200&007572

activity of TNF-a (Yone etoal. J. Biol. Chem 270:
19509- 19515) and were, in another enbodi nent of the
invention, nodified with cysteine residues for

coupl i RHENFQL peppids a oyptpine KasTive avas Spetl fethe Nrlermiaps efileeepitops
CGG .was ded at.the N inus of the..R5 enpi e
Somer S o i 50t 2 SLPuSnustpER: el fffine 2t was
MHitafe8 Thi- a%lg&hé/.' Nght heseqaQftdenee: tﬁgﬁ/ﬁﬁﬁiﬁé’[@de is:
(SEQ I'D NO ). 3"TNF Il 'peptide; the sequence
VBSSQNEBOKERV ANE VENRBCH (fUQ IBXNOh@7kpi t ope  consi sting

of am.po acid res&idue 4-22 of mature één F-a.and .

e .
gl ut am e S9TGRONAiRR UMD o SEAUTRIShe OF THRS s dlitren£BIEE 1

LR FrRgHiC b %@gx BGO (S OISR %FW%NE‘E&V

(%ggm Ro SEPVR R N RS Samence o

HysteMe 14 ipept dntediment yfasediah the Ne &irdinms whthe Episwpd, drthetshguence
consi sting of am_no aci

%t@g}g‘ égsga-agfﬁleﬁ%@frhﬁ@ﬁm%m cqvalent cgrRing P ﬁ\é’%ﬁi VLP

o P R R BRI SRR Y S e
TdtRereosteias portainiig sbguenoessesfusdtia tiafN{dr€-#riidi efthé egitvpes. In

is SSRTPSDKPVAHVVANPQAEGQ (SEQ I D NGO 28).. As for the
BFNFTb 06 Qi dWe dlyeineckesidussyic, iy onepiiodinsaboassred between the

f . er.\ puUs ' . .
4588 BhobISp MG DSk DS RL ARG, Bipc Mo cias may,
vk PE afsobedAseitk e itistead WP biydtie résidAR3 0md\thd3e anteadid Rgidues
to the invention, It is, however, within the scope of

tineluge emelheminpasilsisuph e41ina.0 ot her cysteine o
contalfl, oeggge%&feﬁcﬁengﬁeo ér{l%ﬁ,%gth%tin&eﬁ%z%x%o}sllgpﬁéflénarﬂfgm or

of the epi one or

r S9igBHE etdffinants ORRr ATRAL BN (TNISE, FaSnmas MHetReihBereof
added cysteine residue and the sequence of the

epi peptides &f ANF arrondragmienls arayyteink divseef;, whetedo skié antigen or
i ns,ert,eg i nstead of glycine residues, and these ani no
ettigenie detgrramant with seid sesenfl jattachopeat sids bRs ag pamng geid sequence
seri.ng. I h ef ers e ogj .frent

is(r%\i/ég{rr]ét8 i \;I;O%éonﬁlpegs%tr ?‘lﬁl}on‘jeornts ﬁg{éﬁé@anﬁ gg)netg? g{gn i gaecg{ CsIeH\?ence of

des SR TP SIKP VIAH Y VAINP QrebG QS EQTBN®:108); b te-afnkdo acid sequence
fragnents or nmuteins thereof or 5$6tides of TNF -a or
AR ASDIORY AB S AP QABRIF CCARBRIPNG A0 k) gremipo acid

' [ ' %@Rm']th ' attachnment site
ﬁ%él{legﬁggfncg?%gg 1s‘ quen_éxe(Ei sseﬁ%glt%éga?)r om t he group
consi sthnGu@fan foqubitR osfrdiPodihg 15 eMBIAC Acif residues 22-32 is
QLQWLNRRANA (SEQ ID NO: 29). In one related embodiment, the sequence CGG
is fused at the N-terminus of the epitope for covalent coupling to AP205 VLP

according to the invention. Other TNF-o. epitopes suitable for using in the present
invention have been described and are disclosed for example by Yone et al. (J. Biol.
Chem.270: 19509-19515).  The invention further includes compositions which
contain mimotopes of the antigens or antigenic determinants described herein.

One specific composition of the invention comprises an antibody or an

antibody fragment presented on a virus-like particle for induction of an immune



20 CSSRTPSDKPVAHWANPQAEGQ (SEQ I D NGO 100); b) the
am no acid sequence of SSRTPSDKPVAHVWANPQAEGQGGC ( SEQ
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CCEQLQALNRRANA (SEQ I D NO 6102). The human sequence
corresponding to amno acid residues 22-32 is

QLOQANRRANA (SEQ ID NO. 29). In one rel ated

e rfigeifinpergainst et awiodn de oG bREmest, dntibedicatr antidody fragments

B ol Paesi i AR e BrAvE ir e InemeAmeREefhe vinslike
e Phar 80 for S iduARhGord Blordis kM @dhdt c;}?@te@ﬁvee?ﬁﬂﬁune Irénb‘éﬁggelk?ganﬁ the

have been descri bed and are di scl osed for éxa
Ydpmpbemal . (J. Biol. Chem 270: 19509-19515). The
i nventi.on further includes conposjtions which contain

m not p&@?ﬂl?f ; SIRPQARRYSGR a4 ?qdéfé’ﬁ retibgdy &pgmerimigmicking an
deseibbPR A8 tdthe AP 26D F1IP$hE &hﬁic&ﬂ%@gghé 4ygog g.§{ib(§£1‘afragment

i nvention conprises an antibody or a

f riageneretepbementidgation aad subssgudnt ielafias bf gk enifddking antibody or
[ ndu%o of an i nmmune WO 2004/ 007538 .
PG Y501 by apy kpewn mgthed kgawn &a the metsuchrasieg dybridoma

I ' \ t} hadi Rt 100 nts ..

e RIOBTRIRARNE, o0 | BRALAT MeuPRL 205 Kot [PUT duteesispiay
at(Hanisorat all, dfet/ivels Engyisol) 268e83-PeY (1094)8 ribdome display (Hanes, J. et
i g}gugj zation in order to induce a protective |nmine

resp

fis Bloderhnels 1 8:t1R87-1R9 N8 Mayeast thio-kybrid (Visintinei et al, Proc.
i . i j\body . f .
i G R S, O AR 1102 s GRS s Bpien Boder, BT. &
Thwitrupyi KR nigerhdrdsi Wgiim 08283 0ady (iUO@%?%Hételii%ltssurface display

generated by i muni zati on and subseque I SO Ion O

t KPanghertzidih gt dnPraseityEngr 12: 6h3-6D0(d999)). dpererimicking angibody may

a 0 t:hod kng to,the art such. as e,g. .
oo N la o  BEPOckhibtaly o' gt GGy Tiviry using methods
| mayReko tivREhods 126: 61-68 (1990)), phage display 10
(Harrison et al., Methods Enzynol. 267: 83-109

(1996) Jn a furthesumtpdiinent] @nantibadyascogdizimgithe @mbinib@tite of another

L G A .
LA B B35 A 0 B e
bas themputralwingfaatibodyi. Thigyy infRanigie bisinst BS. an€itid®kypic antibody,
Pr otlel Eng. . 12: 613-621 (1999)). The mi m cking

a9y $8 %&ythiép%lé%tytﬂf the Brulieliging aphbasdy aingsnseatsd in situ; we
Vi ; . e . _
S QU LEE NI RS TRLISES, e
r embgdinmeint thetimenunining sitibgdpisseleatd RunkhRl Witl@QIi%ﬁt@%%lecule of

e

i..e. an anti-idiotypic antibody, further calle

i RIS Teceitt #a9) Which immamigatiopiescaghts Bsligand motpuilz exty be

E’é?}‘e Fhr%é%ﬂ%e'o it b %Py 3R 'tﬁgeqymg\feclzdle RSt fwtffl,t lrrllecr)ne embodiment,
preferentially interact with the site of the target molecule against which antibodies

should be generated for inhibition of its function. The ligand molecule may be a natural
ligand of the target molecule, or may be any engineered, designed or isolated ligand
having suitable binding properties.

The immunizing antibodies may be of human origin, such as isolated from a
naive or immune human antibody library, or may have been isolated from a library

generated from another animal source, for example of murine origin.
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generated in situ; we wlle2further refer to these
generated anti bodies as the induced antibodies. In
anot her enbodi nent, the i mmunizing antibody is

sel ect esdoamngrafqn@aﬁubmy r antibABNEladiidne ¢ a@ 206 Vltfhﬁ achieved
target nol ecul e agai nst which inmmunization is sou

Trather yalingiterbredueiion ofsxpased disulfidy bridges ok @xamnl@@fetgq mmgcham

or SRS P Feriipn it Sl e Bhe it 3 1B i@ gonn another
”Q%n%‘ddhﬁelﬁ? 8y 'i‘és’iom AhkePsdiRaRingS ﬁgﬁ il Eé%lcﬁ% Fﬁfl@ el-RtBfus of

for |nhib| ion of 1ts function. ecul e
methe Ia&tﬂa)dyalrmabody frggmentofn 4 ethea ngbbdlrrwlne culinker oontaining a

ey PR e Ao SO R BB Olals Sostar RHHAY Semgent o

a%a@ﬁﬁé&%g&%ﬁo&ﬁfus i8R, origin, such as isol at ed

froma naive or imruhe human antlbody l'ibrary, or may
have beknunbel divectifempasitivhy whigh egelog matmedorfes almknown inthe
anot her an urce,, for exanpl.e of nmurine_orig
mr%@wecm%fga ds forerirseandarnnsying MiBGiApPEs ﬁ@paesmcweepltopes
' t
RS BRI ORY A OITED' 3 SBROP D eSO of

b rwhigbiz ifid@poratcd ipletn Wfrefehace, rdbﬁ:frﬂie&hﬁlotdiie%ubﬁdedfased vaccines
bridge between CHL and Cs; or C2. in a Fab fragnent
oragainst Sghetasema ”&%%1 Mlmmptfsu@p&m thgpe eacpinesugre obtained by

fgsgl‘e% nl{ﬁig %o‘illd oﬁh% g n@ dte lkl.lti%arg b %‘:ljern[t gﬁnr%tols)es of an

erdpidhemod 1z§bd|bymlfﬁd$te@tﬁ6&@nﬁbl@ﬁal&nﬁﬁdd?fagalﬂﬁSEI@.%M thdsoni.
fused to the N-term nus of the anti body or anti body

f r ﬁgnééﬁﬁb' Qszewska atc:ﬂlnelﬁtologw 37328185 (H100)sthp reotinsi disclgsure of

g 5o et B D St it e e g er e
anglAd gemiminbl Na: TESUIHS‘{Q@@O)the%ﬁ}é 8is¢18dur&Bf Wﬁféﬁ%s 1ncgnq)orated

For exanple, Arnon et al | munol ogy 101: 55

( deocin by reiferenae; deserileti comipositions anf mektiodsifor eral mtxaﬁgﬁmmmmaanon
herein b ence, describe. mnmto - hased

v StsBiekeBpTisPhERE Bhnec T e a9 Ciop U g VLA pietopbages

USBS ethPlol AR aMAEEoR %?‘or!ﬁﬁfnﬁplgﬁgﬁbﬁﬁ(ﬁ T Vaéﬁﬁafég)ﬂi#&ﬁpens tested

sol i d-phase 8-ner random pe rary to
i qentaipmsmotopesnandapitoprs ef thecngmiciem! imti-BErmbibedyt ]BS(W17

Si i | anpbodien b e Brestion ingre GGy PEROs g hich contin
| A op Rt L n R Bofes Bt PrbBulpr gy, gl s

adddividua] rfinestopeAP2A5 A/LP coﬁ}trgate'ﬁ whfﬂ’(u Afdke up these vaccine
30:128-135 (2000), the entire disclosure of which is
i FOBMesitigns Rndbe a6 of these ageitifc eompRskions e elicit immunological

F%%?lkés agﬁﬁst%ﬁgclﬁ@&ﬁ%gﬁs or%ﬁtlé:)erlm?(! et nan®F Mimotopes may also be

polypeptides, such as anti-idiotypic antibodies. Therefore, in a further embodiment of
the invention, the antigen or antigenic determinant is an anti-idiotypic antibody or anti-
idiotypic antibody fragment,

The invention further includes compositions which contain mimotopes of the

antigens or antigenic determinants described herein.
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conpositions tested contaiéh m not opes and epitopes of
t he nonocl onal anti-I1gE anti body BSW7. Enbodi nents

of the_jnvention include vaccine conpositions, Lﬁh
cont ai MiFOHPES gE Pattivalar agss maibn SFEgitehpnyd ‘%Sa gd by any

inst Lcuk af: i 0 Vi o
i R Gyt B s8R ing BF b 2Biac Blek bRl tibroric
veegide, WO Teas) theantire disclodihe ob sehie istihegporu@d dieftn by
conpositions to elicit inmunol o%i@lci:al responses, agai nst

stséaraacy Sptcryian of suehditrntfsnvidl disndiernenfermed tovideiify peatides

B R @ oneRiE i PhtESARs HHEL oA RMBLE it Blantigen,
I nvent MamotdpRe s@fiblIRPuR in 3Bt difCEirepSiaidRAE BF R RivenfolMay be

anti-idiotypic antibody or anti- idiotypic anti bo%y
f sgprencircder peptidésavidimotopestwitichhave lingal eroprsular peptides may be

oA bRt oA R OB e oS B AT B LRAGepeslvely, by a
29%@@35%&%653@903{@07572 63 M not opes of

particul ar antigens nmay be generated and identified by
any nArbeggasfedrabave ai mioibed phhumbe [gT mémoiones afd epinpesrhave

pepti.ge .di spl.ay libraries (see, e.g.,
050t ik Bl e snortin gt b 1B molecules,
i r por | ) : r :
T PR TR, e b EMOEdimers, A pinp S0l porfii of the
Sinwhnttdn Mchediet conppesitams drieh atitit kadinasuitdogicdd response against
S&?Cifi ity f(ﬁr ? parti Ia{ nti gen. M not opes
simmyppglobigmaleulesiega gl molecksPosi ti ons of the

i nvent pQQ: i ' :

M ot b SRR N el (AR B8 ol kb3 RERIOHAE somponses jctude
| prokeiak, tppoteon sutahits,adonmitsecfi [gh nodaiifes) algl mimowpes which are

particles and VLPs, respectively, by a bond which is
nePahlepdplicingpypductipy odentibeiesshavang spegiicity fonlabanolgsules.

h - . . o
WPl oIR8 A SR SIPEP R yaBiRTodliRldch} S be
midreed! fesm IgESaslectleg of thAORETes HHB whidhihe, contposigibh dé o be

enbodi nent s, vacci ne conpositions, of the invention
i pinipirteredn s kR, dNREHCesqmnosition inteRdadofos gdmanistration to

G815 5 R Bk B S Foron

SuEotd MiAOlE Which RESPeAtIE of ElivitlittEnm b ALd) Fesponses against
protein subunits, donmains of |gE nolecules, and

nhwenlstsmaleceles.are  capabl e of eliciting production

O 2 PGS B SR B SETR et

V 8dfinieraBiBARARIntAnd W1l ¥brltdin BBleast one portion of the constant region of the
IgE heavy chain set out in Accession No. AAB59424. In more specific embodiments,
IgE peptides used to prepare vaccine compositions of the invention comprise, or
alternatively consist of, peptides having the following amino acid sequences:
CGGVNLTWSRASG (SEQ ID NO: 30).
In additional specific embodiments, vaccine compositions of the invention will contain
at least one mimotope which is capable of eliciting an immune response that results in

the production of antibodies having specificity for a particular antigen. Examples of
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humans will often contain ®#he or nore portions of the
human | gE nol ecul e, and/or one or nore m notopes

whi ch are capable of eliciting i munol ogi cal responses
agaitmsopes hdi hghh swigpBlenfol veauindbe preparspiecof vasciomiooniposins of the
vacci ne ¢o d%siti,gnjﬁgf ttgﬁe O’:unventi on intended for 25
adRTFRISE itidsrpeptdssimeing My followgis amino a¢idisedicpesne
portion of the constant region of the |IgE heavy chain

set _out _in Accession No. AAB59424. In nore specific
enbpdi ments, |1 gE peptides ysed to prepare vaccine

conpaginidioms Of the | BEENID PMigRsitHpd S€, OF SEQ
al ternatively consisfpgj, peptides having the

f ol lowingam noacidi sequentes: f‘m./!\!LT\.'\BRASG—(—SEIgﬁg—
NO {30). 30 In addit|onal specific enbodinments,
vac:[NJeIR&)fWUSi tions| 8t the| VREAWRENXQY || cont ai|n39 at

| eap RNHRGEH WSt ope wnB2Zh i s| YABEACGYGERB i citing [o40

I MURSRSERPYWIANt hat | B®sul t $ GTVSTII®E producti on of4i
ant | hadilegshawang speegyfici ypbaryayparti cul ar

42
ant | gegh g es of | WO 2004 PCT/ EP2003/ 007 py7 2
64% | gE §'5table @ﬁkinthe : 1
prep [ acci conpos]| 'nvenrti n
el ARG g ik :%(é&hﬁ'ﬁ%v%cid P
seqp SWSKEEEt ope BEO | D MSMIERIRRT NO I D NQ 46
| NHRGOM&: BimuidpPVWRFYQV 39  RNBRGYWW 32 VWWIACGYGRM 40
RSREUBREWSBGLETVSTLE381  VNGRRERAER GYWNOSBPW 4248
CEH3Eprtope QPAFRSEG 43— VNCPWBRASG 35 -WaVIQGR 424
VNLTWSFGLE 36 LTLSHPHWLNHFVS 45 VNLPWSFGLE 37
SMGEPDQTLR 46 CEH3 m not ope VNLTWS 47 VNRPWSFGLE 38

GEFCI NHRGYW/CCGDPA 48 5 Preparation of vaccines and
i mrunod@eraratigpsoipacarstaad iBphagEenAP205 are useful in

generatyng, %gtleﬁgph%gg RphosER USe%lrﬂqn generating vaccine constructs, and

render antigens attached to it highly immunogenic. The present invention provides

- UT

methods of attachment of antigens to the AP205 VLP. In one embodiment the antigen
is attached to the VLP by way of chemical cross-linking, using a heterobifunctional
cross-linker. Several hetero-bifunctional cross-linkers are known to the art. In the some
embodiments, the hetero-bifunctional cross-linker contains a functional group which
can react with the side-chain amino group of lysine residues of the VLP, and functional
group which can react with a cysteine residue naturally present, made available for
reaction by reduction, or engineered on the antigen and optionally also made available
for reaction by reduction. The first step of the procedure, called the derivatization, is
the reaction of the VLP with the cross-linker, The product of this reaction is an
activated VLP, also called activated carrier. In the second step, unreacted cross-linker
is removed using usual methods such as gel filtration or dialysis. In the third step, the
antigen is reacted with the activated VLP, and this step is called the coupling step.
Unreacted antigen may be optionally removed in a fourth step. Several hetero-

bifunctional cross-linkers are known to the art. These include the cross-linkers SMPH
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antigen 10 is attached to the VLP by way of chemni cal
cross-1linking, using a heterobifunctional
cross-linker. Several hetero-bifunctional

cr O$sied)] DIMES-BIEY, Suko@MICE 0SuIREGRMES, ShlfoidEs Sitér-SMPE, Sulfo-
odi nent s, the het er o- blfunctlonal cross-1inker

c o?'MQGw §VaSB, bt M@lherg@rgwphmws:wml@ldﬁ feegrpmplg finm the Pierce

eS|dues of..th
2o, oy TR PR, B (i EL A% BERME MR RGs i iR pactive
r et%W@.Hﬁ aﬁﬁﬁdﬂ Elby arld) @fefhetiohBl& oYy abdcibt ﬁ)vﬁaﬁ’(ﬂs fteine residues.
reacti on by reductlon or engineered on the antlnilg
ge. Another

ath@]boV@manmqneé p@@s-hald@s all lead wibmnatipo pf o thinethedi

t th d
e ot B fiRert biBbie e Bt o b RGM GRS (R iirrsd By the
C r@&@ddcluah ®F o deh&idarlﬁﬂtugé b&vebihe ahBSHtandRhd VLP rhpon coupling,
activated VLP, also callTed activated carrier.

se@masihsk@pbelqmgi@tottbu ctase selude fitaeaxampple SPé)R)mb&uﬁu-h@ -SPDP

TRy gt ol S dng plbh VL Ml SResdinfpntin Spipblenced by

ﬁé %Q e¥lhontA Mndifofs §1§&1pas' the ‘E@héeﬁgaﬁcﬁleof%ﬁldf e reaction

step Unreact ed antigen may be optionally renoved iIn
a pavtmersiths xqess cﬁeme reagenteventbe othed, thepH, ﬂlefadmperamre and the ionic
crossgthll nkers own to.th ese i nclyud

art .
o rERe; Fids eIl B840 Iﬁéfr? 198 05 912201 ?@nstry The

gﬁeg%egffgghplé%uﬁpﬂéwﬁo@% 5%@.&? %@ %gﬁ’ﬁizos VLP can be

ot duusteclr b§ sval'ymg e]nes eRpetinhand] econtiitione dasepibed fabove tthianatch the

Pi erce caI bILRockford IL, USA), and

h ar\?ﬂwgew Jh@:vqcewai 3(314 iy ofdheantizen may Hapess adimitasion on the
ﬁ#&ﬁlt Qf]&h’c tlfa't' @&gﬁ%l% A3 g\fbﬁﬁm dif Wi%rsg ?asgiwpere the

el ne re a ove nent1 ored cr 0SS-

aI dbthieat] vha:nﬁeo ﬁﬁ&tsbﬁibld}fre&ldi @ BRbudt 6K agezend\HRE R@bunit is
cI ass _of cross-linkers suitable in the practlce of the
fidigln i s characteri zed by the introduction of a

S'OEBI | ngne wPBESEARUIREN b nfithy W APEY VigF inte 1iRER ofa
| NgideiRsidae oﬁ&ﬁ@ﬁﬂf&e%‘?@l% APDsSULE With foRiio reﬁlﬂ’h@cﬁ&&k antigen.

The extent of derivatization of the VLP with
crlasswome; errkgdiments tengineering o€ ed aming aciddinkengontaining a cysteine

o aEr Bt e Ry O kB et B VLB G Al RhRE  cysteine
I SRAGEHE inB¥@hcell féﬁh&tﬂﬂrqﬁserﬁ&?orﬁﬁhtaﬁ&?wﬁﬁiﬁﬁﬁé Aliiges and

the Tonic strength as is well known fromre€action
t heory |In 1 frgefeired endfodongunofc thehprese ripventios, thibe gomposition

of CORRGS %ﬂ@ne%aqa%ipﬁa%{?rgﬁe@a&?%ﬁ%gn@f g et s bound b the
ik AR A o ST e fgﬁ"*g‘ﬂ”e%yway of

arﬂtil@eunmyvalﬂm beird. The setedtmhioftheamitdweid lameuwﬂl ®f dependent on
en t can be coupl ed on each, subunit, and in

t h g a @qmggeél, s biochemical properties, such as pl, charge distribution,

or glycosylation. In general, flexible amino acid linkers are favored embodiments.

Examples of amino acid linkers are the hinge region of Immunoglobulins, glycine

serine linkers (GGGGS), (SEQ ID NO: 49), and glycine linkers (G), all further

containing a cysteine residue as second attachment site and optionally further glycine
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a 20 lysine residue on the6surface of the AP205 VLP
with a cysteine residue on the antigen. In sone
enbodi ments, engi neering of an amno acid Iinker

c oigsidpes. hbhafollpwing are exangdéxhfeutloamnine aaitt lingers: f or
coupling to AP205 VLP is required. Alternatively, a
cysteine may be introduced either by insertion or

it at | onNWeinihi) daliin AN CGIROTHESPR (BIGTB NG L MDodi ment
of the present ihvention, the con§03|t|on

conpr si segemnnargammatiRK THEREPCGRBEQADEKOy 51)sai d

' i.d Ii, [ h I
RS NN A
eopect bbbt SRS RS REG ORISR 3

The selection o a T nker "W

dependen¥-teminalptydhadt linker: GCGCOSGHBEQENN®E4) t S
bi ochem cal praqperties, such as Pl

L1 €S, char ge
di st ri butiteyainal giycine luket; GLEGERG GS}E%H?]N%a|5§) flexible

am no achd.Li: Al € { ] .

Eram o o R G U ORI IS I 3o of
| munog ehetniing gl@hineclysiae lislesri O6KK G&ESEQ ISFRFS7) ( SEQ
ID NO 49), and glycine linkers (G" all further

contai ning a cysteine residue as second attachnent

T T T
€ Xl htesh) Afnkeid Gl 1T NG mASIsth1 th@ﬁﬁftﬁfe, o€ GE8 ifdM-terminus have
ganetal : CGDKTHTSPP (SEQ I D NO ™ 50) I gamma

C-term na
1:shprrpr bppednl SEomarmindigants, Blyditeaesidwealwil derimsefed between

RV RREC SR eaein 9 Repsidsy sSsond bt ey i e

li nker : i EIif |
| : ﬂkg: :Pr@%ﬁ@%hlgbég%élng (NNgle glglgno(égcfféfrﬂmc? %t?l QlRdMom the group

gloposisiéng 98i(meCGiGH b)Y N-t@BHKEQaERO1 HIDKNO (c)E)terntiflal gamma 3-
e St S G i 2 55 G r-1
Ot o 50990 o) MAKSER i, ks
ha{C(EN el (GO GRS )uwith w=0-3, h=6Sren-rb@di0RNSEQ I WO:a); (i)
Gt A GINES € 6 e ) s3mmr Gl B oiviminel rommashinker
e R e e
(4p) -teeninkhglycigasvrinellikernk &);(G)AB)EGEGS)NE), CI8NWith3n=0-3,
k=0-5, m=0-10, I=0-2, and 0=0-8 (SEQ ID NO: 96).

In certain embodiments, the antigen or antigen determinant comprises a single
second attachment site or a single reactive attachment site capable of association with
the first attachment sites on the AP205 VLPs or VLP subunits, respectively. This
ensures a defined and uniform binding and association, respectively, of the at least one,
but typically more than one, preferably more than 10, 20, 40, 80, 120 antigens to the
AP205 VLP. The provision of a single second attachment site or a single reactive
attachment site on the antigen, thus, ensures a single and uniform type of binding and

association, respectively leading to a very highly ordered and repetitive array. For
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(OkC(GMS)I(GEEES)n withem=0-3, k=0-5, mr0-10, 1=0-2
(SEQ ID NGO 94); (i) GCC (k) GEC-NH2; (1) Cterm nal
gamma 1-linker; (m C-termnal gamma 3-1inker; (n)

C- et _ y . : , o ]
S QU hen By L) oot o
gl heifiret aftachment|sitakandssysteipe- (aSpreeSnd(BEGER s{t€)ifEtaR)ibn, it is
ith n=0:3 =0-5,. m=0-10, 1=0- 2, d 0=0-8 (SEQ I

NOPEYBSE, Tecprianie gl s ar B e Biscy@iOnthat only one

antyne A-1d8E P&ﬂ'lfﬁﬁéerﬁ ARpRIBE: b P Wi c§{sge§ Qi due is naturally or

attachnent site or a single reactive at nent site

c apaibhatullyapesaitaon ahe vantigen,t isecdfabkt ofithiadingemid associating,
sites on i he.AP20 r VLP subunits, respectively.
Thispecdiiely, vihifodRP oy S apdihs B astimanh g innkthe AP2DS VLP,
asgRpeERN, respectively, of the at |east one, but

typi aIIyB’nrmre than one, preferably nore than 10, 20,

40, 80, The6ysteitd gsidse proschiien BO aniizRAhadoMe infifsreduced state to react
provisi on of a single second attachpent site or a
S

i Wahdhe heterprbifnctignaberpstd ikeren the agtivieted VAR, thybis a frepepsieine or

en ; i hal e [ t i ndin d .
o084 AR SRUULIAIREIG B B G e st
or daerdhadydieipedidid tv GurrtioBds sebsHd MELEEM 5RO BB oxidized form,
PCT/ EP2003/ 007572 67 eisanple, if the binding and

astseramplenf it istopaing adisufids kridees wduasiontof thisgisokfidg bridge with

| [ A the first tach t. sit d tei -

R TI AR PP b A Bl LE) on, cvsLerne

enAuh i erit bf ARCAHERR ¢S thwi A oshisp Bg ek ra%t&%gﬂh&ﬁ)%l Cross-
f h 'y C ue per

of t he i nvention, that on one sterne resi
anlinkpagcdrdide pethd erdthoddesdribed abive, djotsaionplingsf theigntigdn to the

o B T oL e e s i Ol B A ind Gpsaatisshan e AP20S
i t; fir . ' £
RS, A I Sl AT O I e i

pr eaxbodiinvide HIXC, antl NS, Tirsantigerber dmiged GetenlinaMongt déEbe first
to.react wth the hetero-bifunctional cross-linker on

t hiiolgted thiough yeaption, Har example tritieSAY4s SAT of imingthiplane. The
: . . g . :
TS B P R A B P ot

r ethedAR2050 VLBt followaSABECRPEatbn af HEdicess thevlatfon Ragt, the
oxidized form for exanple if it is formng a

di anfigen @& apligeagisterminputisireastest with the AP0 YLB grdviowslyeactivated

Wi e. g DIT. TCEP or 3-nercapt.oethanol .is required.

e PR roc e Y el PR ABBJS Rt rociie D, and

hetlefcforeidispRe ingAnRhst©hO8Seveal fuhdHoBhl R6GRERYe foNaldd@ysteine

met hod described above, allows coupling of the antlge%

t orelslﬁ]@eS,AG’Zidl_ich/_tlﬁ thiolaed antigentoz dinfigerhiletermifiiteran react, such as

rre}lehsgrqgedo Ilbot\)rle.n&ng&atllg,e lo%vngﬁl l?nr'gs E)P atrlg ucioﬁzzggSent are included in the
reaction mixture. In other methods, the antigen is attached to the AP205 VLP using a
homo-bifunctional cross-linker such as glutaraldehyde, DSG, BM[PEO]4, BS®, (Pierce
Chemical Company, Rockford, IL, USA) or other known homo-bifunctional cross-
linkers whith functional groups reactive towards amine groups or carboxyl groups of

the AP205 VLP.



VLP i nclude nmethods wherein the antigen is

cross-linked to the AP205 VLP using the carbodiimde
wWERD4/0a15@8 NHS. The antigen or antigen deter ni NROT/EREY3/007572

also be first thiolated tkBough reaction, for exanple

wi th SATA, SATP or im nothiolane. The 20 antigen or

antigen_determ nant, after deprotection if required,
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above. Optionally, |ow amounts of a reducing age
i nadtivaed anfigerher antigercdétenminamnt isuseparated fodr exces®sduidds periodate,

th ti ' Lt he, AP205 \VLP usi
nofit B S B SS90 Ve e sae lbenos eeipg VLP o
rocitor g, L Ceny-brageRe RO N SR ANED gy acenvae

10 cr Hwsti@®! gioupemsthevantiden fon antigenniter@imuy $orrexagiblevs described by

t owar ds am&gf %‘r?@,ups_or carboxyl qroups of the AP205
VLIBCTIREBSOm (2 A oBrAE 3PS Ferg g et s gemig §1qsp Ing..1San DHego, CA,

e [ . j 0 ' eferm nant. is.

ool Spelrhcn b OF BBt 0t bETIEN Bk moy e
cacdnedoyied by adjuting ihe pHPILE&RBEbANNGhY SRS ctiBAed PublicBEh. The
or antlgen determ nant and subsequent reaction with

t hrpes deniffibpse is preferebly Sptheeriedused withsedigmpyappbrhpdtide, which
15 2T EORIa USSR SO MY A e AR PO s o

oXi
C athb AIPPO5 AP dFRif ef 1¥ast b1 ofitle) APZU3 AR subahR thay BB tdagRA with EDC
antigen determ nant with one or nore al dehyde

f usnst  difardragydepich Thedipic acid dilalrenyderioi yjeld hydrazide moiety
o B A b R G b e R RS kot o he

Whghiohted lauBiditor Aftige @8teRhink e TREZ0 Porled
| east one A%’ZOS VL sublﬁniltn are reacti ngh\%l taﬁ&iehﬁéay be further

20 presduesdstith sodiume Qb’aagthhlmﬂgideuar?aINebnmb a«lgivatepl antigehloeantigen
antigen or _antigen determnapt, .for exanple as . _
oLt B e Aot lachude funk ionsl gioyps ligeacted with cysteamine,
TeiltifsBsthe AR In IFa8Fsteihd gro\\/lg ?gigxe %ﬁ%&gﬁ gigt} gen ¥erminant.

Sel f polynerization of the actlli
anaildjéonal etoss-hinkiangmetteds bad crossliniekd, ewltable faglhiuging B@antigen or
the pH as described. in_the aforenentioned publication.

THERUIZER, fetergiagnite & AF2QY VILE, ssrvalbasayidanes on peaforming feeepupling

' ' ' ' ' bs. tl .
2 0 Y008 s SIS i SR v
c aprbeedytesgan bp founk in HeenaNS3A) %, VLR Bibconfugate he@ké%%ué&[‘ﬁcademic

of the AP205 VLP subunit nmay be reacted wt
Press Inc., San Diego, CA, USA.

Other methods of binding the VLP to an antigen include methods where the

VLP is biotinylated, and the antigen expressed as a streptavidin-fusion protein, or

30 methods wherein both the antigens and the VLP are biotinylated. In this case, the
antigen may be first bound to streptavidin or avidin by adjusting the ratio of antigen to

streptavidin such that free binding sites are still available for binding of the VLP,



and a di hydrazyde, such as adipic acid dihydrazyde, to
yield a hydrazide noiety available for reaction with

wo b@4o0ms30r nore al dehyde functional groups prBSERP2008/007572

10

15

20

25

30

the activated antigen or antigen determ nant. The so
formed hydrazone may be further 20 reduced with sodi um
cyanobor ohydride. Alternatively, the activated antigen
orwhinh isgpdded tehenarit napt Aldrbdiivelyealbcommmenia In@lbysdﬁmd ina “one

functi onal reacted with cysteanin
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o SR 5By RS ETE HL r
t hirsus aska chéiﬁlcalngrbgiﬂ’e bive therefd; (9ta QOBREY Broup and a chemical

a
streptavidin or avi yadjustlngtheratlo of
arfrpygersagtive therety aad (1ip aombipptiantherepf.ee bi nding sites
are still available for binding of the VLP, WO
2004/ 007538 PCT/ EP2003/ 007572 69 which is added in

t he nemmﬁmes@bﬁs@gnatlvely, all conponents may be
mxed in a "one pot" reaction. O her |igand-receptor

pal rs W@en@u@ letxml ef fmmmmfespbmerlscmmaaﬂmamg ddctor of this

74 ot Sl pu OB of e T B RR g i unetegngnse may
asvahay aé*domnggs hé dfsease,ba&efdmgf fohﬁm%dﬁmw RRIUG WA (k€ art. For

In & preferred 5 enbodi ment present 1 nvention,
saixdmple; st imndherespminst sgatshen atfediobsregdant snatye&rrqﬂaely prevent
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bi
o 410 G B ol
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pepti des; no group, and a _chem cal group
r ers 50y dhe Wé‘PB?foOf lpar)wc[,;alédn @osawlailen g¥idusyrantems; or reduces the

ek mAsi r&u du¥ %Igétﬁegﬁﬁlpar eQ‘ W E)QHS%E %éal?st cancer,

group an em caf oup reac i've ere

a adlergensai Sedﬁanhgaisaﬁﬁy cdnipl&tél? tiSRPdiNSes nidyall8vibtesgmPloms, or
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t Hnay bejonedpcst ingaypverall thesapsati mwvmxoe@a@nm dssease For example,

R 6 gD, 85 RS SRR s,

K mhwﬂxotlﬁra&ﬁ@n@ k4diolbgic, hormonal and other immunologic approaches in order to
affect treatment. '

Furthermore, it may be desired to stimulate different types of immune response
depending on the disease, and according to principles known in the art. It is well
known, for example, that some immune responses are more appropriate for a particular
antigen than other immune responses. Some immune responses are, indeed,

inappropriate and can cause pathology, such as pathologic inflammation in response to



exanpl e, an i mmune response agai nst an infectious
agent may conpletely prevent colonization and

WO eHioemBs on of an infectious agent, affecti ngPCHERIN0S/@07572
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her el not desiring certain specific immune
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in td ' et .
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affected by the nature of the antigen, routf of
i n@l.lq;glggp@c&@ng;,rqr@tmygt%B@bc’)loglg é@p@@gg@@nﬁé qﬁgﬁ?mple, cholera

B KIS Tl DO A s
20 knawhee gempRtatbinds adjRaritmownsidtred Amappropriata foriuseinhemans,

response ma% be tailored by 10 the application of
bofmuarher RfbamartinE Iy bseamponpnts it castprlvacrips 4or gxample, tetanus

Whi | e.pot, W shing t .bo b rFyo rren
 mipaRid crhabied Rt ThsR AbF cor phap okl st & bommonly
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pastdhonliadividualmay paseess mbigh lEvekafipye-existing imaaiiyde these carriers,
kno LN the art .includi ng BSA keyhol.e |i t. .

25 hoity i Bt St dregeer s fens WE iR g relatvely
Pr gBitdd Smnfife k&fpBndeQ¥ b carrier than to the novel antigen. For these reasons,

individually or as a whole, the use of AP205 as a carrier protein may represent a useful

improvement over current carriet proteins. An AP205-DerP1 conjugate composition is
able to stimulate an immune response against DerP1 without the use of complete
30  Freund’s adjuvant and without evidence of pathologic immune responses.
In the use of AP205 as a carrier protein, it is possible that AP205-antigen
antigens conjugated to AP205 can be taken up by antigen presenting cells and thereby



Pseudononas aerugi nosa Exotoxin A and bacterial pili

may be inappropriate for use in an individual, and in
w@aootioec1sBar a human. The af orenenti oned carri ePST/ER3003/007572

induce allergic reactions,71or stinul ate pathol ogic
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25 Thetei nvent i on provi des VaCCI ne conpositions which
maybe u ent | and/ or attenuatin seases
or condf%arn(?h?r er%% lfnﬁ{}te I%Vﬁn?‘ﬁﬁl't’rﬂ‘é‘tdei)\la(%’in&%% e prevention and

vagedtmdhi (FRancer in a wide range of species, particularly mammalian species such as

human, monkey, cow, dog, cat, horse, pig, etc. Vaccines may be designed to treat all
types of cancer: lymphomas, carcinomas, sarcomas, melanomas, etc.

30 In another embodiment of the invention, conjugates, compositions and methods
of the invention may be used in the design of vaccines for the treatment of allergies,

Antibodies of the IgE isotype are important components in allergic reactions. Mast



met hods for preventing and/or attenuating di seases or
conditions in individuals. In one enbodi nent, the
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at t.aini ired. T 5 .hel per cell respons T hel r..
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25 i nbrdeorandudiain ypdar ipottens, hoesgpdss eniteShusmmallanisiidgmahalergens

O SSPI7E) S S0l B, 238 e, i sl
kgg@ggﬁ%/%g}a&g; f?% 6r &gt 5. GRHRRE O Shbilh, A &31 38vbYcTON'S
PHARMACEUTICAL SCIENCES, 19th edition, (Chap. 82), Mack Publishing
Company, Mack Publishing Group, Easton, Pennsylvania (1995), the entire contents of

30  which is hereby incorporated by reference. .
In specific embodiments, the invention provides methods for preventing and/or

attenuating diseases or conditions which are caused or exacerbated by "self" geﬁe
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prevented. Since the allergen is presented by VLPs

whi ch are recogni zed by a different set of helper T

C%‘! \f%xﬁt'rh@:nrr L, —:*r\a L«? ‘ ’g‘j ";‘fSeJ. f ’“;'iIE*”.' 2 bi" i i _tﬂ_e i t d
alﬂr%‘lf‘ij'é°n‘="§p’e1ct%i§f"r %:MI %%Bg&nigrﬁba?’eéclwmit%c%e% ¥eiun1_ Y
e\egthddim adth, @h@inCentiod ipyivides nssthads Borih g iy iemendoddgisafiresponses
TH2 cells specific for the allergen. The presence of

hiig indvideelnthichileaddo dre repychpe p%@%ub@éwﬁ%tmﬁ‘@%m or attenuate
bi pdi_n 0 .l erge eld h §

PR on S oniO BREAR S Ry URRE PRy U el Hroa il T bl of

ofsubly @isasdck b dbBtidR)ndnd gaft versophbgRised] kifsthediated allergic
allergic reactions. Typical substances causing

alteantipnesanaplstlads agult respisatant distress syilrerae, (Felu ' eisease, allergic

e.(g. grass,.ra 5, birc r. no i n. cedar
i 5 R ARt PR RS ofphoms v,
al Bk e B ease AN Ath By MRNHRIRe distiksel, APakticaRGusiis, byaGadit lupus
bodi es and i nsect venom hair, saliva, serum

f eaythemstosioofPLds), dimmsnopeoliferatipenilistasei hymshwdesipethyh, (IPL),

H, | .. REM.NGTON. S . PHAR AL SC) 1
e ORI QT PO} e NRREY By SRR enopathy
E%L}”’ Bl eha5iQ Hﬁhrfit%?g%gﬂﬁs_, RRMRY %161'&8&@, otk bdsis Eﬁlﬁ%lzheimer's

ré contents o Ich I's hereby incorporated by
r efisszaeice. . I n specific enbodi nents, the invention

AR Rt R i T ST A -
bYof ﬁ@{nfv'e tfin' e m&&%%&gﬁﬁﬁhﬁﬁe{l,ﬁﬁ%’ﬂ%9&%%18 ?s"'f’tion which
proéuc S xze.g. t e, rsel

tunor necrosis factors),
andon@es salass higtegs, heljiniants, lon otkdragubdtanessbwtlichemt sdesirhide for
i nvention praoyides nethods for inducing, i mnol Qgjcal .
r eispsneiag the eitipagyiof thecamposifipe nExasaples 3 merigh Sl derpse in
of i.bodi At ' .
R e o L

prREMIGTONSEINESCETICAL SSEIENESSE@a9E SA P ed ¢ Aigtkt Pabslshing Co.,
include graft versus host disease, |gE-nediated
al (18P@)c reactions, anaphylaxis, adult respiratory

di stress _syndr.one .ohn'.s _dj I (o oy
acut e | oRERBGraR g ERue BRI be B AL RiBptabler i
| yieiofdninNdation dahaMeIoleMiedGea redipleniMimliGiaNal. Further, the
aut oi nmune di seases, nyasthenia gravis, systemc |upus

er ganhositions wf thsinventiomwilh bp radmitisterediine Gherapeswically effective
| ynphadenopat h I 10 angi,oi. oproliferatjve

| BRI R G 2P PRl T PRR G PSR P SEiSHTBRBpat hy
(1BL), Theusmpifodrithd bleSent GhiRB5E Say el ddhithiStered by various
sclerosis, osteoporosis and Al zheinmer'S disease. As

womk tholde knonsie s theaut, byt witlenomially te adminigidred by injedtios, infusion,
ositions of the nt.i

arf, when c L hv n are -

S iRARED R <Y AH G RB: o Hgh PUtab R e edhds The compositions

COMROSI{ehRBv¥Y)! Gministered intramuscularly, intravenously, transmucosally,
transdermally or subcutaneously. Components of compositions for administration
include sterile aqueous (e.g., physiological saline) or non-aqueous solutions and

suspensions. Examples of non-aqueous solvents are propylene glycol, polyethylene

glycol, vegetable oils such as olive oil, and injectable organic esters such as ethyl
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suitable for use in prepar7tng pharmaceutica
conpositions are provided i n numerous sources
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Of@nhﬁﬁjeiaﬁﬁ&é’ﬁtdb@&?ﬁéﬁ said to be "pharmacol ogical ly

accept abl e” if heir adm ni stration can be tol erated

by a r dethgicamodimetitvoithainyveFiontimdnde prowesses forphegireduotion of the
of the i.nvention will, K be adm nistered in .

" CRERRPEAN G5 g Breion vl Mesdncol. pedisal ugpment ysine these
t RRBEBFHE 8Ss B HeRRESoPRYEbRh ﬁ&'f&%%oiﬁ_g%&%gﬁl destBBtion and the

conpaositions of the present Inventio
adoilowmgderideddesvdptionsse cx2play etk pkamatuny only tidaraiticnded to
but will normally be m.ni st.ered by i.njection,

i rﬂfﬁ‘élfi%ﬁ'}nhe’f ?FfPA?‘éPP%H? iyentonastlamedi i on, or ot her

sui t ablg 8 'ﬁ%h‘%@'va&ﬁ{eh@&ﬁmgg@ &ﬁ%ﬁﬁ(fdiﬂ?ﬁ[s of\fife:invention are
alternatively, admnistered-intranuscularly,

I idravay enmethogls of madisahutrasadnk Yor cahced nad allerlek yandrfor methods of
subcut anequsly. Conponents qf conpositions for

adFrapRay Pgﬁfsswes Ohepnshigonsvdich arcLaused i exacegbated by "self” gene
PhysiRtLQai cal saline) or non-aqueous solutions and 30
suspensions. Exanpl es of non-aqueous solvents are

propy! exiépgeys ahd pplicstbivytefsned tghyreidl are eRgessbinoolated by
such as olive oil, and injectable organic esters such
adelramge infheiy goldetin 7538 PCT/ EP2003/ 007572 74 ol eate.
Carriers or occlusive dressings can be used to

i ncrease skin perneability and enhance antigen

absor ptKign. O her enbodi nents of the invention include

processes for the production of the conpositions of
t he i nieratharembadimenthodle compositierl efathet presentrimientien mgy be

these .,5. ¢ itions., lt.is to be understood that,. .
oernie FEPRGIPHaE e iona befge HEMSlR Rfngs 5 dingnosi o
f Qlete@bn Of dieddel SebrdBRME I disdRdeds, SS1RK AR RCYrddRdto the present
expl anatory only and are intended to provide further

exXpyentign ingy comprise af lnsst nné eantaisergioaiaindng ohaoramoietdf dire above-
t o, vacci.ne t echnol ogi es,. .ot her enbod] ts of the .

| FASHESE OB O, RSN, JRRiRS AKR D, Poryveslss, Apdy immune
f Qhole@NELndaRdbatié L tdh&SivelErdc R agﬁhmgéh &njugh®es. The kits of
treatnment of diseases or conditionS which aré cause
orthexwemtidnahsdofipniliefuitherponprispatdeast ose addaidnalpameantes which
and@gubl ications referred to herein are expressl

y
i B OBRA SYF SBHMPCe P B FIOES FHISCR PRE X FRGTP BiRjens asie R mgre core

particles, one or more conjugates/compositions of the invention, one or more
pharmaceutically acceptable carriers or excipients, one or more buffers, one or more

proteins, one or more nucleic acid molecules, and the like.

It will be understood by one of ordinary skill in the relevant arts that other
suitable modifications and adaptations to the methods and applications described
herein are readily apparent and may be made without departing from the scope of the
invention or any embodiment thereof. Having now described the present invention in

detail, the same will be more clearly understood by reference to the following
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invention may be assenbled into kits for use in
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di agnosis or detection of 78i seases, conditions or

di sorders. Such kits according to the present

i nvention may conprise at | east one contai ner

c GHEIAS 11 aregrcipgphas With for ghampscty ilasimitiop&gly and are not
c i ncl udi ng AP205 conj ugat es
?@g&ﬁﬁ&&ﬁeﬁhnﬁQQRE ébg% %%tlbodles respectively,

di rected agai nst such conj ugat es. The kits of the
invention may optionally further conprise at |east one
addi ti onal container which may contain, for exanple,

one or nore antigens, one hapt ens, one or nore
core particles, one or %%mg%gﬁ%gates/conpositions

of the invention, one or nore 25 pharmaceutically
acceptabl e carriers or exgtRA\M7ES;. one or nore

buffers, one or nore proteins, one or nore nucleic

aci d nol ecul es, dlldningefith&k&P203 Cead Proteingeaer st ood by
one of ordinary skill in the relevant arts that other

sui tabl e nodifications and adaptations to the nethods

and apghlc n e

appar eﬁ4 an(}‘LT R éf %65? \C/jgr? % @e{ggsf %Sﬁrgn%g %dﬁ&%/l fyo eDNA
S gegenlk gtehﬁated\fﬁﬁﬁ pﬁige%PZUSYRN)’m@dlsi@fﬁ révBi8E @@hscription-PCR
Havi ng nom1descr|bed the present invention in detail,

t H@Chélﬂﬁé apfl|qlorgag dirtee epmmerojal masard tdd 4pOPOf o spaencing.

t VR 2004/ 007538 PCT/ ER2003/.007572
b RS bahi g Rnfi BB Rp Sl o TR RGP in the
i |ré1§€ahf ak, %eomsy f?algﬂmeﬁf eof@inedi i '\gaﬁﬁﬂ HEOORYG, | dBhiaindd 269
of the invention. MPLES EXANMPLE 1: Clonln of

t m@cwms up;smanmfdheaﬂh sepmiarce0d Th eudmwesﬁodmmfw thedist 24 N-

oo s A Ats8 e ihgrthy; Fotaingdif Reidinos 262

t [BAGmEH BbA ﬁﬁué’c%es E@cﬁﬂg‘fcﬂ YRR HRidsh 215 06F dPadd additional 162

comercial plasmd pCR 4-TOPO for sequencing. Reverse
tmnlsmdeptdpwnswmhnfmel& seqeenvel | known to those of

fr gig rohe BT s RS bes oA R B REdsE Fsoksgh CP
HEhiS ?fdnggﬁ(sjll&i%tﬁf?o 2 ﬁfam% #3@5?%22213 %_H@ i1 leﬁgﬂiﬁ P ’ sequence,

nuc?eotl des term
adimgstéarh pemePpl Fheosteinordhé Negivita for chattgintesiasmid pQb185,

DA i e a0 S b Sy el st Bt
R R R
bahdresiHction enzyme underhned)

pl44 5°-AACC ATG GCA AAT AAG CCA ATG CAA CCG-3’ (SEQIDNO: 59)

plds 5’-AATCTAGAATTTTCTGCGCACCCATCCCGG-3’ (SEQ ID NO: 60)
pld6 5-AAAAGC TTA AGC AGT AGT ATC AGA CGA TAC G-3’ (SEQID
NO: 61)
Two additional primers, pl.47, annealing at the 5’ end of the fragment
contained in p205-262, and p1.48, annealing at the 3’ end of the fragment contained in
plasmid p205-246 were used to amplify the fragments in the first PCR. Primers p1.47



20 fragments from plasm ds p205-246 and p205-262 in
one full-length CP sequence. An upstream priner pl.44

wa@oeonuadTBg the Ncol site for cloning into pl apai/drmgebo7s72

10

15

20

25

30

85, or pl.45 containing the Xbal site for cloning
into plasmd pQb 10, and a downstream priner p 1.46
containing the Hndlll restriction site were used

( PEE By ProrPaRlguener 1BFachaiBy estriction enzyne

updanl ”-?Aggé%]{i’%;\%ﬂrgggrﬁﬁ%&@fx%ﬁéﬂf‘ﬁ%@&ﬁ@ﬁﬁ@a’

5 SEQTEQ’M@A@Q’)TTTCTCIII:ACCCATCCCCI}B (SEQ ID NO 60)
- AAAAGC TTA AGC AGT AGT ATC AGA CGA T
( $F1£@81 ﬁ -CROAGHYGEHCHvic\ el A DB RGN Ter e s, GEIG%TCACTC-T

a the 5 end of the fragnent contained in
gg@@;@g%oaﬁ@ pl .48, annealing at the 3' end of the

f ragment GO f89 POR rdb@sidl ¢wdIREndAf Welcegdmetbd! The first
n‘pllfythefragnents|nthef|rst PCR. Prlmars pl. 47

Wira0Bn! 987 588 RS MhoDsr90747 2nd pé.48read pampla® @9&246 The

OBl T 5 SR B T ol g 715262

( % &é%_rh@rcs %e Bséd #A%mplates for the second PCR reaction, a splice-overlap
GTAGI TGATAAACGA- GTTGGATCACTC- 3"~ 5

( $E(§nklbnj\l®1th68€) ptnmer bembinatim (phd S RER plekoari pddst andwd .46 . The

LEnERat 6f th P Seempaton, PORDFestib R wars' GRS RoWIR el or Neol
D%QSEPE &4\%1y, Téﬁgﬁgﬁgﬁ p%f_} ca@em&l ﬂa@§a:gs REHARH s‘Me§ fito pQb10 or

primers p and te ate p205-26

Bqi(b185 agspecthelyerepGisidedesised @np;dsabﬁseoims uideeths emﬁmﬂ:l of E.coli
PCR reaction, a splice-overlap 10 extension, with the
prtﬂf?éqphéﬁﬁﬁﬁfﬁﬁﬂ’ir‘ﬁﬁmﬁrl 45 and p | .46 or p |.44 and p

14‘9? Plag—lﬁ?ds W@ GtGine 8" @3@3 Lwe %g‘iﬁ%%z @(fhtf g the gene coding

reactitons, were di ges

r %EWtAMSyCPa(rﬂEQ-IIIIDM)J 1) ﬁnﬂleOgrmd PARIS1£32e(SBQTED NO: 4)
restriction sites into 10 or

185
r eeoptEning &qnucte@ed@mw&é pf veq IBMS ({_329% eypodjng o3 the mutein with

oraiatF PR Fihayiie e i icocid {YPARRAASEERES B 3gn pabss
( SFQ dob P¥6tedd se@laéﬁo@s Wbﬁégrehﬁ&l IEMSAGeglicncing. PP286-5008@5ins 49

CP (SEQ1D NO 1) in and AP8132(SE I D NO
symuckosie mpstrgamhvéthmET@@odmféh@EBn@@Nr@tre%th el site, and

f. h
LR D o Bt A P R

pQbl1l85 . The coat protein sequences were verlfl ed by
DNA sequenci ng. PAP283-58 contains 49
EXAMPLE 2.
Expression and Purification of Recombinant AP205 VLP

A. Expression of recombinant AP205 VLP

E.coli IM109 was transformed with plasmid pAP283-58. 5 ml of LB liquid
medium with 20 pg/ml ampicillin were inoculated with a single colony, and incubated
at 37 °C for 16-24 h without shaking.

The prepared inoculum was diluted 1:100 in 100-300 ml of LB medium,
containing 20 pg/ml ampicillin and incubated at 37 °C overnight without shaking. The
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protein mRNA. EXAMPLE 2: 2% Expression and

Purification of Reconbi nant AP205 VLP A. Expression

of reconbi nant AP205 VLP E.coli JMLO9 was transforned
wirtdultplgasoind ipARDSR Wa8dilGedr :56in TBY magiing conteigingth dnfotghicose
20.ig/m ampicillin were ipocuyl at.ed with a single

c i Ryo-TbAR TorRuftapednd B hicas 1 %&V@%glﬁ@nﬁ Yl il veers
shaki gdd Heculdmosgs diluted 1:100 in
1%&§8%drlr)}%§?tﬁﬁ%%ﬁéd%m %%c?nt aining 20 g/m

anpicillin and incubated at 37 C overni ght w thout

shaki n% The WO 2004/ 007538 Pg{; EP2003/ 007572 77

r dbul t iTvgiisadonet rerRRinaRARZES Vil ut ed 1:50 in 2TY
"?’?ﬁimng%%@gﬂfg ;g 0.2 % glucose and phosphate for
b and 11

ering, i ncubated at 37 C overnight on a
shaker .Lysgltugfener e harvested by centrifugati on and
frozen at -80C._ 5 B. Purification of reconbinant AP205
VLP  Sol0mMdris-HepB &t add: SmM EREAs Olipf er 50mM

e R e

anmoni yfl.sul phate in water 3. Buffer NET. 20 nM
Tris-HC, pH 7.8 with 5mM EDTA and 15 150 mM Nad . 4.
PEG 40%4% v) pol yet hyl engl ycol 6000 in NET Lysis: 20

Frozen ¢el | re resuspended in |ysis buffer at 2 nug
cor o Shurded R ERERR N U h 25 ki five

tiqres fogs Ngeonds, with intervals of Imin to cool
the solutionon ice. The |ysate was then centrifuged
for 20 B0mMdyisatCLpHOO® withdmMHAIXBAand F34- 6- 38 r ot or
(Ependo L Adhe-centrifugation steps described bel ow
{ Ependordy) M R§ck

P

4. EG

40% (w/v) polyethylenglycol 6000 in NET

Lysis:

Frozen cells were resuspended in lysis buffer at 2 ml/g cells. The mixture was
sonicated with 22 kH five times forl5 seconds, with intervals of 1min to cool the
solution on ice. The lysate was then centrifuged for 20 minutes at 12 000 rpm, using a
F34-6-38 rotor (Ependorf). The centrifugation steps described below were all
performed using the same rotor, except otherwise stated. The supernatant was stored at
4° C, while cell debris were washed twice with lysis buffer. After centrifugation, the
supernatants of the lysate and wash fractions were pooled.

Ammonium-sulphate precipitation can be further used to purify AP205 VLP,
In a first step, a concentration of ammonium-sulphate at which AP205 VLP does not
precipitate is chosen. The resulting pellet is discarded. In the next step, an ammonium
sulphate concentration at which AP205 VLP quantitatively precipitates is selected, and
AP205 VLP is isolated from the pellet of this precipitation step by centrifugation (14
000 rpm, for 20 min). The obtained pellet is solubilised in NET buffer.
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centrifugation, the supernatants of the |ysate and
wash fractions were pool ed. Amoni um sul phat e
precipitation can be further used to purify AP205 VLP.
In a first step, a concentration of anmoni um sul phate
at _whi ch AP 05 VLP does not precipitate is chosen.
Theltomat ' pel l et is discarded. In the next step,
an anmoni um QPGS i, ]

VLP quantit a??vg%ﬂ?eg?% tates ?Bblgglsgé:etﬂé\{éﬁgﬁgqgﬁed on &
ARRhaMis® | 4B i sdlmahe@.§ 2OMQ ken)peainbetluell tithsNET buffer, at 4

precjpit tlon step by centrifugation (14 Q00 rpm for
2omm‘§¥ e oesione 3K Yeie coleged, @@é Praséiiaics Withrammonium

b uJufl ate A@QO&O&%Q\?%? 3He E’rgté;ﬁp ?g’ f/uga%z %Z ﬁ}’ §§%-PAG gd Western

mat ogr a e capsli e

S uBbt wahantaﬁusmﬁn IspmﬁbcfopAPms P bédt 9&@114 Bn@pdo praeipitdtiéh. The
X 70 cm, and eluted with NET buffer,
m palst rszoht%d:by senirifigatian was resplubyizes .lreNEa] M&re@d lapded on a

T M TR Sr—"

anlgy ¥YOSLRAGE, Bh@tfrawlddg PR5@Retes E51WRAPPES1Ed Gnd @fecﬁsﬁ%% with
VLP coat protel n prior to precipitation. The pel

i sn@peinbyulpbaie @ ﬁaﬁasatmuméf heepadlet: isiolatede by pcntnmgatxon was

o s SawiBRE i RBL R o p RO R SRR H I 3. 5% cm),
anglikg e é@/hbur/ﬁéﬁo%ﬁﬁ% fra@fibhsiic6 khaBRsd BySI99- PMEE Fractlons 23-

col |l ected, pooled and precipitated with ™ amoni
S ulbWaE@OHcct@D thessalt oormentwation Eljpisieditod €6 M st pteexjntbtpd with PEG

s s o iR ek smlen i ¢ Bndf cpnoeptiafgn of 135, The
lﬁgll%fjlsﬁfate’%l Bé? éetﬁ%céeftfoﬁ%dsqgsol y%édr g(NE]oB]&fféQe% loaded on the

anal ysed by Fraction wer e collecte
t hensabé¢phanse @B catmoras adpus tehded in theSsae mmther. Fractlons were

reiked i aDSAGE: Retenndens ?%?éﬂqpﬁlé&?qéarﬁﬁ%ﬁ&‘éd with

REA#H%B?%L&%@%&%? s i{())% A Eé‘% tirs g&'c fgﬁﬁgga{ign was
Cc odesstubidige o weater, eelndt thel obtalﬁeﬁq)rstafl‘fsdmmﬂeﬁlas Extagsivedngialyzed

were, anal yzed by SDS-PAGE, Fractions 43-53 were
c cAgainst @@ter AMEPY r1@d11$) pf pdiedpretein perrasHm @hcelld gsvid ke isplated.

© B PEAP 0SS TG B S Al vy psmom e

obWakteatblpttiige Fracohsbf @BombiaaeXARIUS VEP Yofdhé kvt gepharose 4B
agai nst water. About 10 ng of purified protein

g ruematogeaphy siepag welles of st lagt Sephargsg ﬂch atQmanhﬁf stAp’could be

eV o (10 er R A P AR e ARt iR el s by

AF’WQ@teMLlEIo@fngtVﬂﬂl dd dnfit seRBR BFIcEREoft ﬁP205 VLP coat protein.

Examination of the virus-like particles in Electron microscopy showed that they

were identical to the phage particles (FIG. 1A and 1 B).

FIG. 1A shows an EM picture of AP205 phage particles, while an EM picture
of self assembled particles of recombinant AP205 VLP is shown in FIG. 1 B.

For the sake of simplicity, the term ,,AP205 virus-like particle” and the term
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as well as by Western blot??ing with an anti-serum
specific for AP205 VLP coat protein. Exam nation of

the virus-like particles in Electron m'fcr OSCOE%U sllé%)v\(ed. 1
t paP24n ey Fiereuscdamthie dhe Eeippe S5pae THAR A BEURITGAHICe

;ﬁ g’g‘fgsg»%% @E% gpl‘gglga \%% Id gﬁgér)] Fﬁx@% E@e&{cggﬁnﬁsgcgﬁf Ot proteins

apSEADHE IMBRY dolCdeqBemE a8 68 G MEBRQ APAAHIVLP is shown
in FIG 1 B. For the sake of sinplicity, the term

, AP205 virus-like particle"” and the term WD
2004/ 007538 PCT/ EP2003/ 007572 79 " 205 a%.P", as used
"ithin tht Exanple Section, refers to a virus-like

particle expressed and ?:%U'I(i'tl)f s described in

Exanpl e 2 and conposed of coa g:r%tei ns havi ng an

am no Ghiplingd URPE .2 a dSElag Peptille Antigetd APME VLP, snd
EXAl hi?@%ﬁlotfwceévitﬁ%ﬁlpm poptidd esuplents 42205 VLP
Antigen to AP205 VLP, and nmuni zation of Mce with
Der pl. 2 Peptide Coupled to AP205 VLP 10 A. Coupling of
Dav.p 1Coupkpg oftieerphd pepitdy ameRlagipeptide teercoorhbinanttAFIRI08.P
VLP The peptide Derpl.2 (se

COl YPPRRRIRFRGS ReIpii A sodsnce, CRI Y B PRANKIREALAQTHS A 8y p 1
I D ;
B o8 11287 52k B NG 3958 ol CEUCEPBOITRBDIBK (SEQ

a 'IID-Nmmmz)%temhéﬁlicaﬁﬁ’gﬁﬁhesiﬂeﬂ’,ac@xmhg s axt-kaovin piethidds.e AP205
as _described in exanple 2, was resol ubilized in

1y Dﬂ’le pERtessed @ndrinie as dgseribed ihexamale £4yas rssgﬁlqtgl,igze% 30 mM
= S A '
CERBERAPRGENATT BR 2 R e i R R e fnpats VL v

agisdactdll 4t cenddhtratiod oBYtd/MP(REcE@Ineti o a Bhdfdrd uésap), aith 2.85
roomtenperature (RT). The reaction mxture was then

d inzViSMBHAG ireed for-idaminytes @t rooghigmperasdre R . Tihe ocaption migsture

r v o tiagiesiont 1955 Bt A Re SRF by P uu ki PG,
Westutefifit tHeQeRiRa @8t Ofors alPOURM AbckliR BMBOITRd Wupling reaction

reaction mxture dialyzed 2 X 2 hours against a
16a814fotoprocded dier 2HBSrs 4l 8°C,land thefreastion mikturd djalyged 2 X 2 hours

ni troogen. | | guot s torage at. -80C until . ..
ragrige - YelEig s0fS. nd SBRE A im LB bsnyingtiauors for
t tgg)rg}%td'tg%bd&tﬂ%rﬁf’eggg_ subunit assessed by SDS- PAGE
and the proteln concentration neasured in a Bradford )
assay. Aralifine wassthhwedyfand euplingodf thg antigart tooan P20k spbunit
! 'agsetssoed/_l\sgfzsng—\lng()}é g:ndS t! g %telirq cgrllcce;‘ntréztionmgasured in a Bradford assay.
The result of the coupling reaction of Derp 1.2 to AP205 VLP is shown in FIG. 2. The
monomer subunit of AP205 VLP has a molecular weight of 14 kDa. Upon
derivatization of AP205 VLP with the cross-linker, dimers, trimers, tetramers,
pentamers and hexamers produced by cross-linking, are detected in SDS-PAGE in
addition to the monomer form of the subunit.
FIG. 2 shows the SDS-PAGE analysis of the coupling reaction of AP205 VLP

and QB VLP to Derpl.2 peptide. The samples were run under reducing conditions on a

16% Tris-glycine gel. Lane 1 is the protein marker, with corresponding molecular
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14 kDa. Upon derivatization of AP205 VLP with the

wa@ewgmeisBhker, dinmers, trinmers, tetranmers, pePCHBRERI083/007572

10

15

20

25

30

and hexaners produced by c®#ss-Iinking, are detected

in SDS-PAGE in addition to the nononmer formof the
subunit. 30 FIG 2 shows the SDS-PAGE anal ysis of the

c owpghingndiested bwthedéft BRAZODoNLP el plade QldevivRied (PREdpsil potein;
peptide. The sanples were run under reducing

colae ¢4 B suRmEngant nédhereauslipg yeoriinn ofdDp capsidproteis tq the Derpl.2

D B e AR B B Sy
t hﬁepkigé;t fand G Q@ﬁvél%fzeé ?g’Z@S'VLf’;aﬁﬁe 9! ﬂ%eédp%?lta"éaﬁxg dr @R coupling

capsid protein; ane 3, the supernatant "o
c ogpitiongofr 8205 ¥hPoto Rl Decpip ipeptipteolamicr?, tihe pdiket REMRN capling
pepti de; he pellet_of the coupling reaction
oflj%éj(‘@n&éjp"zébgﬁg%é i the &m{lh% PeRtids. Goupling gwqdugts coprgspending to
5, thd @5upfe Fed oA ook - .of.

C e B 8 2 T s S ti3 sehephiR Y RIS Be icuted by
peptdvaen thaRigurs. A high@eluntter of egifdpeceinid bé gouplRiGtATID; VLP
of AP205 VLP to the Derpl.2 peptide. Coupling products

c bt IR ¢aprd proteithe coupling of 1, 2, 3 ,4 and
respectively 5 peptides per nononer are indicated by
arrows in the Figure. A higher nunber of epitopes

corl d Hemauadied dfenidPRR8 Dip .2 bhigiid _&uge%ég gel&%}zxﬁnam AP205

protein. 10 B. Inmmuni zation of mce wt
peYiP dealyss pf immuns nespoosbinddlgt sab3es deteftorinatival ysi s of

WP coubl 2 VP elimied Dot Habatir & SLbEdup it apentice

Deg e injedeP8Bih dice (A5hiEe LY tg 14, rf '

o bRl R AP TRAP B 10 0 S
t o Qcapaidgroteinrsingithe sanienontitiens andeseibud untiens f@She coupling
described under A for the coupling to AP205 VLP. Each

YhitaFrch asicoiven impugized withd 0ipgeofdiaceinedilutad REEBS to

i@
R G TSSO L Pl
1.3r pePersie2 %f?e FRASHERHredn ﬁFEIEllSLAxp aﬁ%fé‘]é)@ﬁ)t\}a?épﬂdé’ The Der

pepti de. The p | peptide "Der

c qubpeptide 6Dpop 1 p&2 RVsoupled $0 bayindhRNAse A usitlg the osami2él cross-

li | Q- | ith

c P RAERP el A BeiE nEreord Waliodhfen 307 i mppagesions at o
/ [ i .

e o ) g P S RO ot

dedikddadowdetsbrag Boyndbitibatlicy weesdztetbdavith enzimusellydsbeled anti-
anti bodi es sgeqi fic for ther esg_ect i ve subtypes. As a
c JRPWsS 118G pnEbaierwecibie for the respretivesublynes.e Awecentzolspreimmune

t %%}a%qtﬂeds%h% A “%&%%)testéﬁkﬁaé %8’:%'115% o esrgs% S arierghé:vlvnefn FIG.
3.

FIG. 3 shows an ELISA analysis of the IgG antibodies specific for "Derp 1.2"
in sera of mice immunized against the Derp1.2 peptide coupled to AP205 VLP or QB
capsid protein respectively. Total IgG titers, as well as IgG subtype titers were
determined. No antibodies specific for Derpl.2 could be detected in any of the
preimmune sera analysed for each of the IgG subtypes. The figure shows that for both
AP205 and Q, subtypes typical of a Th1 immune response are induced, as the IgG2a
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VLP or (3 capsid protein8tespectively. Total 19G
titers, as well as 1gG subtype titers were

determ ned. No antibodies specific for Derpl.2 could
bBieaisihdiehen thenjhed g Gl figer Jpsipmgispvalificans aregti deginy e desponse

f V%,s @&% ﬂec?%;,%g!ge ﬂe%&d%ﬁg\tp}/e@%%pg/ @ﬁsy%rﬂ{b%fhseg gg\a’}e%ﬁtfﬁ?r the carrier

| Wate’wsorlﬁsz{sm /@IﬁSAn oL @se Wsre bBRphi@biedoMbdth carriers,
2004/ 007538 PCT/ EP2003/ 007572 81 tlter i's much higher

than the 1gd titer. A strong specific anti-peptide

i mmune response was obtained with the peptide coupl ed
to both VLPs. Antibodies specific for the carrier

were al so neasured by ELIESAMRNE 4:hese were conparabl e
for both carriers. 5 EXAVPLE 4: Modul ar Eukaryotic

Expr essi on Sys¥iedukoEukaoygsic Exprefsicin$ysgandot o VLPs 10
Thi s system was gerGuruwliag of Andizees tot VLRed vari ous

am no acid |inker sequences containing a cysteine
residue to antigens for chemcal coupling to VLPs. A
Const r Lieis pysttera fvag gereBil inordey @wdelwprlemnvno sgld {isker sequences

PR e RS iR M T kBB o PG g DS oy
2T 6nsteBSPofih Eﬁﬂ@l&e)rlv‘éﬁléxﬁbﬁﬁﬁlt 98t chBodid®a &S‘%’Eklﬁe-@d’iﬁammg

Bam H and a new multiple cloning site was irtroduced
wiminotakisl linkse andeeleavabledisnlag: eot i des PH37 and

PYl e 0, OGS TRl PG e

CKE?Y BSEBa IS ARG ﬁeQ@mﬁRﬂff\et @l@ﬁmé §i@é Qfﬁ’s ﬁfroattll%d Q\Hfmﬁe annealed

generated as Sec2/ Hygro
(blugnmlcleglmdtscﬁiﬁ axid. PHBleadmg)to pﬁsp—M@&st ed wi t h
Bspl 20 20 Hnd 111, and %rl gat ed 'th éhe anneal ed
ol | gonécfrl@ Aty stea Sonipining gatr po exsisiRs WYl elycines, a

pﬁ?@ea?é %‘Eﬁ/algg 3hE aﬁii Mg%oﬂ@@nttr ﬁﬂn %Tgfe gﬁh 1 Wi&eherated as

and at eo t he anneal e

ofql@mmﬂeeMi;@&sB ElnlﬂﬁrogatdCﬁHSG VHDLR0) gras dugesmﬁhﬂumplzm and
§ 29/ 38 The construct Sec FL- EK- Fc*
st Bt el Bgated vrithelbe mnpgpletheligonyeleptides <§rU7 MﬂeSUg leading to

f .

(R PO TS P M LBl g v
Phigekeviith Btd3naeded h@oﬁg&ledﬁ/{dﬁ@ PR29faba BHIB0 ﬂea@fng&o BoRSiit1Sec
(298\15 Fc*-C 1) containi a nodi fied version of the

B Thygonstoies paerFk-&di-ba* prbgenerated by a three fragment ligation of
the following fragments; first pSec 29/30 digested with Eco RI and Hind I, the

annealed oligonucleotides PH31 and PH32and the Bgl I/EcoRI fragment of a plasmid

(pSP-Fc*-C1) containing a modified version of the human IgG1 constant region (for
details of the hu IgG1 sequence see the sequence of the final construct pCep-Xa-Fe*
(FIG. 4A-4C). The resulting construct was named pSec-FL-EK-Fc*, From this plasmid
the linker region and the human IgG1 Fc part was excised by Nhe I, Pme I digestion
and cloned into pCep-MCS digested with Nhe I and Pme I leading to construct pCep-
FL-EK-Fc*. Thus a modular vector, was created where the linker sequence and the

protease cleavage site, which are located between the Nhe I and Hind IIT sites, can



details of the hu 1 gGlL sequence see the sequence of
the final construct pCep-Xa-Fc* (FIG 4A-4C). The
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this plasmd the linker reégi on and the human 1gd Fc
part was excised by Nne I, Pme | digestion 30 and

cloned into pCep-MCS digested wwth Nhe I and Pne |

| eagliyng etcoha@as trithehnpleinligehudhotider. Fof thespeacmtidu bigleavable

vector, was created where the |inker,K se

pfusieepetcs) ewiageCep-Th-ERgRr ¢ andigesigl ¥ 2o i%@gﬂ‘m&ﬂéﬂd the
| and,H nd I.]I

S S0 BB iy PR SR oo (e

e B advalihgeMieh eath e anndakd dligen@ﬂmeammﬁ anfl PH36and the

cl eavabl e fusion protein vectors FL- El S- Fc~
ettatieni s Homker atamaln Wi ROCREG RSB DM0: %3 was

SRR S AN 200 B o

aphedh el pidpdrapet giicdas, Ht&i&tﬂ@@e@t&&@@msa fettbin SEQ ID NO:
ent er oki nase site flanked n-term nal |y

GGGEECG
( $EBQ armnm@cldateguamg as jai fcrrtkuuc%m\mth%ot Hlﬁ}) Q%EG%EK-FC* (FIG.

tides PH39
?1{2%1 & Cps&ﬁes% a%% %{% 1&%2%4]?&@ g? oa?n %&; g%lCel S?J uence as set
a%oﬁﬁin SPOUD NO: rb@e&@el y, 1013 comdtiure C%@@p SP-EQHS’N(ZRIG 4c,,

as set forth in SE NO '104) and EK- Fc* (FI G
4 aucheunquumesesméordsn@@%@ Doloh amncga@_i equeyoe as set forth

108 SEREIINGT 4o SRR oo edpriahica it Bpelide wes

1%nerateﬁ‘1') |aecﬁfé§qﬁ1§§ﬁﬁyﬁ§h‘ﬁ§n 3B pe&s-Ekarddibeted dp% HI, the

am no acl ence as set forth in SEQ
1Q8healdd cligas rP}ﬁuohrﬁlPd{#’Zmndtﬂm ameaed okg)s)m{%cardlfﬁﬁkﬂl
peptide was generated by a three fragnment |igation of
pCep- EK- Fc* di gested Kpn I/ BamH, the anneal ed
ol i gos d oligos PH43 and
PH44. g’%}g{g%é‘gﬁé egp?:fo b@t}?}gﬁhgf fusion proteins:
For t hePdr @tfedargesedlepiotdoctiontof te differtimdusion pmtemu298d§31ﬂiﬁ cells
proteins 293-EBNA cells  (Invitrogen) were transfect

W| ({wﬂrqagpnﬂ iwara rté’&@ﬁf@ﬁ@ pw@;( ,glpee diffezgnt m(‘é@n@a}geswophplasmﬁs with

8g§g{ag1%e%0%qg%e tgﬂﬁ/gfqgeﬁ tbﬁ}eld %{}%e@a&g?cg F%II) aPddrding to the

I a6 QIITRAGREs Bstomadend@tidh. PHSE hpbamﬁﬁemomhd d@ﬁs oeld splitata 1to
were split at a 1 to 3 ratio under purony

S &1 mtipivoder(prergyein yel¢aiiopr/mlpp sggplﬁm@p,ted witdy10 % FCS.
Finr el e teet SimaisEh SR gRORREAEY tlharvgiving of the

pri%l%hgﬁot"efh%‘ the pdsitanbelf Ebﬂulaﬂ%%e% g%&ew%hﬁ) ﬁtﬂf&e@sme coated

onto ysine coated = di shes. ce the ce
r edas}has chmhd: cni}sd]ed reablm;ﬂ corfleenoe shrydveze Wﬂ&h@éZ timeswitiBBBS and

Spsgfég fl?e?}{gﬁ?%lgé Zﬁm Wﬁﬁ %Bg%%éﬁhﬁ Qfaé flﬁe tissie mﬁt%re supernatant

were harvested every 2 to 4 days and replaced with fresh DMEM medium during a

period of up to one month. The harvested supernatants were kept at 4 °C.

C. Purification of the fusion proteins:
The recombinant Fe-fusion proteins were purified by affinity chromatography
using protein A sepharose CL-4B (Amersham Pharmacia Biotech AG). Briefly

chromatography columns were packed with 1-3 ml protein A resin and the tissue
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fresh DVEM nedium during a period of up to one nonth.
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Purification of the fusion8proteins: 30 The

reconmbi nant Fc-fusion proteins were purified by

affinity chromat ography using protein A sepharose

CleiBird Apermhan dhainag e rBiceieedn Aft:inBwkefdpplied to the column
chr omat ogr aphy col utmms were_packed with 1-3 m protein

A Vith ﬁ@@l&ﬁ@mp ﬁgmp iat& {lewvgts o0H 2+ d Frslkgin. The column was then washed

tP ﬁ%’/ltgezzog I nan Do lénuﬂl% ﬁlgll%fel rpq%tt ?Pﬁ%?ggega i&éi%ﬁge was

eln wer e

%)élfcﬁm@@ bh%ﬁ@ddhhrﬁn BEHNB pedteid vids @WtdPdselegdribed BelowlRécombmant
The col um was then washed wth 20-50

PB@Lsmmap@ﬁ@msngerg glutebwith 8i cditetp/r mhoephate buffey KBHe’a&)eSUPPlemented

STy E0 S NBEL 0 G B8 G oRERITR: s EiP HfeGRBoled and
pr %&bﬂ%té@ﬁvﬁh altkhred csmhhlgal ﬁlltérg e&lﬁ{\%d}é ORI BNDBEARE, MA).
(pH 3.8) supplenented wth 150 mM NaC and the

fractions containing the protein were pooled and

((: (|3/|n |C |e Pi,@aﬁre gﬁf%@?g\{%%h f ot el? ?Igtf&skggy g%ms Eﬁ%fOé 2@ enterokinase):
cl eavagen@d &&ﬁﬂﬂﬁéﬂ’c%‘sﬁo (}H@ieﬁﬁ cQﬁthn?ﬂgﬁﬁe EdraekRhse{®K) cleavage

ent eroki nase): 10 Eluted reconbi nant” fusion proteins
c ositeni wire gclelneede msimg o Kien &em{Eysteine dlnvifeoges) tagcovding to the

OGO BEP GG Pod BirfUISd § SrE A g B paPREn ves
Pafdin §fod bl AR MR VTS RS Wk HRAYARNC it the

pr ot e tero I'nase was en renove

t hEK-Eikapvepsteny shevitrogeny iGorpgretioroCarstatl] d0A) CGacolhadto the
CA) according to the 15 manufacturers recommendati on,

s| mapafapwr% eoRmIEEM §lreémsaﬁm°ﬁgor9ﬂ%wfcaemng<ﬁw factor Xa

S R R S
a C £ slialigt (RochEeacosuditizas ﬂid hehufachie@yssia@tndation. Thecleaved Fc

cleaved Fc part was rempved by incubation with
p r Beté MRS Ismaved briscpbasion 8@ ipisinr /e prsl e pigtaape wWhkremoved with the

din.r I with the kit. 20 The
di th@ aevﬁé'mfrffél? g‘l’:bv 4«3@3@&%919%& e concentrated with
ul t r afHeeiffeRAt flsfongsbtefnis |v¢e@é Soncehtdibd RithQilttdreR Qeatkilfgal filters
Bedf ord, MA), quantitated UV spectrophotonetrie and

uséMﬂhmreﬁmserqu@mtB@tf@r@ qmmt@d]by epecrpplatpmetrie and

showzistg %{? fces of the different eukaryotic

exBf‘ ¥ S%@P‘b‘i’ élp g Fgeuass y the nodified sequences

ar e SfoWDA -RSsHokPpaftidl seﬁﬁ@&e?@ﬁﬁ&&ffeieﬂ?exﬁﬁ?@ﬁ@ 6)?prés§1on vectors

shown fromthe Bam H site onwards and different

f easadk Oslyahe meldifivd sehusneest dre shavems| at ed sequence ( SEQ

I D NC%I Qg a&gp §E%c* the sequence is shown from the Bam HI site onwards and
different features are shown above the translated sequence (SEQ ID NO: 103 and SEQ
ID NO: 104). The arrow indicates the cleavage site of the factor Xa protease.

FIG. 4B: pCep-EK-Fc*: the sequence is shown from the Bam HI site onwards and

different features are shown above the translated sequence (SEQ ID NO: 105 and SEQ
ID NO: 106). The arrow indicates the cleavage site of the enterokinase. The sequence

downstream of the Hind III site is identical to the one shown in FIG. 4A.



ID NO 104). The arrow indicates the cleavage site of
the factor Xa protease. FIG 4B: pCep-EK-Fc*: the
WG eguenses i s shown fromthe Bam H site onwar dBCEEE2003/007572
different features are sho®h above the transl ated
sequence (SEQ ID NO 105 and SEQ 30 ID NGO 106). The
arrow i ndi cates the cl eavage site of the enterokinase.
The FeGUADQE epdUEsFeamsatqidhe: ibhie frdm tiebegihsing of the signal
|dent| cal to the one shown |n FIG 4A. WO 2004/ 007538
QT7IEP? 0030 Gits7ent fgafures @re shovmsbepe thp-itarslpted sequenes (SEQ ID
0 h f
peféikf 387 it SEOM WP Tpe e B edealitte SRR cepygd of by
t I BRSiabE geRise RCHo(RER Holdl T arrd# indingieSH dl@vh@ site of the
108). The signal peptide sequence which is cleaved of
5 byentcmbmgs@ spa@pncel dewnstesarhefvihe iHing Bl gite iseidgnticsipto the one
%t?cat &% @\/\%Cl eavage site of the 5 enterokinase. The
& Wwistream of the Hind Il site is identical
to the one shown in FIG 4A EXAMPLE 5: 10 Eukaryotic
Expressi on and Coupling of Muse Resistin to AP205 VLP
A. Coning of nouse Resistin: Total RNA was isol ated

from 60 ng nouse adi pose tmyﬂwg a Q agen RNeasy

kit according to the manuf reconmendati on.

10 The RpfiAR1RIFNREssidh ankPCHplind ¥R Mottt Resistindo MSV‘?‘EP

than used for the reverse transcription with an oligo
dT prinmer usi ng t he ThernoScri pt TM RT- PCR System

(I'nvitroqg rati ,. Carlsbad, CA) according to
t he rmngf gg‘t $ Bopss rr\dati on. The sanpl e was

[ ncubat RO g

m nut es gtng tr ezﬁagégog%?dl% m nu es[ngste 37&)& %SLE using 2 Qiagen
RNRNekty 1@ 0ac2ordingf to theemddlifactwret’ s woomereadatioadl feRINAlvens eluted in
PCR anplification of nmouse resistin. The PCR was

15 peft® gt This kel BN was than usedienthe ey erseysansenptingath asypligo dT
Car |. . : : .
R SRR o O B Cofprigp: Crtad

PHEQ ) 68J0r @18 p 5 1ée rﬂa@uﬁ@tﬁtews@mm%fena&mwm&mnmrw@r&%ﬁw at 50
posi tions 454-435 of the nouse Resistin sequence. The

PCRC ok nadheated te 185 Féntor Jrmathuies agd tigated forx2hiniitessat 39 °C with

Maﬁg% cycles were perforned as foll ows: 30
4 C, 30 seconds 56 C and 1 mnute 72 C,_ at

20 tT Eg end, h?smem* RRctiOR werd ﬁsfea £§rPhe BOR Hin! puﬁsa%mﬁtof&%uée resistin.

ragnment was purified and subclfoned b
cl @he B@RJst@etfbﬂnﬁGEM‘gé’Mynm&‘Aﬁ}(lnvﬁ&m’gcnﬁoq:@m’uon Carlsbad CA)
Corp or(iatl on;. Carl sttéad CA | eadlc[;? g’g i’i‘g
or @efording 49| dhe BB meétsere%gwl? PR HSUE REHmeES 8r?a1d PH20.

PCB, #aFpPEd fc&’iég'f)gn&% B%S@@eﬁ] deE)ﬂHEPPHZO to positions 454-435 of

the mouse Resistin sequence. The PCR mix was first denatured at 94 °C for 2 minutes
25  andthan 35 cycles were performed as follows: 30 seconds 94 °C, 30 seconds 56 °C and
1 minute 72 °C, at the end the samples were left for 10 minutes at 72 °C. The PCR
fragment was purified and subcloned by TA cloning into the pGEMTeasy vector
(Invitrogen Corporation; Carlsbad, CA) leading to pGEMT-mRes. In order to add
apprépriate restriction sites a second PCR was performed on pGEMT-mRes with the
30  primers PH21 and PH22 primers using the same cycling program as described above.
The forward primer PH21 contains a Bam HI site and nucleotides 81-102 of the mouse

Resistin sequence. The reverse primer PH22 contains an Xba I site and nucleotides



30 prinmers PH21 and PH22 priners using the sane
cycling program as descri bed above. The forward

w@riamn75B8H21 contains a Bam H site and nucl eoPCTIi€B2003/007572
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81- 102 ofthe nouse Resisti8f sequence. The reverse

primer PH22 contains an Xba | site and nucl eoti des WO
2004/ 007538 PCT/ EP2003/ 007572 85 426-406 of the npuse
Rask s sleamenee -sHha stqdincatiad ipbsitdd priionefrefer toahe mouse
the nmouse resistin sequence_CGene Accession

No. .
AFS230889UTRe SPTRAsF5EIAR NoWaES NS0+ Thed (dn arodyriguasiugified and

AR IRy
C QNSinduela INEsNingRase bedstrubt pEif-RRe4-BE+.n open readi ng

frame was excised frompcnv-Res-F¢ by BamH/ Xba |
di gest iThe Reststic bperagading Gapesiss cecited FoanprnpeBesER: rpBam HI/

(sge MPLE 4, . section-B). digested-w t-h Bal

oA Figongnd clorE L RGE dve: e pChEd T, CebbodPLE
PGP e pdiEEdcwith BERGOl dnv N 1 16kin3 to HieQ@HafucpCep-mRes-Xa-
purllgt I cat ilg‘% and cl eavage of Resi snt%i n pCep- rTRgSrs![3 Xg- Fc*
aritt*pad pUeRasR &ERdc* ceompsetivglit s were then used to
transfect 293-EBNA cells for the production of

reco_nbi nant pr ot_ei ns as described in EXAMPLE 4,

secti ong Broddigich! ?.gﬁﬁ:aﬁéﬂ A GeSHBESIREATRS Wer e

purified as described in EXAMPLE 4, section C. The

puri f i geCqprmRes-Xa-Fodrandt pieap-roRealiBel ciscanstsusts veste then 1sed to

EXAMPLE 4 ction D. The resulti reconbi nant q g
pr%fﬁ‘i&?%ﬁgl\ﬁ%?% Jovtpe elfogwtmn@f?g@meb&g? paoletps a5 described in
angy ARBSTLISA | s@ét%{l%? TH% ISIIBSﬁIuS}e giﬁ];erﬁéi&rﬁﬁ WhRPutified Aedescribed in
vector used. e purlfgl ed protelns were anal yzed by

SOSX RAGH.E Basetsion «@.rEepmunified goroteins uwdré itleesh cleaved as described in
resistin-C-EK and purified resistin-C- Xa were cle

ly. .
Vi EXQWIGEA,tSﬁgi(ﬁ@._Tth@u tEHEN§Omien tg@@lqls[yvqg@er@fg,[‘re&stm-c-
gf | B Ll al?d’]‘qes;ig‘ﬁ-t-%mr “%%;Csﬁ'ﬁwacc%fhi %ﬁ@%g)r used.

réecursor - reconbi nouse Resistin protelns use
f oThepRifRRITroRins Wioarssedby SDS PR GEBandvemeespesding torpurified
used for_ coupling, i.e, Res-C-Xa and Res-C- EK, are
s hiswtin e -EKqud dupfiedrrgistip-(oXaworodeabpgsible omge gel.

resisti i I : ' RPN .

or SR QTR D, O SIRE B Rl 10 ShGD N0 | EREE SHRQI o 112 show
| t @lglubnced BE previiddP révohibikt uRse Reyiktire proteindilided for Bxpression.
si gnal peptidase and specific protease (factor 25 Xa

or Preaessedkicnmbipnimeuseageistiy esed fynaouping 1o Rescoup pagRes-C-
sobks s iy ga B 5 ASPHE b VGt s THR Resitipefbnal sequence
" ?ﬁrcogléégllga\fgyupbﬁﬁot&ﬁk&r&wh%g Wﬁﬂa@% $HOWRLiR alic. The

a solution of 1 / 30 (Pierce) in
DMEaGimtackbseQuaneswhiok kisnlg fayesignal peptidaseaad spesific protease (factor

solution is,
Xa or entero?(mase) cleavage are shown bold.

C. Coupling of resistin-C-Xa and resistin-C-EK to AP205 VLP

A solution of 0.2 ml of 2 mg/ml AP205 VLP in 20 mM Hepes, 150 mM
NaCl pH 7.4 is reacted for 30 minutes with 5.6 pl of a solution of 100mM SMPH
(Pierce) in DMSO at 25 °C on a rocking shaker. The reaction solution is
subsequently dialyzed twice for 2 hours against 1 L of 20 mM Hepes, 150 mM
NaCl, pH 7.4 at 4 °C. 8 pl of the dialyzed AP205 capsid protein reaction mixture is



subsequent|ly dialyzed twice for 2 hours against 1 L of

20 MM Hepes, 150 M Nad, pH 7.4 at 4 C. 8 | of the
waelc@kparsas AP205 capsid protein reaction m xturBCT/EPAMB/007572

2004/ 007538 PCT/ EP2003/ 007872 86 then reacted with 32

1 of resistin-C Xa solution (resulting in a final

concentration of resistin of 0.39 ng/mM) and 13 p,|

of theheeatpR0Bitlc Ap i of prictieiCAXs sdotfidro@sonititiolin @ fingl concentration
resistin-C-EK solution (resulting

ted with 27 pl
| oLt riAPt I@é%é@%@)ﬁlﬁdﬁ Wt thegsh 25icapdd p@g@u repglion ixture is

fo . at. 25 n_a.rocki shaker . Couplin
or St 2 e) 3 BRGNPk e R potphigeion of
ungefstin @6 0%7 /6N @ Mdurs aEXPLE 286 ckiiPiRR S @Bupling
Purification and Coupling of Mirine Lynphotoxin-0
5 Copdpeie exs analy. S@KP‘ZSOSBS{BA@E ai] Westermblottndsn resfucing conditions.
cys-containing linkers, expression and purification of
nouse | ynphotoxi n-0 The extracel lular part of nobuse
| ynphot oxi n-0 (LT-(3) was psegappgnantly 15 expressed
with a CGG amno acid linker at 1ts N-term nus. The
| i nkgpression, dlurificatior andyGdawgiling of Muine by mphotoxinBRConAtructs
|l ong (aa 49-306) and a sherAPyE¥LPN (aa 126-306) of
10the protein were fused at their N-termnus to either
gl utathione S-transferase (GST) or a histidin-nyc tag
for purAf ilstedustion Af aystceneling fiek¢rEKdxpréssianaael- purification of
was inserted for cleavage of the tag. 20 Construction
of G LT- (UGS DIRPhoiRKkied | 7-3126- 306. Mbuse LT- p49- 306
was anplified by PCRwith oligos 5 LT-P and 3 LT-(3
froma nouse spleen cDNA library inserted into
pFB- LI BThé-extrddetulRCBart @@Ghdee lyrRpHotodn-pf (Iﬁaﬂ: whS réBmbinantly
and 200 ng of the tenplate DNA was used in the 50 pl
15 1 egrnressed wih giGE G ramina acidiinkesfat X-totmzitiis (Time linker contained one

po Q4.3 Ps_an ). The,
e oF syt ViR 8108 o fo-SHo g Rchor vesion Gyt 2206 of
f olhle vsein ere s €V tiesr )fteBfifas t6 di {
seco'(r?qls_), 68C gvé;;}]i m nute) and ftéﬁlﬁe\?\/géﬁ%%%%sc%o%ﬁ%ge (GST)or
m dhisedin-nTyeda ppribcation. AmentphkinpdedEK) ceadgewsitdwak4nserted for
Ki nase.an I i%at ed into pEntryl A (Life technol ogies)
whiCh R BEME cut with EcoRV and has been 30

20 dephosphoryl ated. The resulting plasm d was naned
pEntryl A- LT-(349-306. A second PCR reaction was
per f or nEBdnstiuttiorodfi GolST-494306 Bhd Gg LTHRI26:806. 3'

Mouse LT-f349-306 was amplified by PCR with oligos 5’ LT- and 3’ LT-p

from a mouse spleen cDNA library inserted into pFB-LIB. For the PCR reaction, 0.5
pg of each primer and 200 ng of the template DNA was used in the 50 pl reaction
25 mixture (1 unit of PFX Platinum polymerase, 0.3 mM dNTPs and 2 mM MgSOy). The
temperature cycles were as follows: 94°C for 2 minutes, followed by 25 cycles of 94°C
(15 seconds), 68°C (30 seconds), 68°C (1 minute) and followed by 68°C for 10
minutes. The PCR product was phosphorylated with T4 Kinase and ligated into
pEntrylA (Life technologies) which has been cut with EcoRV and has been

30 dephosphorylated. The resulting plasmid was named pEntry1A- LT-$49-306.
A second PCR reaction was performed with oligos 5’ LT-Blong-N#el and 3’
LT-Bstop-Nof resp. 5° LT-Bshort-Nhel and 3° LT-Bstop-Notl using pEnirylA- LT-



LT-f3stop-Notl resp. 5 LT-pshort-Nhel and 3
LT-(3stop-Notl using pEntryl A~ LT WO 2004/ 007538

woeDRPAGO3/ 007572 87 X349-306 as a tenpl at e. PA/ERD®H3/007572
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5" LT-Riong-Ntwi and 5 LT8f3short-N el had an
-internal Nhel site and contained codons for a
Q/s Gly Ay linker and 3' LT-13stop Notl had an

| 2 NOtd i Sil e cﬂ{ggs g,@r%ﬁggﬁg.ﬁmﬁfaﬁdp 5€ <Ld10B hoﬁONhéﬂlﬁd an

con PCR reacti on primer and 0 ng

Ofmfehﬁl Npedipitabied ddNtinaiscodsgsdor &Eﬁéﬂ@ly’é@ly}lhﬂ{elr@dét L"B-rﬁi sp-Norl
m xture (1 unit of PFX P|atinum pol yner ase,

3 MM |
dNmPRen diernsl Yavl sitsand pontyrmead a siappedosn Egréh%%pxg@q\%g@cg@, 0.5

foll 94C f | .

o \Gen Butish by T5TR Sy Bl P A E recton
f ghi:ened it APFoYPIa8SuR o%@m@é@ 3 BRCANTEY and@‘%@ﬂ(M%BO@. The
seconds), 68C (1 mnute) and foll owed (k:)fy 68C for 1

m tempestureidyelcR@Rrprsdidliows: MEC fordingimstes,dollpwed 11%5 Cy@lﬁd of 94°C

R o RS mip B o S8 et s

o eRaR) B Bl E) 50T ) SRS P R HACTB Rfminutes

LT- 1312Gr3R pRidabis Sirbt M@WEKN%I énﬁﬁé@aﬁ@ﬁmerﬁ@ﬁﬁto either
SP- hi s-nyc- EK— C LT-(3126-306, respectivel

. GST
S HPHERS SP 65 S B, entIESR Bismy e (Braisee! At Bigt. Clem. 276: 36839-

Tl pﬁ%ag G s i
mﬂlﬁ]@f‘ §Prt9sf gyﬂ'rtﬁ 06°He q:ﬁSP%s-a%'g pes 'g@;iﬁ@%s pCEP-

re perforne st'an ecul ar

Pr SR -AGhF-EKSEG @9@2@306 heespédugapucm@tstaiﬁﬁ fdr' glutathione-S-
LT-13;: 20 5'-CTT GGT GOC GCA GGA TCA G 3' (SEQ ID NO.
G&yansfc'rasa,TEIiior enterohisageT Gisdora bpehxtdinedag admyg EE@ntl prmyc

e T RS Rt ECEer s i e Al

LT 3sh 1
( C? GR%H@P @t'_lc;ps @ere%(ﬁggg&} uid 6%%1%&, Q&‘oco s.

LT 138t0p Notl 30 5 '-CAA TGA CTG CGG CCG CTT ACC CCA
g%?%g%@ ; - §P%§5%tli£lglo 70) WO 2004/ 007538
5 LT-B:
5°-CTT GGT GCC GCA GGA TCA G-3’ (SEQ ID NO: 66)
3’LT-B:
5°-CAG ATG GCT GTC ACC CCA C-3’ (SEQ ID NO: 67)
5> LT-Blong-Nhel:
5°-GCC CGC TAG CCT GCG GTG GTCAGGATCAGG GACGTC G-3’ (SEQID
NO: 68)
5> LT-Bshort-Nhel:
5°-GCC CGC TAG CCT GCG GTG GTT CTC CAGCTG CGGATT C-3’ (SEQID
NO: 69)
3’ LT-Bstop-Notl
5°-CAA TGA CTG CGG CCG CTT ACC CCA CCATCA CCG-3’ (SEQIDNO: 70)



88 B. Expression and production of GST-EK-C
LT- (34.9-306, GST-EK-C- LT-13126- 306, his-myc-EK-C

wh 10028433806 and his-myc-El -C LT-126-306 5 ThBCT/EP2003/007572
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pl asm ds pCEP- SP- GST- EK- C- 88T- ( 349- 306,

pCEP- SP- GST- EK- C- LT- R 126-306, pCEP- SP-his-nyc-EK-C
LT- (349-306 and pCEP-SP-his-myc-EK-C LT- 13126-306
were transfected into 293-EBNA cells (lInvitrogen) for
protein production as described in EXAMPLE 4. The

resul t BNExpreedien sl pedie:tina seaSs GHR-EKLT-P4b 35, TEHBEROG; LT-P 126.
GST-EK-C LT-(3126-306, his-myc-EK-C LT-(349-306 and
hises hig-onEHEIGC- - P e s@end b5-mpe-FKeCpk Beisss sequences  of

the LT-13 fusion proteins were translated fromthe

CcDNA sequences: GST-EK-C LT-1349- 306GST- EK- G-

LT- 131@@ gggmid%ig%:ﬁ?ﬁg S 1eekld: 1(,13?89-3,@@ EP-SV GFKER:C- LT-

LT-131 usi on proteins were anal ysed on
1208366 HATHP-9R 6s-hyd K 0o DU 49930 6cmd pCEP ST his@rysEK-C- LT-
were blotted onto nitrocell ul ose nenbranes. Menbranes
w1 @6-366 askestansfontediiato 843-WENA gellpdhnyistageam) forpsotean production as

et @s@@%@ﬂﬁ% S s i oteioR S e G k-G L B,
h
Cﬁ}lxﬁ pe ; %ﬁ ﬁ?% S@,%aflﬁ qnﬁcoEﬁc@tL'ﬁ %9 3?5%& fifs- Ihg&EKr CIpTs ??26-306 .

conjugated ra anti1-goat 19G

emeq)iéﬂeﬁﬂseqﬁede& Bf eI DR fsieh idlsing Gitetirdiglasddofom the cDNA
LT-p fusion proteins were analysed on 12% SDS- PAGE

gebgueppzier reduci ng conditions. Gels wer eblbl oLt Sd onto
ncubateth EReHe TS T-EbE Lo House. ant | myc

anti bo 2 0) or with an anti-GST
ant i bo%’Y élg FgéFutl (1)[?149 92000) Bl ot s were subsequently

|ncubatﬁﬁqmmumghpqﬂapbggksh per oxi dase- conj ugated
goat anti-nouse 1gG (dilutions 1:4000) or horse radish
per oxi dase- conjugated rabbit anti-goat 1gG (dilutions
1: 4000)

e 130 TSRO piftany resf sl Sl 20 SRS PAGE sl pnder reducing

andohBigidMs. abeld WL SSIBHAT oM@l BidocelRflose 2mbiBraass] M8mbiages were
respectively. his-nyc-EK-C LT-1349. 306 and

hitdeckpd. imkubatedWitls@mbaodiend aBusouitimye autody vewithjan Anti-GST

h - d 40556 1k d 33-39
- aspbob B weRe Sl ackiRe MBEBRs R sy opnivaated
P_L[’éd { LgakioaR I@t’_‘r dERbrdehratish pdrdiliadd LR ate§Fbbitlartifoat IgG. The
ZlP 126- 306, hi s-nyc-

expression of LT-B fusion proteins could be shown. LT-B fusion proteins were
analysed on 12% SDS-PAGE gels under reducing conditions. Gels were blotted onto
nitrocellulose membranes. Membranes were blocked, incubated either with a
monoclonal mouse anti-myc antibody (dilution 1:2000) or with an anti-GST antibody
(dilution 1:2000). Blots were subsequently incubated with horse radish peroxidase-
conjugated goat anti-mouse IgG (dilutions 1:4000) or horse radish peroxidase-
conjugated rabbit anti-goat IgG (dilutions 1:4000).GST-EK-C- LT-B49.306 and GST-
EK-C- LT-P126.306 could be detected with the anti-GST antibody at a molecular weight
of 62 kDa and 48 kDa, respectively. his-myc-EK-C- LT-B49.306 and his-myc-EK-C- LT-
B126-306 could be detected with the anti-myc antibody at 40-56 kDa and 33-39 kDa,

respectively.



El-,"--C LT- 349-306 and his-nyc-EK-C- LT-(3126-306

GST-EK-C LT-f349-306 and GST-EK-C LT-13126-306 are
w@oodfdmsas on gl ut at hi one- 5 sepharose col uimm aPdI/EP2003/007572

hi s-myc-EK-C LT-1349-306 &nd hi s-nyc-El S-C

LT-P126.306 are purified on N -NTA sepharose colum

usi ng standard purification protocols. The purified

proteins are cleaved with enterokinase and anal ysed on

a 16% SDS- PAGE gel under reducing conditions 10 D.

Coupl i g of RowificatiqrafGiIBK derd- TeP bt GEH-EE- G0l s 205 his-myc-

AP205 V A so L 0 P205 VLP in 20 nv
£-1g 649mﬂ&§531!3-%¥93ﬁl§5 g“lidiféﬁé@ét ed for 30 nminutes

s G A R P e

5 shakBirose ldoRuhe aﬁd hﬁfln%QEKt@-ODTJBﬁg 3065 S0 BEHRY-C- LT-[3126 306 AT€
di alyzed twice for 2 hours against 1 L of 20 nM Hep

1 5@ NaONj-NITB: p@phmcge aplumniCysing stagdaxd ;pzlélﬂcaxmymtmpfs The

react Xture n reaIed wiL,th . th 0
| Tt Besdett o ed Wi oHBGEE A e o 16% SDS-PAGE g
olg&%p;eﬁa&hgeénm@&sM AP205 VLP, 60 M C- LT-1349-306
- LT-(3126.306) for four hours at 25 C on a
rocki ng shaker. Coupling products are anal ysed by

10 20 EXANBLE 7COBDRE el Ik prwecdr: TP rie A ABASATF
Coupl i n ggfﬁ‘.‘lﬂA‘E%? QAR VLAY idl&fvgﬁl;!ﬁ P AN NaC1 pH 7215

CyS-con er expressi on ication

I afeactd®for 3P Bﬁﬂﬁteﬁb\@tﬁlﬂzmld MblabétceiyofACPIPM de), AButddifrom a
macrophage mgration inhibitory factor (rMF)

Wwas
r esiodb saiatmn in DMSPeats 3 °Gi aha repking shakete ridgtreagtiopgsolution is

o bR S S PR TR SR A b S LA, P,

15t IC\)A)HL?& at 46QNFhE H%%‘S@@APQOS WL Br6aktion Mittufeds t@ﬁ‘i‘eacted with the C-
rMF-C3. 30 The of pET22b(+) (Novagen, Inc.) was

chbefagho¢ and3TITAAGESE solution (end concentratlons 60 pM AP205 VLP, 60 uM
AAGAAGGAGATATACATATGGAT CCGECT

3@03@9( JSE@ 12smsNOr forg jaoqgry 2t %oy m wach%%r Coupling

gr hhal ?a%%@ga@p;r %Iggllgdﬁgﬁi éﬁ ‘é%?tgfn?lﬂzm qucmg ﬁOl’ldlthHS

anneal ed ol igos prinnmerl vMCS-1F and prinmer MCS- 1R
(annealing in 15 mM TrisHC pH 8 buffer) The
20 resul ting plasnmid was terﬂi@@‘{ MBdoo, which had Mel,

I hel hol.
Cro ! el R, EAT H‘hﬁaﬁ"'éf“l}@q?"é‘ﬁ‘}‘é of Als V16 e
Bamhi s6- El i - Nhe- F and Bamhi s6- El <Nhe-R and t he

A. Introduction of cys-containing linkers, expression, purification of rat
macrophage migration inhibitory factor MIF
25

Rat macrophage migration inhibitory factor (tMIF) was recombinantly
expressed with three different amino acid linkers C1, C2 and C3 fused at its C-
terminus. Each of the linker contained one cysteine for coupling to VLP.
Construction of rMIF-C1, rtMIF-C2, and rMIF-C3.
30 The MCS of pET22b(+) (Novagen, Inc.) was changed to GTTTAACTTT
AAGAAGGAGATATACATATGGATCCGGCTAGCGCTCGAGGGTTTAAACGG
CGGCCGCATGCACC (SEQID NO: 71) by replacing the original sequence from the



5 anneal ed pair of oligo 1 F-C-glycine-Ilinker and
oligo 1R-Cglycine-linker were together ligated into

w@aovkloeT8es | di gest ed pMbdQO plasmid to get pNOBECER2003/007572
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which had an N term nal heéfahistidine tag, an
ent er oki nase cl eavage site and a Ctermnal amno acid
gl yci ne i nker containing one cysteine residue. The

annrelkRe 1P a1 ofit-OkitB QenBaMtbE&s: fElndMECT-18rghd primerMCS-1R
Banmhi 6- EKNne R together with the anneal ed pair of

ol(mgl@blﬁ%g:lmOS gaiirdirisHiCh kit Sabdfen). ige TESWRLRE @lasmaq was termed

o, 151 et AT el AR, Sl e BRIy AR n s

h %@é@h | Bifd a%h@:ﬁea ﬁ@r ofdligo ERireli GKE R BSIR - hebagidsGEK®haRhnd the
termnal yl™ Iinker, derived fromthe hlngerelon

ofanntuletipait afwligoli- Sbglyq:me -Jinker enholigod Rrig-ghisinedinkewyvere together

e déwﬁ%ﬁéﬂmﬁé@’ Thlbsodhge B ar bR on

153.98 ﬁgﬁﬁﬁﬁe @ da.n‘?:'n't&&aﬂas@@l‘eﬁ%?a%@ BiPehd 4 Gl-lféiﬁﬁnal ameho acid

the annea pair f ol 1 gol FB- G gamma3-1|i nker and
ol glgpind liRBr EGorgainingnelcysikioe resiue. Theganerded paug@ﬁ@mos Remhis6-

ok A St deY s pacekpr it BenaraRd At SREIF-C-
Cl RACL Rt an%‘l?géﬁ rR&ct nmaﬁ qgﬂ%ﬁw&b ﬁ%ﬁﬁéd infoHnANNG digested

cysteine res erlve romthe hinge region
Of pMBdeplasiidnogled bModEQZS whith l’mBS‘a:nrN/lttﬁ'mmﬂlhchahlstldme tag, an

contalnstherat M F cDNA, was anpl i
ol éngasekinagerclemvagecsite pnda Crgmpnaly ) Lker, ﬁ%afeg%f Fﬁ%@ﬁ&? region of

ST WTRGRE e
I &%B?Eahlms@ BB RGH m@&ﬁﬁ@Eﬁ%eMMeﬂécﬂ@iﬂﬁ@hgolFA—C-

e sane enzynes. Resulting plasm ds were naned
pl\@mhmaa -Fnlet ancpmg;ulm-e-gammadlqkmmdﬂw gmngged paisof oligol FB-C-

G OITE N I R TR B
1 Kards
AN a@ﬁg@gpmggé%%waﬁw HicID ROV R AR R xalfsiRirt Mg, an

e temperature cycles were as
f obrdt@oBina@4leavage sitenind aCeatsrmifiad | 3dinker, cdntaidihgone bysteingfresidue,
94C (30 seconds), 60C (30 seconds), 68C (30 seconds)
anderfvell ffiowethe hitgelspgion of mepscAMHEEEUINTS. of her st eps

b of o0 oTSS-THEE 20 oS Bk BB By G FasBhifed by POR with

Seglh;gﬁﬁ %MIPIF AveNDIE- RAURC kot -8 an ilEind ENWEISit ind rtMIF-Xho-R

- TAT GGA TCC GGC TAG CGEC TCG AGG GIT TAA ACG GCG GCC

GChadTan BiterpSEChaIBitRCThe PER product was digested with Ndel and Xhol and
ligated into pModEC1, pModEC2 and pModEC3 digested with the same enzymes.

Resulting plasmids were named pMod-tMIF-C1, pMod-rMIF-C2 and pMod-tMIF-C3,

L_)

respectively.

For the PCR reaction, 15 pmol of each oligo and 1 ng of the template DNA was
used in the 50 pl reaction mixture (2 units of PFX polymerase, 0.3 mM dNTPs and 2
mM MgSO4). The temperature cycles were as follows: 94°C for 2 minutes, followed
by 30 cycles of 94°C (30 seconds), 60°C (30 seconds), 68°C (30 seconds) and followed
by 68°C for 2 minutes.

All other steps were performed by standard molecular biology protocols.



5 primer MCS-1R 5'-TCG AAT GCG GCC GOC GTIT TAA ACC CTC
GAG OGC TAG COG GAT CCA-3' (SEQ ID NO 73)

WB20006B3EK- Nne- F: 5' - GAT CCA CAC CAC CAC CACPCHEPTIALI07572
GGT TCT GGT GAC GAC GAT 1@1GAC AAA GCG CTA GCC G- 3'
(SEQ I D NO 74) Bamhi s6-EK-Nhe-R 5' - TCG AGG GCT AGC
GCT TTG TCA TCG TCG TCA CCA GAA CCG TGG TGG TGG TGG
TR qheIceGf Ihd SEQnbEl=N@es75) ol i go 1F- C-gl yci ne-linker:
15 5' - TCG AGG GIG GTG GTG GIG GIT GCG GIT AAT AAG TTT

AAA CoarimenpEER1FD NO 76) ol i go 1 R Cglycine-linker:

gog%%‘%%%}@ﬁ@ A GG B LR ERRa T

(@E(}_ﬁr}m\y CCC ACA CCT CTC CGC CGT GTG GIT AAT
AAG TTT AAA -3 (SEQ ID NO 78) oligo 1 R-C ganma
51 -1inkemeyICEBEB: CGC GIT TAA ACT TAT TAA CCA CAC GGC

ol 1608 AATCGE S G TREAEC GRE AR (R 184 cog.oaT

CCECERE 86 BINCETH) CTG 3" (SEQ ID NG 80) oligo 1
RA- C- ganma3 -1 i nker: 30 5'-CAC CAC CAG AAG AAC CCG GCG
GGG TABAUESGEK-NbsFeC-3' (SEQ |1D NO 81)

o 3B CAAIESR KT, M AR ORISR o e ac T
10 GT EACTAMQ}E‘GTCM@@% 3 (B NOP7AL(r) ¢ 82)
ol 1 go2RB- C- gamma3- | | nker :
Bamhis6-EK-Nhe-R:
5°-TCG AGG GCT AGC GCT TTG TCA TCG TCG TCA CCA GAA CCG TGG
TGG TGG TGG TGG TGT G-3’(SEQ ID NO: 75)
oligo1F-C-glycine-linker:
15 5-TCG AGG GTG GTG GTG GTG GTT GCG GTT AAT AAG TTT AAA CGC-
3’(SEQ ID NO: 76)
oligo1R-C-glycine-linker:
5°-GGC CGC GTT TAA ACT TAT TAA CCG CAA CCA CCA CCA CCACCC-3’
(SEQID NO: 77)
20 oligo1F-C-gammal-linker:
5°-TCG AGG ATA AAA CCC ACA CCT CTC CGC CGT GTG GTT AAT AAG
TTT AAA CGC-3’ (SEQ ID NO: 78)
oligo1R-C-gammal-linker:
5’-GGC CGC GTT TAA ACT TAT TAA CCA CAC GGC GGA GAG GTG TGG
25 GTTTTA TCC-3’ (SEQ ID NO: 79)
oligo1FA-C-gamma3-linker:
5°-TCG AGC CGA AAC CGT CTA CCC CGC CGG GTT CTT CTG-3’ (SEQID
NO: 80)
oligo1RA-C-gamma3-linker:
30 5°-CACCACCAGAAGAACCCGGCGGGGTAGACGGTTTCGGC-3’ (SEQ
ID NO: 81)
oligo2FB-C-gamma3-linker:



5'-GEC CCC GIT TAA ACT TAT TAA CCG CAA CCA CCC GEA
G3 (SEQID 5 NO 83) rMF-F. 5" -GGA ATT CCA TAT

W@RO408VE365TT CAT CGT GAA CAC-3' (SEQ I D NO  84CT/EP2003/007572
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rMF-Xho-R 5'-CCC GCT CGAIGAG CGA AGG TGG AAC CGrT
TC-3' (SEQ ID NO 85) 10 Expression and Purification
of rMF-Cs Conpetent E. coli BL21 (DE3) cells were

t ransfECES CWO OGOl @BOICHST @O TT MAF CL.G TMA-AMIEC (SEQ
and pMod-rM F-C3. Single colonies fromanpicillin
( ARpYOc®hit ai ni ng agar, plates were expanded in liquid

culture h 150 5 MOPS, pH 7.0, 200ug/ m Anp,
0. 5% gl° H%??%?”&éﬁamm %d at 30C with 220 rpm

shakhng e GThh 4 ACT TafT BBAGEE i MORSCCottGA G- 3 (SEQID
200ug/ mM Anp) was then inoculated 1:50 v/v with the

ovéOnéPht cul ture and grown to OD600=2.5 at 30C.
Expressw s induced with 2 MM I PTG Cells were
har vestt ter overnight culture and centrifuged at

60@%@@%’1‘1‘3@@& ’P@f[‘ @@c ‘m@r grsearded T GahYEAG-3P g@é@m NO: 84)
TonMM 20 NaZHPOA, . 10mM EDTA and 0. 25%

Tween- 2MIF¥iKidiRO. 8 rrg/m Iysozyrre, soni cated and

{1 ouigh B COSETmAGLTES MesiEal ik HFRG:HD
proteins rMF-C1, rMF-C2 and rMF-C3 were in the
fl ow through. The protein sequences of the rMF-Cs

wer e trméﬁioachnﬂmmﬁbttmnoﬁlwmﬁ sequences
rMF-CL(SEQ | D_NO _, 114;

r M F- CXquptsnth- qedi BL2s (DEQ) ?ﬂzl,ls W@sfr R @%@55@%@4@

| DaNG@ ~411 K NGE

RGN Sk BRI S s from ampisin
S Cdmg@tdoﬁtaﬁhﬁﬁg raigiit Fms ofert Rpidded dankjuidi chilsure WEBhwith 150mM
adde am no acid |linker containing a cysteine

r eMQﬁSepHM & 209usimd Ampyrbieighucos)pnd agcubgdagd0°C with 220 rpm

kg areliallo K gl B3RS SASTRE o 7.0 3580 M) was then

93m6l€a1atéc2(i)soowvrw§ ehd\bleri SRQ UK antPdibwn TBEOBEONHLIFT&S30°C.
of human MW containing the C-termnal am no acid

| i Bression, wasindycedwith2anNMHBRA. Collsorre haweted aftsmcngh)t culture
E:ﬁ%&d{ Eq?lg?@g&f &ﬁ %O(?(?S rprgA(C:Ell ?lle‘}/ %vag sggpe}lged B Iiy51sI bel%fer (10mM
Nay,HPO,, 30mM NaCl, 10mM EDTA and 0.25% Tween-20) with 0.8 mg/ml
lysozyme, sonicated and treated with benzonase. 2ml of the lysate was then run
through a 20 ml Q XL- and a 20 ml SP XL-column. The proteins rtMIF-C1, tMIF-C2
and tMIF-C3 were in the flow through.
The protein sequences of the rMIF-Cs were translated from the cDNA
sequences.
rMIF-C1(SEQ ID NO: 114; C1 is GGGGCG (SEQ ID NO: 55))
MIF-C2 (SEQ ID NO: 115; C2 is PKPSTPPGSSGGAPGGCG (SEQ ID NO: 116))
rMIF-C3 (SEQ ID NO: 117; C3 is DKTHTSPPCG (SEQ ID NO: 118))

FIG. 5A shows a schematic description of the MIF constructs, with added
amino acid linker containing a cysteine residue. MIF can be a protein from any

mammal, including without limitation human MIF (SEQ ID NO: 119), rat MIF (SEQ



under reducing conditions and stained with
Coonmassi e-brillant blue. Loaded on the 5 gels are the

w@oooBsas rat constructs rMF-C 1 (SEQ | D NO RAHEP2003/007572
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rMF-C2 (SEQ ID NO 115); 93and rMF-C3 (SEQ I D NG

117);, described in FIG 5A. EXAMPLE 8: d oni ng,
Expression, Purification and Coupling of RANKL 10 A

| ALr Dy cti00r chowasi VilF eEQ T0 NKer k& 13 ohizateqiempea of human MIF
cysteine residue, expression. and purificatjon of

mFasE e

iR (e Cxterm, pogeid Iiker & & lp? By 3aE sROFHIR FHQ ID NOs:

n epy Faet i '

R TEL 2% U0 Sob O e A OB Bt
osirdlepreducigg komditibgednd seaitked WithQoon@ssiobiilfant blue. Loaded on the
factor-rel ated activation-induced cytokin

r e2EbTE Mampyrificdyph wusiaipts WcéﬁSm@rWh§14\9ﬁi§Wﬁ2 (SEQID
oF | gt _ S
ooR0R [on s RS EOID RO FOHR ARt S i

codi ng region of the RANKL gene was anplified by PCR
with oligos RANKL- UP and RANKL- DOAN. RANKL- UP had an
internal Apal site and RANKIXAGRUEEC an internal

Xhol sit Th dugt . . di d wt d
ol S g BAR B EleEas AR SRR R
The resulting plasmd was naned pGEX- RANKL. All steps

were pexf Iﬂ{rB@&Ltiﬁﬁ oBARNAALH IIRES %Hllltﬁfnirgi AUy &Edhe £Ridue, expression
protocol s and the sequence was verified. "The plasmd

p Gind- aAifichtiamoafasodso R ANKT.usi on protein of a
gl ut at hi one S-transferase-Prescission cl eavage
site-cysteine- containing am no acid |inker-RANKL

(GST- PSn GrgBANK o tncTE oSS UG o AR Dl ar B RNRANKL),

| i nker 'had®t he sequen e constru

c owhigh has dsdimxa terinied bitebchest diffgrehiddtiondaridrsteopmitegetieligand and
contai ning ., amno acid l.inker, and_the RANKL 30 .

s cynon pecross fagigiTelaigd astivatiqucindisgd cytpldng wasxgepnbinantly oxpressed

94 B! C . - .
e mN-eppina ke coutpiping Qe RPTsine fos SRepling R VLP-
CGCTTCTCAGGAG- 3' (SEQ I D NO 86) RANKL-DOWN : 5

5' - COGCTCGAGTTAGTCTATGTCCTGAACTTTGAAAG- 3' (SEQ I D NO
87) Preoustmycienelaypresgon peymisls. C RANKL and cDNA

IS:’E? que :’1 gglge?é-ﬁe%o;ﬁa@?ﬁ' RAe’élkgh of Wﬁﬁ"g%n@%s amplified by PCR with
oligos RANKL-UP and RANKL-DOWN. RANKL-UP had an internal Apal site and
RANKL-DOWN had an internal Xhol site. The PCR product was digested with Apal
and Xhol and ligated into pGEX-6p1 (Amersham Pharmacia). The resulting plasmid
was named pGEX-RANKL. All steps were performed by standard molecular biology
protocols and the sequence was verified. The plasmid pGEX-RANKL codes for a
fusion pi'otein of a glutathione S-transferase-Prescission cleavage site-cysteine-
containing amino acid linker-RANKL (GST-PS-C-RANKL). The cysteine-containing
amino acid linker had the sequence GCGGG. The construct also contains a hexa-

histidine tag between the cysteine containing amino acid linker and the RANKL

sequence.

Oligos:



10 Conpetent E. coli BL21(DE3) cells were transforned
wth the plasm d pGEX- RANKL. Single colonies from

whamwanoysss and chl or anpheni col - cont ai ni ng agar PEI/APES3/007572
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were expanded in liquid culbture (LB nedium 30g/n
kananycin, 50g/m chl oranpheni col) and incubated at
30C with 220 rpm shaki ng overnight. 11 of LB (wth
30ug/ nPJkaaI’D}?ci n) was then inoculated 1:100 v/v with

L5 AL O GBS B BRI 8o
B@Fﬁ@fﬁéﬁc&&@&@gﬁ. T }ﬁmﬁuged at 5000 rpm Cell

was suspen buffer (50 nM Tris-HC1,
pH=8; RANKISIOWd; 1 nM EDTA, 1 % NaN3i 10 mM DIT; 5

TRehCHE AT %T@&WW%W@%@EQ@M 87)

1% Triton X100; 100 mM Nadl; 20 0,1 % NaN3; 10 nM DTT;
1 nmM PMSF) were added and i ncubat ed at 37C for 15 mn.

TEFot&ﬁlsgi,ﬁH@er@f Gofpeat Rt aﬂ@&ﬂ)lgkesgcét?ehc@WST-@@(ﬁ%ﬁxNKL
15 mn.

e supernatant was I at used f
GST-affinity chromatography. A colum GST Trap FF of 5
m ( Anmer sham Pharmaci a) was equilibrated in PBS, pH
7. 3 ( 1BRpradviddedid, Pu2ifidatiddl ¢CT-RADNKEM Na2HPO4, 1.8 nM

Gor T kg Tgtee%ﬁtﬁ‘?ﬁﬁﬁdngggt i St e eigyiife fladhidpGEX-
Gg%f@glu\gi b&ﬁaﬁﬁ’ﬁ ey ﬁ]a WI tQ{{ld (lé:fg@ mv?ﬁl_l%ldg[-g%ﬁhlﬁlnﬁgéar 6)lates

C QRkéi Xparitle @S 1iQuidﬂ\/bul'ﬁhe @B infdddiin GSOpg7fl CkeﬁiAMﬁLun 50pg/ml
protein was digested usi g t he protease _PreScissjon

(Ahl@a:ammemanaramdan@}natectme AfiCqwish 230 rawa shaking Qyeraightad 1 of LB

S 0udm Rt e R0y BB vl
PQ%{& BRRAPR Q06602 at9a°EURLIIESsIBANRas ihdiRed ARIRLO, @meIPTG Cells

prot ease di gestion was buffer exchanged using

H.Webamstacbaﬁmféém andpenioifeged af AR} rpny é}ﬁlmbl@m%ﬁ sggpended in

+ v maEane EICt Artias % Sigo: BRI EIEANY 10 my
C Y PIBs QAL Iﬁg/nﬁlhﬁys%%gﬁe OB | 'Im'Asd)qBP BO&fin. Then 2.5

befor’e. Purification of G was anal \E/Q ‘on a
smslmfgmffer Phés0geM Was—HﬂlapHﬁ& O Yohl riton AElH9) 00 mM NaCl;

it bR RS RN vy SiiSent BB OSERRsa20 g 15 min

CET Rl gw)gfe'\ﬂﬂmca&e'aeanﬁ ﬁ%ﬁé’ 18d a@-bﬂﬁ’ﬁm%fm IEiﬁn The supernatant was

PreSci ssi onrenal n to the colum. C RA
prigineddintelf utdcbfoeﬁSé‘eafﬁmt}sclzremafog&:ptha was obt al ned in

P Io?r]owpuééltu%n égTTrap Eﬁn}) ™ (I oaegs%%m armgcla) V\Olaesrc?quﬂ%rated in
PBS, pH 7.3 (140 mM NaCl, 2.7 mM KCl, 10 mM Na;HPOy, 1.8 mM KH,PO,). The
supernatant was loaded on the 5 ml GST-Trap FF column and subsequently the column
was rinsed with 5 column volumes of PBS. The protein GST-PS-C-RANKL was
eluted with 50 mM Tris-HCI, pH=8.0 containing GSH 10 mM.

The purified GST-PS-C-RANKL protein was digested using the protease
PreScission (Amersham Pharmacia). The digestion was performed at 37°C for 1 hour

using a molar ratio of 500/1 of GST-PS-C-RANKL to PreScission.



Lane 1: Low nol ecul ar wei ght marker. Lanes 2 and 3:
the supernatant of the cell |[|ysates of the BL21/ DE3

wa@edmorssansf orned with the enpty vector pGEX6pPAT/ARZNO3/007572
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pGEX- RANKL respectively, affer sixteen hours of

i nduction with IPTG 0.4 M Lane 4: the purified

GST- PS- C- RANKL protein, after GST-Trap FF columm. Lane

5. 15 whehéflord iaprdatticolipmmeuss @atnghi wadhifin e:dlang:daising a
the purjfied GST-PS-C-RANKL protein after the .

c FEBtagd/ A desalttine cphemdiAssranpl armaeia), thedfmstions gqpdaining the

SRR SR 58 D80 (8 SRR sy

1 on, contal ns

Phidnh86kraptzANls: the sne: Binditidas Rpsid faf@e heific@iondf€-RANKL
GST-Trap FF columm | oaded wth the GST-PS- C- RANKL

divips sndlpsedondg PP &G Hge M hege waetanedosiptearepssie Brilliant Blue.
G RANKL _t VLP A | ' 120 . M, AP2 VLP.in.
D S RARE o mee b Awitrob R (Y Bpolily) White the

MyRdle@fedd S TPS-CR AKY, HDE18dve OSTSES ald tRMHER & §i@i16@din bound
diluted froma stock solution in DVMSO, at 25 C on a

r ¢e Kiersglusthia ke R ANFHe proteiie of the expscigd isign of 22 IdBa was obtained in high
sugﬁﬁquently di al yzed twice for 2 hours against 1 L of
2@ Hepes, 150 MM NaCl, pH 7.2 at 4 C. The dial yzed

AP205 VR b 8Bfek | Aed b h EBweS thd®llo cted with the G
RANKL solution (end concCentrations: 60 M AP205 VLP, 60

MI@nRANKLw fotechiaumweight urasket Lafss C anl & thoskpemgptant of the cell
shaker . upl.i odycts are anal ysed by SDS- PA

vﬁ&a&s mf&%sﬁifn?ﬂgfé& st Aot dpks e %@4/@%@ and
P _ggg;ﬁ(go - | j

a ]%grl i cat ?%égc&vglg’t% rvl\\jlﬁ Jt{tlgerg}r%&al{lgp g?%u%a a%ﬁzgﬁgcoi'%mM' :
Lilried: therpzifiad G TaPSYSR ANKEL preteiafter GXTPtapriy doburhi/ Liane 5:

o RN A TR o 9 W
I ; . - i g _

AR A B 5 R g i
PER tlusGRD-TraeFF obluain [oglct withihé GETsR ANKE] digdseio-vhlich contains

(SEQ ID NO 90) and |15StopXho-R (SEQ ID NO 91). The
pribeiptiiedC-RANKPJRNgA stha beendiiactienpf the ST olrapl'F eddusptpaded

R PR B SRR ARG R i e

and Notl. This insert was ligated into a pET vector 15

derivative (pMODEC3-8 vector), previously digested
with Ni& | aLE@me@g of C-RANKL fo AP205 VLP

A solution of 120 uM AP205 VLP in 20 mM Hepes, 150 mM NaCl pH 7.2 is
reacted for 30 minutes with a 25 fold molar excess of SMPH (Pierce), diluted from a
stock solution in DMSO, at 25 °C on a rocking shaker. The reaction solution is
subsequently dialyzed twice for 2 hours against 1 L of 20 mM Hepes, 150 mM NaCl,
pH 7.2 at 4 °C. The dialyzed AP205 VLP reaction mixture is then reacted with the C-
RANKL solution (end concentrations: 60 pM AP205 VLP, 60 pM C-RANKL) for four
hours at 25 °C on a rocking shaker. Coupling products are analysed by SDS-PAGE and

Western blot under reducing conditions.



transfornmed into E.coll TGL cells. The construct
generated by cloning IL5 into pMODEC3-8 conpri ses,

wo e@ai001538 N-t er mi nus, a hexa-hi stidine tag (toPCT/EP2003/007572
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facilitate purification), 9an Enteroki nase cl eavage

site, a gamma 3 derived am no acid linker (flanked
Ntermnally by the am no acids ALV and C-termnally

by AS) containing a 20 cystgiiepesi due and the DNA
encodi ng the mature formof IL-5 protein. Fidelity of

the cloning procedure was confirmed by DNA . . id
SShwingieapresTies prbparificpion gk dh-Syithcie Argmingl, guise ac
diMlerrokintzining 8 qyateiey resitngs Coopling 3oEVLETHE elfittiogeel an
cienhaho irdgohde ib wiescr i bed above was terned

pMODC6-1L5.2 (also referred to as pMODC6-1L5) and
transformed into E. coli strain BL21-DE3. The 25

rec i, N n : ok i ;
s ERRE0 pBEL AIACTIRE Ead B chife o Blclucion bR F. col
were grown over night in 5 mM of LB containing 1 ng/L
Ampicillin. A 2.0 mM aliquot of this culture was

diluted into 100 mM terrific broth TB% cont ai ni ng |

ng/ L AHp$ wiak hinplifish&onanAFEC aloge @mﬁﬁ- @ AHCepumbegy: 37562)

oo Wby AT SR QTP 0 i
: ﬁ?ﬁﬁ?gﬁ}}% R(SEQ 11 RgRloas tree yrResdfdkis PCRTALs {sadmd Rplate for a

wer e y 2 hours. Reconbi nant H s-C1L5 was
exquoad PER With dhe prisat SpeMlinker3F2(SEQ d0N@(P2) and HéStopXho-R.

o e frse aoves Sicksisd BamPEREH NOIL (S infel) vE B ER T voctor
10 ot A4l i i Whith Ak Earand Not I, and
- efRiaine TAOPLCS S b BE b BIE N sBa. %y Al Aland Not 1, an
c gahdfoftgeihtd &.cdlO TE1ncalls. 706@ogstritheenratbdbyvdening ILS into
T ONETPESS- S CompRISTAOR 15 AY-tarinsn & iekisiafheoies fo Ffitat
t he.. [ S : :

- REFAFARREIR e iafeeRE g oS Dbapkia SRR ed R)TAdH linker
alflsikell NofertaR N9 basie: aido 4618s ALY dnd dbterminaBp byrSH crghing a
wer e added and 1 ncubated for. 30 m n_at

{ erpenaresides apd the DA Areadmgdhs matire fogp of B4 prgteia. Fidehiof the

et pRIOEI A SqntBRes oy TR FoEPRE RS bofin reeased by
g%\féca%ge Wwith entelokinae kQalledteicust MsiL-2E4) yzed by SDS-

GE under reducing conditions. SDS-PAGE anal ysi
denons Thatcetstauch centainingahrit deseribedzabopg %ﬁ?@@ﬂ&@?ﬁ&@fﬁi

to the mass of s C - -

c ATy 26 puGEo HEe kR ot A e Shalimt o1-DEs. he
| RIG A pEdt @R leipRRERAF BJcdli i@ Merinee His-QsmIsubl e cel |
fraction as described above. B. Purification and

r éflohaliBig | PEdroallsdartiosingpMADCRLL Byvee Sraiene et nightin 5 ml of LB
gé%;@?nsnllgo mog];L zll&%n_p?ci{hrn(?kn 206 r%?aGIicﬁlo of this LitRurk Wab hitdte it 100 ml

terrific broth (TB) containing 1mg/L Ampicillin. The culture was grown to an optical

density, ODgoonm, of 0.7-1.0 and expression induced for 4 hours by adding 0.1 ml ofa
1.0 M stock of Ispropyl B-D-Thiogalactopyranoside (IPTG) Samples were taken every
2 hours. Recombinant His-C-IL5 was expressed in an insoluble form and located in the
inclusion body fraction of induced cells. Expression of His-C-IL5 was confirmed in the

following manner. A 10 ml sample of culture was taken 4 hours after induction and



15 was perfornmed in order to obtain sufficient
guantities of pure IL-5 for vaccine production.

wox@nndght cul tures were grown and dil ut ed i nt BCEEP1068/007572
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100 mM or 1L volunes of TB7nedi um containing 1.0 ng/L
Ampicillin. Atotal of 3 liters of culture was thus
prepared and grown at 37C until OD600nm reached 0.7 at
whientnitoganiefor PTGinwh 400{td edThopaicy waasdspaaied in 0.5 ml lysis buffer

waC Dbk YLe d e pkih B0 81 Po0-H0q GH 5. To the

0 : e r [ elidne d.+ 40
Replapn Ay B A0 OISR DS B 4o
i dodice@dabr 100 X0 Ml alfuet vebdiednaelahat 00ad atiasted 50 mM
at -20C until further use. The bacterial pellet was

s Udgehdeude addepBad {neuinted for 30 mén 3t ropen tamyiceiare. HEensgnizifugation

CHeF Lo RCROR0 S kne SURARAE 2 Lo R REERG e o 5 min

r ORBRICHPRIH] BE SDS IR HRPRR AlRHRE 1 G RIGE 1ﬁd%ﬁ%28&%sns-

A1
mnute, 3 tines on 1ce then beﬂzonase and MyC
f i IeGEadaeeduciig anjlitions. SDSAPAEH aasgsis dandnatrated 4 protedthand of

m nutes at roomtenperature._ Triton X-100 added to. .
o T KiNa coresneRsine 4¢ Hisrmes 0%%(%‘\?)00&1%1, BLal i l§tqoytaining
St_inl r r '

S IDERCAILS RO OB S B ol o 1P T biRts Fithared from the
( Shsstubleloeld Jractivh a3Qlekdibed ub@enat ant di scarded. The

pel | et harbouring the inclusion bodies was suspended
(5.0 M/ g wet weight) in washing buffer (PBS

e FEbBls08p S0y 51 QRE of ol SR, 1072 B0

homogenA Ieﬁ‘%er@&ﬂe agirtR1oBdf 105 fiondlondiMODCHIE. 598 BULI-DE3 cells
was centrituged for 20 m nutes at 20 000 x'g and the

s Ujsesr perfermed dins erder éal obtpive syéicieat quagiisiesves e dlrd for vaccine

tEif . 2 ti . 1 A.final h t
PR O B0 lurep aR ettt ind At gt 2y Hlfpr 1o
t hy | ARSLHCEB Bfeditink E(ﬁﬁai?ﬁn%QQ) m?/LTﬁﬁpiﬂjilﬁnQ& tdtalDfBIIRES BF culture
in inclusion bodies of the pellet was solubilized in

( swanithpg prspared wed grosnggi 37 ° @ enidlt QPiong reashed0.7(at odickiime IPTG

NaH2 P 0 Tri s- HC 6.0 . )

S $H0Rd 1D et crinad cpiRshttionefch O m ABisn4 b ingbpiigaeells were
oy ¥ by Rt HMioR SEPRNRIA 101600 X ier hGBelidgdfie St was
Ni refiiEpended st RBS (P gy wetgusiglitparait cedtrifiiged for 15 minutes at 10 000 x

20 il S SekaABE Sul i B, 270 L0
co (e A, i s R APl i

100 mM Na

hyldoweh| omaegen{zet]! Bys8yymd(0.agihi)owad atdesihionthes bwpenvith and
perfarmed w bh A5 m of 100 nM NaH2PO4, 10, nM Tri s,

6. pcyhaggsator 4P menHips pbrasmbienperatysey Bheogyuspapsies avas sgnigated for 1

Lbﬁma% Bgﬁh'ésic% iwitbgﬁzoﬁﬁs%i dbd Wgél@ @i ¥hiPhnd c%ce%rat}c% were
added and incubated for 30 minutes at room temperature. Triton X-100 was added to a
final concentration of 1% (w/v) the mixture gently stirred at room temperature for 30
minutes. The solution was centrifuged for 20 minutes at 20 000 x g (SS34 tubes) and
the supernatant discarded. The pellet harbouring the inclusion bodies was suspended

(5.0 ml/ g wet weight) in washing buffer (PBS containing 2M Urea and 1% (w/v)



15 6.0 M CGuani di ne- hydrochl oride (pH 4.5).
Purification was anylysed by SDS-PAGE. Fractions from

wo b@4@b1588 on step contai ning Hi s-C | L-5 were ppoi/gp20as007572
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di al ysed agai nst buffer co®prising 8.0 M Urea 100nmM
NaH2PO4, 10mM Tris-HClI (pH 8.0) at 4C using a 10 kDa
cut-of f nenbrane. Followi ng dialysis, the protein

CaREsALL Bi0) epingaD Bt ehihfedi-SPasd 5;%?@&@1@1”?%1&1&%, 1} solution
using the following fornula; 20 Protein (ng/nml) _
( Wasenirifizgddpg 20mingtey gt 30 0Patgand thahwemenoedisaeadadohe pellet

S gl o KA 200 31 bl 0 o
3.60l128 viHB peifRe:df With gésgbﬁwfe@qn e B 5%151!%@59%@% g

buffer 1 conprising 2.0 M urea, 50mM NaH2
r educed TBedHistChiloheresentsn mdlusionibeadies «f the ptlkt one soldbfized in

£ > ORE S websieh e andRBs lB v avdis P ginris-Hor, 6.0
St o : . _

::TM g)?lﬁj él ?%elgg%w ut a{dﬁ’lﬁg]o?o. Eeﬁl\}la%r gi %jifﬁgreyﬁ %g?/ic?\?% 3?1%133151011

glwesexenirifugedHoB8 26 min. /At 2080 engl andrthe spperhathint mizsd with Ni-NTA

S8y TRt ot S0, B b o s
f4o j f :

a8 Lo 08 ke ST P e i

ewcishewyevithi 160 Hint AR 0Q mdsiNaH PO, A0EmdhaiisPleay M cGaanidine-

L T A —
(bt Fe 4L R0 MR B R yweric

8 185 wak elusedl fubrh alie resin bR Ev 1W0R 538! 0BGIVER: Oﬁ%%m'rris,
t

99 loaded gnto a Hitrap col umm andd, washed w

5 @VMMPRvAHAS B droeidoud 4p). Byrificaion wasanglysedby$RS-PAGE.

N b R s
Adidlyset sgaihst blifferRumpfitings.d MUYES 00RM N@H{Ft% 10MmM Tris-HC1 (pH
SDS- PAGE and concentration neasured by Bradford assay.

Q8D @Gy usingt g 16 tkiae cutoff eempbranei Follerdng sliadysiss dhéy protein
SDS- .performed .under non-reduci condi ti.ons,

PR RSP 009 50 e 5 e o
diPegiEini (ProfthB =138 Ash, Q1 (0. ciyn bon: ,
Coupl 1i_mn(g e 12%0”1' PR Rabil (0.5 x Yaghy) aﬁﬁ{d@n@%&?&h&)ﬂ of the protein
c ovedidilpisd svithedialysis befferdd O2ongipili Mihe solutien wh fhen diatygedivitha

of &k Benfg K TEeayoc genine. eliglbe Bubier L Gomppragns 20 M
t DA NAHPES, %Nﬁ‘éﬁ&&d\diﬁta&ﬁwws AR eaWhathigne, 0.5

Hs-CIL5 in coupl i ng reacti on.
vt cAngimineg 1900 quivpdlyasrol @b 8i8) amliforfd ettt Y4K-aghinsBanother

(40M..is redyced f.or I .h with an equinol ar anmpunt  of

TP T RoBPHne AUBYL BAHRO 6 Y hgced Clutalbisaecis mM

F Bkidtzed WHuRtiAbn 65 M Afkirife, Yo% (H6) dy@LIIZ6% 8.5). At the end the
protein was dialysed for 24h at 4°C against PBS pH 8.0 then centrifuged at 10 000x g

for 30 min. The protein content of the supernatant was estimated by Bradford assay.

In order to further purifiy His-C-IL5, anion exchange with Hitrap Q resin
(Amersham Pharmacia, Uppsala Sweeden) was performed. His-C-IL5 was
concentrated to 1mg/ml using Centrifugal Filters (Ultrafree-15 Millipore, 10 kDa cut-
off) and dialyzed for 14h against 50 mM Phosphate buffer pH 8.4. The solution was



15 with SMPH in a total volunme of 700 |I. The reaction

is dialysed 12 hours against PBS pH 8.0 using a 300
waoDw4ootsss of f di al ysi s menbrane. The coupl i ng PEBEP20051007572

is anal ysed by SDS-PAGE a8 Western-Blot with

anti-H s and anti-AP205 anti bodi es (pol yclonal rabbit

antiserum). Protein concentration is neasured by

Br hdflat ehto THétrayob pdinng ané frfakledderitys (i [ hospbl i=Q88 # bbffer. His-

200 1 SUi6h PR e G LTS P A ES S H AR Eom O | L His-C-
Co ' t ai P b

ac i PR U BUIRD oD HAROL AndiRBCe fie finiBpjon wes
t opgrfaatniell 8y 8DS-P AGE@af onsentrationfigasmed by BRadf@d askag.Quaetenary

check the hioactivity of the re-fol ded reconbi nant i
5 Hi strystyre ob thepsoteiapas arspssest by SPRIAGE perfpanad widst Bereducing

e R AR fyRatad Befiee RGP P 1 B4 RE8 SRl preparaton.

coupl ed to AP205 VLP nmay al so be assessed.

Reconbi nant nurine |L-5 (R&D systens, M nneapolis USA)
wa €. Yoedine produstinnr GouplineHisCridddo tAR205 \BEP r econbi nat

IL-5 wepe _i.ncubated.in fl at ttom 96 | I.. pl at e .

weh o %Ry AR ignd play T ekt R s e F s sppting
10 at re3éfion. IhefMircldde khe Glidifibn Jfhddisinigtgest (T@EP}'TEBWHisC- 5 and

Anal ytic, Switzerland) was added to eac well and the

pl sapingithe wpdaretips of AR20H VLB kutamit3 a@netecand Hik€-ILS5 in the

ST e AR Rt
efies If(lltqlg\tq? RV GRUA LN B %}g agéﬁgﬂé%om BPTgEhﬂ i19a% pH 8.0,

SClI ﬁt on counter. enonstrat ed that

Hi Reducedl I5-5 (30 d) i éncubbied fomAhduzahi ZMCpyigt 08 aM OB |darivatized
order to generate self reactive antibodies to npuse

15| Lwih irBntoptvetuse ofi760 pi. Thewaetiprsis dilised Bblowiryagainst PBS

| P30 buiof ol e, The ool peon i nalysed
f 1 ¥@SDRIEA G 8nd WEdRk- Bt Hithdhau-1ls @ithantil AP st dAtiBodids TR IFclonal
m xture of 6.4 pg AP205 VLP and 16 tg IL5 i.e. not

c ovebbi renkigerump.uPtotein (caReBfrationtiis mCasured by i Bradfegl. Thec eoupling

e Pt bRl Mk g i S hmegsvieed enmtomeric

20 oAPATIAR bt s SRl BB T

14h at 4C. The plates are washed 3 tines with PBS and
15_bl ocked with 2% BSA in PBS for 2h at 37C then
waPh AgsanAfd-hnetvibBS. Five-fol d dilutions of sera are

cdded |y Yo B S SR RO BBty 980
wagtieidle 8.5 wie sisaditb BhddBShesifactivity of the re-folded recombinant His-C-IL-5

25  (Harriman G.R. (1991) Current Protocols in Iminunology 6.5.1-6.5.5 John Wiley and
Sons Inc). The proliferative activity of His-C-IL5 covalently coupled to AP205 VLP

may also be assessed. Recombinant murine IL-5 (R&D systems, Minneapolis USA)

was used as a control. The various forms of recombinat IL-5 were incubated in flat
bottom 96 well plates with 2 x 10* BCL1 cells per well and incubated for 24h at 37°C,

30 5% C0,.1 uCi of *H-Thymidine (Hartmann Analytic, Switzerland) was added to each

well and the plates incubated for another 6h at 37°C 5% CO,. The cells were harvested,



i ncubated with anti-nouse 1gG conjugated with HRP
(dilution 1:1000) at room tenperature for 1h. The

w@b@ums75a8 e agai n washed 3 tinmes with PBS and RODEP2003/007572
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| /well 20 devel opi ng sol uti®n (0.066 MNa2HPO4, 0.035 M
citric acid, 0.032%102, 0.4% 1, 2- Phenyl enedi am ne

di hydrochl oride) is added. After 5 m nutes of reaction
atyapla@nndtieieoqibtition olf & hizh &S deerstioppedonitifg 6 f-emission
per well 5% H2SO4. Absorbance is neasured atoﬁé‘sﬁéurn )
ofvith adiguid peiniiblatiopsevnienh Hbe asray demeniped hag dgjctive.
25 EXAMPLE 10: d oni ng, Expression and Coupling of

Mouse Prion Protein A Introduction of am no acid

I mqﬁmm@ﬂ%@w@@lcyst ei ne residue, expression and
purification of a truncated form of the nouse priogn

prot ei dn @@eﬂorgﬁwet@tsglérqa@tm aptibodigstto pBWES E{'ilfjﬁ%f Befhtsmice are
e ' nPr Pt - o
b iirde Lo SRR v B 27 i henb BB fugpeinen

oI LRt s LTV, FRUPLL I8 200

20044801 Sa8pI@Tiktr2 008/400y AP205 VAP @fd B5 g liesi.e. not covalently
Fc-fragnment for purification. An enterokinase (Eh)

c |cem1a«g EAR2G5e HissC-TLry) imBB8 Sdicsers blad prier tekmunisafiongad at day
sist e t,0 .cl eave t he Ec- rt_of the fusi protein

2 P4 & i BrotScol (it o o B WREIRAR: . P

Mouse PrPt was anplified by PCRwth the priner

5 PrP-BanmH and 3' PrP- N17el using the plasmd
pBRSkAPamulikis as a tenpl ate. pBPcMVPr P- Fc cont ai ned t he

L e SOl 10 TRAER D LA v

an.. : ‘ . .
TR thtn g ok LRl Bl sy s nc
ofplddied efipoe BS AN B S8 2l aedl  Crihéhwashed kwice adthi PBS. Five-fold
m xture (1 unit of PEX Platinum ner ase,

| 0.3 MM
dNdptosmef srmeriidestjn 24hBS deftadr KOS RER pad ingebaiediat room

faqll . 94C f 2. MUt f . .0f

o gt arore 5 1 ShEb i R bR PG Rl ML i apS and
f qhéudwrd Rith 481iGY&se SO c&@a{eutiwﬁﬁqmysmﬂutﬁﬂm {1800) at room
seconds), 68C (45 15 seconds) and foll owed by 68C for

1Gemperatues for The TRCRlapascreiggaimme shid Getdmesi with (P SBanddH 00 pl/well

S e 20 DS kB RO -G8 0 SO BB Dt 1.2
1 . T . i .
S i P CRIOHE) RGBSR lin o o

s tiepperatii® tHeeEE ISATBOstbyped twittd 80 qul ot eelll 86 HaBOkL.04sorbance is
rotocol s.
P measured at 450 nm on a Spectramax spectrophotometer (Molecular Devices).

EXAMPLE 10:
Cloning, Expression and Coupling of Mouse Prion Protein

A. Introduction of amino acid linker containing a cysteine residue, expression and
purification of a truncated form of the mouse prion protein

A truncated form (aa 121-230) of the mouse prion protein (termed mPrPy) was
recombinantly expressed with a GGGGCG amino acid linker (SEQ ID NO: 55) fused
at its C-terminus for coupling to AP205 VLP. The protein was fused to the N-terminus



20 digos: Primer 5 PrP-BamJl 5' -CGG GAT CCC ACC ATG
GIG GGG GEC CTT GG -3' (SEQ ID NO 88) Priner

w@20BetBel 5 - CTA GCT AGC CTG GAT CIT CTC CCPeBEP18EW7572
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ID NO 89) 25 Expression a@nd Purification of
nPr Pt - EK- Fc* Pl asm d pCEP- SP- nPr Pt - EK- Fc* was
transfected into 293-EBNA cells (Invitrogen) and

pubs b iheehaf Foafrddnehe gt Rar 088 oReH AP SIErtREDite was
i n, EXAMPLE 4. ér?gf%t 0 after cleavage has,a':fﬁfwl):élg Iagedie v

s etpliedeesddshind dretHi tleavagn siBHQ clBvDe F24pani of thet fheion protein after
%.i nker at its Ctermnus. The purified fusion

pr BEEISH By Pt - EK- Fc* was cl eaved with WO 2004/ 007538

PCT/ EP2003/ 007572 102 enteroki nase and anal ysed on a

16% SDSS- P AGE gel wunder reducing conditions before

and af t eonstmceorodd mBPe EXl-Bettage. The gel was stai ned

e o PERab . W APl ey BCR arithiiGe Riimer Bl Bardil apra Prp-
usi on | . k. L
C AN Ring TR PlosiObBIR PRPIFR] A b life, GRPCOR PP dntained the

cowild-tjpe sdguence efthamonsdpiadploand shRPwesrHIlIgdandnial BamHI
was confirnmed by western

kDa, T i dentit f nPrPt
S Siec Gopied ah ATk PP -Mabhad briricingl Vil

r osi due or s PERAGCHoh S B o It Briled By iR SR fmpiore DNA
f owaceseplin thg 50qu ARRESH MiBurel(D %ﬁWP@I&tﬁﬁﬁ?ﬁolﬁﬂaﬁ?@, 0.3 mM

gel were the follow ng. 10 Lane 1: Mol ecul ar” wei
medIXEPs anda@enlyk MgPOR: - Ehe Famipebasfuer eyclel e@vmge folloayse 93°C for 2

nPr Pt  af | B. | j f nPrPt to AP205

P flope TS Gmtrit 405 VERaH B0 MdBendon §6°C (45
. . o

ol SOOI 0 SRUG SRR e SRATIOR Pl A o

stsecéndsphnd fotlowedbPb8BQ foatl 028nkie@n a rocki ng shaker.

The reaction solution is subsequently dialyzed tw ce
for 2 howPCRprdnetwas digested »dthrAamtdizad NheBodindeMadinto pCEP-

PR 5 .- The di . AP205 VLP ti.Qn m xture
" ST Culeinif e b Rt tet ot Gusge (RENET s athe'S endof
¢ ahe BRiclealva@tgquefb. The ABRIBRS Mbdtnid s M RBP-5Pim b PUEK -Fo
hours 20 atgvggqc on a rocki %gi snlnqlakers. CoJJpql%Pngp mﬁ@t EK-Fe.
pr oduct Allaxtkeraieas ysrecpenfprspbPai@iiahmoledtlat biotogy|ppdtocols.
urgﬁéosreduci ng condi.ti ons.
Primer 5°PrP-BamHI
5’-CGG GAT CCC ACC ATG GTG GGG GGC CTT GG -3’ (SEQ ID NO:; 88)
Primer 3°PrP-Nhel

5’-CTA GCT AGC CTG GAT CTT CTC CCG -3’ (SEQ ID NO: 89)

Expression and Purification of mPrP-EK-Fc*

Plasmid pCEP-SP-mPrP-EK-Fc* was transfected into 293-EBNA cells (Invitrogen)
and purified on a Protein A-sepharose column as described in EXAMPLE 4. mPrP;
after cleavage has the sequence as identified in SEQ ID NO:324 with the GGGGCG

linker at its C-terminus. The purified fusion protein mPrP,-EK-Fc* was cleaved with



EXAMPLE 11: Coupling of rMF to AP205 VLP 25 RMF-C 1
(SEQ ID NO 114), expressed and purified as described

WO nooEerspg e 7, in 20 nmM Hepes, 150 mM NaCl pHP@T/RP2003/007572
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0.18 nmM was incubated w thi@ne nol ar equival ent of
TCEP for 1 hour at R T. before use in the coupling
reaction. One m of a AP205 VLP solution, 2.5 ng/n,

V\@ﬁtef&%%@ Qnd’\éntagysﬂi &n Brdeghdhoelag ﬁ%ﬁ%&@@ﬁc@@dﬂdﬂfoﬁé before
hour at R T. The derivatized APZ05 VLP was dial yzed

t wnd efteregiiokivueslagaionThe 86 w2 stin20vithCbepessic Biflianiiilue.

Ve L ek rien stsadauit e lrd B N B fhopleaved
a n@r@%}rm&ﬂ Mn’l;:a?'ugn% tltég}@@%@ %g&% @ é@ét@ 1\ %3 fused to

103 solution previo y treate descrl
ahﬁsfbten:ﬁmus Bofid bie detadtedush brival bapd befvet 48 end@skDa, The 1dent1ty
zerv ble at .t he end of e co I|n reaction, and -

a8 Sopfed by ugsies b2 PACSB OB IS JEL Rt Wiha C-
CoOdjitdl o ﬂgﬂ%ﬁ&r %SIIHPM% Q%gsté’ﬂlé Ii]es FRODBAT 1R eeressed and

Bri ant e resu e coup |ng reacti

slpumﬁedmwdtﬁedﬁordvhﬁﬁgtba@mmﬂ%cul ar wei ght of
whil e the AP205 VLP subunit has a_nol ecul ar wei ght of

14 kDdhawimeles pededon thegsl wergdhecolipginguei ght of 13.
I
af A0SR LG B RUPRGLENAD, Pl

6 mFROMiRr tRavdges 6 is the result of the coupling
reaction of rMF-C 1 to AP205 VLP. Lane 1: Ml ecul ar
Mar ker. Lane 2: AP205 VLP. Lane 3: derivatized AP205

1y VLP.~ i vatized AP205 VLP. L
5% di al yb@ggg %%IP?{/ %légge ggg[‘svemleeLane 6: Coupli ﬁge
react | Ws&ﬁﬂdn“dfﬁ?@ﬂ\d%‘l@@‘?%@ iYeBmMihe 69 q@b nf NaClpH 7.2 s

product is indicated by an arrow in t i gure.
not¢asted| far 3Gmingltsswil a 25 ﬁ)ldardkaﬂexmssbéSWPh@’eerce) dﬂuted from a

i ndi at d on the |left er of t.he | . EXAMPLE
1ét00 00 4 IMISGh %25 ARy arraflgnwg%er n?b’r@ afaafwnewhetepn is

Ay B S A o

Epmn at M’IZ th dlaixyzed tARPO5 Mlstelacmﬁrmmeamhsf then réaetml veéith the
Bal b/c m ce and 14. Each nouse

R RO (e oppcerenpny B ENRAD IS VLR sty §or g hours
ik 2 C8 AR £l 9B5E. Dlubifng RioBedre o8 bF BSLPRGE and

&Sk Gldt ind@redidisgeonBivhéi ¢ for rMF-C 1, as
follows. ELISA plates were coated wth rMF-C 1 at a

concentration of 5 g/m . The
EXAMPLE 11:

Coupling of rMIF to AP205 VLP
RMIF-C1 (SEQ ID NO: 114), expressed and purified as described in Example
7, in 20 mM Hepes, 150 mM NaCl pH 7.2, 0.18 mM was incubated with one molar

equivalent of TCEP for 1 hour at R.T. before use in the coupling reaction. One ml of a
AP205 VLP solution, 2.5 mg/ml, was reacted with a 2.3-fold molar excess of SMPH
for 1 hour at R.T. The derivatized AP205 VLP was dialyzed two times 2 hours against
210f20 mM Hepes, 150 mM NaCl, pH 7.2. 820 pul of the dialyzed derivatized AP205
VLP (0.18 mM) were subsequently reacted with 820 pl of a 0.18 mM tMIF-C1



25 plates were bl ocked and then incubated with
serially diluted nouse sera. Bound antibodies were

waledsobmas Wi t h enzymatical ly | abel ed anti - nDUSBCT/BE2003/007572
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antibody. As a control, al@@rei mune serum of the sane

mce was also tested. Inmmunization with rMF-C 1

coupl.ed to -AP205 VLP L%d.ELQ,a strong‘sgeci fic immune

r eSponse agar s trRE EE h'ekt go dpyeritigh abetsy farheheve pbfd. No

t i fregipidie S8 1dThi agalnsh; F-C 1 .define

as,15 the di FA%? |Og§f”??1%g%s%’?ﬁbr§g?éﬁgln% g%afﬁl%%?%ﬁ?@ S%P%S were

veanabyed 181 6D0-P AGEFulet redscind enafiebes, pirap ! %er} stained with
e

di spl d t AP205 VI P and i bl t
S i Bhve Biraee o fooustoE reseion isbinen in FIG. 6 MIF
007572 04 .Sh
o e o A PR R P gor 14
s A Wiiibe M\IF-C T Msfa-ifiolécular vidight 5613 TRE cdliphifi hridBtd is%ﬁgrating as
e

Wi th ri({n‘ -C 1 coupled to AP205 VLP. Analysis of t
d&yP¥ted With an gpparert malpcalar pyedght OKR7. avRlesonitied/B) Figa

done | [ €¢ : f dilutions, of sera
wer e aLSp}ﬁ F@c} ht(fg& {Rs Jﬁ-/\ﬁgh%;ﬁﬁ'pgpge ORI AR ‘?tlcfp/ﬁF f@ 19r44F205
5 Viiinlnae e Moteaflardvierke age SURPLOSISMP, Y ahd BUNZSGed AP20S

Wl‘}ﬂ) {Ig/l-ﬂl:_ C.l coupled to AP205 VLP. B. | mmuni zati on

of ¥ iraf- @Gt Halxpeslgderipatized ARISAVER Lok 5+ dialy AR @G vettiRd AP205
c . - fro e is ipjected s.c, .
R Bk 8 ATl GNRFCRl 0P B S et
alisdened O arbdtid 81hS fighaCihd Ablebsial WHEH | i

of vaccine diluted i ng%%S to 280 I _‘Qgg?ﬂgégﬁlg‘i‘%a&g%%gcﬁeﬁs are
d&8dicpped emthetefebenderof thef gdlhe  ant i bodi es specific for
rMF-C 1 are neasured in an ELI SA specific for rMF-C

1, as described above, using however an enzymatically

| abel ed anti-Rat 1gG secEWLquti body. 15 EXAMPLE

13: Coupling of the Angio | peptide to AP205 VLP and

| muni mmvadzagionrofasice Mnd Sow plithMOF cdijdiedtd AP2ES VEP

to AP205 VLP 20 The Angio | peptide, having the

sequence of Angiotensin Il (DRWIHPF) (SEQ ID NO 13)

f used Bhukahbd S MW L3Vt b 1Sl PG GG

cont ai ni ng aa1cystlgllcﬁg;:}trhe@l)i ue frf())?&l@&?fgﬁogﬁﬁﬁfig t he

act i vat@@0¥LVLPwasusibe o aMIy-Cly TbRS FxehpleA12 9 Swad/iffected
ex]ﬂ%essed nd purified as described in exanple” 2, vvas‘]
r

P3Beeuseth femabBalkic mispdd micgatrduy Na@id, 14 HEazh dnouse was

b iz6dBanhyf fe Res bjli 05 VLP was 25

t ﬁfél%ﬁl?lgéact 4 ngj gagf)ejgﬁcé%enﬂugﬂ lgrl;%d tO%ﬁgayMw(ed@r Fetiopehifally

| bled oBiday DOy a6hd HSS@RED of tHé dltibddiks specific for IMIF-C1 were measured in
an ELISA specific for rMIF-C1, as follows.

ELISA plates were coated with YMIF-C1 at a concentration of 5 pg/ml. The
plates were blocked and then incubated with serially diluted mouse sera. Bound
antibodies were detected with enzymatically labeled anti-mouse IgG antibody. As a
control, a preimmune serum of the same mice was also tested.

Immunization with tMIF-C1 coupled to AP205 VLP led to a strong specific
immune response against rMIF-C1 (Fig. 7), whereby the average titer of the three mice
against rMIF-C1, defined as the dilution of the serum giving half-maximal OD was of
1:31000. rMIF-C1 was therefore properly displayed on the AP205 VLP and accessible

to the immune system for generation of a strong immune response.



mM SMPH (Pierce) for 30 mnutes at roomtenperature
(RT). The reaction m xture was then dialyzed tw ce

wagamne1s3$BS buffer for 2 hours at 4C, and r eaetCEEPW03/07572
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1.144 nM Angio | peptide (®equence: CGEDRVYI HPF ( SEQ

ID NO 12), free amne and free acid), diluted in the
reaction mxture froma 50 MM stock in DM O The

coupl i BpoBQ dneRig! T antwamalyeif thy tRLIpE. aFaRd Iﬁf@lfeg Dlﬁt@%@clﬁc for
at 15 C, and the reaction m xture di al

heWHE-Clgian Histseze 0DoDCT snaubistd rathHBET- éh @Oﬂpla@ﬁo fARi@é VLP.
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to an AP205 subunit assessed by SDS-PAGE and t

phBIRNe sewit ehtonamianse subssquantly | imnaunBred dish @ﬂvﬁgﬁy coupled to
fficiency of the peptide to AP205 VLP, as

gg#&ﬂéggﬂi the sumof the intensities of the bands

corresponding to 1, 2 or 3 peptides coupled per

mononmer 5 subunit, divided by the sumof the
i A ensﬂmhwlztatlonoiu;atse&diﬂaA&ZQﬁw&’th;Ioepied\RﬁﬁﬂlF -@bnoner

Si'mi 1 a8 enpieto m DA RE o T DR eeied . nrats (3

Mogi Ez{cﬁ?hﬂ s ()td?ﬁtZStIH %he' a%ﬁ;gg Pf%df,wan{sh cgﬂHPi'sH gluﬂﬁze&'m 50

are nultiplied by the nu coupled pept

syigwiivhcdine diheed RsPRS to Q@) blaRdts arenblbﬂl endagrdp drdrthe titer of the
Epi t ope density was_of gio |l ]gt I des per AP205

vwﬂ%q%%rﬁp?mﬁ& éorBMlFrﬁ%h ﬁqez%&aﬁ@ﬁd &1 aE kS AnpnegifiafoneMIF@L, as

¢ %&H‘lﬁgd taf?o %[les L r%%?ic% lgﬁf@u&la&ﬁ ga%) IgA@ %econdary

Han&lgddgd S. c |n three m ce at day O and 14 in the
absence of adjuvants. Each nouse was imunized with
25 g of vaccine diluted in PBSto 200 |. Mce were

retro-orbbitally 15 bl ed , and the titer of
rbbi Dledgangaun 3, and

the anti bodi es specific pepti de were

Meagisuapiin hﬁ?f td Afpio Tﬁﬁﬁﬁﬂgt@APZWLP%dVﬁﬁnﬁﬂi’iml&g of Mice

bovi ne  RNAse A using 't chem cal cross-11nker
sulfo SPDP. ELI SA pl ates were coated with Angio

°?22'9?a$pl£g§”€§a§talﬁﬁﬁr?q“eﬁ%%%?ﬁét@ﬁt od vilh Serially
i | ut e hEDUE f?ép?hde BRavish &@%c%%f%{gq?@@i& #t @RV YIHPF)

wi th enzymatl ca Zblabeled t1 - mouse
alﬁ$EQ dpi Ié@ l%ﬂmed:aintsrldherpnmsrtmﬂhneluﬂer aecpfenwl@G@mtalmng a

I tested,, Th | t
By e s U RGO UTIER? 8 PRIV B fvanpsymihesized AP20

o]ﬁ/tLtlﬁ gﬁ%ﬁ?seé Qﬁ&i@lﬁl’li? ffa%)rdeﬁﬂﬁb@lﬂ g g&%?eti Ciﬁasdé‘so‘i%‘ﬁi%ﬁ i#20 mM

hree m I mmuni zed on ‘da
adepess 1150 heM Ml pHI7. Apbwﬁfer({HBSduﬁfee)deQolﬂﬁﬁﬂéil ARR)5 VLP was
Total 1gGtiters were deternmined in the day 21

then reacted at a concentration of 2 mg/ml (determined in a Bradford assay), with 1.43
mM SMPH (Pierce) for 30 minutes at room temperature (RT). The reaction mixture
was then dialyzed twice against HBS buffer for 2 hours at 4°C, and reacted with 1.144
mM Angio I peptide (sequence: CGGDRVYIHPF (SEQ ID NO: 12), free amine and
free acid), diluted in the reaction mixture from a 50 mM stock in DMSO. The coupling
reaction was left to proceed for 2 hours at 15°C, and the reaction mixture dialyzed 2 X
2 hours against a 1000-fold volume HBS, and flash frozen in liquid nitrogen in aliquots
for storage at -80°C until further use.



25 sera. No antibodies specific for Angio | could be
detected in the prei mune serum anal ysed. A very high

wap@aiohises titer against Angio | of 1:69 000 i nPEUEPRG®007572
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(given as the dilution giwsng half maxi mal OD at 450

nm was obtai ned, denonstrating that self- tol erance

agai nst Angio | (a self peptide in the nouse) had been
br oken ArThieneatras themahshd atepliyas! thacotigestovt APLEF yubunit
hi gh di spl f tides are obtained upon 30 cqupl.i
e Y e o hS Raolieduee S auirories fod Bregag s
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h f adj . 2004/ 007538
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P Bfler pNERL OB drReSO B! @tinh¥adiiosfled dhnilarly as coupling

U R@Ri&ica witinthe nhddiféaltion kgt Ml witenssty bothe 00eplink banddiafeanyitiplied
skill in the art that the same can be perforned by

miitheunepes pf cosmbad gepddernsesubinis nfc the resprative Ratd, 4 thenwmerator.
R e L

i nvention or any specific enbodi nent thereof, and
that such nodifications or changes are intended to be

10.enc dmpuwizadoniof mise witleABGpY¥LBcoupled ippagiad geptide

| ai . | Li t . pat ent d tent . .
LT S B B o e
| nefieGiad §.¥9n \%&@é ﬁ*&te h@&@! 0 & 18 kd thk aBlenbd\@ra@jsMhts | @R hfduse was

the art to i ch is’invention pertains, and are
heémaiunized oathi2r g efovaboing difugeden €8 Stto 20hel. MHoewex tartorhbitally

;lajﬁ?@ieqag‘gfiﬁﬁib ﬁqll\é’lé‘? @%LT&@? B!E ig}fe?%;lt@ﬁ@ie? géﬁec%qj (EJPZ\'I &ggtig gtgoeptide were
0B 50 B TR, LRIGRAP LRl Wer sGhAbF R RrinRAse A using the

vichesichl &@sphiilterclldo-SPDP EBISHY phites veas toated with trgiol-coupled

sel ected fromthe groug 5 consi sting of. (ay a )
prRVAseatiesonaenteation af A Haemld Theplgtes verablosked angrthen inpubated

o auuispeligiged e, Bladalfio R B G0 ik fragmatically
MULIRILY RHi-H8hs BGUnELHdiIE. AR cOitrdlbpreintmudd\®ra of the same mice
virus-like particle of claim1, wherein said protein

i swere glgoridstedn{The results are shown in FIG. 8.

FIG. 8 shows an ELISA analysis of the IgG antibodies specific for Angio I
peptide in the sera of the three mice (1-3) immunized on day 0 and 14 against the
Angio I peptide coupled to AP205 VLP. Total IgG titers were determined in the day 21
sera. No antibodies specific for Angio I could be detected in the preimmune serum
analysed. A very high specific titer against Angio I of 1:69 000 in average (given as the
dilution giving half maximal OD at 450 nm) was obtained, demonstrating that self-
tolerance against Angio I (a self peptide in the mouse) had been broken. The data
demonstrate that vaccines with very high display of peptides are obtained upon
coupling antigens to AP205 VLP. The data also demonstrate that very high titers
against self-antigens are obtained upon coupling of these self-antigens to AP205 VLP

and subsequent immunization with the resulting vaccine in the absence of adjuvant.



3. The virus-like particle of claim1 or 2, wherein
said nutein has an amno acid 15 sequence as set

wo ooorooisas SEQ I D NO 1 or as set forth in SEQ | BUNEPRN3/007572
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wherein at |east one am ntoéaci d resi due, preferably
three am no acid residues, nore. preferably two am no
acid residues, and even nore preferably one am no acid
resi due is added, deleted or substituted, wherein
preferably said at | east one substitution is a
conservative substitution. 20 4. The virus-1like

particle of any of clainms 1-3, wherein said nutein has

an amino acid sequence as set forth in SEQ 1D NO 1

or as sHavihgnbly fully SEQribEd N@ Resenvireestion it soieadstaibbye way of
cysteine residue, preferably tw cysteine resjd , 1S
deillusieaiiopand geanple Eﬁ@fé’&}‘PQﬁﬁ%Qféﬁi%l%PéP@PTd@nga‘it &ﬂﬂiﬁ’e obvious to

| east : it Ut 5 r ive ip
8L DRS00 BRI Uil imed by pociting o
cl ehafBing tifk inVéitio ivAthied oidesné equitkdentadnga ot cumditionis formulations
sequence as set forth in SEQID NO 1 or as sef forth .

i narsEesheppavangters Wibew affesting igstcoph ef (hpsinpentioasqraayy, specific
pr ef er abl hree | ysij S| - efer

PoE it kR, il AP AT RNARR O &, BB ChE Binted to be
| yérdagphsseadd@eh thededRtcFadheodppendedticidimted, wherein
preferably said at |east one substitution is a . o
conser vAllipubligatioss. ipaignisend patent 2erdisaiinr @gtioned in this specification

ot Tt B eyeh Pt ol oy the S wBIERis invention
gUE%ﬁ‘iltaﬁDth%n% hige gs%ﬁﬂh{caﬂj&atm O} ebRrédte B@d RN OextbnO4s if each

. > S. Anutein of claim7, wherein at
| ebslividusé pablicatiomqiatent espatens applicatien wb$ speciiicedly ardrindiyidually

acjd.residues, nore eferably two am no acid
reggﬁﬁgéfoEﬁgwgggﬁmﬁgﬁ%“gﬁﬁﬁ erably one anino acid
residue is added, deleted or substituted, wherein
preferably said at |east one substitution is a
conservative substitution. 10 9. A nmutein of claim?7
or 8, wherein at |east one cysteine residue,
preferably two cysteine residues, is deleted or
substituted, wherein preferably said at |east one
substitution is a conservative substitution. 15 10. A
mutein of any of clainms 7-9, wherein at |east one

| ysine residue, preferably three |ysine residues,
nore preferably two |ysine residues, and even nore




preferably one lysine is added, deleted or
substituted, wherein preferably said at |east one

wanlgndtseg i on i s a conservati ve substituti on. POI/ER2005007572
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vector for producing a AP20B virus |ike particle
conprising a nucl eotide sequence being at |east 80%
preferably at |least 90% nore preferably at |east
95% and even nore preferably 99%identical to that of
Eﬁ% NG 2 or SEQ ID NO 4. 25 12. A vector for the
r ﬁ' Pon of a recombi nant protein conprising a
nucleotlde sequence encodi ng a pol ypeptide fused to a
protein, wherein said proteinis selected fromthe
gr buph viowss ik parficlokomprying ajeast ennpioteii sejocked Bomribe group
acid seqﬁenc as set forth in SEQ ID NGO 1; 30 (b) a
prot & g an am no acid sequence as set forth in
SEQ 1D NO 3g3yand, gf&t eifl haHh hﬂaﬁho%g Rintp &t kdgoi mSEQ
(a) or (b). 2004/ 007538 CT/EPZOO /007572 109 13
A conposition confd N€:ihg: (a) a core particle selected

fromthe gro consi st.i 05 virus

particle; QBS (?P5°t%’f%§g‘§n%?1i‘ érglqo 51259314%08 pe et fothyin SEQ
(b) an orgam c nopeRid.e aperei n the organic nol ecul e
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claim13, whe)ei naaniteln of gadpoteimbL@)be(kdNd core

particle 10 forns an ordered and repetitive array of

t he organi c nolecule on the surface of the core

pajt '1‘1*1' }*T’ike gQﬁlefeoJﬁ% aﬁl'ntll %&Bb&@%@&&sﬁﬁc&n inagt.

mhereln ani c no
particle V|a athird nolecule, said third nDIecuIe

l'inking the core 15 particle to the organic nolecule.
163- ﬂh@ vk peitisle Qfclaimiyl @512, prhareissai@mptin hreaneqnpino acid
S a| d s&ﬁ&gﬂ% & JIP o%%h%ﬂ@ II%W{] gl\}é]sesre{ H)%thp ! rgﬁgﬁ%w}; Wwherein

east ‘one coval en ond el n
S al d ac &t 2B anrfiedsli€ ed¥ituk S sfepabBeBidethenii® Reld rekfkiukd - more
The conposition of any of clainms 13-16, wherein sald
or gamre?tp 1ablydwigl amning acid residues, and even more preferably one amino acid
residue is added, deleted or substituted, wherein preferably said at least one

substitution is a conservative substitution.

4, The virus-like particle of any of claims 1-3, wherein said mutein has an amino
acid sequence as set forth in SEQ ID NO:1 or as set forth in SEQ ID NO:3,
wherein at least one cysteine residue, preferably two cysteine residues, is
deleted or substituted, wherein preferably said at least one substitution is a

conservative substitution.

5. The virus-like particle of any of claims 1-4, wherein said mutein has an amino
acid sequence as set forth in SEQ ID NO:1 or as set forth in SEQ ID NO:3,
wherein at least one lysine residue, preferably three lysine residues, more
preferably two lysine residues, and even more preferably one lysine is added,
deleted or substituted, wherein preferably said at least one substitution is a

conservative substitution.



bound to the core particle by at | east one coval ent

bond, wherein preferably said covalent bond conprises
wa@20anesept i de bond. 25 18. The conposition of PEEPTN3/007572

clainms 13-17, wherein the ®8gani c nol ecul e conprises,

or preferably is, a hapten, an antigen or an antigenic

determ nant, and wherein nore preferably said organic

nol ecul e is an antigen or an antigenic determ nant.

30 19. The, canposition of any of clains. 18,
ver eIt BEOTE R pingaeBlacinacs o G el et HER?
first attachnent site, and the organic nol ecul e
contains at |east a second attachnent site, such that
Sl i amexim df thietrecoladement pioten o SEQERONE: Wor $BQ4P0¥R538
PCT/ EP2003/ 007572 110 of as. ociation wit i said

5 first attachnent site to forman ordered and
rgpegiti A i F SHSLaRb Yci¥i Bsidle, bRASGELIO Bfe
ng'n-%\eﬁpl)%tgfgleﬁ%%.gﬁgv&g{ e 1%%@0& t onc]'ofr almye gf cl a?ms ©
13- I&ninovbeid etsidhea, ofkipraftrablyt tohuming add residubs, and even more
conprises, preferably is, an i.n roup, . and erein
pr eftapigrbly ensiaming peid residueds AeisHe gf‘%?gt?ﬁorc%lh&@@ﬁ@wfmln
prefer ' ' I: , R iRe g
Cecdnteapt.isf ateist Sh kAR e ARPRERIERRI,

10 sul fhydryl group, and wherein preferably said second
attachnment site conprises, preferably js, ei_ne

! ¢ a_cys
r 8si Aguitein Of olpim Tios Scwherei 4t ilesst G caffging fesiqug; Pﬁg%erably two

3-20. . wher ej,n.said S
ot oS FER s G PR R At AL MR Blckiyni§ 953 al g one
CONPRBitthesh Rfa RAYeredtive sabsibutlbd; 21, wherein said

conposition conprises 15 an amino acid |inker, and
wherein preferably said amno acid linker is bound to

saj.d, anti.gen or i.d i_geni.c term nant by.wa f

15 S0 SRRl oL SRR LR LA A Ry Bl
| easfrReiReRkIHSs, RS prefedably ifo §SINE assiduesind bvaimorf
clainms 13-22, whefein said amno acid |linker 20 .
conppiefesbly analysiee tredded, datcraden sulsstitused, 2vherefmpreferably said at
conposi tion of any.of clainms 13- .wherein said am no
aci dlepst ﬁR“éFuhSEtu“Qéllse‘i‘:?%erP’ AR sc“hé‘ﬁbtr‘%p consi sting of,
(a) CG&G 25 (b) Nterm nal gamma 1-linker; (c)
N-term nal gamma 3-1i nker;

20  11. A vector for producing a AP205 virus like particle comprising a nucleotide

sequence being at least 80%, preferably at least 90%, more preferably at least
95%, and even more preferably 99% identical to that of SEQ ID NO:2 or SEQ
ID NO: 4.

25 12, A vector for the production of a recombinant protein comprising a nucleotide
sequence encoding a polypeptide fused to a protein, wherein said protein is
selected from the group consisting of:

(a)  aprotein having an amino acid sequence as set forth in SEQ
ID NO:1;
30 (b)  aprotein having an amino acid sequence as set forth in SEQ
ID NO:3; and
(¢)  amutein of said polypetide of (a) or (b).



(d) I'g hinge regions; (e) N-term nal glycine |linkers;
(f) (OkC(G" with n=0-12 and k=0-5 (SEQ ID NO 93);

w@00od®my75B8 t er m nal gl yci ne-serine |inkers; (h)PCT/EP2003/007572
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(OkC(GMS)j(GEEES) N withlew=0-3, k=0-5, me0-10, 1=0-2
(SEQID NG 94); WO 2004/007538 PCT/ EP2003/ 007572

111 (1) (-JS C3, (k) G&C-1~1FI2; (1) CGtermnal ganm
1-linker; (m Ctermnal gamma 3-linker; 5 (n)

C— [ .gl [.i nk G,,Cqgl ith
e@ﬂ’lﬁﬁaﬂﬁ géﬁgﬁglgﬁo(gé)( )(p)C( C2tervr¥|i naI

I
?G)VSE?%)J-S@%E?%“C‘E‘S%‘&W“% e ™ oha 0=0.5

(SEQ I D NO (963n ARQOQﬁlrus'lﬂaﬁm@@mpdm tion of any of
clainms 13-2 in s d or ani c. nol ecule is

sel ect ed frzﬁ‘ﬁxﬁzéi ?Srﬂﬁi of . (a) an organic
nol eculsg sui an i mmune response agai nst
cancer (‘%cel Iah(?)ggf%l(?C ﬂg)efé;'l;{‘ﬁgor ganic nol ecule suited to

I Nnducsherein therarganic ﬁmimubes bgaidns the dord ptticlous

di seases; (c) an organic nolecule suited to induce an
i mmune response against allergens; (d) an organic

l,e j :
Tt AL SIS0 Lol AV SRR B BUBICEFUAIE BEGR, it
i ndudernsrani drmre& an@®sipotibe array béthcaginitmslecole opehessurface of
(f) an organic nolecule suited to i nduce a response
agai il coxe partigle. a hormone or a toxic conpound; and
(g) fragnments, nuteins or domains of the nolecul es set
out in (a)-(f). 25 26 The conposition of any of

cl18i Mhe tOmPbsitivMer eluit t her DY, Gheicin 118 loggiembRcdd is bound to
the core particle via a third molecule, said third molecule linking the core

particle to the organic molecule.

16. The composition of any of claims 13-15, wherein said organic molecule is
bound to the core particle by at least one covalent bond, wherein preferably

said covalent bond comprises a peptide bond.

17. The composition of any of claims 13-16, wherein said organic molecule is
bound to the core particle by at least one covalent bond, wherein preferably

said covalent bond comprises a non-peptide bond.

18. The composition of any of claims 13-17, wherein the organic molecule
comprises, or preferably is, a hapten, an antigen or an antigenic determinant,
and wherein more preferably said organic molecule is an antigen or an

antigenic determinant.

19. The composition of any of claims 13 to 18, wherein the virus like particle
contains at least a first attachment site, and the organic molecule contains at

least a second attachment site, such that said second attachment site is capable



antigen or an antigenic determ nant, or a fragnent or
mutein thereof, being selected fromthe group

wa@oogiostsdsig of (a) an antigen or an anti geni c PCT/EP2003/007572

10

15

20

25
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determi nant suited to i ndut® an i mune response 30

agai nst cancer cells; (b) an antigen or an antigenic
determ nant, suited to i nduce an i nmune response

agai n§t A§epfialie itk saif Sied sBachngr JE0Y/AOOT BBEdered and repetitive

ot or iR TR T e R PR e ¢

agai nst allergens; (d) an antigen or an antigenic
deterni nant suited to induce an inproved response
agaPndhe semnpositiar efems of slajney 1 h9,avitcige vaid firstttachment site

antigenic.detersm nant suited to induce an i e |

res poggnépnﬁde Rr%ﬁgl b ni*ndh TGP gﬁ%ips?nd_(‘i"])\efglﬁ Pé%?g?agb’rﬁalﬁlrfmt
an anbit@eeft HRIBIPHIAN bredtBIf S, agysh{é%a&uea aﬁc?&zﬁ%%gmesaid
agai nst a drug, a hornbne or”a’toxic conpound; an

(h) f peegneattachmentistesiomprisds, preferatdy &c bkeishysietl gestlp, bl
(a)-(f). .10 27..The co sition of any of clains

13- 26}”’1’%}%}% rably $pidh ﬁeggﬁq? fUtarBmERt fite cPEIPEFES. prstarefdyiis, a

sel ecpaekifd @sdhdie group of : (a) a polypeptide of HV,
(b) a polypeptide of Influenza virus, 15 (c) a

pol ypepti de of Hepatitis C virus, (d) a polypeptide

of ,To | asma, . (e), a pol ypeptide of Plasnodi um

fafki E@‘? Eﬂﬁlpost@* 35 aBY Py plaisns a2 iwherea sadd pasand atsaghment site
(9) agpal ' . ' val 0 (h) a

pol yp%%tginggﬁdg‘%ﬂagﬁgg%%ﬁlm* gl:ga%&%m%?q ®a pol ypepti de

of breast cancer cells, (j) a polypeptide of kidney
czfcejf cells, (k) a polypeptide of prostate cancer
cet4-sThe ‘(OP_}POzﬁltlé’élqp?éﬁtqfﬁ 18§ 1501 yvleseio spidceinipesitigs cgmprises
a pol ¥p&aRinb 96:d9inkBE, 2hy W%Qx%f:neﬁrefé?e{bhys said amino acid linker is bound to

said antigen or said antigenic determinant by way of at least one covalent bond,

preferably by way of at least one peptide bond.

23. The composition of any of claims 13-22, wherein said amino acid linker

comprises said second attachment site.

24. The composition of any of claims 13-23, wherein said amino acid linker is
selected from the group consisting of:

(@& CGG;
(b)  N-terminal gamma 1-linker;

(¢)  N-terminal gamma 3-linker;

(d)  Ighinge regions;

(¢)  N-terminal glycine linkers;

® (G)C(Gn with n=0-12 and k=0-5 (SEQ ID NO: 93);

(g)  N-terminal glycine-serine linkers;

M (GKC(G)m(S)GGGGS), with n=0-3, k=0-5, m=0-10, 1=0-2 (SEQID
NO: 94);



(n) a polypeptide of |eukema cells, (o) a
reconbi nant profiling, (p) a polypeptide of bee sting

wa@bdoangis3s (g) a pol ypeptide of nut allergy, 3BCT/EP20a3/007572
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pol ypepti de of food allergi®gs, (s) a pol ypeptide of
asthma, or (t) a polypeptide of Chlanydia WO

2004/ 007538 PCT/ EP2003/ 007572 113 (u) Her2, (v) 0D2,
(w) EGE)R G34); CEA, 5 (y) CD52, (z) Human nel anoma gp
100, .anoma el anA/ MART-1, (bb)

Tyr03| H@E 17-A nt, 10 (dd) MAGE3, (ee)

P53, aml (f@(?maﬂéﬁ?ma@ﬂmgégg) any fragnment or

nmut ei n"of said antigen of (a) to (z) and of (aa) to
(ff). (H) ZSC-fEhmnabgqmaBﬂmkeR;f any of clains 13-27,

wherei n said antj tigenic determnant is a
pepti d&) a grfﬁf%}“sfgﬁ?m%ﬁ&feg ment or nutein of a

pr ot ei p,\or

consi s ) g(sf@gg}jj%nkﬁﬁi Ei F‘gipase é%r:[%?\g?lﬁ%)’ 20 b) a
human (ij C}teaninﬁl‘rplbrmhmerme ldﬂ(emnaﬂdwfl uenza M
protein; and a Der i d The
corrposi((ﬂ on(%}m(%)f( Efﬁé)ﬂ@ ?gn“éﬁei‘pﬁ’ sai d

organi ¢ mol iyl £ 15).3Mng 0=0-8 (SEQ ID NO: 96).

25. The composition of any of claims 13-24, wherein said organic molecule is
selected from the group consisting of:

(a) an organic molecule suited to induce an immune response against cancer
cells;

(b) an organic molecule suited to induce an immune response against
infectious diseases;

(c) an organic molecule suited to induce an immune response against allergens;

(d) an organic molecule suited to induce an improved response against self-
antigens;

(€) an organic molecule suited to induce an immune response in farm animals
or pets; ‘

(f) an organic molecule suited to induce a response against a drug, a hormone
or a toxic compound; and

(g) fragments, muteins or domains of the molecules set out in (a)-(f).

26 The composition of any of claims 13-25, wherein the organic molecule is an
antigen or an antigenic determinant, or a fragment or mutein thereof, being
selected from the group consisting of

(a) an antigen or an antigenic determinant suited to induce an immune response
against cancer cells;
(b) an antigen or an antigenic determinant suited to induce an immune response

against infectious diseases;



antigen or antigenic determnant, further that said
antigen or said antigenic determnant is a self

wanik@erssor an anti-idiotypic antibody, or frapoERPR0®607572
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15
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ei ther thereof. 30 30. Thelkonposition of any of

clainms 13-29, wherein said self antigen is a protein,

a peptide or any fragnents or nuteins thereof,

sel ect dd) fx ageher amantigpnic desingham guiefi o MIREA ALBOTESHonse
PCT/ EP2003/ Q07572 114 a) a |lynphotoxin; b) a

| ynphot oxPSRPERREEHHS:  ¢) RA-NKL; d) VEGF: 5 e)

VECET, o 0 BBl A8 b v

Interleu I nt erl euki n

k) CCL21, resﬁQns@X@lﬂﬂself-mhtlw 1 n) MCP-1,; 15 0)

Endogl i IBF Resi stin; rz LHRH s) TRH;

20 t) NE anangx)geJEB{ Wgemgﬁetmplﬂ egto mq\y}cegg@mugg response

M CSF; 25: M%{Hﬂ{alm&ss's Factor a (TNFa);

(f) anantigen or an antigenic determinant suited to induce a response against a
drug, a hormone or a toxic compound; and

(h) fragments or domains of the molecules set out in (a)-(f).

27. The composition of any of claims 13-26, wherein said organic molecule is an
antigen selected from the group of :
(a) a polypeptide of HIV,
(b) a polypeptide of Influenza virus,
(c) a polypeptide of Hepatitis C virus,
(d) a polypeptide of Toxoplasma,
(e) a polypeptide of Plasmodium falciparum,
(B . apolypeptide of Plasmodium vivax,
()  apolypeptide of Plasmodium ovale,
(b)  apolypeptide of Plasmodium malariae,
O a polypeptide of breast cancer cells,
6)) a polypeptide of kidney cancer cells,
(k)  apolypeptide of prostate cancer cells,
()] a polypeptide of skin cancer cells,
(m)  apolypeptide of brain cancer cells,
(n)  apolypeptide of leukemia cells,
(0) a recombinant profiling,
(») a polypeptide of bee sting allergy,
(@  apolypeptide of nut allergy,
() a polypeptide of food allergies,
(s) a polypeptide of asthma, or
® a polypeptide of Chlamydia



wobededTs3sai d sel f antigen is a
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y) anyloid beta peptide (A131_42); and z) a human
IgE. 31. The conposition of any of clains 13-30,

fragment thereof selected 1B3omthe group consisiting
of. a) lynmphotoxin (x (LTa); b) Iynphotoxin (3
(LT(3); and WO 2004/ 007538 PCT/ EP2003/ 007572 115 c) a
m xture or cdowbi nid¢i2on of LTa and LT f3. 32. The
conpositionégf aq¥ gof clains 13-31, wherein said

or gani ¢ nol 4l e $8%an organi c nol ecule suited to

i nduce an i ngWne gEpgONse against a drug, hornone 5
or toxin. 33. ‘“The conposition of any of clains 13-32,
wher ei n sai dx@r gaE#4, nol ecul e is an organi c nol ecul e
suited to induce @ﬁ %nnune response agai nst a drug. 10
34. The co i ti oHd%f any of clains 13-33, wherein

said drug i S(Z§el %@&&%ﬁﬁb&gg&&%oup consi sting of.
yl;

(a) codeine;” " (b) tentan eroin; 15 (d)

nor phi ne; (@) anjiehmmeheoma ofelantORRIREL, (9)
nmet hyl enedi oxynet hanphet am ne; (h) net hanphet am ne;
20 (i) net hy®Bhentat®@se,j) nicotine; (k) LSD, (1)

mescal i ne; ({3? %Ahp_wxgi n; and 25 (n)
abi nol .

tetrahydrocan 5. The conposition of any of
cl ai m8 13- 34ddywheviaiGE3sai d drug is nicotine. 36: The
conposi tion of an}y of clains 13-35, wherein the
organi ¢ nol é&l e §53, 88l suited to induce an i mune

response agapst @pdpiRIg

(gg) any fragment or mutein of said antigen of (a) to (z) and of

(a2) to (ff).

28. The composition of any of claims 13-27, wherein said antigen or antigenic
determinant is a peptide, a protein, or a fragment or mutein of a protein or
peptide, selected from the group consisting of:

a) a phospholipase A; protein;
b) a human IgE;

c) a lymphotoxin;

d) an Influenza M2 protein; and
e) a Der p I peptide.

29. The composition of any of claims 13-28, wherein said organic molecule is an
antigen or antigenic determinant, further that said antigen or said antigenic

determinant is a self antigen or an anti-idiotypic antibody, or fragments of

either thereof,

30. The composition of any of claims 13-29, wherein said self antigen is a

protein, a peptide or any fragments or muteins thereof, selected from the

group consisting of’

30 | ynphot oxi PCDEP2003/007572



37. The conposition of any of clains 13-36, wherein
said organic nolecule is a WD 2004/ 007538

wEOUBPAGO3/ 007572 116 hornone bei ng sel ect edrdéT/@P00bra07572
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group conprising, preferabliy consisting of: (a)
Progesterone; (b) Estrogen; (c) Testosterone; 5 (d)
follicle stimulating hornone; (e) nelanin stinulating
hornone; (f) adredpaphetoriand (g) noradrenalin. 10 38.
The conposi bon oH_ané of. clains 13-37, wherein the
organi ¢ nol €dul e % EDEHPPEY 48 nduce an i mune
response ag@bnstlgxggi}n. 39. The conposition of any
of claims 13238, wherein said organic nolecule is a
toxi n bei ngd3el edfE@Ffrom t he group consisting of: 15
(a) Aflatoxin; ( guetera toxin; (c) tetrodotoxin
(d) antibioFch;Qbﬁ%tﬁ{e) anti cancer agents. 20 40. A
pharmaceutigal c i @n conprising: a) the
conpositionqgf agggggm%+gins 13-39 and b) an
accept abl e phar minterdtukdia8 carrier. 25 41. A vaccine
conposi tion_conprising.an_i mmunol ogically effective
anount of t céﬂ%ﬂ% -4k of any of clains 13-39. 42.
A nmet hod of 3 nmunij 119N (g0NpPri sing adm ni stering the
vacci ne con%’sit?%%ﬂg%?ﬁé?hin14l. 30 43. The vaccine
conposi ti onipf clAigitddsid;urt her conprising an

adj uvant. WD 2004/007538 PCT/ EP2003/ 007572 117 44. A
process for Krod&Slwd;a non-naturally occurring,

ordered and UV epetd}ké]\jlezg
m) SDF-1;
n) MCP-1;
0) Endoglin;
p) Resistin;

qQ  GHRH;

1) LHRH;

s) TRH;

t) MIF;

u) Eotaxin;

V) Bradykinin;

w) BLC;
X) M-CSF;
X) Tumor Necrosis Factor o, (TNFa);

y) amyloid beta peptide (AB.42); and
z) a human IgE.

31. The composition of any of claims 13-30, wherein said self antigen is a
lymphotoxin or a fragment thereof selected from the group consisiting of:
a) lymphotoxin o (LTa);
b) lymphotoxin § (LTB); and



antigen array conprising: (a) providing a nol ecul ar
scaffold conprising a core particle selected from the

w@eadposBs 5 (i) AP205 virus; and (ii) AP205 vi POBEP2E007572
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particles; and (b) providi n§ an organi c nol ecul e
suitable for inducing an i mmune response; (c)

provi di ng a neans of associating (a) and (b), said

means optioneal |y ahfcmontredonednanioh bf D TGahd T, or (b),

or as a separate nol ecule; and (d) conbining the

el ements of (a) through (c), such that said organic
nohec Gk ' ' .d_t. rma .

or t5r P SSPREH Pt BB B ST 48 b Miceyigp o
of treaanitgnaecubs uirdts Mduee &l BEAGR, re€HoB e HRNOH drug, hormone
physi ol ogi ¢ conditions in an individual, said nethod
conpr PSPRB: adni nstering to an individual the

conmposition of any of clainms 13 to 39. 46. A nethod of
treating or preventing a disease, disorder or

phyi Ghogimpastifvdi dfiagf 8f clakhnd 18-30) vitleekiy bAg 8lean®dhSiecule is an
met hod conprising adm nstering to an individual the
vacci Hgarismdequls sited fo indusceanimmuie reshonsecagainst adiug.

nol ecul e conprising a nucl eoti de sequence as set forth
in SEQ |ID NGO 125. 25 48. A host cell containing a
nus4.eThe esthpbsaRBVTALNBF &18i - i 81-}%‘3

accor di ng 1tgbc_) claim ?1. 43?g E?hsep’ﬁ%lse%q%e 18|1’ 0 %:F%{?Crtr?% ?m the
wher egiQuB gpupistisgolficel | is E.coli. 30 50. A method of
produci ng a éérus-like particle according to any of
clains 1-5 nprising the §¥@§§=of WO 2004/ 007538

PCT/ EP2003/ Oy572 118 (a):ﬁhﬁﬁhding a nucleic acid
according to claim47 or a vectof according to claim
11; (b) intr@duci ng said numreing acid or said vector

the sequencel®f sai d veet ortpiig g o o
(e) amphetamine;
3] cocaine;
(8 methylenedioxymethamphetamine;
(h) methamphetamine;
6] methylphenidate;
)] nicotine;
k) LSD;
O mescaline;
(m) psilocybin; and
(n) tetrahydrocannabinol.

35. The composition of any of claims 13-34, wherein said drug is nicotine.

36. The composition of any of claims 13-35, wherein the organic molecule is

suited to induce an immune response against a hormone.

37. The composition of any of claims 13-36, wherein said organic molecule is a



5 host cell to obtain a protein or a mutein capable of
formng a virus- like particle according to claim 1.
w6 200405381t hod of cl ai m 50, wherein sai d host PCEEP2003007572

E.coli. 116

hormone being selected from the group comprising, preferably consisting of:
(a) Progesterone;
(b) Estrogen;
(¢) Testosterone;
5 (d) follicle stimulating hormone;
(e) melanin stimulating hormone;
() adrenalin; and

(g) noradrenalin.

10 38. The composition of any of claims 13-37, wherein the organic molecule is suited

to induce an immune response against a toxin.

39. The composition of any of claims 13-38, wherein said organic molecule is a
toxin being selected from the group consisting of:
15 (a) Aflatoxin;
(b) ciguetera toxin;
(c) tetrodotoxin;
(d) antibiotics; and

(e) anticancer agents.

20
40. A pharmaceutical composition comprising:
a) the composition of any of claims13-39 and
b) an acceptable pharmaceutical carrier.

25 41. A vaccine composition comprising an immunologically effective amount of the

composition of any of claims 13-39.

42. A method of immunization comprising administering the vaccine composition
of claim 41.

30

43. The vaccine composition of claim 41 further comprising an adjuvant,



WO 2004/007538 PCT/EP2003/007572
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44, A process for producing a non-naturally occurring, ordered and repetitive
antigen array comprising:
(2) providing a molecular scaffold comprising a core particle selected from
the group of
(i) AP205 virus; and
(ii) AP205 virus-like particles; and
(b) providing an organic molecule suitable for inducing an immune
reSponse;
(c) providing a means of associating () and (b), said means optionally
contained within (a) and/or (b), or as a separate molecule; amd
(d) combining the elements of (a) through (c), such that said organic
molecule associates with said scaffold to form an ordered and repetitive

antigen array.

45, A method of treating or preventing a disease, disorder or physiologic conditions
in an individual, said method comprising adminstering to an individual the

composition of any of claims 13 to 39.
46. A method of treating or preventing a disease, disorder or physiologic conditions
in an individual, said method comprising adminstering to an individual the

vaccine composition of claim 41.

47. A nucleic acid molecule comprising a nucleotide sequence as set forth in SEQ

ID NO:125.

48. A host cell containing a nucleic acid according to claim 47 or a vector according

to claim 11.
49. The host cell of claim 48, wherein said host cell is E.coli.

50. A method of producing a virus-like particle according to any of claims 1-5

comprising the steps of



WO 2004/007538

(2)

(b)
©

PCT/EP2003/007572
118

providing a nucleic acid according to claim 47 or a vector according
to claim 11;

introducing said nucleic acid or said vector into a host cell;
expressing said nucleic acid or the sequence of said vector in said
host cell to obtain a protein or a mutein capable of forming a virus-

like particle according to claim 1.

51. The method of claim 50, wherein said host cell is Z.coli.



